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As transistor density scaling has slowed, advanced packaging has become the primary
scaling vector. However, Al accelerators have grown so large and require such fast
interconnects that the package itself is now hitting limits. Circular interposers
constrain package size and wafer utilization, HBM4E doubles the I/O count while
increasing speed, and multi-kilowatt packages are overwhelming conventional cooling

architectures.
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ECTC is the industry’s premier conference for all things packaging. This year’s
disclosures were closely aligned with upcoming commercial products. Intel provided
an overview of EMIB-T integration, package scaling and future roadmaps. Marvell
showed how custom HBM can move interface logic off the accelerator while

shortening package routing. TSMC and Microsoft pushed coolant directly into silicon,
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while Marvell and Lightmatter brought optical interconnects onto the package.
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This roundup covers ECTC 2026 technologies most likely to shape Al accelerator

packages over the next several years.
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Intel EMIB-T IR4§/R EMIB-T

Intel was the largest corporate presenter at ECTC. The key disclosure was EMIB-T.
This is the next generation of EMIB with through-silicon vias (TSVs). After the initial

announcement, Intel has filled in more of the architecture and roadmap, including

tighter bump pitch, larger packages and on-bridge capabilities. Their disclosures show
why EMIB-T is expected to be used in Google’s TPU v9, and why it is the most
credible alternative to TSMC’s CoWoS platform for large-package Al accelerators.
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EMIB-T scaling test vehicle with 2x reticle silicon content. Top-down SEM images
show 110, 55 and 36 um mixed bump pitches. Source: Intel, “Scaling the EMIB-T
Advanced Packaging Technology to Address the Future HPC/AI Demand,” ECTC 2026
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EMIB-T scaling test vehicle with 2x reticle silicon content. Top-down SEM images show 110, 55 and 36 pm mixed bump
pitches. Source: Intel, “Scaling the EMIB-T Advanced Packaging Technology to Address the Future HPC/AI Demand,”
ECTC 2026
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Intel has validated EMIB-T at a 36/35 um bump pitch on a package with 2x reticle-
sized silicon. This is a reduction over the 45 pm pitch used in Granite Rapids, and a
65% increase in bump density. Granite Rapids-AP is a large package, measuring 70
mm x 105 mm, or slightly less than 9 reticles of area. Validation for 36/35 um bump
pitches is now expanding to 4.5x reticle silicon packages, with certification targeted by
the end of 2026.
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EMIB-T 25 um bump pitch test vehicle with two 1-reticle silicon dies connected by a 3 mm x 18 mm bridge. SEM cross-
section shows the post-assembly bump and via structure. Source: Intel, “Scaling the EMIB-T Advanced Packaging
Technology to Address the Future HPC/AI Demand,” ECTC 2026
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The next pitch step is also underway, with Intel testing 25 pum bump pitch on a vehicle
with two 1-reticle silicon dies connected through a single 3 mm x 18 mm EMIB-T
bridge.
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Further scaling gets harder. Below 25 um, the solder volume in each bump becomes
very small. Shorts, opens, and assembly-driven yield loss become much more likely.
EMIB-T can keep scaling, but the limiter shifts from bridge routing density to bump

formation, placement accuracy, and assembly yield.
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240mm

Intel’s 240 mm x 240 mm quarter-panel EMIB-T test vehicle. Source: Intel, “Scaling
the EMIB-T Advanced Packaging Technology to Address the Future HPC/AI
Demand,” ECTC 2026

------------------------------------------------------------------------------------------------------

HR/R 240 22Kx240 22K PU% 2 —THiH EMIB-T MIR#EE, RIE: JR7R,
J&& EMIB-T et BEEROR DA R AR S ERETH B/ N TR REFE k), ECTC 2026

______________________________________________________________________________________________________

Intel also showed how large EMIB-T packages can become. Full panel-sized packages
are possible, but Intel framed quarter-panel packages as the practical target. It showed
a 240 mm x 240 mm test vehicle, equivalent to roughly 67 reticles of area. However, we
observed that the sample at the booth exhibited severe warpage. At that size, the
bridge is only one part of the problem. Substrate handling, warpage, overlay, and
panel-level patterning become first-order constraints. Intel is also evaluating advanced

lithography approaches to keep overlay tight enough for these large substrates at
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quarter-panel and even full-panel scale.
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EMIB-T stack-up with routing, power mesh, TSVs, and MIM layers. Source: Intel,
“Enabling 12+Gb/s HBM4E with EMIB-T Advanced Packaging Technology,” ECTC
2026
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While bump pitch and package size are important, the bridges matter just as much.
EMIB-T is much more complex than the EMIB used in current products. It adds TSVs,
more metal layers, a power mesh, and MIM capacitor layers so the bridge can carry
both high-density signals and vertical power delivery. Intel showed a cross-section

with 10 metal layers, including 4 routing layers, and MIM capacitors between M1 and
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M2. Intel focused on its improvements for HBM4E.
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Package DC Voltage Drop Comparison
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Package DC voltage drop using conventional EMIB vs EMIB-T. Source: Intel,
“Enabling 12+Gb/s HBM4E with EMIB-T Advanced Packaging Technology,” ECTC
2026
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The “T” in EMIB-T is for TSV. Their job is power delivery. In conventional EMIB,
power is delivered vertically through the substrate in non-bridge regions, but power
delivery near the bridges must spread laterally through the package and die-side
routing. With TSVs in the bridge, power can be delivered directly through the bridge,

reducing the current path distance significantly. Intel claims that DC voltage drop can
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be reduced by 68-80% with these TSVs.
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HBMA4E is difficult because the interconnect must scale both signal density and power
delivery at the same time. HBM4 doubles the pin count versus HBM3, and the PHY
needs additional power rails such as VDDQ and VDDQL. These rails take routing area

away from signals, raising signal density in the remaining space.
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To combat this, Intel did not route every HBM channel the same way. It placed the
longest signal paths on cleaner routing layers. On M9, only ~28% of the longest
channel length runs through the tightest routing region, while on lower layers such as
M3, that number rises to ~84%, but those channels are shorter. This keeps crosstalk

and insertion loss from being dominated by the worst routes.
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EMIB-T package PDN AC impedance for HBM4E with and without bridge MIM
capacitors. Source: Intel, “Enabling 12+Gb/s HBM4E with EMIB-T Advanced
Packaging Technology,” ECTC 2026
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Power delivery is also moving into the bridge. EMIB-M introduced metal-insulator-
metal (MIM) capacitors between M1 and M2, and EMIB-T builds on that approach.
Intel disclosed a capacitance density of 500 nF/mm?” roughly comparable to Intel 18A
MIMs. Intel claims these on-bridge capacitors improve power delivery network (PDN)
AC impedance by more than 82% versus an EMIB-T package without bridge MIM

capacitors.
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Signaling performance of HBM4E EMIB-T channel at 12 Gb/s without and with
DFE. Source: Intel, “Enabling 12+Gb/s HBM4E with EMIB-T Advanced Packaging
Technology,” ECTC 2026
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Intel also simulated EMIB-T with HBM4E. At 12 Gb/s, Intel showed ~67% UI eye
width without receiver equalization. With a one-tap decision feedback equalizer
(DFE), that improves to ~72.5%. A DFE is a receiver-side circuit that reduces

interference from prior bits after the signal passes through the package channel.
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Intel also simulated higher speeds of 12.8 Gb/s, 14 Gb/s and 16 Gb/s. The Ul eye width

remained above 60% at all tested speeds, with modest pad capacitance reduction.
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Intel’s EMIB roadmap goes beyond passive bridges with only routing and capacitors.
Future versions include higher-density on-bridge MIM capacitors, larger high-aspect-
ratio bridge dies, sub-25 um bump pitch, active bridges, and embedded voltage
regulators inside EMIB dies. Intel has also disclosed substrate-core embedded deep-

trench capacitor (DTC) concepts and >2500 nF/mm?* eMIM-T capacitors embedded
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below the base die, although we have not seen either in shipping EMIB products.
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EMIB-T is still behind TSMC’s CoWoS platform on several vectors. TSMC has already
deployed DTC/eDTC integration and is further along on integrated voltage regulators

and active local silicon interconnect (LSI). EMIB-T narrows the gap, but Intel is still

catching up to an ecosystem that has been executing in volume for years.
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Marvell Custom HBM Summary and Base Die Floorplan. Source: Marvell, Industry Analyst Day 2024 and Hot Chips
2025
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At Marvell’s 2024 Industry Analyst Day, Marvell announced custom HBM. At the time,
it was a vague claim with few technical details. HBM had been built around JEDEC
compatibility: standard DRAM stacks from the memory vendors, standard HBM PHYs
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on the accelerator, and a fixed wide interface between them. At Hot Chips 2025,
Marvell showed the floorplan of the custom base die. At ECTC, it finally provided the
package-level details for custom HBMA4E.
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The JEDEC specification fixes the interface between the HBM stack and host. That is
good for interoperability: any memory vendor’s HBM can be paired with any
compliant host. However, it is bad for power, performance and area. The host ASIC
must implement the standard HBM PHY and route a very wide, parallel interface with
standardized pad placement and breakout rules. As packages get larger and HBM
speeds rise, that fixed boundary makes it harder to optimize shoreline, routing density,

power delivery and signal integrity.
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Standard HBM vs Custom HBM base die and host floorplan. Source: Marvell,
“Marvell custom HBM routing and signal integrity analysis,” ECTC 2026
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Custom HBM keeps the DRAM core dies unchanged. Instead, a custom base die, with
an optimized die-to-die interface, is fabricated on an advanced logic process. The
custom base die can integrate the HBM controller, management and monitoring

capabilities, custom logic, and expansion interfaces.

