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Bring it on: High performance
in a mini formfactor

The COM-HPC specification 1.2 is ratified. This new

version officially brings COM-HPC Mini

to the market. First modules based on this new specification are available. And since modules
alone are not enough to give OEMs the agility to optimize and expand their solution portfolio,
congatec also offers a complete COM-HPC ecosystem, thereby helping developers of ultra-
compact high-performance systems untie the Gordian knot of how to fit high performance

onto a mini footprint.

Digital transformation is bringing technology, machines
and people closer together than ever before. Collaborative
robots, autonomous vehicles, Al-powered medical devices
and faster 5G communications are just a few examples.

To stay ahead in these accelerating markets, OEMs need
to constantly review, optimize their solution offerings. A
performance leap to COM-HPC is essential for many new
applications in view of the rapidly increasing technical
requirements: Al-based video analytics for situational
awareness requires immensely high bandwidths with

increasingly high camera resolutions. Voice control must be

latency-free, which also requires Al to process ever higher
resolution data streams. Graphics in combination with
augmented reality is becoming increasingly demanding
as well. Real-time parallel data processing in collaborative
Industry 4.0 processes requires minimal latencies with
increasing data throughput, too. Last but not least,
cybersecurity also demands more computing power. And
besides all this, system developers want to significantly
optimize the connectivity of their platforms by leveraging

latest technologies such as Thunderbolt 4.

congatec features the 13®" generation Intel Core processors on

COM-HPC Mini standard
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The COM-HPC standard was developed precisely to
meet these increasing requirements. Now, the application
spectrum is being widened even further as the availability
of COM-HPC Mini modules with 13" generation Intel Core
processors (codename Raptor Lake) will give developers
access to a complete ecosystem for their third generation
modular high-end embedded and edge computing
designs. This ecosystem ranges from high-end Server-on-

Modules to extremely compact Client-on-Modules that

are barely larger than a credit card. With COM-HPC Mini,
even the most compact COM Express Compact and COM
Express Mini solutions will be able to benefit from a high-
end performance boost and to leverage a significantly
larger number of new high-speed interfaces. Thus, entire
product families can migrate to the new PICMG standard
— without requiring significant modification of the internal
system design and housing despite the larger module and

carrier board dimensions.

Making light work of design sprints from
COM Express Compact to COM-HPC

This was not doable with the COM-HPC Size A
specification. Measuring 95x120 mm (11.400 mm?), this to
date smallest of the COM-HPC form factors is still almost
32% larger than COM Express Compact, which measures
95x95 mm (9.025 mm?2). From a footprint standpoint,
that’s 25 mm too wide to migrate existing COM Express
designs to COM-HPC. Since COM Express Compact is
the most widespread COM Express form factor and only
the high-end currently still uses the larger COM Express
Basic form factor, many developers faced considerable
challenges —if only in terms of system design dimensions.
But smaller is now possible. That's why COM-HPC Mini
with its 95x70 mm is a real liberator, opening up entirely
new perspectives — in particular for the many ultra-
compact system designs. Admittedly, COM-HPC has only
400 pins, which is 40 pins less than COM Express Type 6
(440). Nevertheless, developers benefit from significant

bandwidth gains and greater interface diversity thanks to

newer and more powerful standards. This also puts the
nominal reduction in the number of PCle lanes from 24
with COM Express Type 6 to 16 lanes with COM-HPC Mini
into perspective. Most ultra-compact system designs have
rarely ever exhausted this interface package anyway. With
PCle up to Gen 5 and probably also PCle Gen 6, 4x USB
4.0, 2x 10 Gbit/s Ethernet, which can be extended to 4
ports via 2x SERDES lanes, and up to 4 display interfaces,
the COM-HPC Mini specification boasts everything that

is state-of-the-art today. Besides additional modern
peripheral interfaces, such as 2x MIPI-CSI for cameras,
industrial classics such as CAN bus and 2x UART are

also provided. A novel feature that has been added is
functional safety support. This will make ultra-compact
applications that must consolidate safety-critical real-time
tasks alongside other tasks on one system achievable

in the future. Examples of such applications include

autonomous mobile robots and vehicles.



