
 2024 Microchip Technology Inc. and its subsidiaries DS90003224B

maxCache 4.0 SSD Read and
Write Caching Solutions

White Paper



DS90003224B-page 2  2024 Microchip Technology Inc. and its subsidiaries

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https://
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
OR ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION. 

Use of Microchip devices in life support and/or safety applica-
tions 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, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

Note the following details of the code protection feature on Microchip products:
• Microchip products meet the specifications contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and 
under normal conditions.

• Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of 
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not 
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to 
continuously improving the code protection features of our products.

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

AgileSwitch, ClockWorks, The Embedded Control Solutions Company, 
EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, Libero, 
motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, 
ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, 
SyncWorld, TimeCesium, TimeHub, TimePictra, TimeProvider, 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, AnyIn, AnyOut,  Augmented Switching, BlueSky, BodyCom, 
Clockstudio, CodeGuard, CryptoAuthentication, CryptoAutomotive, 
CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, 
Dynamic Average Matching, DAM, ECAN, Espresso T1S, 
EtherGREEN, EyeOpen, GridTime, IdealBridge, IGaT, In-Circuit Serial 
Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, 
Inter-Chip Connectivity, JitterBlocker, Knob-on-Display, MarginLink, 
maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB 
Certified logo, MPLIB, MPLINK, mSiC, MultiTRAK, NetDetach, 
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, 
Power MOS IV, Power MOS 7, PowerSmart, PureSilicon, QMatrix, 
REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial 
Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-
I.S., storClad, SQI, SuperSwitcher, SuperSwitcher II, Switchtec, 
SynchroPHY, Total Endurance, Trusted Time, TSHARC, Turing, 
USBCheck, VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, 
XpressConnect, 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 II 
GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other 
countries.

All other trademarks mentioned herein are property of their respective 
companies.
© 2024, Microchip Technology Incorporated and its subsidiaries.

All Rights Reserved.

ISBN: 978-1-6683-0502-7

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

https://www.microchip.com/en-us/support/design-help/client-support-services
www.microchip.com/quality
www.microchip.com/quality


maxCache 4.0 SSD Read and Write Caching Solutions
EXECUTIVE SUMMARY
Today's data centers and cloud computing environ-
ments require increased I/O performance and
decreased latency in order to support large-scale appli-
cations such as web serving, file serving, databases,
online transaction processing (OLTP), Microsoft
Exchange Server, and high performance computing
(HPC). This white paper focuses on the performance
benefits of using Microchip's Adaptec™ maxCache 4.0
Solid State Drive (SSD) Caching Solutions for key data
center applications and the cost savings that can be
realized from this improved application performance.
In terms of I/O performance and average latency, SSDs
can deliver up to a 1000x performance gain over Hard
Disk Drives (HDDs) in random-access read and write
operations. maxCache leverages those benefits by
using SSDs to cache copies of frequently-accessed
(aka "hot") data for both read and write workloads.
The performance and financial benefits of maxCache
4.0 are illustrated in this paper by comparing the perfor-
mance levels in 100% Random-Read and Write IOme-
ter workload scenarios with a maxCache 4.0-enabled
Microchip Adaptec RAID adapter vs. the same adapter
without maxCache 4.0 enabled. These quantified per-
formance improvements can be applied to a Total Cost
of Ownership (TCO) calculation summarizing the
potential savings in Capital Expenses (CapEx) and
Operating Expenses (OpEx).

PERFORMANCE HIGHLIGHTS
Accelerating application performance, reducing
latency, and increasing the number of users supported
per server are key requirements for data centers and
cloud computing environments.
Benchmark tests designed to illustrate the theoretical
maximum benefits of maxCache 4.0 examined a sce-
nario where all data was delivered by the maxCache
SSD cache at varying cache hit rates and compared
the results to those of an HDD-only RAID array of
twenty 7200 RPM SATA HDDs. The 100% cache hit
rate comparison showed:
• Up to 8x performance improvement in read-inten-

sive IOPS in a RAID 50 configuration
• Up to 36x performance improvement in write-