--------------------------------------------------------------------------------------------------------------------------------------------------
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Routing Architecture & i BCTC

« Beachfront depth is the lever
» Beachfront depth governs breakout cHBM
complexity + wires/mm + routing

efficiency Beachfront Depth REF REF /3
» cHBM reduces beachfront depth by ~67%
 Shallower beachfront - less congestion

and more efficient escape Routing Layers 9 9
» Vs deeper beachfronts correlate to

Beachfront Width REF REF

; L . . Line Width/Spacing (um 2/2 2/2
higher insertion loss (longer routing) pacing (um)

Data Rate (Gbps) 12.8 64"

Bandwidth (Tbps) 26.2 32.8

*Simultaneous bidirectional operation
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JEDEC HBMA4E vs Marvell Custom HBM. Source: Marvell, “Marvell custom HBM
routing and signal integrity analysis,” ECTC 2026
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Marvell claims this reduces the host ASIC footprint dedicated to HBM PHYs and
associated logic by ~60%, directly freeing up area for more compute, cache or I/O. The

custom interface moves much of the memory-side interface into the HBM base die.

Marvell EFRIX L T HBM PHY MAERIBEATEN] ASIC HARE/D~60%, Hi%
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Marvell’s example uses 1024 channels at 32 Gb/s, reaching 4.1 TB/s, equivalent to a
2048-bit JEDEC HBM4(E) interface at 16 Gb/s.

Marvell FUSEFISR H 1024 J@IE. 32 Gb/s 1%, AR 4.1 TB/s 58, FHT 2048 fif
JEDEC HBM4(E)#Z1E 16 Gb/s = RAYMERE,

The package also gets easier to route, with the custom interface shortening the

interposer channel length from 6.5 mm to 1.5 mm, allowing Marvell to keep the same 9
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routing layers and 2/2 um line/space (L/S) while increasing bandwidth.

B STk, ORI REEREM 6.5 ZARFHEE 1.5 2K, fif
Marvell BEWSIREFHFIRY 9 BATZIEM 2/2 WORESE/ZEE (L/S), RIIHET i %,

Marvell’s example uses an organic redistribution layer (RDL) interposer instead of
silicon, reducing packaging costs. Organic RDL is limited to much coarser L/S than
the silicon interposers in CoWoS-S or the silicon bridges in CoWoS-L and EMIB-T,
which makes layout harder. Marvell relies on customized shielding and routing
patterns in different sections to maximize bandwidth density while controlling

crosstalk.

Marvell B FRAEHE2MZE (RDL) FNEFRERTE, MMEPERE 2L
A, 5 CoWoS-S HFRJEEH /T EE CoWoS-L & EMIB-T HHRJEEMAEEL, BHL RDL A9
eeviIzein (L/S) BERIGFZ, XN T MR, Marvell 8 FXIEE I RS
HLREZR, TEEHIEBPLRFEN & K D8
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Nvidia Rubin GPU wafer. Source: TSMC, Computex 2026. Photo: SemiAnalysis

HifFIK Rubin GPU f[E, RJH: B, 2026 EELEFRERE, BH:

SemiAnalysis

At GTC, Nvidia announced that Feynman would use custom HBM. Nvidia’s reasons

are likely similar to Marvell: higher bandwidth, lower power, and less accelerator die


https://newsletter.semianalysis.com/i/191561008/feynman
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area dedicated to HBM. We estimate that ~16% of Rubin GPU die area is dedicated to
HBM-related logic and PHYs. Custom HBM allows Nvidia to offload much of that
burden onto the HBM base die.

£ GTC K=k, JBIRE Feynman KA EH] HBM N{E, HE &S Marvell
ffi: BECHE ST, EAIFE, FBREDINES S HBM A2 N YE R
F 5 AT, IEFRAMEE, ~16%H7 Rubin GPU B HIFEDEIS HBM tHXBHES
YIHZ, ZEfll HBM SOR 5B IRREE RIX 7 AiE 65 2 HBM B IS

Custom HBM also enables expansion interfaces beyond the standard HBM link.
Instead of forcing all memory traffic through the limited accelerator die shoreline, the
base die can act as a secondary memory controller and fan out to additional memory.
That memory could be higher-capacity, lower-bandwidth LPDDR, or even a second
layer of HBM. This gives the accelerator a path to add capacity without consuming the
valuable die shoreline needed for external I/O. This is relevant to AMD’s upcoming
MI450 and future MI500 GPUs, which will support LPDDR for increased memory

capacity.

FE T HBM IS HFEBFRE HBM BEBS YUY B O, BN EsEfl P a N2 E st 3
FREVNNERS S I8%% (die shoreline), T/@LEFEAE 722 N friztilds, FHRH
ZFHINNFE, XENFERDIEREE R, W EKAY LPDDR, EZEA]DIEFH 2
HBM, XIENESSICTFRIEFEHTAME 1/0 NESR S AZE, nEnssE, X5
AMD BB A M1450 MRSk MI500 GPU MHo%, I 745 LPDDR DA+
NEFEERE,
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Samsung HBM Interposer =& HBM /B
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Interposer and power scaling from HBM2 to HBM4E. Source: Samsung, “Advanced SI/PI Interposer Design Solution
Enabling High-Performance HBM4e at up to 12Gbps,” ECTC 2026
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Samsung also presented its solution for HBMA4E on interposers. HBM4E pushes data
rates to 12 Gb/s and above, and doubles the number of I/O pins, increasing routing
complexity. HBM4E could require 2x the interposer layers versus HBM3E and 5x as
much as HBM2. Due to the increased I/O count and higher data rates, power

consumption is also expected to increase by 86% versus HBM3E, and 5.6 times versus
HBM2.
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W, : signal width
W,. : ground width at signal layer
W, : ground width at ground layer
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8-layer silicon interposer stack-up for HBM4E with two-signal / one-ground routing.
Source: Samsung, “Advanced SI/PI Interposer Design Solution Enabling High-
Performance HBM4e at up to 12Gbps,” ECTC 2026

HT HBMA4E ] 8 BN ESR, RAMNGEMAMSmLk. KiF: =8, (&
HE HBM4e Stitt SI/P1 M EIRIHRERTT R, M EIX 12Gbps), ECTC 2026

Samsung proposed an 8-layer silicon interposer which it says reduces the layer count
by 20% versus the estimated requirement. The interposer stack uses a repeated two-
signal / one-ground staggered arrangement to shield high-speed signals, with 75% of

the layers being allocated for signal routing.

— B 7R 8 BEEFFTR, RS IR REELED T 20%EE 1z EE
BRMEENWES/—HEZEM R R ERE S, Hh 75%H B8 BiLA 510
Zo

Another key aspect of the interposer is the ultra-high-density capacitors (UHCs).

Samsung does not spell out the exact capacitor structure, but they are likely similar to
Intel EMIB-T MIM capacitors or TSMC CoWoS DTCs. The UHCs can only be placed
on the M1 layer, which is also heavily used for signal routing. Thus, the available area

is limited.

HAERS— DN R T HEEESEEHASLS (UHC), —=E RIAMUIEHEA S BIRLS
¥y, {BIRFIRES /R EMIB-T Y MIM LA ZaL 5 F1H CoWoS iy DTC 28, HT
UHC HEEfmMBERERKERTFESMLN M1 E L, Rt HER 26K,
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CHO, 4DQ Signals (DQ + Ctrl + CLK) UHCRegion ~ UHCRegion (H12,16.DQ Signals UKC

Unbalanced versus balanced capacitor layout in 8-layer silicon interposer. Source: Samsung, “Advanced SI/PI Interposer
Design Solution Enabling High-Performance HBM4e at up to 12Gbps,” ECTC 2026
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If routing is unbalanced, the capacitors get pushed to one side of the interface,
creating uneven PDN behavior between the logic and HBM sides. Samsung’s layout
redistributes the routing across M1 and the other layers so that UHCs can be placed
more evenly across the entire interface. This reduces PDN impedance and voltage

noise while keeping routing density manageable.
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Samsung HBM Hybrid Bonding Thermals
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« Package thermal design optimization is the key

« HBM is becoming the thermal bottleneck due to increasing stack and power

Thermal Resistance Contribution in 2.5D
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2.5D package thermal resistance contribution. Source: Samsung, “System-Level
Thermal Validation of 2.5D Packages in GPU Servers: Impact of TCB vs HCB HBM
Platforms,” ECTC 2026
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Samsung also discussed HBM thermals, particularly with hybrid bonding. HBM stacks
are getting faster and taller, while the logic die underneath is also consuming more
power. With 16-hi HBM, the thermal resistance is still acceptable, but with future

generations moving to 20-hi and 24-hi HBM, new approaches are needed.

