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Context

Technological Architectural & Applicative
Convergence of 3D packaging Manycoremultiprocessors
technologies A Ever increasing processing needs

A From Foundry: A Multiprocessors in data centers
A Si wafersTSVmiddix A Thanks to NoC research on
A From OSATs (Outsourced design, hardware & software
Assembly & test): architecture
A migration from organic/ceramic
to Si wafers

A With Optical modules for 1/O:
A chip-level connection

Between technology and architecture
the yield issue of advanced nodes
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Objective

A Stack N chips on a matrix fashion on an interposer

A Increasethe overallyield with smaller dies
A Provide a givemverage bandwidth

A Adaptthe design choices anatchitecturefollowing the different
technologyoptions
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Outline

Context and objectives

Technological and design assumptions

Target architectures

Results and analysis
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Methodology

Consistent assumptions

Al &S [9¢LQa 26y adlaS 2F GKS NI 0
A bestin-class in every domain can be inconsistent

Gather figures of merit on each building block

A Area per bit

A Forward latency

A Peak bandwidth

A Satic power per bit (cell leakage)

A ldle power per bit (minimum operation poiasome clocking in most cases)
A Dynamic power per transferred bit

Size system to guarantee system bandwidth

A Closedform formulas
A (polynomial fits from measurements if not simple)

Report aggregated figures of merit
A Considering actual utilization of each component
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Technological & Design Assumptions

STMicro)CMO28nm FDSOI
chiplets

STMicroCMO®5nm LowPower

active interposer

40um pitch for 3D interconnect
A Mature assembly process

Letipassive & optical interposers

A line pitches & electrical
characterization

A Optical devices performandg
sensitivity
External laser source with 20%
wall-plug efficiency

Most design data from previous
NoCs electrical and optical chips
at Leti, reported to values per bit
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Applicative Assumptions

Chiplets: 4-core clusters running at 2GHz
A 40mm2 perchiplet, 25W

Communication needs : 1byte/flop ahiplet!l/O

Discarded external memory controller contributions
A Chip I/0 is a boardiataconitelecom problematic in itself

Distributed lastlevel of cache traffic between clusters

A 512b/line+1/8protocol overhead

A Uniform random traffic betweeghiplets
A Locality is contained inside a cluster

A Target contention & NoC contention with XY routing
brute-forced up to 2Cchiplets
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CMOS9dnterposer Architectures

Use of relaxed pitch

Synchronous

Asynchronous

CMOS3nterposer => up to full
reticle design with standard
process, more with accurate
stepper

Must keep reasonably low densi
for yield

2Dmesh

Digital communications with rail
to-rail switching, buffering and
pipelining

2 options for physical

layer: Synchronous &
Asynchronous

2 options for routing layer : 2D
mesh NoC || crossbar/mesbf-
trees

Based on our design experience
with ANOCSNoC

crossbar
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Passive Interposer Architectures

/A Metal lines on interposer, using
relaxed pitch BEOL

A Finer pitch would be too
resistive

A DC lines with £ propagation
delay not considered
A Similar to active CMOS
performance, without

possibility of inserting repeaters
or pipeline to restore signal

A Might be OK foneighbourto
neighbourcommunication

C NoC is implemented within top
dies, only links on interposer
A Impedance controlled
transmission lines ' Metal i
A Highspeed serial (HSS)
transmission withifTxRxSerDes
and ECC

Bisync IF
Bisync IF
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Optical Interposer Architectures

IP

A Focus on simple Corosike i

Bisync IF
MoT Dmux
Bisync IF

1'tO'N/N‘tO'1 rlng HSS;x HSS Tx HSS Tx HSS Tx
. +1->4 +4->1 +4->1 +4->1
topologies
A Early adoption: only entb-
L end rOUtIng -:HOSF:.:;Zi‘i‘;iEHOSF;tézi:iE:S?St'ctile-\;iil HSS Cu-pi HSS Cu-pi
A External laser sources: lower e mm mess o e e
thermal impact on laser i e w7
power R E

A Thermal tuning of alll
microringresonators
A up to 24 rings/channel for
WDM
A Highspeed serial
communication withTxRx
Serdest ECC

1/O chiplet
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Area results

worst of: 100%
A logicarea inchiplets 90% /
A CuPiarea /‘
A logic areaon interposer o /
reportedto chipletor inteproserarea 70%
§ 60% / /
Pointto-point lines on CMOS % oo / /
interposer: g / /
A quadraticexplosion in the number & 4%
of links compared tohe NoCs a0 / /
Highspeedlinks, electrical or 2% /// //
optical: o | e =
A much lowerfootrprint o ‘H/i’*ﬁi
A challengehe NoC in terms odrea w2 4 8 12 16 20
A stayingaround 10% othipletsize. Chiplets
=$—sync ptp =—l=async ptp =#=sync NoC
=>¢=async NoC=¥=trans. lines=@=optical links
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Critical height results

worst of: 100% / / /
A 3Dinterface height reportedo 90%

chipletheight -
A cumulativeligne height at

Interposerbissectionreported 70%

to interposerheight.

60%

50%

CMOShoint-to-point lines,
(synchronou®r asynchronous)

A requirethe complete interposer 30%
height to connect akthiplets

Percentage of height

40%

20%

10%

Highspeedtransmissiorines

sufferfrom an interfaceon the T s n 1
perimeter of thechiplet Chiplets
A dueto pitch constraints. —e—syncptp  —B—async ptp —a—sync NoC

=>¢=async NoC=¥=trans. lines=@=optical links
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Power results

total power is the sum of 60%
A leakage power / /
A idle power 50%
A dynamicpower ofclock distribution
for CMOS / / R

Theopticallinks startwith a high
staticcost comparedo the other
solutions

A Laser & thermal tuning

Percentage of power

A laserand thermal tuning fooptics 40%
A usefulswitchingpower / / /
30% /// /

20%

10%

For bigger matrices, thelectrical

NoC is sized accordinglyawoid T a s 1.
contention at the cost of higher Chiplets
power consum ptlon . =¢=—sync ptp =l=async ptp ==sync NoC

=>¢=async NoC=¥=trans. lines=@=optical links
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Latency results

communication seup Iatency 100
OLIALIStEAYSS aAradayl
packetsizexthroughput, in

processorcycles 80

A End to end latency 70

60

Synchronous solutions:

A hugelatency (up to 100 cycles)
compared to othersolutions

A dueto low-frequency pipelining
on the interposet.

50

Processor cycles

40
30

20

Asynchronous solutions: 10

A latencysimilar to DC buffering
acrosschip (diffusion equation)

A twice as high as highpeed
serial solutiongpropagation
equation)

0

1t 2 4 8 12 16 20
Chiplets

=¢—sync ptp ==—async ptp =a=—sync NoC
=>¢=async NoC=¥=trans. lines=@=optical links

leti
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An interposerroadmapfor computing

T
|

Metallic interposer Active interposer Photonicinterposer

1-4 chiplets 5-9 chiplets >10chiplets

Today 201618 2020

On-chip A

o X Hpn Doka XH €O >4Th/s (32X
Numberof

cores >K WG HGG >(2 (>2X)
Powerfor ~1W ~20 W ~20W  (~1x)
on-chip com
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