intensive IOPS in a RAID 50 configuration

In a typical real-world environment where the max-
Cache scenario incorporates data delivered by both the
SSDs and HDDs, the maxCache solution still delivered
substantial benefits over the HDD-only array. The 50%
cache hit rate comparison showed:
• Up to 2x performance improvement in read-inten-

sive IOPS in a RAID 50 configuration
• Up to 2x performance improvement in write-inten-

sive IOPS in a RAID 50 configuration

INTRODUCTION
Data centers and cloud computing environments
require application-tuned, high-density servers to pro-
vide end-users with consistently high quality of service
(QOS). Usually, these server deployments are targeted
towards specific applications such as web serving, file
serving, databases, OLTP, Microsoft Exchange Server,
and HPC. Customers of these data centers and cloud
computing applications typically sign service level
agreements (SLAs) that obligate the operators to pro-
vide pre-determined levels of reliability, availability, and
serviceability (RAS) as well as performance. To meet
these requirements, data center operators deploy serv-
ers with high I/O throughput and high IOPS that are
"application-tuned" to ensure adherence to the SLA.
Violating the SLA terms can lead to severe financial
penalties for the data center operator, not to mention
the adverse customer reaction to any unsuitable perfor-
mance or user experience.
In addition to SLA requirements, budgets compel data
centers to increase the number of hosted users per
server in order to reduce the cost of service (COS) per
user as well as the CapEx and OpEx of additional hard-
ware.
Adding more end-users to a server will cause an
increase in latency and a decrease in IOPS per user.
Since both of these issues happen well before storage
capacity is maxed out, data centers and cloud comput-
ing environments are forced to add new servers to
maintain appropriate levels of service, even if the exist-
ing servers have the storage capacity for more users.
This results in low storage capacity utilization and an
increase in CapEx and OpEx (namely maintenance,
power and cooling costs), as well as an increase in
physical space requirements.
 2024 Microchip Technology Inc. DS90003224B-page 3
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Additionally, to meet the fast response time and avail-
ability requirements of the SLA and increase the num-
ber of hosted users required for reducing the COS,
operators tune servers to pool data in the system cache
despite the fact that not all data is accessed by users
uniformly. Web servers, for example, pool homepages
of the websites they host much more frequently than
other pages.
E-commerce applications query images of frequently-
accessed ("hot") products much more often compared
to other ("cold") products, and also sell these "hot"
products more often.
But it is not just the SLA that is at stake. Increasingly,
end users and customers are becoming less tolerant of
latency and poor IOPS performance. According to
Equation Research:1
• 78% of site visitors have gone to a competitor's 

site due to poor performance during peak times.
• 88% are less likely to return to a site after a poor 

user experience.
• 47% left the site with a less positive perception of 

the company.

A poor-performing website can have quantified finan-
cial implications. Amazon found that 0.1 seconds of
latency shaves 1% from sales revenues, for example.1
Companies that address the latency challenge have
reaped rewards. Shopzilla, for example, reports that
improving website performance by five seconds led to
25% more page views and a 12% revenue increase;
large financial institutions leverage a 0.5-second speed
advantage to execute millions of orders-per-second
and make record profits.
Technology that can provide fast responses for "hot"
data while maintaining a large capacity of "cold" data
will result in direct savings in the number of servers
deployed. In other words, any improvement in the serv-
ers' I/O capability increases the number of users per
server and lowers the cost per user. A technology that
can deliver this improved performance while also
increasing available server capacity will improve the
cost per user and user per server metrics even further.
Microchip's Adaptec maxCache 4.0 SSD Caching
meets the needs of I/O-intensive data center and cloud
computing environments by allowing them to convert
industry-standard servers into cost-effective, high-per-
formance, scale-out application storage appliances
that optimize critical usage, performance, and financial
metrics.

