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Abstract

Deploying mid to high-end FPGAs and SoCs in demanding environments
requires advanced thermal management solutions. This white paper
presents AMD innovations in lidless packaging technology, which result
in lower power consumption, reduced product cost and weight, and
support for wider ambient temperature ranges. The flexibility for
customers to choose the best thermal interface material (TIM) for their
application further enhances thermal performance and end of life (EOL)
reliability. AMD detailed thermal models and partnerships with thermal
experts to ensure reliable solutions, positioning AMD at the forefront of
high-performance, thermally efficient FPGA technology.

AMD Adaptive Computing is creating an environment where employees, customers, and partners feel welcome and included. To
that end, we're removing noninclusive language from our products and related collateral. We've launched an internal initiative to
remove language that could exclude people or reinforce historical biases, including terms embedded in our software and IPs. You
may still find examples of non-inclusive language in our older products as we work to make these changes and align with evolving
industry standards. Follow this link for more information.
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Introduction

As the electronics industry advances to smaller nodes, modern applications demand higher clock rates
and performance. In 2014, Stanford Professor Mark Horowitz published a seminal paper describing the
challenges that the semiconductor industry faces related to the breakdown of Dennard scaling and
Moore's law. [Ref 1] While the jury might still be out on Moore's law, Dennard scaling has slowed, and
higher performance comes at the expense of higher leakage. If we shrink die area and the power
dissipated by the part does not decrease proportionally, thermal density will increase, which drives the
need for more efficient thermal management solutions.

Product innovation requires new features and the ability to support higher compute density. Meanwhile,
the market is driving the deployment of new products in more challenging environments, often with high
ambient temperatures. Cooling these devices is a non-trivial exercise, particularly in extreme
environments such as those found in common applications like wireless (55°C) and automotive (85°C)
systems. Even more challenging are the extreme environments in space applications where the ambient
temperature can fluctuate by more than 300°C. Here, active thermal control systems moderate the
temperature to which the electronics are exposed, and heat is removed via fluid loops and external
infrared radiators, increasing demands on thermal efficiency. In challenging environments, even modest
improvements in thermal resistance can have significant benefits.

AMD has continued to innovate with Versal™ adaptive SoCs by hardening critical functions and interfaces,
for example, multirate MAC (MRMAC), 600G channelized multirate Ethernet (DCMAC), Al Engines, and
low-density parity check (LDPC). One key innovation in all Versal devices is the programmable network on
chip (NoC), which provides high-bandwidth, deterministic connectivity infrastructure hardened on the
chip. Collectively, these advances reduce the amount of programmable logic needed, paving the pathway
to lower dynamic power, push button timing closure, and the possibility of using smaller, more efficient
devices for a given task. For more details on the advantages of the Versal NoC, go to: Optimize Design
Efficiency with the Versal Adaptive SoC Programmable Network on Chip (WP562).

The specific innovation presented in this white paper is AMD lidless packaging technology, a game
changer that provides unparalleled system-level benefits. Lidless with stiffener ring packages should not
be confused with bare-die lidless packaging. AMD lidless with stiffener ring packaging delivers a more
efficient thermal solution and enables our customers to deploy products in almost any environment, both
on, and off this planet!

Lidless Packaging with Stiffener Ring

In the Versal portfolio, AMD offers two packaging options: lidded, and lidless with a stiffener ring. While
lidded packages provide additional mechanical protection to the die, lidless packages offer better thermal
characteristics. See Designing Heatsinks and Thermal Solutions for Xilinx Devices (XAPP1377).

Bare-die packaging, commonly called "lidless packaging,” is typically used for lower-density,
cost-optimized products, such as the AMD Spartan™ UltraScale+™ family. In contrast, lidless packaging
with a stiffener ring is employed for mid to high-end products such as Versal devices.
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There is a direct relationship between die size and initial warpage, meaning that larger devices have higher
warpage. Furthermore, the package and die experience warpage during the solder reflow process or when
otherwise subjected to thermal fluctuations. The resulting die-to-heatsink coplanarity must be offset by
the application of a thicker layer of TIM (TIM 1.5) between the die and heatsink. This added layer thickness
worsens thermal performance.

In lidded packages, thermally induced warpage is less pronounced because of the added structural rigidity
of the lid, but this comes at the cost of reduced thermal efficiency, due to the added thermal resistance of
both the lid and the TIM (TIM 1) needed to mate the die to the lid. To achieve optimized performance for
larger die, we need to remove the lid, while providing a solution to maintain rigidity.