=EBICWIE T HBM YRR, JEHZER G ST, HBM HEE ERG ERE
=, [ RERRE O A VAR N, X T 16 & HBM, REASTE R #3270 HE A,
BREE AR L AR E 20 2 24 |2 HBM, FRZERATHTHIMERTT %,

System Level HBM Thermal Resistance S e ECTC
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» Overall HBM system level thermal resistance: 7.6% reduction via HCB
- Internal thermal resistance: 12.5% decrease
- GPU-to-HBM thermal crosstalk: 9.8% reduction
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Samsung HBM thermal resistance with TCB and HCB under air and liquid cooling.
Source: Samsung, “System-Level Thermal Validation of 2.5D Packages in GPU
Servers: Impact of TCB vs HCB HBM Platforms,” ECTC 2026

Samsung compared thermal compression bonding (TCB) and hybrid copper bonding
(HCB) for HBM on 2.5D GPU packages with 2 GPU dies and 8 HBM stacks, similar to
Nvidia Blackwell. The internal HBM thermal resistance drops by 12.2% with air
cooling and 12.9% with liquid cooling. Total HBM thermal resistance drops by 3.5%

with air cooling and 7.7% with liquid cooling.

The improvement is uneven as HCB only addresses part of the thermal network.
Samsung separates the path into internal resistance, system-level resistance, and
GPU-to-HBM crosstalk. The internal resistance and crosstalk drop by ~12.5% and
~9.8% respectively, but the system-level resistance, including thermal interface

materials and cooling, increases by ~2.3%.


https://substackcdn.com/image/fetch/$s_!pzk2!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F713b5b31-3764-44ba-aa58-73e6aea153d7_1179x675.png

IEEE
— ELECTRONICS
PACK

HCB Advantage Grows in Memory-Driven Era \Gelsiis ECT;

« Thermal resistance gap widens as HBM base die power scales (x1 — x3)
» GPU-to-HBM crosstalk decreases — stack resistance becomes the dominant

constraint
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HBM thermal resistance as base die power increases. Source: Samsung, “System-
Level Thermal Validation of 2.5D Packages in GPU Servers: Impact of TCB vs HCB
HBM Platforms,” ECTC 2026

As more power moves into the HBM base die, such as in memory-bound workloads,
the thermal bottleneck shifts. This is especially relevant for custom HBM, where the
memory controller and more logic move into the base die. GPU-to-HBM crosstalk
becomes a smaller share of the total thermal resistance, falling from 13% at 1x base-die

power to 5% at 3x base-die power.

According to Samsung, moving to HCB could allow for higher inlet temperatures or
higher package power. In its estimate, moving to HCB allows inlet temperatures to
rise by 1-2 °C at constant package power, or package power to increase by ~4% at

constant temperature. Samsung also estimates cooling power would fall by ~7%.
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Stack-level thermal resistance with TCB and HCB with varying pad density (P.D.) in
HCB. Source: Samsung, “System-Level Thermal Characterization of Hybrid Cu
Bonded HBM on 2.5D Advanced Packaging,” ECTC 2026

Samsung also isolated the impact of HCB at the stack level. The improvement is much
larger here: Baseline HCB reduces stack thermal resistance by ~19% versus TCB.
Increasing the HCB pad count raises the reduction to 22.3% at 2x pad density and
29.1% at 4x pad density.
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Direct-to-silicon cooling concept and CoWoS-R test vehicle. Source: TSMC, “Process Development and Thermal
Characterization of Micropillar Direct-to-Silicon Liquid Cooling Solution on CoWoS-R Platform,” ECTC 2026

TSMC showed direct-to-silicon cooling on a large GPU-like test vehicle on CoWoS-R.
CoWoS-R differs from CoWoS-S by using an organic rather than a silicon interposer.
CoWoS-R was chosen as it provides better warpage tolerance and process
compatibility. The test vehicle uses a 3.3x reticle interposer with 4 SoC dies and 8
HBM stacks. Each SoC die consists of 4 SoC heater groups, which together cover

roughly half the interposer area.

Micropillar || Micropillar

Micropillar || Micropillar

Silicon micropillar formation on the backside of the SoC dies for heat dissipation.
Source: TSMC, “Process Development and Thermal Characterization of Micropillar
Direct-to-Silicon Liquid Cooling Solution on CoWoS-R Platform,” ECTC 2026

TSMC compared three approaches: a conventional lidded cold plate package, a lidless
cold plate package, and its micropillar direct-to-silicon design. The lidded and lidless
cases still use traditional cold plates and thermal interface material (TIM). For the last

variant, micropillars were formed directly onto the backside of the SoC dies.
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Source: TSMC, “Process Development and Thermal Characterization of Micropillar
Direct-to-Silicon Liquid Cooling Solution on CoWoS-R Platform,” ECTC 2026

With conventional cooling at 1-2 liters per minute (LPM), a lidded package dissipated
1.9-2.3 kW while the lidless package dissipated 2.5-3.0 kW, using relatively warm 40 °C
DI water. Both solutions saturate beyond 4 LPM because TIM becomes the bottleneck.

The micropillar test vehicle matched the lidless cold plate result at 2 LPM, then pulled
ahead at higher flow rates, dissipating 4 kW at 4 LPM and 5.3 kW at 8 LPM. Across the
full test vehicle, TSMC reported uniform power dissipation above 5 kW. The
micropillars brought the liquid coolant into much closer proximity to the heat source,

facilitating this improvement.

However, micropillars are not without downsides. TSMC had to form the micropillars
after chip-on-wafer (CoW) processing without damaging the CoWoS-R structure and
develop new sealant materials to keep the coolant contained despite package warpage
and thermal expansion mismatch. The test vehicle passed moisture sensitivity level 4

(MSL4) with no helium leakage or sealant delamination.

Unfortunately, this was one of only 3 papers by TSMC at ECTC as compared with
Intel’s 12 and Samsung’s 11.
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Microsoft’s direct-to-silicon microfluidic cooling assembly for Nvidia GH200.
Source: Microsoft, “Direct to Silicon Microfluidic Cooling for Datacenters,” ECTC
2026

Microsoft’s approach differs from TSMC’s in the cooling structure. While TSMC used

silicon micropillars, Microsoft used straight microchannels etched into the GPU

silicon. Instead of using a thermal test vehicle, Microsoft tested on an actual Nvidia

GH200 GPU. This likely allowed Microsoft to capture real thermal distribution and

hotspots more accurately. Microsoft tested a variety of workloads on the GPU such as

HPCG and HPL, each with different compute and memory stress characteristics.
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Microsoft GH200 microfluidic cooling results across GPU workloads. Source:
Microsoft, “Direct to Silicon Microfluidic Cooling for Datacenters,” ECTC 2026
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Across these workloads, Microsoft reports 51-60% lower junction-to-inlet thermal
resistance for the GPU at a 1 LPM flow rate. The HBM improved less, at only 27-37%,
because it was still cooled through a cold plate and TIM. Overall, this results in a 50%

reduction in thermal resistance for the package.

XS TS, MR EFR, 76 1 LPM FE N, GPU RIZEZIA IFRBHIER T 51-
60%, HBM MEIREEEN, (R 27-37%, KIyEAEE AR SR AR
(TIM) #HATERHL, BRME, XMEEEZRARFERER T 50%.

Microsoft also showed some preliminary reliability data. While thermal performance
is important, datacenter deployments also require high reliability and low downtime.
Over a period of 6 months, Microsoft recorded only 9 potential clogging events across
~4370 observations. The rate declined over time, suggesting early instability after
installation, followed by a more stable operating period. Even after 6 months, there
was no measurable silicon erosion in the microchannels. At the node level, the GH200
successfully completed 3 weeks of repeated benchmarking followed by a 1-week
continuous run at a stable package power. Microsoft is still testing cluster-level mean

time between failures (MTBF) and availability.

WEHGE R T — g iy el S s, mAARAWEREIREZE, (BEHE A OERE R R
e AT FEMERIRAEAUN TR, 7 6 D HRYRSTRIE, ARAE~4370 MM FRUC5% T 9 IRTE
FERPEZERM, FENRIRHER, SERERZE N, RXRPZERIHFENREN,

WEIEHEN T ERE RIS TR, RIVEELE 6 T H G, HiEIEH A HI A EATEER
MR, £V RER, GH200 BPhserk 1 3 FRESEMENIA, FEEEREiE D)
RNESIBIT T 1A, WEAENIAER SRR P EFE [ (MTBF) FATH
o

SemiAnalysis is a reader-supported
publication. To receive new posts and
support our work, consider becoming a free
or paid subscriber.

SemiAnalysis R—fH EIEETRHHTI, W%
BN IERATIE, TTERER%
BRI TR



Marvell Optlcal Interconnects

—————————————————————————————————————————————————————

_____________________________________________________

Another prevalent theme at ECTC was optical interconnects and co-packaged optics.
Marvell had several papers in this area, primarily on its Optical Multi-Chip
Interconnect Bridge (OMIB) and Photonic Fabric, both of which it acquired through

its purchase of Celestial Al earlier this year.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

'ECTC 95— MATEBUBEF LRSI BT, Marvell (ERURRHE T %
X, FEWRIDEFEEATEN (OMIB) MYETLE, IXPIHALIER 4
ARFLEIM RO Celestial AT $K1%

__________________________________________________________________________________________________________________________________________________

While photonic interposers have been discussed for a few years, Marvell showed off a
more localized version at ECTC. Fabricating a multi-reticle photonic interposer will
likely prove challenging for yields, especially due to reticle stitching. Marvell also
noted that a photonic interposer may lack features available in conventional silicon

interposers such as high-density capacitors.