COM-HPC Mini
16x PCle with Target Support*

4x UsSB4*

4x USB 3.2x1* / 2x

8x USB 2.0*

2x SATA*

12x GPIO, 2x UART, 1x CAN
eSPI, 2x SPI, SMB, 2x I2C

2x MIPI-CSI on flatfoil connector
HDAVI2S, 2x SoundWire

FuSa

2x NBaseT, 2x NBaseT Serdes*
2x DDI*, 1x eDP

Power 8-20V DC

* Some interfaces are shared.
Check congatec.com/COM-HPCmini for details
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Providing 400 pins, COM-HPC Mini fits a vast number of high-
performance interfaces on a footprint that is hardly larger than a credit

card.
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Newer works better in the long term

Many developers of new high-performance applications
will also appreciate the added design security as the
COM-HPC connector is specified for significantly higher
data throughput rates than COM Express. It is true that
the COM Express 3.1 specification, which was launched
at the end of 2022 and supports PCle 4.0 with up to 16
Gbit/s, also provides an upgrade path. However, the end
of the line for further performance increases is already in
sight. The recent launch of the 13* Intel Core processor
generation showed that the gap is starting to widen as
COM-HPC simply offers more. Some variants already
support PCle 5.0, which ultimately enables twice the
data throughput. But there's no need for developers

to worry if they can live with the bandwidths offered by
COM Express: The most popular Computer-on-Module

standard will be around for many more years. It continues
to be supported by the embedded vendors and receives
careful upgrades within what is technically possible. This is
especially good news for cost-sensitive and/or low-power
designs, where COM-HPC is oversized. However, those
who want to leverage the latest technologies, such as
Thunderbolt 4 connectivity, can now upgrade existing
compact designs. Thunderbolt 4 ports implement power
supply, bidirectional data transfer up to USB 3.2 Gen 2,

as well as 4k video displays and 10 Gbit Ethernet via a
single USB-C cable in maximum configurations. All this
requires a bandwidth of up to 40 Gbit/s, which is simply
not feasible with the COM Express connector, even in the

3.1 specification.
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COM-HPC Mini COM Express 3.1 Type 10 COM Express 3.1 Type 6
(Mini) (Compact & Basic)

Footprint 95x60 mm 84x55 mm 95x95 mm/125x95 mm
Height 5 or 10 mm (module bottom to carrier board top) fooga%rﬁzr:]ggnaigliloep?o“om
Power consumption 76 W 68 W 137 W
Signal pins 400 220 440
PCle™ 16 x PCle Gen 5 4x PCle Gen 4 24x PCle Gen 4
Graphics 3x DDi + 1x eDP 1x DDI +1 LVDS/eDP 3x DDI + 1x LVDS/eDP/VGA
Sound HDA, SoundWire, 12S 1x HDA/SoundWire HDA (1x SoundWire

optional)

Camera inputs

2x MIPI CSI (connectors on module)

2x 10 GbitE with TSN + 2x

Ethernet® 10 GbitE (SERDES) with 1x GbitE with TSN 1x GbitE with TSN
TSN
4x USB 3.2 or 2x USB 4.0
USB™ 4x USB 4.0 | 4x USB 3.2 x1 | 2% USB 3.2 + 8x USB 2.0 multiplexed with 2x DDI
SB 3.2 x1 + 8x USB 2.0
+8x USB 2.0
SATA" 2x SATA Gen 3 2x SATA Gen 3 4x SATA Gen 3
CAN 1x 2% 2%
UART 2x - -
GPIO 12x 8x 8x
Others eSPI, 2x SPI, SMB, 2x 12C LPC/eSPI LPC/eSPI
FuSa Supported Not supported Not supported