Figure 1 provides insights into the differences between bare-die lidless and lidless with stiffener ring
packaging. A unique feature of AMD lidless packages for mid-range and high-end devices is the addition
of a stainless-steel stiffener ring around the periphery of the package substrate. The stiffener ring
provides enhanced package rigidity (like the lid in lidded packages), which improves the overall package
coplanarity. In addition to reducing warpage, the stiffener ring acts as a guide for the heatsink. This
advancement benefits the thermal efficiency and reliability of lidless packaging for larger die.

WP563_01_22825
Figure 1: Example of Bare-Die Lidless: Artix™ 7 FPGA, and Lidless with Stiffener Ring: Versal HBM and
Versal Premium (VP1902) Adaptive SoCs

Figure 2 illustrates a simplified cross-section of both lidless and lidded packages, highlighting the key
thermal interface materials.
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Figure 2: Lidless Package (left) and Lidded Package (right)
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Comparing the lidded and lidless package cross-sections, we see that lidless packages enable mating of
the die directly with the heatsink. In lidless packages, both the package lid and one TIM layer (TIM1) are
removed.

Each added thermal interface material adds to the total thermal resistance. The thermal path is
represented as follows:

For lidless packages:

®jc - ®si1icon
For lidded packages:
Oic = Ositicon T Orim1 T Oyiq

Where:

®s[licon - [TJ(max) - 7-Case(avg)] - Ptotal
®TIM1 - [TTIMBottom(avg) o 7-TIMTop(avg)] = Ptota[

®lid - [TTIMTop(avg) - 7-Case(avg)] - Ptota[

By reducing the number of thermal boundary layers between the die and the heatsink, lidless packaging
achieves a more efficient thermal solution and provides several key advantages:

e Reduced junction temperature - Lowers the junction temperature (Tj) compared to a lidded solution,
improving thermal performance, and reducing leakage, which leads to lower overall power
consumption.

e Higher reliability - While AMD advertises the same lifetime for lidless and lidded packages, it is also
well understood that lowering operating junction temperatures results in increased system-level
reliability, enabling a broader range of applications at a specific power density. Refer to Device
Reliability Report (UG116) for device reliability data.

e Decreased junction-to-sink thermal resistance - This makes it possible to design a thermal solution
that supports the same (or lower) Tj as a lidded package, with a smaller heatsink. This makes lidless
packaging ideal for cost- and weight-sensitive applications.

e Increased thermal headroom - The design can support a wider ambient temperature (Ta) range versus
lidded products, or the developer can push the clock rates higher to achieve better performance.
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Lidless Packages with Stiffener Ring: Evaluation

AMD has invested in lidless packaging for FPGAs and adaptive SoCs for over a decade, aiming to deliver
a robust and customer-ready solution. Traditionally, the industry has heavily leveraged thermal simulation
as a part of packaging and IC design cycles. However, relying solely on simulation can fail to identify key
variables early in the design process, resulting in a less optimal product. To address this, AMD decided to
pursue a more practical approach.

Specifically, AMD developed a thermal test vehicle (TV) IC with 1,600 thermal sensors and heater cores.
This innovative approach allowed AMD to model various device densities and applications, offering
granular, localized heat generation. The TV IC enabled AMD to emulate various thermal scenarios across
key applications and markets for AMD products. Figure 3, taken from an 2020 IEEE paper [Ref 2], shows a
comparison of die thermal contours of a lidless package and a typical lidded package with the same die
size (20 mm x 20 mm) and same power dissipation. The peak temperature in the lidless package is 70°C,
which is 26°C lower than the peak temperature in the lidded package.
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Figure 3: Lidded and Lidless with Stiffener with Heat Map

Before taping out our Zynq™ UltraScale+ RFSoC product family, AMD built both TV-lidded and lidless
prototypes and mapped an example 5G application to the TV. The test parameters were specified as 50W
power dissipation (Pd), an ambient temperature (Ta) of 45°C, and passive cooling with minimal airflow.

This evaluation allowed AMD to compare the future RFSoC device in lidded and lidless packaging, using
identical boundary conditions and thermal solutions. In evaluating this example on the TV, AMD measured
a 24°C reduction in junction temperature for the lidless with stiffener packaging. See Figure 4.

