
Despite the uncertainties of the pandemic, analysts forecast 
continued growth for the global embedded computing market 
through 2026.1 Key use cases for AI and machine vision, industrial 
edge, smart infrastructure, and autonomous vehicles continue to 
be in high demand as enterprises contend with the need to ramp 
up productivity under more-stringent budgets. Fortunately, new 
computer-on-module (COM) standards are making it easier for 
solution architects to bring high performance, manageability, and 
low total cost of ownership to the edge. 

Challenge: Achieving limitless scalability at the edge 
The need for more performance and I/O connectivity is constantly growing 
in embedded edge applications, especially for industrial use cases. Often 
these systems need to operate reliably in harsh environments and extended 
temperature ranges. To illustrate this need for high edge performance, take for 
example autonomous mobile robots (AMRs) and automatic guided vehicles 
(AGVs) on the shop floor of a logistics warehouse. When these vehicles 
encounter obstacles in their movement path, they simply cannot wait for AI 
processing in the cloud to adjust their navigation. They need the ability to react 
instantly to help prevent accidents.

Solution: Congatec COM-HPC and COM Express modules 
enabled by 11th Gen Intel® Core™ processors 
Enabled by 11th Gen Intel Core processors, the conga-HPC/cTLU and conga-
HPC/cTLH COM-HPC modules bring the latest performance and efficiency 
gains to standardized COM modularity in edge applications. These modules 
allow solution providers and system architects to make the most of generation-
over-generation performance gains, with exceptional memory capacity, 
graphics, and connectivity to support a wide range of applications. For 
customers that need a smoother integration path to COM-HPC, the conga-
TS570 COM Express Basic module is also powered by 11th Gen Intel Core 
processors. This module can be placed directly on current COM Express carrier 
boards as a turnkey product.
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Congatec COM-HPC modules enabled by 11th Gen Intel® Core™ processors 
deliver incredible performance, AI, graphics, and I/O expansion to create a 
flexible foundation for industrial automation in key markets.

What is COM-HPC?

COM-HPC is the new PICMG standard 
for high performance with high-speed 
scalability, designed to meet the needs 
of a new class of embedded edge 
servers. COM-HPC modules are small 
circuit boards that are plugged into a 
standard connector on an application-
specific carrier board and contain the 
processor with all its vital peripherals. 
Most interface circuitry is situated on 
the module, including PCIe, Ethernet, 
SATA, display interfaces, and general-
purpose I/O, and is routed to appropriate 
ports on the carrier board. Customers 
can then choose which extensions they 
want to develop on the carrier board, 
using the CPU performance from the 
COM-HPC module as a foundation.

Benefits:
• Fast time to market and reaction to 

market trends
• Low development costs and 

inventory costs
• Scalable across multiple CPU speeds 

and generations
• Customers can focus on system 

features

https://www.picmg.org
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How it works: 11th Gen Intel Core processors bring performance, scalability to the edge 
Congatec modules give system architects and solution 
providers access to high-level performance gains available 
in 11th Gen Intel Core processors: up to 1.32x faster 
single-thread performance, up to 1.65x faster multithread 
performance, and up to 1.70x faster graphics performance 
compared to previous-generation processors.2 The industrial 

SKUs satisfy rugged and thermal requirements necessary 
for operation in extreme industrial environments like factory 
floors, oil rigs, and wind turbines. This generation also delivers 
key features for industrial and smart edge applications—like 
real-time, functional safety, and AI applications—that are in 
high demand across multiple industries.

Support real-time workloads 
Available on select processor SKUs, Intel® Time 
Coordinated Computing (Intel® TCC) and Time-Sensitive 
Networking (TSN) help enable real-time use cases. Intel 
provides tools, libraries, and APIs that make it easier to 
prioritize key workloads that require bounded latency. 
Support for real-time hypervisors and operating systems 
including ACRN, Wind River VxWorks, and Real-Time 
Systems also gives real-time builders more flexibility of 
choice in developing the right-fit solution.