--------------------------------------------------------------------------------------------------------------------------------------------------
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OMIB package concept with EIC stacked on PIC and an electrical bridge embedded

in an organic interposer. Source: Marvell, “Optical Multi-Chip Interconnect Bridge

(OMIB) Interposer Demonstration to Enable High-density Photonic Interconnects
for High-Performance Computing Applications,” ECTC 2026
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______________________________________________________________________________________________________
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Marvell’s approach has a photonic integrated circuit (PIC) embedded in the organic
RDL interposer only where it is needed. In other regions where optical interconnects

are not required, an electrical bridge can be used instead.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

éMarvell HI7TSRZRET AR (PIC) (N AFREIEHERANL RDL H1MRX
B, ETCFRCHERHAMXE, NIRRT,

__________________________________________________________________________________________________________________________________________________

As the PIC is embedded in the RDL, its grating couplers would normally be obstructed
after overmolding. Marvell places a silicon/glass optical block over the grating region
before molding to maintain an optical path to the top, where the fiber array unit (FAU)

can be attached.

--------------------------------------------------------------------------------------------------------------------------------------------------

T PIC A RDL i, HOGHIEA BEBEIFRZENE. Marvell S ERERIT
DGOSR T BB RE B R, ARSI TR, DMEZE LT R 26T
~ (FAU),

__________________________________________________________________________________________________________________________________________________
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OMIB test vehicle floorplan and RDL interposer after PIC, electrical bridge, and DTC attach. Source: Marvell, “Optical
Multi-Chip Interconnect Bridge (OMIB) Interposer Demonstration to Enable High-density Photonic Interconnects for
High-Performance Computing Applications,” ECTC 2026

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

OMIB JIAZEFHE & RDL M E (E%2E PIC, HMNfM DTC), KiE: Marvell, (HT&MEREHE N A2
= R HEN: (OMIB) /1 ETER), ECTC 2026 :

Marvell’s OMIB test vehicle has one primary XPU die and six EIC dies on top.
Embedded in the interposer are six PICs (big blue rectangles), six electrical bridges

(thin blue rectangles) and 12 DTC dies (small blue squares). The roughly 2x-reticle RDL



interposer uses four layers at 2/2 um L/S.

--------------------------------------------------------------------------------------------------------------------------------------------------

Marvell ] OMIB it &} B IAEA 4 — B XPU A FIAE EIC B, AR
AR PIC (BEAKER) . AN (HEAER) & 12 B DTC B (H)
EJTTE) . %2 2 (SAERIARA) RDL AR 4 JEARLR, AREEIERER N 2/2 Bk

__________________________________________________________________________________________________________________________________________________

[ Photonic Fabric IP II]

Concept of OMIB with XPU-XPU interconnect and external FAU. Source: Marvell,
“Optical Multi-Chip Interconnect Bridge (OMIB) Interposer Demonstration to
Enable High-density Photonic Interconnects for High-Performance Computing

Applications,” ECTC 2026

——————————————————————————————————————————————————————————————————————————————————————————————————————

| OMIB BE&REA: XPU FILERING FAU JEfE K Marvell, GHT#if%
REVHFERL NI S TR (OMIB) FAMEHUR), ECTC 2026

______________________________________________________________________________________________________

Marvell also showed off a conceptual multi-die XPU with optical chip-to-chip
interconnects to reduce latency and hop count. Marvell claims that OMIB removes the

shoreline limitations, since the same bridge can route both on-package die-to-die
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links and external optical interconnects. Marvell cites a bandwidth density of 1.8

Tbps/mm? with this approach.

--------------------------------------------------------------------------------------------------------------------------------------------------

Marvell R T — MRS FILEN S A XPU BERTTR, BIERTERM
B, Marvell FFR OMIB IR T RGN, (KNI — 3 B HERTRA BRI
kRS, thTTES NI TS, HE Marvell ¥, 127757930 1.8 Thps/mm (i

__________________________________________________________________________________________________________________________________________________
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Process flow of 2.5D OMIB integration. Source: Marvell, “Optical Multi-Chip
Interconnect Bridge (OMIB) Interposer Demonstration to Enable High-density

Photonic Interconnects for High-Performance Computing Applications,” ECTC
2026

------------------------------------------------------------------------------------------------------

| 2.5D OMIB #RIN T LHikE, KIF: Marvell, (EFRIEREERAIDEE S |
FrHENE (OMIB) /M ElEUR, DASEEE ST HiE), ECTC 2026

______________________________________________________________________________________________________

The process flow shown by Marvell is chip-last, similar to TSMC’s CoWoS-L. Marvell
builds an organic RDL interposer with embedded bridges, OMIB PICs, DTCs, and
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other components, with C4 bumps connecting it to the package substrate. Bridge

TSVs and tall copper pillars connect to the RDL, and the ASIC dies and EICs are

attached last.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

DAURRRI TR TR B (chiplas) 7%, SABIHI Cowos-L ik
KL, DHURAIE T MENLRDL HE, HARHA T HRHER, OMIB LT HE
B4, DTC RIUAME, FHE Ca M SEEINE, FHEEEETL (TSV) M
FREREE RDL, ASIC BRI FHEAEER (EIC) WIHSSERE,
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WDM
Router Driver / TIA (MUX/DeMUX)

________________________________________________________

Modulator (Transmit) / Channel
130u C4 Cu Pillar Photodiode (Receive) Waveguide

XPU / Accel ’ == ’ Electéc;l?c :Enlterface

erator
| L —1]

OMIB (Optical Multichip Interface Bridge)
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PIC Interposer

Package concepts with optical engine on substrate, OMIB and photonic interposer.
Source: Marvell, “Photonic Fabric™ Interconnect for a Scale-up Network Solution in
Accelerated Computing,” ECTC 2026

——————————————————————————————————————————————————————————————————————————————————————————————————————

| HBERDEES %, OMIB KoL TR RN B, RIE: TR, (A |
NE T B RENLE AR 77 21 Photonic Fabric™ Hi%HA), ECTC 2026 '

______________________________________________________________________________________________________

In the near term, vertically stacked optical engines like TSMC’s COUPE are more
achievable than OMIB-style connections or a full photonic interposer. Marvell

connects the EIC and PIC using microbumps at 50 pm pitch, then mounts the
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resulting engine to either the package substrate or an interposer.

FEREAN, BREFHE COUPE MR EEHBIEY 5%, th OMIB FUEZE R EFH
NEEEATE, SHRRHA] 50 GORRIEERYMITN AIZERE EIC M PIC, RJE RIS
5| ZE e B EPREEAR R L,

The substrate configuration can use a UClIe-S-like parallel bus at a coarse 130 pm C4
pitch, while the interposer configuration can use a UCIe-A interface at a tighter ~40-
45 pm pitch. Marvell favors the substrate approach due to its simplicity and better

thermal isolation.

FARFC B r] R AR 130 CKATHIEIFE C4 (Y55 UCIe-S TR, MmN ERLE
M EEFH EIEE X2 (~40-45 fK) BY UCle-A #2, S4E/REMiATENRTE,
HeE Ry e A H 5 T 5230,

Photonic Fabric optical link test chip EIC with four TX-RX pairs. Source: Marvell,

“Photonic Fabric™ Interconnect for a Scale-up Network Solution in Accelerated
Computing,” ECTC 2026

NFEECFRERRILUS A EIC, BETUN TX-RX J#IE, SKJE: Marvell, ([HmA
P R 28 R 7 R EF HIEZRM), ECTC 2026
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Marvell tested an optical engine using a 5 nm (likely TSMC N5) EIC, with four 56 Gb/s
TX-RX pairs for 224 Gb/s in each direction. The design uses electro-absorption

modulators (EAMs) instead of the micro-ring modulators (MRMs) preferred by other
companies, citing better thermal stability and a wider operating wavelength range.

While these advantages are real, we believe that EAMs will prove difficult to

manufacture at scale.

--------------------------------------------------------------------------------------------------------------------------------------------------

Marvell 1/ 5 40K (HEMDY G NS T2) EIC AT —HOEF51%, SR
156 Gb/s TX-RX JHiH, SKIUETTIA 224 Gb/s fEHNER, IR R A FIRICE 28 |
- (EAM) BREAMMARFOMAERSE (MRM), HRHAETERIRFEEME
BRI TR KTEME, RE XA EIAFE, ERITAN EAM ERELFRET IS
TPk,

__________________________________________________________________________________________________________________________________________________

Co-Packaged Optics (CPO) Book — Scaling with Light for the Next
Wave of Interconnect

--------------------------------------------------------------------------------------------------------

________________________________________________________________________________________________________

___________________________________________________________________

_________________________________________________________________
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__________________
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PIC steady-state temperature gradient under full XPU power on substrate, silicon
interposer and silicon bridge. Source: Marvell, “Photonic Fabric™ Chiplets for Co-
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Packaged Optics in Al Data Centers,” ECTC 2026

1E XPU WYIRIBITRMT, PIC CETHAHR) TEHEMR. P BN LAY
FRASIRERE, SRiR: Marvell, {Photonic Fabric™ ‘oo T AT ZfE gt
Jt*#), ECTC 2026

Marvell also compared the thermal characteristics of an optical engine connected via
UCle-S on substrate and UCIe-A both on a silicon interposer and over a silicon
bridge. Under full XPU load, the PIC temperature rose by less than 5 °C on the
substrate, versus ~25 °C on the interposer and ~20 °C with the bridge. The organic
substrate’s low thermal conductivity and relatively large millimeter-scale air gap
isolate the PIC. In both UCIe-A configurations, the fine-pitch silicon close to the XPU
provides a low-resistance thermal path. There is also a much smaller air gap, at only

~100 pm, which contributes to the heating of the PIC.