FIGURE 1:Adaptec maxCache 4.0 Deployment

1.“When more Website visitors hurt your
business: Are you ready for peak traffic?”
Equation Research 2010.
DS90003224B-page 4  2024 Microchip Technology Inc.
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ABOUT MAXCACHE SSD CACHING 
SOLUTIONS
Adaptec maxCache combines SSDs used as cache
with Microchip's maxCache SSD Caching software to
dramatically accelerate I/O performance and reduce
costs without disrupting existing operations. It virtually
eliminates the bottleneck that can occur between
CPUs, memory and storage.
SSDs offer a number of advantages compared to
HDDs, including higher read bandwidth, higher IOPS,
better mechanical reliability (due to the absence of
moving parts), and higher resistance to shocks and
vibrations. However, the same features (i.e., flash) that
provide these advantages also come with some inher-
ent limitations compared to HDDs, such as limited
capacity. An SSD's lifespan is also highly dependent on
the number of write operations performed to the device.
To capitalize on the advantages of SSDs while sup-
pressing their limitations, maxCache SSD Caching
delivers performance benefits for both read and write
operations. Adaptec maxCache uses an advanced
algorithm which identifies frequently-accessed data
and optimizes reads and writes by moving a copy of
this data directly into an SSD cache for faster retrieval
of future requests. Storing only the "hot" data in the
SSD cache optimizes the balance of SSD performance
and capacity. By leveraging its unique presence in the
data path to create a "cache pool" of "hot" data, max-
Cache 4.0 SSD caching can provide significant perfor-
mance gains compared to HDD-only deployments
(Figure 1).
Advancements in maxCache 4.0 have added the capa-
bility to support up to 32 cache pools to provide greater
configuration flexibility. The aggregate size of all cache
pools can be up to 6.8 TB. This allows the SSD cache
to cover larger hot spots. 
Adaptec maxCache 4.0 write-through supports only
non-redundant cache pool (RAID0). In this case, an
SSD failure will not impact data availability as long as
the HDDs are configured in a redundant RAID since all
data is still securely stored on the HDD RAID.
maxCache 4.0 supports write-back caching. By cach-
ing writes to a redundant SSD cache pool (either RAID
1 or RAID 5), maxCache 4.0 leverages the perfor-
mance and latency capabilities of SSD technology for
both read and write workloads. Note with write-back
caching, failure of SSD in a non-redundant configura-
tion (RAID 0) will cause data loss.
By expanding the use of SSD caching, maxCache 4.0
is suitable for wide scale data center deployments,
offering increased financial benefit while streamlining
hardware design and implementation.

maxCache 4.0 vs. Standard SSDs and 
PCIe-based Flash Cards
Flash-based storage devices are becoming more
affordable and prevalent in computing environments,
but they should not be confused with maxCache 4.0
solutions.
In order to get maximum performance when using a
standard SSD or a PCIe-based flash card, applications
must be tuned to store data that requires higher IOPS
on the high-performance SSD or flash. This requires an
administrator to have intimate knowledge of that spe-
cific application to manually tune it to route certain data
to the SSDs.
maxCache eliminates this manual application-specific
tuning by automatically and transparently analyzing
and routing the read and write data.
Additionally, maxCache 4.0 offers flexibility that PCIe-
based flash cards do not. With maxCache 4.0, the end-
user can install an SSD with performance metrics and
write endurance best suited for the application. Con-
versely, if an administrator tunes an application to take
advantage of SSDs plugged into the motherboard, the
SSDs are managed as separate storage and another
means to ensure redundancy is needed, which con-
sumes host CPU compute bandwidth.

Recommended SSDs for maxCache 4.0
Due to the sheer volume of data being written to the
SSDs in write-caching scenarios, enterprise SSDs are
recommended for use with maxCache 4.0. Compared
to the client class SSDs that can be found in personal
systems such as ultrabooks, laptops and desktop com-
puters, enterprise class SSDs offer superior write
endurance (the number of write cycles a block of flash
memory can accept before it becomes unusable), sup-
port heavier write activity (assume 24 hours per day
every day for a data center vs. 8 hours on weekdays for
an employee’s personal computer), and function in
more extreme environmental conditions.
 2024 Microchip Technology Inc. DS90003224B-page 5
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TEST METHODOLOGY
IOmeter was used to measure the performance bene-
fits of maxCache 4.0 SSD Caching Solutions by com-
paring the base combination of a Microchip Adaptec®
SmartRAID 3100 and 3200 Series Controller and
HDDs to the same combination with SSDs and max-
Cache added.

