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OUTLINE

° How to get « bare metal » performances from Silicon ?
°* Cache coherency
* Chiplet partitioning

* Conclusion

BINSTITUT .
CARNOT 2
3rd RISC-V Meeting | Denis Dutoit - CEA LIST | 4 « M e R




42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2017 by K. Rupp https://goo.gl/bb6wZ\W
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HOW TO GET BARE METAL PERFORMANCES FROM SILICON ?

Moore’s law: transistor density
is still increasing

!

» Many-core architecture
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HOW TO GET BARE METAL PERFORMANCES FROM SILICON ?

-> At reasonable Total Dissipated Power (TDP)

42 Years of Microprocessor Trend Data

| Single-Thread
Performance ‘
| (SpecINT x 107)

Typical Power
41 (Watts)

| Transistors

(thousands)

Dennard’s Law (as transistors
Frequency (MHz) ‘ shrink, they get faster, use
less power) ended.

Number of

‘| Logical Cores l

1970 1980 1990 2000 2010 2020 » Specialized hardware

Year

(accelerators)

Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2017 by K. Rupp https://goo.gl/bb6wZ\W
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HOW TO GET BARE METAL PERFORMANCES FROM SILICON ?

-> At reasonable development cost/time & manufacturing cost

Ty
Cost of Advanced Designs /

pasaial ¥ ionolithic die';f“
The cost of monolithic | g g
! integration of System- Sy '
on-Chip (in a single

$520M

Prototype

$390M

r » Chiplets: heterogeneous
compute is mapped on

» Active Silicon
Interposer: integrating
I/0O functions that are
more difficult to scale

E /nm or 5nm die) is - SOC disaggregation multiple dies to reduce
§$260M . drastically increasing | into 3D Integrated manufacturing costs (higher
: - Circuit yield) and development
cost/time (reusability,
- T | ertoaton scalability)
27.5M $35.9M hasl e - Architecture
som E | E | E | E | E | H | H:—IPQualificaﬁon

65nm 40nm 28nm 22nm 16nm 7nm 5nm

Source IBS 2020
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HOW DOES IT FIT IN A COMPUTING CHIP ?

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

> Many-core architecture .. : o - e RFSQZA_V

-------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------
~
‘e

RISC-Vis a
unique

opportunity to
:97‘ leverage
RISS heterogeneous

Challenge is

scalable cache
coherency

many-core | -« Scalable Cache
architectures - N Coherent Interconnect
from CEA

o*
.
-------------------------------------------------------------------------------------

RISC-V RISC-V
o core :?‘

0..
-
L]
--------

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

> Specialized hardware
(accelerators)
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CACHE COHERENCY : KEY FEATURES

» Up to 1024 cache-coherent cores with private L1 caches
» Physically distributed and shared L2 caches (NUMA)
» Adaptive fault tolerant L3 caches (NUCA)

NoC
- ¢ ¢ ¢
* Efficient, low-latency, hardware cache-coherency protocol . PO B
* Relaxed-Write-Through (RWT) protocol cache Cache cache
* Virtual Memory: TLB coherency ensured by RWT protocol ¢

* Write-back for private data, Write-through for shared data  Cluster

FELTCEE LT T PP LTI PP TP T PTY PP TYTTCTRCPTYTTITRPPTYTTII . | ~TETTers

* Prevention of False sharing issue - o R
oo | (oo 7Y Cache
°* Low-cost, scalable, coherent Network-on-Chip D LD DD 4_ %CS’I‘O‘iLi'L‘iy
* 4-channel NoC with 2 channels for coherency data J,oe‘alcrossb;: - e
r'g

o Directory—based Coherency Wlth linked_list directory ............ ( ......................... ’ O .
* Broadcast & atomic operation support ~ L_‘ ,ﬁ@

O(Nxlog(N)) hardware cost

* Adaptive L3 caches
* Adaptive remapping for application optimization
* Fault tolerance support [E. Guthmuller, VLSISoC’ 2013] [E. Guthmuller, E'S_SNSCTIURC’2018]
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3rd RISC-V Meeting | Denis Dutoit - CEA LIST |9 « M e RS

= Support of similar cores or heterogeneous cores




N Chiplet (16 cores)
CACHE COHERENCY : BENEFITS & RESULTS
”’¢ & : ._ : '
°  Within INTACT, implemented 96 cores in 6 chiplets .= L e,