Fast functional safety deployments
Provided with select SKUs of 11th Gen Intel Core processors, 
the Intel® Functional Safety Essential Design Package (Intel® 
FSEDP) includes documentation for the development 
and certification of safety-critical platforms. With this 
documentation package, system architects will have more 
information to quickly design and build functional safety 
(FuSa)–capable platforms for use cases like robotic control 
and assembly line coordination. The COM-HPC standard 
also integrates FuSa-capable I/Os into the board interface 
for latency-bounded signal processing to peripheral devices. 
This helps provide more design flexibility to architects when 
creating platforms for FuSa-targeted applications.

For workloads and configurations, visit intel.com/PerformanceIndex. Results may vary.
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Package  
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Intel® Core™ i7 
processor

i7 -11850HE 
MM# 99AH7N 

FH8069004638048 RM590E
QM580E

8C/16T 
24M 3200 45W/35W 2.6/2.1 4.7

Intel® UHD Graphics 
32 EU 4x 4K or 1x 8K 
displays 2 VDBoxes

350 / 1350 0 to 
+100C √ Up to C10

Intel® Core™ i5 
processor

i5-11500HE 
MM# 99AH7P 

FH8069004638049

6C/12T 
12M 3200 45W/35W 2.6/2.1 4.5

Intel UHD Graphics 
32 EU 4x 4K or 1x 8K 
displays 2 VDBoxes

350 / 1350 0 to 
+100C √ Up to C10

Intel® Core™ i3 
processor

i3-11100HE 
MM# 99AH80 

FH8069004638051 RM590E
 QM580E
 HM570E

4C/8T 
8M 3200 45W/35W 2.4/1.9 4.4

Intel UHD Graphics 
16 EU 4x 4K or 1x 8K 

displays 1 VDBox
350 / 1250 0 to 

+100C Up to C10

Intel® Celeron® 
processor

6600HE 
MM# 99AH8D 

FH8069004638144

2C/2T
8M 3200 35W 2.6  

Intel UHD Graphics 
16 EU 4x 4K or 1x 8K 

displays 1 VDBox
350 / 1100 0 to 

+100C Up to C10

Intel® Xeon® 
W-11000E

Series
processor

W-11865MRE 
MM# 99AH7L 

FH8069004638046

RM590E

8C/16T 
24M 3200 45W/35W 2.6/2.1 4.7

Intel UHD Graphics  
32 EU 4x 4K or 1x 8K 
displays 2 VDBoxes

350 / 1350 -40 to 
+100C √ √ C0 only

W-11555MRE 
MM# 99AH7M 

FH8069004638047

6C/12T 
12M 3200 45W/35W 2.6/2.1 4.5

Intel UHD Graphics  
32 EU 4x 4K or 1x 8K 
displays 2 VDBoxes

350 / 1350 -40 to 
+100C √ √ C0 only

W-11555MRE 
MM# 99AH7R 

FH8069004638050

4C/8T 
8M 3200 45W/35W 2.4/1.9 4.4

Intel UHD Graphics  
16 EU 4x 4K or 1x 8K 

displays 1 VDBox
350 / 1250 -40 to 

+100C √ Up to C10

W-11865MRE 
MM# 99AH89 

FH8069004638151

8C/16T 
24M 3200 25W 1.5 4.5

Intel UHD Graphics  
32 EU 4x 4K or 1x 8K 
displays 2 VDBoxes

350 / 1350 0 to 
+100C √ Up to C10

W-11555MRE 
MM# 99AH87 

FH8069004638140

6C/12T 
12M 3200 25W 1.9 4.4

Intel UHD Graphics  
32 EU 4x 4K or 1x 8K 
displays 2 VDBoxes

350 / 1350 0 to 
+100C √ Up to C10

W-11555MRE 
MM# 99AH8A 

FH8069004638142

4C/8T 
8M 3200 25W 1.8 3.1

Intel UHD Graphics  
16 EU 4x 4K or 1x 8K 

displays 1 VDBox
350 / 1250 0 to 

+100C √ Up to C10
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Stream, process, and analyze up to 8K video 
The 11th Gen platform features an integrated GPU with up to 
96 graphics execution units (EUs), dual video decode boxes, 
and up to four display pipes. Each processor can process 
up to 40 simultaneous streams of 1080p 30fps video and 
output four channels of 4K video or one channel of 8K video. 
Solutions that depend on numerous cameras or sensors 
can support a high number of peripherals per processor or 
deliver rich graphics for human-machine interfaces (HMIs) 
that give more visibility and control to operators on the shop 
floor. In addition to processor-enabled capabilities, the 11th 
Gen platform drives high-performance I/Os through module 
interfaces with up to PCIe 4.0 connectivity and high memory 
capacity. These features help facilitate more simultaneous 
streams and move video data fast from input devices such as 
cameras to connected high-speed storage and the processor.