Tests were run in a 100% read-only and 100% write
only workload scenario with data working set size 
varied to create cache hit rates from 0-100%. 

PERFORMANCE

Read Caching Performance — RAID 50
In RAID 50, maxCache yielded greater than 7x
increases in IOPS compared to HDD-only arrays on
both SmartRAID 3100 and 3200 series (Figure 2).
•  RAID 50 performance under 100% Random 

Read IOmeter workload.
• HDD- only configuration:

- SmartRAID 3100: 20x 2.5 inch, 7200 RPM, 6 
Gbps SATA HDDs, in RAID 50.

- SmartRAID 3200: 24x 2.5 inch, 7200 RPM, 6 
Gbps SATA HDDs, in RAID 50.

• maxCache 4.0 configuration:
- SmartRAID 3100: 4x 2.5 inch, 960GB, 6 

Gbps SATA SSD, in RAID 10.
- SmartRAID 3200: 8x 2.5 inch, 960GB, 6 

Gbps SATA SSD, in RAID 10..

FIGURE 2: 8x Increase in IOPS with max-
Cache 4.0

Write Caching Performance
Improved write caching support extends maxCache 4.0
benefits to I/O-intensive applications with mixed work-
loads, including OLTP, Microsoft Exchange Server, and
HPC environments. Enabling maxCache 4.0 in these
scenarios delivers substantial performance benefits
while also allowing for a server design requiring fewer
HDDs to achieve the desired performance level. These
performance gains were achieved by changing the
existing high-capacity HDD server configuration to a
maxCache 4.0 configuration comprised of the same
type HDDs plus a small number of low-cost SSDs to
transparently increase performance.

Write Caching Performance — RAID 50
In RAID 50, maxCache yielded greater than 20x
increases in IOPS compared to HDD-only arrays on
both SmartRAID 3100 and 3200 series (Figure 3).
• RAID 50 performance under 100% Random Read 

IOmeter workload.
• HDD- only configuration:

- SmartRAID 3100: 20x 2.5 inch, 7200 RPM, 6 
Gbps SATA HDDs, in RAID 50.

- SmartRAID 3200: 24x 2.5 inch, 7200 RPM, 6 
Gbps SATA HDDs, in RAID 50.

• maxCache 4.0 configuration:
- SmartRAID 3100: 4x 2.5 inch, 960GB, 6 

Gbps SATA SSD, in RAID 10.
- SmartRAID 3200: 8x 2.5 inch, 960GB, 6 

Gbps SATA SSD, in RAID 10.

FIGURE 3: 36x Increase in IOPS with max-
Cache 4.0
DS90003224B-page 6  2024 Microchip Technology Inc.
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IMPACT AND SAVINGS

Real-World Cost-Savings
By accelerating IOPS and reducing latency, maxCache
4.0 allows data center and cloud computing environ-
ments to host more users and perform more transac-
tions per second while reducing the overall number of
servers required to fulfill any given workload. This
reduces a company’s CapEx significantly, leading to
improved utilization of hardware as well as a reduced
server footprint requirements within a data center.
The reduction in servers has an additional financial
benefit of reducing the associated OpEx of power, cool-
ing, and maintenance, delivering a highly-reduced
TCO solution (Figure 3). OpEx reductions are a contin-
ued savings throughout the server lifespan, so the lon-
ger the server is in use, the greater the accumulated
OpEx will be.

Mixed Workload Environments
In mixed workload RAID 50 scenarios, the real-world
performance improvements presented earlier show
that maxCache 4.0 delivers 36x greater IOPS for
Writes and 8x greater IOPS for Reads than HDD-only
arrays.  In a blended workload of 67% Reads and 33%
Writes maxCache can deliver more than 10x greater
IOPS. Therefore, maxCache 4.0 allows data center
and cloud computing environments to host the same
number of users and perform the same number of
transactions per second on a reduced hardware infra-
structure as compared to its current HDD-only server
infrastructure.
These performance gains significantly reduce a com-
pany’s CapEx significantly, leading to improved utiliza-
tion of hardware as well as reduced server footprint
requirements within a data center.
The reduction in servers has an additional financial
benefit of reducing the associated OpEx of power, cool-
ing, and maintenance, delivering a highly-reduced
TCO solution (Figure 4). OpEx reductions are a contin-
ued savings throughout the server lifespan, so the lon-
ger the server is in use, the greater the accumulated
OpEx will be.