50W Design Lidded versus Lidless
Junction Temperature

@ 45°C Ambient
120°C
120 24°C Reduction
o 110
o
[J] o,
g 100 96°C
S 90
o
£ g0
'_
70
Lidded Lidless

WP563_04_030425

Figure 4: 5G Application Mapped to Lidded and Lidless with Stiffener TVs
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But how does this translate into real-world benefits for a packaged part? To answer this question, we can
evaluate the thermal performance of the Versal VM1802, available in both lidded and lidless packages. As
seen in Figure 5, the thermal resistance (6jc) for the VM1802 in lidless packaging with a stiffener ring
provides an eleven times reduction compared to the VM1802 in lidded packaging, demonstrating the
significant improvement in thermal capabilities offered by the AMD lidless design.
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0 |
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Data is for device/package comparison purposes only. Attempts to recreate this data
are only valid using the transient 2-phase measurement techniques outlined in JESD51-14.

WP563_05_022825

Figure 5: JESD51-14 Data for VM1802 Device

It is also important to consider that reducing 0jc leads to a corresponding reduction in junction
temperature, which reduces leakage. As shown in Figure 6, for every 10°C reduction in junction
temperature, static power decreases by approximately 25%, and for every 20°C reduction, static power is
reduced by about 50%. This results in lower total power consumption, improved power efficiency at the
same level of performance, and provides more thermal margin, which allows for higher performance or
reduced thermal solution costs.
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Figure 6: Static Power Savings from Reduced Junction Temperature

The precise value of this reduction depends on factors such as product family, core voltage, and junction
temperature. The AMD Power Design Manager should be used to estimate this. Here, the developer
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specifies two parameters - the maximum ambient temperature for the design, and the effective 6ja of the
thermal solution.

AMD lidless with stiffener ring packaging offers superior thermal efficiency, resulting in lower junction
temperatures. This translates to significant static power savings compared to competing devices.

Extending the Thermal Envelope

While AMD has been innovating at the FPGA packaging level, TIM suppliers have made important
advancements that further enhance thermal transfer. Specifically, we refer to phase change material (PCM)
TIMs. The combination of AMD and industry innovations not only boosts beginning of life (BOL) thermal
performance but also ensures superior End of Life (EOL) thermal performance.

BOL is the first phase of the product life cycle. At BOL, the product has minimal wear and tear and has
closer to "ideal" performance. EOL is the final phase, where the product has undergone significant usage
and can experience performance degradation. Figure 7 illustrates this concept.
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Figure 7: Failure Rate Frequency Versus Time

Good thermal performance at BOL and EOL is crucial to ensure product reliability, efficiency, and
longevity. Improving thermal performance across the entire lifecycle prevents overheating and helps to
reduce premature failure.

A key innovation recommended by AMD is the use of an etch pattern on the base of the heatsink to
enhance thermal performance. To maximize the benefit of this pattern, a PCM TIM is necessary. As the
temperature of the PCM TIM rises, it transitions from solid to liquid, increasing the surface area at the
interface. Additionally, the combination of PCM and etch pattern helps reduce the impact of warpage. The
combination of this etch pattern and PCM TIMs improves both BOL and EOL thermal performance.

Figure 8 illustrates the etch pattern on the base of the heatsink - a textured surface with multiple grooves,
as opposed to a conventional flat base design. Experiments show that this design acts as a reservoir for the
PCM, which, unlike more rigid TIM materials, can flow to fill any gaps caused by warpage. The etch pattern
increases the overall TIM contact surface area by approximately 10%. Another widespread problem

alleviated by this design relates to gas bubbles in the TIM, commonly trapped during the application of

WP563 (v1.0) March 10, 2025
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the TIM, which reduce thermal transfer. With the application of the etch pattern, gas bubbles are pushed
into and trapped in the grooves or driven out of the interface between the device and TIM altogether. This
ensures that the (un-grooved) flat areas have direct TIM contact with the die, and thus, better thermal
conductivity. Furthermore, as shown in Figure 9, larger TIM particles flow into the etched grooves, which
reduces bond line thickness (BLT). This etched pattern aims to decrease overall thermal resistance, increase
the effective thermal conductivity of the TIM, and improve heat flow from the die to the heat sink.
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5 microns

Bulk of the surface areas
(>95%) remains perpendicular
to the device surface
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surface area by ~10%
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Figure 8: Thermal Performance Improvement through Etch Pattern
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Figure 9: Larger Particles Flow into Etched Grooves

One added advantage of lidless packaging is the flexibility to choose the thermal interface material for a
specific design. With lidless packages, all TIMs are applied after the device is soldered to the board. In
contrast, lidded packages require TIM1 (die to lid) to be applied by the vendor, and the selected material
must withstand reflow temperatures exceeding 220°C. PCM TIMs cannot be employed in lidded packages
due to the maximum temperature limitations (e.g., 150°C) of currently available products. With lidless
packages, TIM 1.5 is not subject to high reflow temperatures, meaning the developer can select the best
TIM for their specific application.