A huge boost to AI inferencing and computer vision 
applications 

High bandwidth I/O in the COM-HPC modules combined 
with the high number of graphics EUs in 11th Gen Intel 
Core processors also support high parallelization for AI 
workloads. AI and deep learning inference can run on 
the integrated GPU in int8 or on the CPU in FP32, FP16, 
or int8. In addition, the integrated Intel® Deep Learning 
Boost (Intel® DL Boost) combines three instructions into 
one, accelerating inference processing. Smart camera 
or optical inspection deployments can pack more AI 
processing power in a smaller footprint, allowing for 
easier placement across a wide range of settings and 
environments.

Congatec modules with 11th Gen Intel® Core™ processors
conga-HPC/cTLU 

(COM-HPC Client Size A)
conga-TS570 

(COM Express Basic module) 
conga-HPC/cTLH 

(COM-HPC Client Size B) 

• Processor: Up to four cores, 
up to 15W TDP

• Memory: Up to 64 GB  
DDR4-3200

• Ethernet: 2x 2.5GbE Intel® LAN

• I/O: 4x PCIe 4.0, 8x PCIe 3.0, 2x 
USB 4.0, 2x USB 3.2, 8x USB 
2.0, 6x SATA, 2x UART, 12x 
GPIOs, 8x MIPI-CSI 

• Graphics: Intel® Iris® Xe graphics 
with up to 96 execution units 
(EUs) supporting up to 4x 4K or 
2x 8K displays

• Use case: Graphics-intensive 
applications with a balance of 
performance and accelerated AI

• Processor: Up to eight cores, 
up to 45W TDP

• Memory: Up to 96 GB  
DDR4-3200

• Ethernet: 1x 2.5GbE Intel LAN

• I/O: 8x PCIe 3.0, PEG support 
for 16x PCIe 4.0, 4x USB 3.1 
Gen 2, 8x USB 2.0, 4x SATA, 
SPI, 2x UART, 8x GPIOs, LPC 
bus, I2C bus

• Graphics: Intel UHD Graphics 
with up to 32 EUs supporting up 
to 4x 4K or 2x 8K displays

• Use case: Simple transition path 
to COM-HPC with similar-size 
boards (COM Express Basic to 
COM-HPC Size A)

• Processor: Up to eight cores, 
up to 45W TDP

• Memory: Up to 128 GB  
DDR4-3200

• Ethernet: 2x 2.5GbE Intel LAN

• I/O: 4x PCIe 4.0, PEG support 
for 16x PCIe 4.0, 20x PCIe 3.0, 
2x USB 4.0, 2x USB 3.2, 8x USB 
2.0, 2x SATA, eSPI, 2x UART, 
12x GPIOs, I2C bus, 4x MIPI-CSI

• Graphics: Intel® UHD Graphics 
with up to 32 EUs supporting up 
to 4x 4K or 2x 8K displays

• Use case: High performance and 
maximum memory capacity
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COM-HPC vs. COM Express
When comparing COM-HPC- and COM Express–based 
system solutions at the same performance level, there 
is a negligible price difference in COM Express’s favor, 
mainly based on COM-HPC’s high performance and 
high-pin-count board-to-board connector. However, this 
minor cost disadvantage is more than compensated for 

with additional interfaces enabled by 11th Gen Intel Core 
processors. With future CPUs, COM-HPC can also support 
the highest-speed interfaces of up to PCIe 5.0 and beyond. 
The connector is specified to 112 Gb/s performance for a 
differential pair of signals based on PAM4 modulation.

COM-HPC outlook for server modules

COM-HPC also defines a pinout definition for server or edge server 
applications that trades all sound and video interfaces to scale up the 
number of PCIe lanes to 65. The definition also adds six more 10/25GbE 
ports for a total of eight to support configurations with 2x 100GbE 
connections. The larger sizes of mechanical COM-HPC definitions—sizes 
D and E—allow for full-size DIMMs and up to 1 TB of DRAM memory, based 
on current technology.