' Some interfaces share the signal pins

Migration from COM Express to COM-HPC brings numerous interface

advantages.
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COM-HPC Size E
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COM-HPC Size D
160 %160 mm

COM-HPC Size B
120%120mm

COM-HPC Size A
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There's always space to fit a smaller footprint: COM Express Basic
and Compact carrier boards can easily accommodate COM-HPC Mini

modules.
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Ready for take off with 13t generation Intel

Core processors

Numerous factors therefore speak in favor of the new
COM-HPC standard. The launch of 13" generation Intel
Core processors acts as an accelerator that will speed
the introduction of such new system platforms. congatec
expects a rapid and massive increase in series production
of OEM designs based on these new modules, since the
new processors with guaranteed long-term availability
offer enormous improvements in many features while
being fully hardware-compatible with their predecessors,
which makes implementation very fast and easy. The
modules based on the new COM HPC standard open up
new horizons for developers in terms of data throughput,
I/O bandwidth and performance density thanks to
Thunderbolt and superior PCle support up to Gen 5.
The new COM Express 3.1 compliant modules, on the
other hand, primarily secure investments in existing
OEM designs with upgrade options for more data
throughput thanks to PCle Gen 4 support. Compared

to 12™ generation Intel Core processors, the COM-HPC
and COM Express Computer-on-Modules with soldered
Intel Core processors of the 13" generation deliver

several advantages: They enable rugged designs for

the industrial temperature range of -40°C to +85°C to
utilize the innovative Intel hybrid architecture, which is an
industry first. Next, they offer up to 8% more single-thread
and up to 5% more multi-thread performance. Thanks to
the improved manufacturing process, this performance
increase goes hand in hand with higher energy efficiency.
Other new features in this performance class (15-45 W
base power) are support for DDR5 memory and PCle Gen
5 connectivity on select CPU versions. Both contribute

to even better multi-thread performance and higher

data throughput. With up to 96 execution units (EUs)

and ultra-fast encoding and decoding capabilities, the
integrated Intel Iris Xe graphics architecture is ideal for
high graphics requirements — for example, in applications
that involve video streaming and/or video-based
situational awareness. All these features lead to significant
improvements in a wide range of embedded and edge
computing applications, which increasingly implement
artificial intelligence and machine learning functions as

well as workload consolidation.
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Advancing into the world of mixed-
critical real-time servers

congatec's Server-on-Modules with Intel Xeon D 2700 processors in the

compact COM-HPC Server Size D form factor.

In addition to Computer-on-Modules, larger COM-HPC Server Size E (200x160 mm)
COM-HPC also offers Server-on-Modules modules, the number of supported DRAM

for edge applications. In this performance modules is halved from 8 to 4. Nevertheless,
class, congatec recently expanded its Intel they feature an impressive 512 GB DDR4 RAM
Xeon D-2700 processor based Server-on- with 2,933 MT/s. The advantage of limiting the
Module portfolio with five new modules of the RAM is that the modules take up less space,
compact COM-HPC Server Size D (160x160 mm) reducing the footprint by 20% compared to Size
performance class. The launch underscores E. Target applications for the new COM-HPC
the massive industry demand for edge server modules with Intel Xeon D-2700 processor are
performance in a small, rugged form factor deeply embedded, space-constrained edge
suitable for outdoor environments. It also server deployments with high data throughput
pushes Intel Xeon D-2700 processors, which needs but less memory-intensive workloads.
provide up to 20 cores, even further into the They are typically found in lloT networked real-
realm of demanding mixed-critical real-time time environments such as smart factories and

applications. Compared to the already available critical infrastructures.
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COM-HPC Mini is extremely robust

Now let’s envisage that these new Intel processors, along
with rugged features such as soldered RAM and support
for the extended temperature range, are deployed on
COM-HPC Mini modules. It is then clearly evident that
these modules find universal use in high-performance
system solutions that COM Express cannot address.
There's just one question: How complex is it to migrate
systems from COM Express to COM-HPC? In a nutshell,

it is only the carrier board that needs modifying. The
dimensions and interface design can remain unchanged.
Certainly, the routing and components need adapting
to accommodate the new performance. So, itis ‘only’ a
matter of adapting existing design practices to the new
requirements of faster interfaces. High-speed signaling

constitutes a particular challenge in this context.

