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* Review: Progress towards a fully open, practical D2D stack
* Everything presented is the result of active and
significant community collaboration.
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ODSA: Accelerators and Chiplets

Domain-specific architectures (DSASs) Chiplet: Die designed to be used with
to accelerate targeted compute- other die in a package, usually with
intensive workloads. proprietary interfaces.
. Jeff Stuechli, Josh Friedrich, IBM —
Dharmesh Jani, Facebook — ODSAl<Norklshop, IBI:/I, San Jose, Sep. 2019

ODSA Workshop, Regional Summit, Amsterdam, Sep. 2019
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ODSA Charter

Open D2D

Interface I

Reduce barrier to
interoperation = R
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O D S A Sta C k e A stack for a marketplace to support the most popular data transaction
e protocols used by system designers on a wide range of packaging options
Use Shrink board to package e —
Case ggregaie a die

i
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+ e i l New LDIF for transport protocol aggregation
Switching ol | Optional Mux
Protocol Re-use of I
existing IP i Protocol- | Cross chiplet switching
for chiplets : integrated I
. : TXN/Link Open Link I Open Link
Link Layer i Layers Layer | Layer
Protocol i I Intra-
B Optonavux Chiplet
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Technology XSR, USR... BoW Open HBI AlIB
- Packaging
- Technology Organic substrate Interposers/bridges
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ODSA PHY/Logic D2D Interface

Diport
PIPE || LPIF |
BoW

Port the most common system

board to package

/stack option 1 —

(PCle/CXL) and SoC (AXI)
transaction to chiplets.

« PCle/CXL over Bow
through standard
PIPE interface

e  AXlover BoW with DiPort
contributed by NXP
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° Chiplet A == Chiplet B
y PLL |
Bunch of Wires PHY b
D[15:0]
Bow H—FES—1f Bow
Tx AUX Rx
To PHY PHY T
chip Slice e Slice chip
Open D2D PHY: pere core
* Simple clock-forward base parallel PHY - 4-8 More More
Gbps/wire, <5 ns latency, 0.75V i L
* Supports process nodes from 3nm to 65nm to :
enable heterogeneous designs. Package
* Progress on: Electricals, bump maps, logic Chiplet B
interface, initialization & control Y. Y o Y. Y.
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BoW PHY Modes

Laminate Packaging Advanced Packaging
All BoW modes are implemented as slices with a differential Tx clock pair, 16 data
wires and 2 additional optional wires for two of FEC, DBI and control. . Source Doubly :
Unterminated : . Unterminated
Terminated | Terminated
: : Per-Slice
Mode TxClk Freq Ghz Per-wire Bit Rate Bit Rate Reach
Gbps
Gbps
BoW-32 1 2 32 10 20 50 4
Bow-64 2 4 64 Not Specified 10 50 2
BoW-128 4 8 128 Not Specified 5 50 1
BoW-256 8 16 256 Not Specified | Not Specified 50 Not Specified
————— - Only PHY to offer a graceful cost-performance trade-off
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BoW Test Chlplet Close the Data Gap
/ Package | | ™

|:_‘ % 1-10 mm o ,J_ —‘ |
E 'E‘ = pry [N GMP]. | '
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MCu Mot
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Willing to Design

Data License GDS || Free GDSII Files Royalty Support

Open Data X X Negotiate | Negotiate

Open Design X No License Encrypted None Negotiate

-7 T IR 2jpsi X No License X X None Negotiate
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PIPE Adapter

Underlay for PCIe PCle MAC TX

(16 Gbls Gend) PCLK BoW
. (500 MHz) TX Slice
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Open Link Layer

Requirements
based on survey of
end users, semi
vendors

Gathering
participants for
spec development
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AxX| Adapter

FCI Adapter

Streaming

Optional mux

upper link layer

lower link layer - training, alignment o

One or more protocol
adapters

1 Thps multiprotocol
FLIT interface to host

out of band link

up to 8 virtual lanes

e N leE
adaptation adaptation
layer layer
Unit PHY Unit PHY

initialization

1 Thps+ multiprotocol
FLIT interface to host across
virtual lanes

ene LPIF interface per virtual
lane

adaptation
layer

Unit PHY
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Other Tranaction Level Canlrollars

AX| Master
AXl Slave
On-Die Signals

Peripheral Bus

A

ODSA diPort

TAFLIT

A J

RX FLIT

ODSA
Link
Layer

LPIF 3

LPIF 2

LPIF 1

LPIFD

LFIF 3

PHY

LPIF 2

LPIF 1

LPIFQ

PHY

Systam Clock Domain

PHY Clock Domain



ODSA Accelerator PoC Kit
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ODSA Workstreams

Friday General Meeting (8 AM Pacific)

BoW PHY (9 AM Wed) and Test Chip (10 AM Wed)
Business Workstream (9 AM Fri)

Chiplet Design Exchange (1:30 PM Thu)

End User Group

Link Layer (9:00 AM Thu)

Open HBI

PoC HW and SWI (Tue 8 AM)
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OpenHBI Key Features and Characteristics

« Multi-Tbps chip-to-chip interconnect supporting wafer-level integrated
fanout, Si-interposer or similar packaging technologies

« Symmetric, Multi-channel, Scalable C2C interface

» Basic building block is OpenHBI DWORD (Data Word)
« Up to 42 data signals. With DBI (data bus inversion), Parity, Lane Repair support

« Configurable Tx / Rx at boot time. Optionally configurable at run time.
* Optimized derivatives and electrically interoperable with JEDEC HBM3 g Anchor & Chiplets on WLFO

|O with enhanced PPA and FolMs.
« 8GT/s, up to 3mm reach, < 0.4 pJ/bit
« Bandwidth density > 1.5 Tbps/mm

+ Raw BER 1e-15. Optional Data Integrity enhancement.

