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CHIPLET BASED SoC EXAMPLES IntelMeteorlLake
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e C h I p - I et b a S e d d e S I g n « Nearly 5Mu of Al PC’s shipped, » Xeon 6 E-Core now ready to « Telco weakness partially offset
on track to >40Mu by end of year ship and P-Core following in Q3 by Network & Edge growth

» 2ndGen Al PC shipping in volume » Gaudi 3launching in Q2, « Alinferencing a clear catalyst for

® Spans mUItipIe market Segments in 2H & Panther Lake in Fab now >$500M revenue in 2H 2024 Edge growth
* Uses multiple packaging technology
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https://www.digitaltrends.com/computing/intel-meteor-lake-news-rumors-specs-release-date/#dt-heading-architecture
https://d1io3yog0oux5.cloudfront.net/_b958122e770b3b63fc23174e6afc9055/intel/db/887/9014/earnings_presentation/Q1+2024+Earnings+Deck.pdf
https://download.intel.com/newsroom/2021/client-computing/intel-architecture-day-2021-presentation.pdf

Al and Chip-Let Based Design Mandatory Al Slide!
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https://spectrum.ieee.org/amd-tackles-coming-chiplet-revolution-with-new-chip-network-scheme

Al and Chip-Let Based Design

IEEESpectrumAMD MI300
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To get everything to line up, the IOD chiplets had to be made as mirrors of each

other, and the accelerator (XCD) and compute (CCD) chiplets had to be
rotated. AMD
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https://spectrum.ieee.org/amd-mi300

CHIPLET INTERCONNECT TREND: Test Implication

Feature Trend

100pm = 50pum - < 10pum

Feature

Density

Technology Change, ~ ’ulgump to Hybrid (direct) and
~ < combinations there-off

Chiplet interconnect

count per SoC [Increasing very rapidly]

100s of Mhz to 3.5+ Ghz and
counting

Frequency

Test Implication

Higher defect level

—_—
—~

Defect profile change ~ ~
Repair support change_ _ -

)

D'FT-i'n;er-t-ioTl and verification complexity
increase

Test time increase

Greater need for repair to improve yield
Need for infield repair

Repair cost (muxing logic, repair fusing cost)

Greater need to test for marginalities, in
addition to defects
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Advanced Packaging Intro [Source: UCle 1.1]

Figure 1-4. Advanced Package interface: Example 1

* Packaging used is
based on power, form
factor, size, cost etc.

Figure 1-5. Advanced Package interface: Example 2
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Figure 1-6. Advanced Package interface: Example 3
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Fanourt Organic Interposer {e.g, FOCoS-B)
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Silicon Interposer Usage Examples

Compute and AI chiplets are stacked on top of I/0 and cache chiplets in the

MI300a. AMD

I[EEESpectrumAMD MI300

IntelMeteorlLake

Meteor Lake Package
lntefposer' G'FX” Cmf s“

Silicon to siticon microbumps ) | Package to silicon bumps
Package
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https://spectrum.ieee.org/amd-mi300
https://www.digitaltrends.com/computing/intel-meteor-lake-news-rumors-specs-release-date/#dt-heading-architecture

uBump based Interconnects

Source: EDM 2021 Intel Paper
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https://ieeexplore.ieee.org/xpl/conhome/9720433/proceeding
https://www.semianalysis.com/p/ai-capacity-constraints-cowos-and

LBUMP DEFECT PROFILE

PHYSICAL: DEFECTS
[X-Ray]

"‘ \.
" \.

Isolated Solder Bump Bridging (SBB)

COUPLING
[Spice Simulation]
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LBUMP DEFECT PROFILE

* Vcc/Vss shorts quite significant Not covered by UCle

 Cannot be addressed during high volume manufacturing

* Addressed through physical design rules

» Defects targetable during High Volume Manufacturj
* ~1/3 Shorts between signal and Vcc/Vss
* ~1/3 Shorts between 2-signal line
* Slightly less than 1/3 multiple line shorts

* ~5% opens

Not covered by HBM

e Short between clock and signal

 Shorts across clusters

* Coupling Failures Potential source of Test Escapes
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uBump Repair Idea, Two Redundant Chip-Let Interconnects

Alternate placement of redundant lanes are possible
Clock and signal lanes can be shared/not-shared