Additional services and training to simplify

the design-in

This is where manufacturers like congatec come to the
aid of customers with a training academy that teaches
carrier board developers about design-in best-practices.
The training program aims to provide system architects
with a quick and efficient introduction to the design
rules of the new PICMG standard. The course guides
developers through all mandatory and recommended
Computer-on-Module design fundamentals and best
practice schematics to enable them to start their own
carrier board design projects. The knowledge transfer

focuses on standards-compliant carrier board design,

which is essential for building interoperable, scalable,

and durable custom embedded computing platforms.
The congatec academy operates globally, offering online
as well as on-site courses to developers at OEMs, VARs
and system integrators. While official design guides are

a great resource, they are ultimately just a requirements
specification. Developers also need to learn how best

to put these fundamentals into practice. The congatec
training program was designed with the goal of
accelerating the knowledge transfer required to start such

development projects in the real world.

Height no longer a bottleneck: A COM-HPC Mini module and heat

spreader design has a height of at least 15 mm (surface of carrier board to
heat spreader). That's 3 mm less than the minimum 18 mm system height

for COM Express Compact.
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The congatec carrier board design-in

training program

The program includes sections with a special
focus on communication interfaces to

provide guidance on how to avoid pitfalls in

the challenging design of high-speed serial
communications — from PCle Gen 5, USB 3.2
Gen 2, and USB 4 with Thunderbolt, and USB-C,
and Ethernet to 100 GbE, including managing
sideband signals that need to be deserialized for
COM-HPC on the carrier board. The program
further shows how best practice designs use
interface standards such as eSPI, 12C and GPIOs.
Another part is an introduction to congatec'’s
x86 firmware implementation — from embedded
BIOS to board and module management
controller functions. Finally, there are sessions

on verification and test strategies to address

Daniel Stadler

Manager Support & Design-In at congatec

all challenges from initial carrier board design
verification to mass production testing.

The COM-HPC and SMARC carrier board design
courses are a service of the congatec training
academy and require a service subscription.
Each participant automatically receives a
certificate of successful participation, confirming
that they have acquired the relevant knowledge
to become a carrier board design expert. Once
this knowledge has been acquired, design
sprints for migration from COM Express to
COM-HPC Mini will no longer constitute a major
challenge.

For more information on dates and locations

of the congatec training program, as well as

detailed course descriptions, please visit here.

“Our COM-HPC Mini carrier board
design training course also teaches
developers how to migrate
COM Express Basic designs to
COM-HPC Mini.”



https://www.congatec.com/en/designintraining/
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The new congatec carrier board design training program comprehensive range of products and services, congatec
will give engineers an introduction to the world of high- continues to build on its mission to ‘simplify the use of
end embedded and edge computing — from PCB layout embedded technology’. And with this comprehensive
principles to power management rules, signal integrity offering from modules, cooling solutions and application-
requirements, and component selection. Customers who ready evaluation and carrier boards, through to design-in
want to use COM-HPC but do not have the resources training and complete design-in services, congatec

to integrate the modules themselves, can rely on is creating a comprehensive COM-HPC ecosystem in

congatec’s design-in services to handle this. Carrier board ~ which new designs and design sprints for migration from
designs, optimized cooling solutions, and extensive COM Express to COM-HPC Mini are no longer a major

system integration services are also offered. With this challenge.

TDP not a challenge: Despite its small form factor, COM-HPC Mini offers plenty of scope for high-performance processors with a maximum power
consumption of up to 76 Watt, whereas system designs with COM Express Compact usually only support up to 45 Watt. To enable developers to make

the best possible use of the extended power range, congatec offers optimized cooling solutions.