. . . OpenHBI _ OpenHBI

« Multi-layer architecture ease adaption to upper protocol layer chiplet DulShMSE  chiplet
« E.g,. Protocol adapter (PCle/CCIX/CXL), ODSA Open Link layer

» Optional Dual-mode OHBI/HBM Host can support OpenHBI chiplet as
well as HBM3 memory chiplet

— S
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Dual Mode PSR I OpenHBI
HBM Host be i chiplet
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2020 Revision of D2D PHY Comparison
| Mewc | Impact | 2019Components | 2020Adds

Piece Cost per Unit Manufacturing Pad-limited area
cost/complexity Substrate
Operating Cost Power-performance at Figure of Merit FOM2 = FOM/reach
rated throughput (Tb/mm)/(pJ/bit)
Latency at 1GHz logic
at 1E-15 BER
Product Risk Chiplet/product design Routing Freedom
Design Impact NRE/schedule risk Lespimong cfonos
Process Node Diversity
IP Integration Complexity
Production test/assembly
bedorioon mlok Interface technology  Licensing Fee
Product Integration NRE/schedule risk Pl sooreing Open standard
| Interface test, assembly
-7 IP dev/port complexity
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Section 2b: On-die parameters’

Performance:
Unit bandwidth Gbps (speed_per _data_lane) *(num_data_bits)
(unit_bw) in each Examples:
direction BoW: 16*5 = 80Gbps
XSR: 112 X 1 = 112Gbps
Unit Power mW Tx, Rx and Clocking power [mW/Gbps X unit BW in Gbps]
(Tx+Rx+Clock) Example
BoW: 80Gbps X 0.5mW/Gbps = 40mW
XSR: 112Gbps X 1mW/Gbps = 112mW
| Technology Power Efficiency |
| (Unit Tx Power + Unit Rx Power) / unit_BW I
| (including Ser/Des) |
- T i - o i
N e e == R e
SR A o I |
” | TSS / | | |
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Performance Comparison

Pump Space |Power Edge Area FOM-1: FOM-2:
[um] Efficiency Density Density Edge_Density/Power_Eff. |Power Efficiency per Reach
[pJ/bit] [Tbps/mm] |[Tbps/mm?] |[Tbps/mm / pJ/bit] [pJ/bit / mm]
Larger is better Smaller is better

AIB 2.0 95 0.5 1.64 - 3.28 0.1

Open HBI 1.0 40 0.4 2.29 2.04 5.71 0.1

Open HBI 1.1 40 0.5 3.34 3.06 6.86 0.06

BoW- Basic / C4 130 0.5 0.27 0.22 0.55 0.05

BoW- Fast 130 0.55 0.88 0.69 1.59 0.01

BoW- Basic / Micro 40 0.5 1.78 1.07 3.56 0.1

AQ LinkP 130 0.55 1.91 1.46 4.48 0.01

AQ LinkB 40 0.5 3.56 2.13 7.11 0.01

AX-C2C 130 1.5 1.09 0.27 0.73 0.01

AX-DielO 130 0.8 2.19 0.4 2.74 0.01

Kandou / CNRZ-5 130 1 1.33 0.67 1.33 0.02

XSR /Alphawave 130 1 3.98 0.51 3.98 0.02
~ PCle Gen5 150 7 0.22 0.1 0.03 0.05
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Chiplets Business Workshop
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How do we make a

marketplace:

 Impact of chiplets

* Many participants
from the value
chain

e Panels + talks

* Centered around
building a reference
product from a
marketplace



End User WG: Create Consumable Innovation

-
’-

aaaaaaa

e tioe
111111

4 Drive requirements in a unified manner
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03 Support development efforts

. Consume chiplets and SIPs
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Please Help, Join Us!

« Afull D2D stack + software platform available

* Join a work stream, each meets weekly

« Help with the PoC, software, use case dev

* Review, help complete documents in flight

* Need packaging and test definition and work streams
* Make chiplets with, IP for, the open ODSA stack
 https://www.opencompute.org/wiki/Server/ODSA
» Join us at the OCP Fall Summit
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Thank you sponsors!
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Global Companies Rate Advantest THE BEST ATE Company 2021

Advantest receives highest ratings from customers in
annual VLSIresearch Customer Satisfaction Survey

for 2 consecutive years.

Global customers name Advantest THE BEST “Year-after-year the company has delivered on its promise
of technological excellence and it remains clear that Advantest

supplier of test equipment in 2020 and 2021, . , .
, , : , , _ keeps their customers’ successes central to their strategy.
with highest ratings in categories of: Congratulations on celebrating 33 years of recognition
for outstanding customer satisfaction.”
Technical Leadership — Partnership — Trust — Risto Puhakka, President VLSIresearch

— Recommended Supplier — Field Service



Amkor’s Differentiators 9“"‘“

Technology ' Service
Advanced Packaging Leadership QualityFIRST Culture Design & Test Through Drop Ship
Engineering Services Execution Manufacturing Footprint

Broad Portfolio Automation Local Sales & Support

© 2021 Amkor Technology, Inc.
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This presentation in this publication was presented at the Road to Chiplets: Architecture Workshop
(July 13 & 14, 2021). The content reflects the opinion of the author(s) and their respective companies.

The inclusion of presentations in this publication does not constitute an endorsement by MEPTEC or the
sponsors.

There is no copyright protection claimed by this publication. However, each presentation is the work of
the authors and their respective companies and may contain copyrighted material. As such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the author(s) or their companies.
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