FIGURE 4: Qualified Impact on Utilization of 
Hardware Investment

NOTES:
* Using an estimated unit H/W cost of $3,500 per rack,
$10,000 per server, $1000 per SSD, $400 per HDD and
zero S/W license fees.

** Using system Power Estimator @800W per server,
and a National DOE average of $0.11 per kWH.
Figure 4 illustrates an example where a single server
using maxCache with 20 SATA HDDs and 4 SAS SDDs
would require 9 servers with more than 200 HDDs to
achieve equivalent IOPS. 
 2024 Microchip Technology Inc. DS90003224B-page 7
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Given the performance gains demonstrated above, it
may seem preferable to build an SSD-only RAID array
instead of a mixture of SSDs and HDDs. Keep in mind,
however, that standard SSD storage capacities are still
relatively small compared to those of HDDs, making
their cost per GB much higher. Adding too many SSDs
would significantly increase CapEx.
maxCache 4.0 delivers an optimized balance of SSD
performance and HDD capacity to solve the unique
challenges faced by data centers and cloud computing
operators. With maxCache 4.0 SSD Caching, a data
center can still benefit from the larger capacities of
rotating media (HDDs), while gaining the improved I/O
performance benefits of SSDs.

CONCLUSION
Data center operators and cloud applications are con-
tinuously challenged to improve server performance to
keep up with the demands of high-throughput applica-
tions and growing user bases.
At the same time, space restrictions, power and cooling
limitations require data centers to find the most cost-,
space-, and energy-optimized products to enhance the
server’s I/O and workload capability.
As highlighted in the tests above, maxCache 4.0 allevi-
ates latency and I/O bottlenecks by providing up to 36x
better server performance for web server and e-com-
merce applications. This performance potential allows
data centers to substitute one maxCache 4.0-enabled
server solution for nine “standard” servers and greatly
reduce their CapEx and OpEx.
Microchip delivers innovative solutions with Smar-
tRAID products that provide exceptional performance
by intelligently routing, optimizing and protecting data
as it moves through the I/O path.
With maxCache 4.0 SSD Caching, Microchip
addresses the business challenges of next-generation
data centers and continues to enable the expansion of
cloud computing while minimizing environmental and
financial costs.

KEY BENEFITS OF MAXCACHE 4.0
Microchip Adaptec SmartRAID Storage Controllers
with maxCache 4.0 SSD Caching provide the following
benefits:
• Up to 36x faster than HDD-only solutions: max-

Cache 4.0 SSD Caching software improves appli-
cation performance by copying this data directly 
into an SSD cache pool for faster retrieval in 
future requests.

• Capability to deploy write caching: maxCache 4.0 
SSD Caching software offers write caching capa-
bility for expanded application workload benefits. 
maxCache 4.0 utilizes the write performance ben-
efits of SSDs to provide additional workload per-
formance advancements.

• Reduced capital and operating expenses: max-
Cache SSD Caching reduces capital expenses by 
increasing IOPS with less hardware — thereby 
significantly cutting operating expenses related to 
energy and maintenance.

• Reduced cost and increased flexibility for SSD 
selection: Microchip Adaptec SmartRAID  Storage 
Controllers with maxCache 4.0 SSD Caching 
allows the use of any enterprise class SSD as a 
cache, allowing a wide range of vendors and 
lower cost. These controllers have been qualified 
with some of the most recent enterprise SSD 
products to leverage improved performance as 
well as enterprise features and durability.
DS90003224B-page 8  2024 Microchip Technology Inc.
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APPENDIX A: REVISION HISTORY 

Revision A (April 2020)
Initial release of this document.

Revision B (October 2024)
• Updated Read & Write Caching Performance —

RAID 50 sections
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