About the author

Christian Eder

Christian Eder is a cofounder of congatec and serves as
Director Market Intelligence, Marketing. Christian — with
his 30 years of experience in embedded computing —

the chairman of PICMG’s COM-HPC workgroup. He is also
board member of the SGET and editor of the SMARC 2.0
and 2.1 specifications.
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About congatec

congatec is a rapidly growing technology company
focusing on embedded and edge computing products
and services. The high-performance computer modules
are used in a wide range of applications and devices

in industrial automation, medical technology, robotics,
telecommunications, and many other verticals. congatec
is the global market leader in the Computer-on-Module
segment with an excellent customer base from start-ups

to international blue chip companies.

More information is available on our website at

www.congatec.com.

Headquarter

congatec GmbH

AuwiesenstraBBe 5
94469 Deggendorf
Germany

Phone: +49 (991) 2700-0
info@congatec.com
www.congatec.com

Subsidiaries

congatec Australia Pty Ltd.
Unit 2, 62 Township Drive
West Burleigh
Queenslanc?4219, Australia

congatec, Inc.

6262 Ferris Square
n Diego

a
CA 92121 USA

Let’s connect

in Youm®

congatec Japan K.K.

Hamamatsucho 1-Chome building 301,
Minato-ku Hamamatsucho 1-2-7,
105-0013 Tokyo-to, Japan

Phone: +61 (7) 5520-0841
sales-au@congatec.com
www.congatec.com

congatec Asia Ltd.

2F., No.186, Sec. 3,
Chengde Rd.

10366 Taipei, Taiwan
Phone: +886 (2) 2597-8577
sales-asia@congatec.com
www.congatec.tw

© 2024 congatec GmbH. All rights reserved.

Phone: +1 (858) 457-2600
sales-us@congatec.com
www.congatec.us

congatec China Technology Ltd.
Sunyoung Center, 901 Building B,

No. 28 Xuanhua Road, Changning District,
Shanghai 200050, China

Phone: +86 (21) 6025-5862
sales-asia@congatec.com
www.congatec.cn

Phone: +81 (3) 6435-9250
sales-jp@congatec.com
www.congatec.jp

congatec Korea Ltd.

Leaders building #707, 42 Jangmi-ro,
Bundan-gu, Seongnam-si, Gyeonggi-do,
13496 South Korea

Phone: +82 (10) 2715-6418
ckr-sales@congatec.com

www.congatec.kr

conga and congatec are registered trademarks of congatec GmbH. Intel, Pentium,
Xeon, and Atom are trademarks of Intel Corporation in the U.S. and other countries.
SMARC, Qseven, and SGET are registered trademarks of SGET e.V. AMD is a
trademark of Advanced Micro Devices, Inc. COM Express and COM-HPC are
registered trademarks of PICMG. PCl Express is a registered trademark of the
Peripheral Component Interconnect Special Interest Group (PCISIG). Winbond is a
registered trademark of the Winbond Electronics corps. AMICORES is a registered
trademark of American Megatrends inc. Microsoft, Windows, Windows NT,

Windows CE, and Windows XP® are registered trademarks of Microsoft corporation.
VxWorks is a registered trademark of WindRiver. AMD and Fusion are registered
trademarks of AMD. |.MX and NXP are registered trademarks of NXP, Inc.

All product names and logos are property of the respective manufacturers.

All data is for information purposes only. Although all the information contained
within this document is carefully checked no guarantee of correctness is implied or
expressed.


https://www.congatec.com/en/
https://www.linkedin.com/company/congatec/mycompany/
https://www.youtube.com/channel/UCWPpZgfsDyzGQkyq3GqU9_A

	Bring it on: High performance in a mini formfactor
	Making light work of design sprints from COM Express Compact to COM-HPC
	Newer works better in the long term
	Ready for take off with 13th generation Intel Core processors
	Advancing into the world of mixed-critical real-time servers
	COM-HPC Mini is extremely robust
	Additional services and training to simplify the design-in
	The congatec carrier board design-in training program



