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Vertical LTG Integration in 800G+
Optical Transceiver Modules

As optical modules scale to 800G+ and beyond, increasing power densities create significant thermal
management challenges. High-power components such as DSPs and driver ICs generate localized hotspots,
which require efficient heat transfer to the module lid and the host heatsink.

Vertical Lotus Thermal Guides (LTGs) provide a controlled, high-conductivity pathway that enables direct heat
conduction while maintaining electrical isolation.

This paper outlines the fundamental conduction model of vertical LTGs, practical integration strategies for the

thermal stack of high-power optical modules, and key design considerations for achieving reliable and
predictable thermal performance.

The Fundamental Conduction Model

The thermal resistance of a Vertical LTG (Lotus Thermal Guide) element is defined by:

t t: Thickness (m)
ﬂ k: Thermal conductivity (W/mK)
* A: Cross-sectional area (m?)

Ry 11 =

Integration into the 800G+ Vertical Thermal Stack

In high-power 800G+ modules (OSFP/QSFP-DD), the primary top-side cooling path is (as shown in Figure 1):
Hot IC - TIM-1 = Vertical LTG - TIM-2 - Lid/Thermal Plate - External TIM - Host Heatsink

Aluminum housing

IC Die /mm
1.6mm VLTG TIM
X-Y 2mm Max

v IC Die (2) 1 0.5mm

A
v

Figure 1: Cooling an IC through an aluminum housing. 14
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The LTG equation models only the silicon pillar conduction portion. However, the total vertical path resistance is:

Ry total = Rrrian + Ro.rra + Rrive + Riig + Regternal

@ Critical Insight: In real-world modules, interface resistances (Rnu) often dominate the stack, not the silicon

bulk material.

Strategic Use Cases for Vertical LTG

A vertical LTG is most valuable when:

v Limited PCB Spreading
High-speed keep-outs or segmented ground planes restrict lateral heat dissipation.

v Electrical Isolation

You cannot electrically ground the IC die to the module lid.

v Direct Thermal Pathing
A short vertical path exists to the top case, directly under the host cage heatsink zone.

v Targeting Hotspots
Specific high-power components (DSP/Retimer, Laser/Modulator Drivers, Dense DC/DC clusters) require

localized relief.

First-Order Sizing & Design Implications

t Maximize Area (A): This is the most effective lever. Increasing A reduces both
RO,LTG - Lx A the pillar resistance and the interface resistance (by increasing contact surface).

Optimize Height (t): Increasing height is thermally detrimental unless it is used
to replace even thicker, lower-conductivity (k) gap fillers.

Design Strategy

1. Prioritize footprint (Area) first.
2. Keep TIM layers as thin as possible.
3. Use LTG height (t) primarily to establish the mechanical Z-datum.

Example (order of magnitude) Given: t=0.8 mm Result: Ry 171G = approx. 1.43 K/W
A =4 mm?
k =140 W/mK

Note: If each TIM layer adds 2-3 K/W due to thickness or poor contact, the pillar’s high k becomes a secondary
factor. 2/4
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LTG vs. Conventional Thermal Pads

LTG Pillars Thermal Pads
High k (up to ~140 W/mK), low sensitivity Moderate k (3-8 W/mK), risk of pump-out
to thickness changes, highly predictable, (gradual displacement of thermal interface
and provides electrical isolation. material under thermal cycling), highly sensitive
to compression/thickness variations.

Takeaway: In 800G+ modules, long-term predictability and stability under thermal cycling are often more
critical than nominal thermal conductivity (k).

Mechanical Constraints: The Z-Stack Challenge

In OSFP/QSFP-DD modules, the Z-stack is driven by: PCB thickness variation, IC package height, lid flatness,
case warpage, and assembly torque.

X Too Tall: Causes PCB bowing, BGA solder joint stress, and cage insertion issues.
X Too Short: Causes loss of contact, leading to immediate thermal collapse.

v Best Strategy: Treat the LTG as a near-solid spacer. Use a thin, compliant TIM-2 to absorb mechanical
tolerances while the LTG sets the height.

DFM & Assembly Strategy

Treat the LTG as a precision thermal component, not a passive filler.

1. Apply ultra-thin TIM-1 to the IC.

2. Place the LTG pillar.

3. Apply thin TIM-2 to the Lid.

4. Use controlled Lid Torque to define final compression.

The LTG height becomes your thermal Z-datum.

Validation & Reliability

v CFD Simulation
Do not simulate ideal contact. Include +/- Z gap variations and warpage.

v Bench Correlation
Compare "No LTG" vs. "LTG + Thin TIM" to measure the reduction in Junction-to-Lid delta-T.

v Reliability

Test for pump-out, vibration/shock, and high-temperature creeps. 3/4
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Practical Design Approach for an 800G+ Module

To ensure successful deployment, follow this systematic workflow:

1. Power map the module: Define the heat load for every component.
2. Identify 1-2 dominant heat sources: Focus on LTG resources on the highest contributors (e.g., DSP).

3. Align lid contact with host heatsink pressure zone: Ensure the vertical stack is directly under the cage’s
mechanical load.

4. Define full Z-tolerance stack: Calculate the worst-case min/max gaps.

5. Choose the largest safe LTG footprint: Maximize Area (A) within the keep-out constraints.

6. Set height to produce slight, controlled compression: Ensure contact at "min-gap" without damage at
"max-gap."

7. Prototype with +/- height variants: Test physical samples to verify the tolerance window.

8. Correlate measured delta-T to CFD: Adjust the simulation model based on real-world results.

9. Freeze dimensions: Lock in the LTG height as the master thermal datum.

Core Takeaway

The equation Ry rrg = k:*LA is necessary but not sufficient.
In 800G+ optical modules:

« Interface resistance dominates.

o Mechanical tolerances dominate.

o Area dominates over height.

o Predictable compression dominates nominal k.

A vertical LTG works best when engineered as part of a controlled compression stack, not just as a high k

insert.

Would you like to gain deeper insights into Vertical LTG?

For more information about LTG technology or design support, please contact Lotus Microsystems. Our
engineering team is ready to assist with evaluation, design integration, and system-level optimization.

@ www.lotus-microsystems.com & sales@lotus-microsystems.com
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