Marvell i FEER T I8 UCTe-S JERREFAM _LAYES 2, DAINIEIT UCIe-A ERZEREH
B OGS R, 78 XPU iW#E, PIC TEEAMR FAYIREE EFARE

5°C, MEHFMNELN~25°C, FEREM LR ~20 °Co AYFERPIATRKASSER
R (ZKY), MMBEE T PIC, TEMfT UCIe-A BLEH, 5§k XPU MIAHEIFEfESS
FaER L TARIABHES R, A, Z=RERREIMEZ, {08 ~100 pm, XSE T PIC B0

PAYYYC

Temperature Rise AT (°C)

e pe——-
— -5
L i A
Ut le-f iy Si Bridoe

Tima from Powar-0n (5]

PIC transient temperature rise on substrate, silicon interposer and silicon bridge.
Source: Marvell, “Photonic Fabric™ Chiplets for Co-Packaged Optics in Al Data
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Centers,” ECTC 2026

PIC 7EHMR. T ERIEEN EROBESIE . >KIH: Marvell, {Photonic Fabric™
SR T AT BERHLOIEREE), ECTC 2026

The thermal transients occur within ~30 ms of an XPU power-state change. The PIC
heats at ~10 °C/s on the organic substrate, versus ~100 °C/s with the bridge and ~120
°C/s on the interposer. Marvell argues that the EAM bias voltage can be adjusted
electronically fast enough to track these changes, while ring modulators require

heater-and-feedback loops, which are constrained by slower time constants.

RS AEAE XPU PRI I~30 ZF0N, PIC TEAHIEAR_EATIFIER
~10°C/P, TEMZ A ERN~100°C/FD, TEEEHSTE EN~120°C/RD, Marvell A,
EAM fi & L 3@ IS H 177 PRI A R DABR BRI L2 AR 0K, AR VR il e DU =
g [ B AlEG,  SZBER TR R TR H 2L

Lightmatter Passage M1000

Lightmatter has previously detailed the Passage M1000’s architecture and optical

interconnects, and has outlined its manufacturing approach. At ECTC, it provided a

much deeper look at the assembly process, fiber attachment, and packaging results for

integrating the multi-reticle photonic interposer with ASIC chiplets.

Lightmatter IETEIFAHN4H T Passage M1000 FIZRMIFIEA BIE T XK, FHMA T H
#ili& 771k, £ ECTC L, ZAFINZIEENTHNES ASIC DR EEMIHETZ,
LT S BPRE BRIHAT T B IR AR R,
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Passage M 1000 schematic. Source: Lightmatter, “Advancing Interconnect
Performance and Reliability with Innovations in 3D Photonic Integration Packaging
and Fiber Coupling,” ECTC 2026

——————————————————————————————————————————————————————————————————————————————————————————————————————

. Passage M1000 7R El, KJH: Lightmatter, ()T 3D W THEMEESHL S |
' AR A LEMERES Al FEME), ECTC 2026 :

______________________________________________________________________________________________________

The test vehicle uses chip-on-wafer assembly to attach 15 ASIC chiplets to a four-tile
M1000 interposer. We estimate the interposer measures ~2100 mm? about half of the
4000 mm” eight-tile configuration shown at Hot Chips 2025. The M1000 is highly
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configurable to different sizes and tile counts depending on the needs of the product.

MAE AR A S -mEEERR, ¥ 15 1 ASIC DRIMGEERIPY £ M1000 /12
Fo BAUGEIZFNBERSTH~2100 mm®, 224 Hot Chips 2025 _EJE/RAY 4000 mm®
J\ARECE R —, M1000 A ARYE i 75 5K RIGHLE A R ST R R 2K

Each of the four tiles has 32 optical waveguides at 127 pm pitch. Electrical signals and
power travel from the substrate to the ASIC chips through the C4 bumps at ~176 um
pitch, two backside RDL layers, and 126 pm deep TSVs with a 10 um width before
reaching the ASIC chiplets through microbumps. The ~2100 mm” interposer occupies
less than one-third of the 7200 mm? organic substrate. This ratio is closer to the logic
area to package size ratio than the package-spanning interposer area of an equivalent
silicon or organic RDL solution. It is unclear whether this is a consequence of the

optical architecture or a design choice specific to this test vehicle.

BMPNEEE 32 FRS, HIFEN 127 ik, HBE5E 5 mFEE EE~176 ik

1) C4 8. MEBHESMZE. WE 126 Kk (B8R 10 fCK) AUEDE LN L
£ ASIC OV, BLHEMMSENE ASIC Bk, ~2100 mm* AN ENE 7200 mm*H
MERP =92 — AR, X—HIEEZERERSHER TR E, mAERSER
G 1l RDL /7 IS EEER A EEE, Bl A SRR IX 2P R IRES R,

LI B R A I TS

Roomtemp 95 °C Tempramp 100 °C Temp ramp 200 °C
45.6 um ' 32.1 um

( - §"

—

Reflowtemp 250 °C Cooldown 200 °C Cooldown 25 °C

58.9 um | 25.3 um 56.6 um

——

mm

Passage M 1000 package warpage during temperature ramp-up and cool-down.
Source: Lightmatter, “Advancing Interconnect Performance and Reliability with
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Innovations in 3D Photonic Integration Packaging and Fiber Coupling,” ECTC 2026

M1000 HEAE TR 5 PRI R AR B L, KPR Lightmatter, (ilXd 3D Y&+
ENERE S RS QTR HEMERE S T 5EME), ECTC 2026

Attaching a silicon interposer of this size to an organic substrate creates severe
warpage. The module reached ~59 pum of warpage at the 260 °C reflow temperature,
and ~56 pm after cooling back down to room temperature. With a 118 pm-thick
interposer and C4 bumps at ~176 um pitch, this is enough to compromise joint
formation. Lightmatter used a magnetic fixture to hold the substrate flat during
attachment and reported >95% electrical assembly yield, with healthy microbump and

C4 joints across the package.

Reamt RSP i BN AR B AR S 51U T B, IEEAE 260°C (Al AR R
NrEAESS9 SOk, R ERIETRE ~56 MUK, R 118 BUREHMTE N
~176 TCOKRIAIFERY) C4 (hdl, I & e Ui i, Lightmatter B RATEI A
TEM R FR P R R AR R, RS I>05% N AR ZH AL B3R BEADNEFEER F IR R
5 C4 B RIRIM BT

¥ % &8 8 8 3 8 8

Temperature (°C)

Thermal map of the test chip at 170 W per quadrant. Source: Lightmatter,
“Advancing Interconnect Performance and Reliability with Innovations in 3D
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Photonic Integration Packaging and Fiber Coupling,” ECTC 2026

MRS A ESZRIR 170 FLUI% R AR, SRIR: Lightmatter, (& 3D H1
EREIEE G RE ORI A EERES nl FEME), ECTC 2026

Lightmatter used a thermal test chip with four independently powered quadrants, each
dissipating 170 W. This resulted in a power density of 1.47 W/mm? across the 369 mm”
active area. At this power, the photonic interposer reached approximately 100 °C using
a 25 °C coolant flowing at 1.8 LPM/kW. This validates cooling 680 W from a
concentrated test-chip area in a package designed for more than 900 W across nearly

three reticles of ASIC silicon.

Lightmatter i T —/ M AMS, %O B M BERE, §PMRRY)
FEN 170 Lo IXfH1R 369 /7 2R A IR XA DIRE L IRE] 1.47 FLPETZEK, 1R
WRTR, HFHNELE 25°C BEK A 1.8 T8 T FHIAEEH R, IREAEY
100°C, IXEGUE T £ L It 900 FLUIFER T, B = EE RS ASIC B By
b, BEfE RIS XA RS AT 680 FLIAE,

Other Highlights Eifth==S

Hybrid Bonding BR&ES
Hybrid copper bonding still delivers the finest pitch and highest I/O density for HPC

applications. The open problem is keeping the interface extremely flat and clean while

reducing the bonding temperature. Two material approaches stood out this year.

RS SRR EE =S ERE T RN FH T2 St s Al R EEAT SR = Y 1/O &, =4 HilTH
I F B (AR AT E R B S TR R R, PRSI AR FIH S 5, SFEE
PZERRLTT SR H

The first uses organic dielectrics, whose mechanical compliance increases tolerance to
particles and surface roughness while reducing bonding stress. Mitsui Chemicals and
ASE demonstrated pressure-less Cu/polymer bonding at 200 °C and 10 pm pitch. TOK
and NYCU demonstrated a 10-second bonding process at 150 °C. Samples bonded at



200 °C maintained stable resistance through reliability testing.