* For system and many-core scalability, each chiplet contains | """"""""""""""""""""""""""""""""
cores + distributed L1/L2/L3 caches

e Support up to 56 chiplets (1024 cache-coherent cores) g I 1 i
| RN | ey e e
* Area-efficient Cache Coherency solution P (LU0 JLCPU L JLCPU2 TLCPUS | |2 2 ;
P N0) 5 x Crossh |
* L1 I-caches + D-caches (16 kB / core) | S L )3 ¢ Croshan — i
. . 1 = eripherals 1
* Distributed Shared L2-caches (256 kB / cluster) XN dionibuted 15 sache | | (GRS ,
* Adaptive & fault tolerant L3-caches (4 tiles of 1 MB) { 2] !
34 I\/IByte L1+L2+L3 caches for 96 cores | CL?] | (N2) Adaptive L2->L3 2D-Mesh Interconnect |<ﬁ 2 -E—P
. e S |
Coherency area impact : less than 2% |- Idea 67x sl AR [ Top Clock Genertos | iﬁ |
o _‘_gur IC d for ,/, /‘ i g E ﬁ 1 MB L3 cache E ﬁ |PVT+timing fault sensors| Chlplet=
o % ~-Estimated g Cores\,..- 340X i% 7 S M Low freq/high % = 5 [ e & Mamory 57 | “Config. |
° Energy efficiency g 641 e AR e lE
. w /,’ 512 E o ‘ . onfig. Registers :
Coherency traffic : < 1% power budget 5 . Yy o 2 PG
3 7 Dataset | | &4— B
o 41 2 fits in L3-$ "'""'"'""""“""""“"_ """"""""""""""""
Quasi-linear speedup — Chiplet Interconnects extended
P from/to active interposer

with respect to the number of cores !

o o 1 4 16 64 256
4Mpixel filtering applications Number of Cores A
(convolution, transposition, synchronization with barriers) , , , RISN universite
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HOW DOES IT FIT IN A COMPUTING CHIP ?

- » Chiplets

Challenges are multiple: 3D technology, » Active Silicon Interposer
3D design enablement, 3D design flow,
architecture partitioning, test,
manufacturing... S

INTACT demonstrator from CEA
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list INTACT : 6 CHIPLETS 3D-STACKED ON AN ACTIVE INTERPOSER

Ceatech

Chiplet Overview B bl cHiL [Cotes) ~_ Chiplet (16 cores)
* 4 cluster of 4 cores 2/ lL3] Clu:ter_ Clu1ster L3l o |3 CIu:ter_ Clu1ster-_L3_
* Distributed L1$ + L2$ + L3% E B
* Scalable Cache Coherency @l - 7 ' —
o E Cluster | |Cluster = | Cluster | | Cluster
Power Management SHBH Ty 3 |HL o HBHl L 3 |HL3:
S S
Active Interposer = —
 Distributed flexible interconnects T D Plugis) g T 3D Plug(s)
. . . -bum 10um
(low latency chiplet-to-chiplet traffic) & S B A e 8_8_1’
* Integrated Voltage Regulators 4 :: Distributed NoCs o
(1 per chiplet for local DVFS) gz (routers & pipelined links) -
* Memory Controller & System 10’s 2 Tora | Tporew t — [ "
(Off Chlp Communication) E |g ower vianagemen ower vVianagemen emolry-
* SOC Infrastructure, Design-for-Test — Stbumps®) gum 0] @ O
Clk, Rst, Config, Test Package Substrate 1.5-2.5 Vopchipet  1-2 Vop.nterpo Off chip links
Qe Qe O O O O O O @ O
=» 96 cores cache coherent architecture in 6 chiplets T —
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INTACT : TECHNOLOGY & CIRCUIT OVERVIEW

°* Die technologies

* Chiplet: FDSOI 28nm, Ultra Low Voltage, Body-Biasing, 22mm?
* Active Interposer: CMOS 65nm, MIM option, 200mm?

* 3D technology integration

C4-bump
pitch200m

Substrate

3D cross-section

°* pH-bumps, 20pm pitch Chiplet o

e TSV middle, 40 pm pitch e |

* Face2Face assembly Baite 1;;
on package substrate .A""V;”’e”";e’ N .‘°°“”“1

* 6 chiplets raliee X/ X~

Chiplet front-face

~ L

Active Interposer

1)
——
re

@ELEC.

[P. Vivet, ISSCC'2020] 3D integration

[ LVDS

front-face Y
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CONCLUSION

°* How to move from bare metal silicon to power
efficient and cost efficient processors ?

* Many-core heterogeneous architectures

* SoC disaggregation into chiplets

» RISC-V is a unique opportunity to leverage :
heterogeneous many-core architectures R.SC‘

(] .
SoC disaggregation Challenges are:

into 3D Integrated * Scalable and coherent cache
Circuit * 3D architecture and design

Key assets from CEA, thanks to demonstrator
development and characterization: .
_ plesign
* Scalable cache coherency architecture euse

* [INTACT: Six chiplets 3D-stacked on an active
Interposer g

[P. Vivet, JSSC’2021]
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