With a maximum power budget of 300W, these boards can potentially offer a 
dramatic performance improvement over COM Express Type 7 boards with 
a budget of 100W, especially when paired with the latest generation of Intel® 
processors. The larger footprint should also allow for easy thermal regulation, 
with space for large heat sinks. Congatec is developing new offerings to meet 
these qualifications that can deliver the performance necessary for the most 
demanding applications, like semiconductor manufacturing.

Figure 1. COM Express Basic boards and COM-HPC Client 
Size A boards share a similar footprint, allowing for incremental 
upgrades based on 11th Gen Intel® Core™ processors where 
space is a concern.

Figure 2. COM-HPC pinout definitions (sizes 
D and E) for server applications allow for 
full-size DIMMs and trade all sound and video 
interfaces for more PCIe lanes.

Client Client

Server

Type 6

49x PCle 24x PCle

2x MIPI-CSI 2x SER/CAN

2x 25GbE KR

Gigabit Ethernet

2x BaseT (up to 10 Gb)

3x DDI, 1x eDP 3x DDI. 1x LVDS/eDP

2x SoundWire, I2S HDA

4x USB 4.0 4x USB 3.0

4x USB 2.0 8x USB 2.0

2x SATA 4x SATA

eSPI, 2x SPI, SMB SPI. 12C

2x I2C, 2x UART ExpressCard

12x GPIO 8x GPIO/SDIO
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Key use cases for Intel-enabled congatec COM-HPC solutions 
COM-HPC modules from congatec and enabled by Intel are designed to support industrial automation and Industry 4.0 
solutions by meeting the specific challenges of key deployments in numerous markets.

Robotic and motion control 
Congatec modules offer native Real-Time 
Hypervisor support to help enable real-
time synchronization and harmonious 
motion control for actuators or robots 
on the assembly line. The COM-HPC 
standard also supports real-time 

communications as well as fast I/O and enhanced thermal 
operating ranges. Robots operating in collaboration are also 
required to integrate FuSa, which is planned for incorporation 
into the COM-HPC standard Rev. 1.1. This specification will 
define a complete set of signals to establish a safety island 
on the module that can communicate with the FuSa-relevant 
parts on the carrier board.

Operating technology (OT) 
convergence 
Rather than having separate 
configurations for systems such as HMI, 
vision, motion, data analytics, or safety, 
system builders can place many of these 
computer systems onto one congatec 

module. A platform like this will require higher compute 
performance on the COM, which Intel-enabled congatec 
modules offer with scaling performance and connectivity 
levels across multiple SKU entry points.

Autonomous vehicles
Factories, logistical companies, 
warehouses, agricultural businesses, 
and healthcare institutions are all 
looking toward AMRs and AGVs to 
help improve their efficiency, ensure 
precision, and help improve their safety. 

These platforms require a sophisticated set of sensors, AI, 
and high levels of compute performance for path planning 
and navigation, untethered from wired power. COM-HPC 
modules offer the just-right mix of performance, AI, video 
processing, and OT convergence capability to support this 
highly complex feature set.

Machine vision
COM-HPC standardization and support 
for MIPI-CSI help facilitate multiple 
video streams and real-time image 
processing, in conjunction with greater 
PCIe expandability to support more 
VPUs or accelerator cards. With 11th Gen 

Intel Core processors, congatec modules can process and 
analyze up to 40x 1080p/30fps video streams in parallel. 
Intel DL Boost on the platform also allows for fast inference 
performance in smaller-footprint configurations.

Testing and measurement
Test equipment requires the ability to 
move large amounts of data at high 
speed for analysis. Faster, wider I/Os 
on COM-HPC boards with support 
for high-capacity, high-performance 
memory modules and a high count of 

PCIe lanes enable just that.

Energy and utilities
Smart energy technologies are helping 
businesses reduce their carbon footprint 
and improve their operational efficiency. 
Edge computing deployments enabled 
by 11th Gen Intel Core processors and 
congatec COM-HPC modules can help 

businesses track assets in the field while using predictive 
maintenance to extend the life of those assets. Modules 
designed for rugged conditions and extended operating 
temperatures also offer resilience against extreme weather 
and other outdoor elements.