FBRITIERAAN T AR, HAUMRSRIE PTHE T X BORIA 22 RS 2 1Y A
FIN KBS, =25 H A SRR T1E 200°C, 10 fROKIRIEE N SEELRY
BRI E TR, RN AL T A SRHBHESE R ZENTER 7 150°C 5&4F MR
10 PHIEES TZ, £ 200°C S HIFEMLE AT SRR AR ORI ASE HO FEFH(EL

a) FG-Cu _v1 b) FG-Cu_v2

175°C @ 1h 200°C @ 1h 200°C@ h

™

Void-free C-SAM bonding maps for fine-grain Cu annealed at 175 °C and 200 °C.
Source: Intel, “Enabling Ultra Low Temperature Hybrid Bonding for D2W Scaling,”
ECTC 2026

175°C 5 200°C MK ZHF FAMHHARITESSI C-SAM HEATEII, KIF: BERIR,
CIFIFEREE O RSB IRRIE QR A HEA), ECTC 2026

The second approach uses fine-grain copper. Its higher grain-boundary density
accelerates copper diffusion at lower temperatures, and subsequent grain growth
increases conductivity. Intel combined fine-grain copper with a low-temperature
dielectric stack, achieving uniform wafer bonding after 175 °C and 200 °C anneals.
Electrical yield was around 60% in two of three samples, although Intel described
these results as a lower bound due to test vehicle and probing limitations. The
experiments used wafer-to-wafer (W2W) test vehicles rather than the die-to-wafer

(D2W) process targeted by the technology.

B RTIER AN, HEE SR R E MY R, S8R A K IRETR
THRHEER, FRREA ST SRR A RESHAE &, 1€ 175°C A 200°C BKJ55E
W7 ESREE S, = MR AER RS RERIRPZ 60%, HIRPRIEH, 2
TNABARMIIREL IR, G ROOY BB NR, SCRR A A EXTE - (waw)
K, MEABZSAR B HBRSRX &E (D2w) T2,
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The most aggressive pitch came from Applied Materials and EV Group, which
demonstrated 450 nm pitch wafer-to-wafer bonding at 98% yield across a chain of 20
million links. Failure analysis associated open links with carbon-rich benzotriazole
(BTA) residue at the copper interface. A PVD TaN/Ta barrier stack significantly
improved yield. CEA-Leti separately achieved greater than 97% yield after a 100 °C

anneal without plasma activation.

N R AR S EV SRR T REUERIRIEETTSE, £ 2000 77 EERER BT T
450 ZKAIFERY RN SEHS, REIE 98%. RIIITER, FHEsllE 55 St
BRI =M (BTA) J%EYE X, KA PVD TaN/Ta [HEYZEHEE AT BERA R,
FEEFREZ RSB T S5EEBRESE (CEA-Let) NEAEEH FIRBIRAISFMT
T, 23 100°C B JFSEHL 1@ 97%H) R 2,

Together, these results show that reducing pitch and bonding temperature requires
the copper, dielectric, CMP, surface preparation, and annealing to be co-optimized to
achieve hybrid bonding with low warpage and no cracking. We expect continued
refinement by material suppliers and equipment vendors to improve post-bond yield

from 2027 onward.

XEEEEIRRM, Fi/MRAEEAI R SR E R EZHA R, TR, cMP T2, RmAH
SRKIZHRM, TTResKEfEM, TRANRESHE G, It 2027 Fi, #F
fENV AR SRR REOE T2, DRI EE R&,

Interposer Alternatives FRTEEREE

As package sizes outgrow the practical limits of circular silicon interposers, more

vendors are proposing interposer-less integration schemes beyond Intel’s EMIB-T.

bt 5 B 25 R R E TR E R SEFRI R, BOR B2 B AL R r 4618 B i e R /R
EMIB-T BH T EEK T R,

Top die SOC

\"ﬁ- SoC
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TTrTTYTrTYTrY <— TOPRDL
Embedded — Memory 1
memory chiplet ‘- =" +— BTM RDL
-w w -w ww

Schematic cross-section of FO-EB with embedded memory chiplet. Source: Intel
and SPIL, “3D Integration of an SRAM chiplet in Fan-Out Embedded Bridge
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Platform Achieving Low Energy Read/Write,” ECTC 2026

IRARTERE O A RTINS e E R B R, RIR: ERY/RSREEMS, "E
B AR A S SRAM WA =488, IXFUREEREIRE HRE", ECTC
2026

Intel and SPIL placed an SRAM chiplet in the embedded-bridge layer of a fan-out
embedded bridge (FO-EB) package, connecting it vertically to the logic die through 25
um pitch microbumps. The test chip reached more than 265 GB/s/mm” at 0.24 p]/b.

SRR G AR —M SRAM ‘B A A B IRA W REEELHINHRR, @ISR 25
KE R EEERSPEG . MG TE 0.24 KAE/AIHTREFE NS 1T 265 &
TP IR R

Panel-scale organic interposers provide another route around the size limits of silicon.
Resonac demonstrated the individual process modules for a dry-film embedded-bridge
interposer on a 320 mm x 320 mm panel, including 5 pm microvias and 2/2 pum L/S.

ASE fabricated an RDL on a 600 mm x 600 mm panel, then divided it into four 300 mm
x 300 mm panels for assembly with existing equipment. Its test vehicle used three RDL

layers at 5/8 pm L/S.

ERBAE PR BN RBHE R ERASR M 755 — 582, gt R 75T
320 ZKx320 ZKERAY TR AT AT B LT ZMER, fE 5 fORGETLA 2/2
TOKRER B /4kiE, H HYEEFIRTE 600 ZKx600 ZoKENR EHIE T HOME, FEEKE
7rEIAPUERL 300 22K =300 ZKAYIENR, DAEMEAIA RS THR, HM{EERH]
—EER, ZRBEIEEEN 518 WK,
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-

3.35x2.5x0.06 mm bridge
with 30 um-pitch bumps

- -

19 x 19 mm chip with
150 pm-pitch Cu pillar bumps

@ 68.5x68.5x 2.0 mm substrate

Direct Bridge Multi-die with a 30 um pitch silicon bridge. Source: IBM, “Direct
Bridge Multi-die (DBrM) Package: A Novel Silicon Bridge Chiplet Packaging
Technology Using Die-Edge Gluing Technique for Chip Reconstitution,” ECTC
2026

KA 30 K RIBEREAT I B 2 D R BT S, SRR IBM, (EEMEZEZ DR
(DBrM) Hf25E: —RbR S A ISR S BEORSEILE i S5 A B R R AT O B 24
A, ECTC 2026

IBM took a more localized approach with Direct Bridge Multi-die (DBrM). Chiplets
are first joined along their edges, creating a mechanically rigid subassembly around a
30 pm pitch silicon bridge. The subassembly withstood more than 30 N in bending

tests, versus 0.2 N for IBM’s previous underfill-only structure. This is a positive result
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for reducing warpage.

--------------------------------------------------------------------------------------------------------------------------------------------------

IBM RAERELIIIETTR T EEES G (DBrM) R, BHEEmA%E
ATHEE, 1E 30 POKIABERRENR R BT AR — MURRIEAL R, R E S AR
T 30 2RI HY, T IBM AT R EE A IS RERZ 0.2 2RI, XM
R S R R R

__________________________________________________________________________________________________________________________________________________

Silicon Bridges for Chiplets
Heterogeneous Integration with Microbumps

Si Chiplet 1 Si Chiplet 2

Underfill

John H Lau, Ning Liu, and Tzyy-Jang Tseng
Unimicron Technology Corporation

Chiplets connected through a silicon bridge without an interposer. Source:
Unimicron, “Silicon Bridges for Chiplets Heterogeneous Integration with
Microbumps,” ECTC 2026

——————————————————————————————————————————————————————————————————————————————————————————————————————
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______________________________________________________________________________________________________

Unimicron modeled an even simpler structure requiring neither an interposer nor
embedded bridges. Two chiplets connect through a thin silicon bridge mounted
beneath them while attaching directly to the substrate. Unimicron’s simulations show
that underfill between the chiplets and bridge is necessary to control microbump

strain.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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While TSMC’s CoWoS-R and CoWoS-L remain limited by the circular wafer on which
their RDLs are fabricated, constraining package size and wafer utilization, these
alternatives shift integration to panel-level or reconstituted formats or eliminate the
interposer entirely. We expect similar architectures to begin appearing in ASICs over

the next several years.

RUE GFHLY CoWoS-R #1 CoWoS-L 155zfRTH RDL #liEFr W EE &IE, SECE
PRSI AEE BRI R R AZ IR, (X7 R RATT N M E R EHE K, 5
TEEAERNR. BATHIFARRILEN, ROCZRARE TG HIEE ASIC H,

Thermal Interface Materials

mAEH

In advanced thermal solutions, TSMC and its partners continue to dominate the show.
TSMC’s direct-to-silicon cooling removes TIM1 entirely, but most near-term systems
will still need better materials between the silicon and heat spreader. TSMC’s OSAT
partner, SPIL, tested gallium-based liquid-metal (LM) composites, a silicone-based
HS-TIM and a carbon fiber HCF-TIM, in a 55 mm x 55 mm FO-EB package. Their
measured conductivities were 5.7 W/m-K and 10 W/m-K respectively, and both

produced lower thermal resistance than a commercial silicone TIM at 4 W/m-K.