13
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Hybrid Bonding

Source: EDM 2021 Intel Paper

Hybrid Bonding

HBI Pads
+ Specially
fabricated

dielectric

surface

Room
temperature
initial attach

High
temperature
anneal
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https://ieeexplore.ieee.org/xpl/conhome/9720433/proceeding

HYBRID BONDING DEFECT PROFILE

 Contaminants are the primary defect source
e Surface near contaminant is concave/convex

Broken Inter

* (Clustered Open Defects

* Not addressed by either UCle or HBM /D o
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Hybrid Repair Idea for Clustered Opens

Block Definition

Redundant OO0 («€¢— Vcc
Block 00 O
— = O (J€¢— Clk
OO OO 00 OO0
looo||oo0O||o00||0OoO Vss
Each block i llection of signals, Vcc, Vdd
LDD 04- DD D DD D [:]D D ac oC ISGT)OIBCIOHO signails, vVccC
Redundnacy built into the layout
D D D C] D D D D Primarily for Vcc and Vdd, sometimes for clocks
OO0 O OO0 O OO0 O OO0 0O Don't add repair muxing logic to Vec, Vdd, Clk
C] [:] D D D D C] [:] D [:] D D [Saves area]
e - | e Assume: Simple Buffer Tx/Rx
00 00 00 0 ad , e Can SerDes Tx/Rx be used for
0o oo 1aoon | 000 | very high-density interconnects? [<10um]
00 0 oo ego}j ooag, *  High repair-logic cost. Contained by reducing
Redundant block size and sacrificing yield.
Block

Test, Repair and Reliability Challenges of Chip-Let Interconnects A
16 AMPERE.



Redundant
Block
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Hybrid Repair Idea for Clustered Opens

Repair adding long path
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Challenges
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Chip-let Interconnect Reliability Issues

Hotspots * Typically, Chip-Let Interconnect regions, show
/\ up as hot spots in the SoC thermal map

- v 1 Why?

— Power dissipation per unit area is high
* Chiplet Tx/Rx run at a higher voltage
e Capacitive load is high

— Die shoreline area density is very high

~

* Impact of chiplet interconnects running hot
, * Chip-Let Interconnect defect aging
___________________ :_. * Device aging

* Aging leads to field failures

19
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Marginal Defects a,[ld-De\fect Aging: uBump.—--.__

N ’
N 4 N\

7
7
]
I
I
I
I
I
1
I
I
I
1
1
1
1
1
1
\
\
\
\
\
\

4 \\
%, High Temp ;
S«\)Ider Migratiop

\
A 1
S

)
)
\
\
\
1
1
1
1
|
|

"Marginally bridge"

]

1
1
I
I
I
I
I
1
1

Thermal |
Exp§n3|on of he

contamlnent and
su ace warpl
\
\
\

\M/

\\ "Marginally Open“/

"FuIIy Open

~ /
~ P4 \ /
~ U d ~ U d
N‘-——” N‘-——”

Passes Manufacturing testing Results in field failures over time

20

Test, Repair and Reliability Challenges of Chip-Let Interconnects

/A AMPERE.



Marginal Defects and Defect Aging: Hybrid Bonding

Redundant
Block
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. Contaminent

@ Defective ("fully" open) Chip-Let Interconnect
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/
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Device Aging of Chip-Let Interconnects

* Running Hot leads to device
and/or defect aging

e Over time, latent defects will
show up as field failures

Device Aging Marginal/Latent
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Potential Mitigation Techniques

* Frequency adjustment using Temperature Monitors
— Slow down clock frequency to cool down the interconnect area

— Very challenging to add Temp Monitors in such dense area of the die

* Monitoring Signal Parameters
— To identify if the interconnect is reaching its performance limits
— Clock-jitter and jitter compensation
— Clock duty cycle
— Clock-data skews
— These IPs have their own area overhead

— Predicting failure from the collected data needs a data analysis infrastructure

23
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Potential Mitigation Techniques

* Test and Repair on Bootup/powerup/power-down
— Feasible for products that are turned on and off frequently: Automotive applications, smaller devices

* The number of interconnects are relatively small

— Not effective for large servers and Al engines used in data centers, Al model build etc.

* These systems are used for very long running jobs
e Large time-interval between successive bootup
* The number of interconnects are large

* Periodic Test and Repair
— Periodically pause data transfer across chip-let

— Exercise the test and repair infrastructure to fix any issues or impending issues

— Impacts performance

24

Test, Repair and Reliability Challenges of Chip-Let Interconnects A A M P E R E



Thank you!
Q&A
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