With lidded packages, the designer must rely on the integrity of the in-package TIM. If vendor quality is
lacking, voids can be present in the die-to-lid TIM layer and negatively impact product thermal
performance and longevity. Lidless packaging offers the end customer full control to evaluate TIM
integrity without removing a lid (lidded package lid removal voids warranty) or to employ non-destructive
analysis techniques such as CSAM. With lidless packages, it is simple to remove the heatsink and evaluate
the integrity of the TIM. Figure 10 illustrates TIM integrity of AMD lidless with stiffener ring packaging and
PCM TIMs over one-thousand thermal cycles.
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Figure 10: AMD Versal Device Lidless TIM Coverage After One Thousand Thermal Cycles

The choice of TIM affects thermal performance over the lifecycle and EOL performance of the product.
AMD conducts lifetime testing to ensure BOL and EOL performance. Additionally, AMD has partnered with
Nokia, Laird, and Shin-Etsu to investigate the long-term performance impact of TIM selection. Readers can
refer to an IEEE paper [Ref 3] for additional details of this research.

Again, we emphasize that with lidless packages, customers can choose any TIM 1.5 based on design
requirements. The investigations conducted by AMD are for reference purposes.

Thermal Models Availability and Partners

Thermal validation is crucial when deploying mid to high-end FPGAs, especially in high ambient
environments or high-density designs. To support this, AMD provides thermal models, compatible with
industry-leading simulation tools like Siemens Flotherm and Ansys Icepak for all FPGA and SoC products.
These models are available to registered customers via the AMD download site. There are three types of
models available for AMD devices:

1. JEDEC Model: Available for UltraScale+ and earlier AMD product families, these models offer a good
balance of simulation speed and accuracy, however, as thermal density and ambient temperature
increase more accurate thermal modeling is required.

2. Simplified Detailed Model: Supported for Versal devices. This model provides detailed information
about the package while removing specific features to speed up simulation time. For example, in a
lidless package with a stiffener ring, the model does not include the stiffener ring, reducing meshing
requirements. This model is ideal for early evaluation and thermal design iterations.

3. Full Detailed Model: Supported for Versal devices. This model includes comprehensive details of the
package, such as micro traces inside the substrate, interposer, and silicon die, along with the stiffener
ring. With increased accuracy, the detailed model should be used for design sign-off.

The BGA array is modeled as a solid block with effective conductivity in both simplified and full detailed
models.
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The AMD strategy for thermal modeling is straightforward. Across all AMD product families, the FPGA die
and transceivers are monolithic. Furthermore, the stacked silicon interconnect (SSI) technology used by
AMD to integrate multiple FPGA die into a single package, allows for uniform power modeling, resulting
in a simplified methodology for thermal analysis and more consistent thermal performance. Power
analysis of some competing products requires that the user have specific power mappings for each die
within the package (i.e., transceiver tiles). While the power mapping technique can be acceptable for
designs that have a fixed architecture, any changes made to the design, such as to transceiver rates or
location, can drastically impact thermal performance, require additional modeling cycles, and potentially
require changes to the production thermal management solution.

To further support customers, AMD has partnered with thermal experts through the AMD Alliance
program, enabling customers to collaborate directly with these partners for thermal evaluation,
simulation, design, or heatsink supply.

WP563 (v1.0) March 10, 2025
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Conclusion

Thermal validation is essential for deploying mid to high-end FPGAs, particularly in demanding
environments. AMD lidless with stiffener ring packaging offers several key benefits:

e Enhanced Thermal Performance: By reducing the number of thermal interfaces between the die and
heatsink, lidless packaging decreases thermal resistance. This results in lower junction temperatures,
which improves thermal performance and reduces leakage power. Consequently, this leads to lower
total power consumption and greater power efficiency.

e Cost and Weight Reduction: The simplified thermal design of lidless packaging reduces cost and
weight while supporting the same junction temperature as lidded packages, without compromising
performance.

e Wider Ambient Temperature Range: The improved thermal performance of AMD lidless packaging
supports a broader ambient temperature range compared to competing products. This is particularly
beneficial for applications in high ambient environments, such as automotive, space, and wireless.

e Flexibility in TIM Selection: Lidless packaging provides flexibility in selecting thermal interface
materials (TIM). Since TIMs are applied after the device is soldered to the board, more efficient TIMs
can be used at the critical die-to-heatsink interface. This enhances thermal performance and ensures
better EOL performance.