AR R, GHRERESEKEREESES, SHRENEMERTEIR
FERAET TIM1, BRZHCHIRSHRELLRS T SHGE 2 B BRI
Bl, BRSNS EIEE SPIL 78 55mmx55mm HJ FO-EB BEREAINR T3 Ak &
SlEEEMEL R HS-TIM fIREF4E HCF-TIM, &E, SRR SREREE
5908 5.7 Wim-K F1 10 Wim-K, PE LRI FRER: TIM B 4 W/m-K 7248 T BRI
fHo



Both HS-TIM & HCF-TIM showed lower
thermal resistance and more stable

performance.
Properties of selected TIMs 1.0 -
Traditional S-TIM HS-TIM s zal
Al + ZnO LM alloys E =
+ ALLO, + % 506
4 W/mK 5.7 W/mK B® o
ES
-
0.2
:
= 0.0 -
S-TIM HS-TIM HCF-TIM

Material type

Thermal performance and reliability of liquid-metal HS-TIM and HCF-TIM. Source: SPIL, “Reliability Assessment of
Liquid Metal Alloy Thermal Interface Materials in Fan-Out Embedded Bridge (FO-EB) Packages,” ECTC 2026

RAS)E HS-TIM 5 HCF-TIM FRRES vl &1, SRIR: SPIL, “RMHARMiE (FO-EB) HEFRESSEES
PFEACR AT FE M, ECTC 2026

The two TIMs exhibited drastically different reliability outcomes, with HCF-TIM

maintaining 95% coverage after 1000 hours at 150 °C while HS-TIM fell to only 75% as
its silicone matrix hardened and partially delaminated. Both LM-based TIMs reduced
thermal resistance relative to conventional S-TIM, with HCF-TIM delivering the best

performance and reliability.

PR TIM RELHBSA AR AT SRS HCF-TIM £ 150°C &3 1000 /N 51T
ORFF 95%HYE SR, 1M HS-TIM RUREREAR KB I B0 B, B s R RN 75%.

MRS T B 5 TIM AHEESE S-TIM BJR{IK 7RH, Hrh HCF-TIM fEPERERI Al 5
P77 TR RA,

Purdue, the University of Aveiro, and UCLA took a different approach, embedding
Cu/Sn microbumps in nanocrystalline diamond. The resulting interconnect layer
reached an effective in-plane thermal conductivity of 500 to 600 W/m-K, around twenty
times that of conventional microbumps with underfill. This is not a TIM1
replacement, but a way to spread heat laterally through the interconnect layer of a 3D

stack. The process remains early, with the paper only using a single-sided test



structure rather than an assembled 3D stack.

TR FIEED KES NN KBNS RERR, /R SR AR <
W, PRl Y BE B A R E N VR ZRIRE] 500 £ 600 Wim-K, 2R IEBE
ZERRIIY RS %, X FFIEEUS TIM1, TEiEid 3D WS HiE Bt g
Pl ZBERMAETRIHR B, S SCOCRA MRS, MR TEEER 3D HES
AL,

On the other hand, we saw little discussion on SiC as TIM1 or part of thermal

solutions, implying a relatively long way till maturity.

57, RTWRACEEIEAN TIM1 BRI RARER T HIIe A HE, XEWE
ORI G — B =S K E

Glass Substrates IFIEHEIR

Glass’s aurora dimmed somewhat this year, with fewer innovative papers presented at
ECTC. However, the unsolved problem is still SeWaRe, the lateral crack that begins at
a diced glass edge under RDL stress. Georgia Tech characterized the failure
experimentally. Corning used finite element analysis (FEA), peridynamics, and
analytical fracture mechanics to model its propagation, showing that stiff copper
layers drove cracks towards the glass midplane, while compliant polymer layers
changed the crack path. Corning also found that low-CTE polymers combined with

appropriate glass selection could reduce the failure risk.

BOIREMN AL SEF NG, 17E ECTC FERIIBIFNESCEE M), A, Bk
PRI RS2 SeWaRe——RI7E RDL M. N MUTHIBFEIL GOTIRRIBEAIREL, 1Bk
BT 2ABeilid SCge WX SARRGHAT 13RIk, BT ARIBHARITI. Emsh ¥k
TN I FA Y AR T AR, SRR AN B = RS A1 11,

MREREVEN ZBEREE 2, BT ARIERM, RMEKRER G5 E1ER
BORTEBCEER], AT DARRRIRROA R
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Category

Organic TV Glass TV
Items
Configuration
PKG
Size 74x74mm
Lid Size/ Thickness| 73.4x73.4mm/ 2.5mmT
Die Size 25x25mm (X2)
Bump Pitch | 130um
Sty Size 15x10mm (X6)
BGA Pitch 0.4mm
Layer # 14L(6-2-6) 8L(3-2-3)
Core / Thickness E705G / 1.2mm Glass / 0.6mm
Substrate | PTH/TGV Size 150um 90um
ABF Material GL102
Thickness 1.8Tmm 0.92mm

Comparison of the 74 x 74 mm organic- and glass-core test vehicles. Source: STATS
ChipPAC, “Assembly and Reliability Characterization of Glass-Cored Substrate
Package for AI/HPC Applications,” ECTC 2026

------------------------------------------------------------------------------------------------------

74 x 74 mm GHZSBFEZIMNAE AT L, >RIF: STATS ChipPAC, (MM
AI/HPC MBIz B EE A 5 n] S MERAE), ECTC 2026

______________________________________________________________________________________________________

STATS ChipPAC investigated the assembly and reliability of large glass-core packages.
Its 74 mm x 74 mm glass-core packages failed every test segment without edge coating,
while the edge-coated packages completed assembly and reliability testing without
abnormalities. The edge coating also reduced warpage by 33.5% relative to the
uncoated glass-core package. Build-up pull-back and edge coating increasingly look

like requirements for reliable glass-core substrate assembly.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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24-layer (10-2-10) glass-core panel with copper-filled TGVs, embedded EMIB bridges and optical waveguides, with

singulated units showing no SeWaRe after thermal-shock testing. Source: Intel, “Glass Core Substrates - Next
Generation Advanced Packaging Platform for Al and HPC,” ECTC 2026

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

242 (10-2-10) BEHRLTENR, FEFEGLN TGV, HAR EMIB HFRADEK'S, Sdflite, S#MTRE |
PI SeWaRe, RiF: Intel, “BEICMIEMR——THA] AL Ff1 HPC I R —RIEHEEEES”, ECTC 2026 |

On a positive note, Intel demonstrated an industry-first 510 mm x 515 mm, 24-layer
glass-core panel with fully copper-filled through-glass vias (TGVs), two embedded
EMIB bridges, and optical waveguides co-formed between the TGVs. The large
prototype was displayed at Intel’s booth. It was processed on existing organic-

substrate lines, while singulated units showed no SeWaRe after thermal shock testing.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

B2, Tntel R T AL B 510 BK-515 3K, 24 EROROEN, %
R AREGEIEIL (TGV), PP EMIB#, JH{E TGV ZFHE4RME
BT X KBUFRIE Intel BAMT TR, SRIAMANEIERELK LA
1, Ho#soEgd bl R HIEE SeWaRe,

As OSAT adopters, Amkor and STATS ChipPAC measured 30-40% lower substrate-
level warpage with a thinner glass core than their organic references, although

assembly defects and TGV filling problems show that the process remains immature.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

£ OSAT (SMLESKEMESMIR) (OR#, Amkor fil STATS ChipPAC {3,
SR ISR AT LTI 30%-40% I EEHT, RN A EEBATT TGV
(BEETL) BOEBRINZ T 20 R,

__________________________________________________________________________________________________________________________________________________



Glass is making real progress, but this year’s data still support manufacturing

development rather than high-volume adoption.

BORORISRBUS 178ttt e, (HS5ERNEERISR R HIE T &M EB, MR
R N T B

RDL Scaling RDL (ESHE) #M45

Finally, RDL L/S continues to shrink even as package sizes grow. The primary driver is
UClIe 3.0, which supports speeds of up to 64 GT/s for future ASIC-to-ASIC and ASIC-
to-HBM links. These high-speed die-to-die interconnects tighten signal integrity

requirements as organic interposers grow larger and denser.

e, BVERZER RS8R, RDL BZkHE/ZkEE (L/S) ITERWI4E/ N, H K5
713k B UCle 3.0 brifi——IZbRESFF AR ASIC )M ASIC 5 HBM (i a7 fiGes)
EL?E}L 64 GT/s IHZR, XL Gt F R EEME S e MR B E ™ wf ok, MA
M R IEREEKE R

The roadmap has progressed from 10/10 pm line/space around 2015 to 2/2 pm today,
with 1/1 um emerging as the next target. Reaching the submicron era will require
major changes to both RDL routing architectures and manufacturing processes. The
process is shifting from semi-additive plating towards damascene for sub-2 pm
copper, where CMP planarization and low-shrinkage dielectrics become the key

gating steps.

FRERIEI M 2015 FE /2 HY 10/10 WOREHE/TRIEE A RGNS HY 2/2 0K, T 1/1 FOK A
N = EbRe BEANLGORIN AKX RDL AR HIHIIE T2k E R, HIfRE
MAFEMATERI T 2 oK LN R iR T 242, Hrp CMP ~FEACFIRIRAER AN
FAT RN SR BE I 2020 3o

Resonac used polymer damascene and panel CMP to form 2/2 pm wiring on a 320 mm
x 320 mm glass panel, including a four-layer via-and-trench structure. imec and
Fujifilm pushed damascene to 1/1 um on 300 mm wafers. Ushio resolved 1.5/1.5 um L/S
over an 18-reticle field without stitching, with 16 exposures covering a full 510 mm x
515 mm panel. Sumitomo Bakelite and Georgia Tech showed a fully imidized liquid

dielectric with only 4% cure shrinkage at a relatively low temperature of 200 °C and a



fine 2/2 um L/S.