Control units in trains
COM-HPC modules from congatec 
and enabled by Intel can help meet the 
ruggedization requirements for control 
modules in trains, delivering hardware 
longevity and the capability to support  
EN 50155–certified systems.

Figure 3. Congatec modules offer a variety of COM-HPC cooling options: A. Active cooling with integrated fan, B. Passive cooling 
structure to facilitate system airflow, C. Heat spreader directly attached to the system cooling, D. Heat pipe adapter to transmit 
heat from the CPU to system cooling.

A C

B D
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1. “Global Embedded Computer Market (2021 to 2026) – Industry Trends, Share, Size, Growth, Opportunity and Forecasts,” globenewswire.com, October 2021. https://www.globenewswire.com/
news-release/2021/10/07/2310363/28124/en/Global-Embedded-Computer-Market-2021-to-2026-Industry-Trends-Share-Size-Growth-Opportunity-and-Forecasts.html

2. Performance results are based on Intel measurements as of May 25, 2021. Up to 32 percent single-thread performance gain as measured by SPECrate2017_int_base (1-copy)IC19_0u4 (est). 
Up to 65 percent multithread gain as measured by SPECrate2017_int_base (n-copy)IC19_0u4 (est). Up to 70 percent faster graphics as measured by 3DMark_v2.11 - Win10 v2009 - Fire Strike - 
Graphics Score. Configuration details for platform 1: Processor: Intel® Core™ i7-11850HE (TGL-H) PL1=45W TDP, 8C16T Turbo up to 4.7 GHz. Graphics: Intel® Graphics Gen 12 gfx. Memory: 32 GB 
DDR4-3200. Storage: Intel® SSD 545S (512 GB). OS: Windows 10 Pro 20H2. BIOS: TGLSFWI1.R00.4151.A01.2104060640 (Release date: 04/06/2021). CPUz Microcode: 28h. Configuration 
details for platform 2: Processor: Intel® Core™ i7-9850HE (CFL-H) PL1=45W TDP, 4C8T Turbo up to 4.4 GHz. Graphics: Intel® Graphics Gen 9 gfx. Memory: 32 GB DDR4-2666. Storage: Intel 
SSD 545S (512 GB). OS: Windows 10 Pro 20H2. BIOS: CNLSFWR1.R00.X216.B01.2006110406 (Release Date: 06/11/2020). CPUz Microcode: D6h. For more complete information about 
performance and benchmark results, visit intel.com/benchmarks.
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Code names are used by Intel to identify products, technologies, or services that are in development and not publicly available. These are not “commercial” names and not intended to function as 
trademarks.
Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.
Your costs and results may vary.
Intel® technologies may require enabled hardware, software, or service activation.
© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may be claimed as the property of others.
0422/TB/CMD/PDF

+

Conclusion: A quick start for COM-HPC 
design 
Congatec provides full-featured carrier boards for 
COM-HPC client and server deployments—including 
complete design data that can be used as a blueprint 
for each customer’s own carrier board design—to help 
customers quickly deploy congatec modules with 11th 
Gen Intel Core processors. Congatec engineers working 
with Intel conducted intense workshops to help overcome 
design challenges and create a flexible offering that works 
across many key Industry 4.0 deployments while giving 
customers access to the latest technology and higher-
speed interfaces. For businesses that want to get started 
with COM-HPC, congatec and Intel are the foundation for 
a strong head start. 

Learn more
Explore the capabilities of congatec modules at  
conga-HPC/cTLU (COM-HPC Client Size A),  
conga-HPC/cTLH (COM-HPC Client Size B), and  
conga-TS570 (COM Express Basic module), or contact 
info@congatec.com to get started.

Discover the value of the 11th Gen Intel Core, Intel® Xeon® 
W-11000E Series, and Intel® Celeron® processors at  
intel.com/tigerlake-h.

About congatec
Congatec is a rapidly growing technology company 
focusing on embedded computing products. The 
company’s high-performance computer modules 
are used in a wide range of applications and devices 
in industrial automation, medical technology, 
transportation, telecommunications, and many 
other verticals.

congatec.com
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