e System-level performance and mean time between failures: Cooler devices support higher clock rates
and more densely packed designs. Furthermore, any decrease in junction temperature offers a
corresponding reduction in device (and system) failure rates.

e Comprehensive Thermal Models: AMD offers detailed thermal models for all its products, designed
for industry-leading simulation tools like Siemens Flotherm and Ansys Icepak. These models aid
customers in designing refined thermal management solutions and are available for download by
registered customers on the AMD website.

e Partnerships with Thermal Experts: To further support customers, AMD has partnered with thermal
experts through the AMD Alliance program. This enables customers to collaborate directly with these
partners for thermal evaluation, simulation, design, or heatsink supply, ensuring robust and reliable
thermal solutions.

Overall, AMD innovations in packaging and thermal management ensure that AMD FPGA and adaptive
SoC products deliver superior performance, reliability, and efficiency, even in extreme applications and
markets. These advancements position AMD as a leader in providing high-performance, thermally efficient
solutions for varied applications. Are you curious to better understand the benefits of AMD lidless with
stiffener packages? Use AMD thermal models to simulate one of our lidless packages. If you are trying to
decide between lidded and lidless packages, you can back-annotate the simulated, estimated 0,, value
into the AMD Power Design Manager and you will be able to see the difference for yourself.

When comparing AMD to competitors, make sure that you are accounting for the significant advantages
afforded by AMD lidless packages with stiffener ring.

Finally, if you are interested in learning more, head over to the AMD Power Efficiency webpage, where you
can find additional information about topics such as Thermal Design and Power Estimation, including a
link to download the latest version of the AMD Power Design Manager tool.
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Finding Additional Documentation

Technical Information Portal

The AMD Technical Information Portal is an online tool that provides robust search and navigation for
documentation using your web browser. To access the Technical Information Portal, go to
https://docs.amd.com.

Documentation Navigator

Documentation Navigator (DocNav) is an installed tool that provides access to AMD Adaptive Computing
documents, videos, and support resources, which you can filter and search to find information. To open
DocNav:

e From the AMD Vivado™ IDE, select Help > Documentation and Tutorials.
e On Windows, click the Start button and select Xilinx Design Tools > DocNav.
e At the Linux command prompt, enter docnav.

Note: For more information on DocNav, refer to the Documentation Navigator User Guide (UG968).

Design Hubs

AMD Design Hubs provide links to documentation organized by design tasks and other topics, which you
can use to learn key concepts and address frequently asked questions. To access the Design Hubs:

e In DocNay, click the Design Hubs View tab.
e Go to the Design Hubs web page.

Revision History

The following table shows the revision history for this document.

Section Revision Summary

3/10/2025 Version 1.0

Initial AMD release.
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Please Read: Important Legal Notices

The information presented in this document is for informational purposes only and may contain technical inaccuracies, omissions, and typographical
errors. The information contained herein is subject to change and may be rendered inaccurate for many reasons, including but not limited to product
and roadmap changes, component and motherboard version changes, new model and/or product releases, product differences between differing
manufacturers, software changes, BIOS flashes, firmware upgrades, or the like. Any computer system has risks of security vulnerabilities that cannot be
completely prevented or mitigated. AMD assumes no obligation to update or otherwise correct or revise this information. However, AMD reserves the
right to revise this information and to make changes from time to time to the content hereof without obligation of AMD to notify any person of such
revisions or changes. THIS INFORMATION IS PROVIDED “AS IS.” AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE
CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES, ERRORS, OR OMISSIONS THAT MAY APPEAR IN THIS
INFORMATION. AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR FITNESS FOR ANY
PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY PERSON FOR ANY RELIANCE, DIRECT, INDIRECT, SPECIAL, OR OTHER
CONSEQUENTIAL DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF AMD IS EXPRESSLY ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT WARRANTED FOR USE IN THE DEPLOYMENT OF
AIRBAGS OR FOR USE IN APPLICATIONS THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262 AUTOMOTIVE SAFETY STANDARD ("SAFETY
DESIGN"). CUSTOMER SHALL, PRIOR TO USING OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY
TEST SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION WITHOUT A SAFETY DESIGN IS FULLY
AT THE RISK OF CUSTOMER, SUBJECT ONLY TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

© Copyright 2025 Advanced Micro Devices, Inc. AMD, the AMD Arrow logo, Artix, Kintex, Spartan, UltraScale+, Vivado, and
combinations thereof are trademarks of Advanced Micro Devices, Inc. Other product names used in this publication are for
identification purposes only and may be trademarks of their respective companies.
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