Resonac SR AR EWER L ZMER CMP 0K, 7 320 mm x 320 mm AYBIR AR -
TR T 2/2 pm WfZk, CHEVYRIEILS AR, imec 58 LR T 2
% 300 mm fEE _EHY 1/1 pm 2858, Ushio 7F 18 NMEBARTERINSEEL T 1.5/1.5 um £&
T B FERYJCPHZEIROE, i 16 (RIBCE 25585 510 mm x 515 mm HM, FRKHEAR
S5 TG RR T —Mse 2R ES/ T BA R, 1E 200°C BYRIRTRE FY
AR 4% WER IR gER, FHSLE TREAHRY 2/2 um £ %E /1) EE,

6. UCle-A IP & CoWoW-R Silicon Correlation

This work correlates at two silicon measured approaches, which are
(1) high speed interconnect test keys in S-Param. by VNA; (2) 16 & 32
GT/s eyediagrams on an evaluation board environment by oscilloscope.

TABLE 1. S-PARAMETERS CORRELATION
OF COWOs-R INTERCONNECTS TESTKEYS

Testkey#l | Testkey#2 | Testkey#3 | Testkey#d
Design

Index

Sim | Mea | Sim | Mea | Sim | Mea | Sim | Mea

k—— 15,30, orGUmm—)I

Testkey#1 (same layer): Signal trace #2, on RDL1, length in 1.5 mm
Testkey#2 (same layer): Signal trace #2, on RDL1, length in 1.5 mm
Testkey#3 (same layer): Signal trace #2, on RDL1, lengthin 3.0 mm
Testkey#4 (same layer): Signal trace #2, on RDL1, length in 6.0 mm

L/s S:2/2 S:2/2 S:2/2 S:2/2
(um) G:5/2 G:5/2 G:4/2 G:4/2

Length

1.50 | 1.50 | 1.50 | 1.50 | 3.00 | 3.00 | 6.00 | 6.00
(mm)

Fig. 6. UCle-A interconnect test keys design & correlation.

IL(dB) | 1.75 | 2.06 | 2.03 | 2.05 | 2.82 | 2.67 | 5.84 | 5.90

RL(dB) | 149 | 13.2 | 11.8 | 11.5 | 20.3 | 20.8 | 149 | 12,5

Xtalk

(dB) -43.7|-40.9|-41.3 | -41.6 | -35.0 |-37.7 | -41.3 | -41.6

On-board mea. EyeWidth 0.82UI On-board mea. EyeWidth 0.40U1 On-die mea. EyeWidth 0.87UI On-die mea. EyeWidth 0.77U1

Fig. 7. UCle-A silicon measurement with 16 and 32 GT/s.

Design flow and STCO for UCIe-A on 8-layer CoWoS-R RDL. Source: GUC,
“Design of UCle-A x64 Chiplets Integration for 16-36 GT/s Using Organic
Interposer,” ECTC 2026

HT 8 2 CoWoS-R RDL Y UCle-A AR5 STCO /1%, KIR: GUC, (MHE
[A] 16-36 GT/s [ UCIe-A x64 DR IZIT CRABGHIHFNE)), ECTC 2026

As the most advanced RDL manufacturer, TSMC also collaborated with GUC to

present their work on 8-layer RDL scaling, which is believed to be the near-term limit
of the CoWoS-R platform. GUC demonstrated an STCO-based design and validation
flow for integrating a 64-bit UCle-A interface fabricated on TSMC N3 and integrated
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on an 8-layer CoWoS-R RDL.

VENERSCIER RDL &R, GRHEXTS GUC A1EE/R T HAE 8 2 RDL 47 HHY
SR, XHOAZ CoWoS-R FEERITHINIR, GUC E/R T —MET STCO HYILIT
S5%IEnE, HTREKRAEGHE N3 T2 EfliE, HEmT 8 E CoWoS-R RDL [ 64
. UCle-A 11,

Its STCO framework uses ground-signal-ground interleaved transmission lines to
control crosstalk and skew, while simulations show that C4-side IPDs provide

localized decoupling and reduce voltage fluctuation at the chiplet microbumps.

H: STCO HEZER -5 S-S (L sk il FR PO, Mi{TESRIH, C4 W IPD

N

Al TR BRI R I8Nl U Y B R B

3. Design Flow & STCO for UCle-A Integration
Pre-layout Design Post-layout Design

Pre-layout Co-sim Eyediagram - EyeWidth

Signal Integrity

.600
o= o
= ==
= =h Power-aware
Pre-layout Interconnect = High speed interconnect B
patterns & DoEs = = post-layout design | al Whole channel eye-diagrams co-simulation Si ngn-oﬁ
2D-EM Solver 3D-EM Solver Circuit-Transient Solver
Posted at planes - 129,,71 o - A
{ TT Comner
ng‘?"““ c‘;‘g:‘s;n 11l P':;%’::F 1::: J voﬂ:age Power Noise (p2p): 23.6 mV
coeno [ Fene | | Sristy m PRI NN PP A |
T = T 71 - - ol H k J
b Capackarea o Ve * I ] ~ current
CoreflO g L PHanes) i ! = . J
S = r Integri
PDN equivalent circuit and power noises Post-layout PDNs | s uWho!e ssaystem ll‘:I]JNs a:: powe1rs:10ises 2 POWE " teg 'ty
B B co~siTulaﬁi L | and impedance analysis | **.; i T co-simulation
Circuit-Transient Solver 2.5D-EM Solvers Circuit-Transient Solver
Fig. 2. STCO methodology for UCle-A SI/Pl co-development from pre-layout to post-layout stages. )

4. Signal Integrity Design & Analysis

For high-speed capability of 16-36 GT/s, the proposed GSG-interleaved T-lines features the
ground-shielding traces uniformly surrounding the signal traces, good for isolation & skew compensation.

38.8 pm " I - -
== . RoLT ||#1+-s0] Die#1 Die#0 ‘
] ROL1 [ #2|Dummy : - ) P, ‘
RDL2
RDL3
RDL4
RDLS

RDL6

RDLT
(a) Cross-section view (b) Post-layout view

Fig. 3. CoWoS-R 8RDL physical design on RDLs. (a) Cross-section view; (b) post-layout view

Measured UCle-A eye diagrams at 16 and 32 GT/s. Source: GUC, “Design of UCle-A
x64 Chiplets Integration for 16-36 GT/s Using Organic Interposer,” ECTC 2026

MESRIM UCle-A BRE (16 GT/s 132 GTJs), EHHKIF: GuUC, (ETHHLH
M EM) 16-36 GT/s UCle-A x64 T EEALIZTT), ECTC 2026
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The design targets 16-36 GT/s with a 64-bit, 10-column UCle-A interface at 45 pm
bump pitch. Signal traces were routed at 2/2 pm across six layers, with the seventh
reserved for power delivery. The test chip achieved a measured on-die eye width of
0.77 UI at 32 GT/s, while simulations showed an eye width of 0.74 UI at 36 GT/s. The
results show that organic interposers can meet the signal and power integrity

requirements for heterogeneous chiplet systems.

ZILTF EAREEN 16-36 GT/s, KA 64 i, 10 %] UCle-A #2, MsiEIEEH 45
um, BES5ELIE/NEFLL 2/2 pm MMEALE, FLEWEH T HRIEE K, SR 1E
32 GT/s IR RSN A LIRS N 0.77 UL, Wil E&ERERIE 36 GT/s IARTE N 0.74
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Conventional wire-bond stack versus Vertical Cu post Stack. Source: Samsung,
“Multi Stacked FOWLP utilizing Extreme Aspect Ratio Cu Post for Mobile on-
Device Al Memory Solution,” ECTC 2026
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Samsung showed an approach to DRAM stacking that avoids TSVs entirely. Vertical
Cu post Stack (VCS) connects four stacked memory dies through <56 pum-pitch, <30
um-wide high-aspect-ratio copper posts embedded in molding compound, rather than
etching vias through silicon, while also replacing the package substrate with an RDL.
Shortening the interconnect cut power consumption by 41% versus a conventional
wire-bonded stack, from 0.646 W to 0.384 W at iso-speed. Samsung also reported
better signaling, with maximum data rate rising from 8.6 Gb/s to 11.8 Gb/s with only
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8% higher power consumption.
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Cross-section of the four-high VCS DRAM stack connected by extreme-aspect-ratio
copper posts. Source: Samsung, “Multi Stacked FOWLP utilizing Extreme Aspect
Ratio Cu Post for Mobile on-Device AI Memory Solution,” ECTC 2026
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The form factor also improves substantially, with package height and footprint each
reduced by 40% while bandwidth increases 2.6x and I/O count 6x. Although Samsung’s
focus is on mobile platforms like smartphones, this approach is also promising for
higher-power workloads. We believe VCS and similar approaches could help future Al
accelerators reach higher bandwidth at lower power and a smaller footprint, while also

enabling higher-density memory modules like SOCAMMs for server CPUs.
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