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The Pressure on Silicon Development

Advanced Node Cost

Design Cost (SM)

$725
$581
$449
$249
7nm 5nm 3nm 2nm

B Hardware M Software

Source: IBS Global Semiconductor Industry
Service Report —July 2022
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Enabling a Faster Path to Custom Silicon Ground-up custom
design, but requires
world-class design
resources and years

Arch to develop

Optimal for
Custom Silicon
N Development

*New™* validated
CSS to accelerate
development at

SoC but requires
Lowest development lower cost \ @//\ considerable design
a IP

Fully customizable

| cost, b'ut-no effort to tune and
differentiation or validate

customization

COST & RISK

CSS

@ SoC

DIFFERENTIATION & CUSTOMIZATION
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The Relief: Arm Neoverse Compute Subsystem (CSS)

-- Fastest Path to
Production Silicon

-- World Leading
Performance

Neoverse CSS delivers PPA optimized compute
in leading edge technology node — fully
validated RTL, pre-tuned implementation

Deployment ready for emerging technologies —
PCle Gen5, CXL-based memory-pooling

Enables custom or heterogenous integration —
accelerators or specialized compute

Can support chiplet-based designs

SystemReady with reference SW stack

-- Leading Edge
Technology

Arm Neoverse CSS
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Partner
specific
on- chip
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tors

Power
Control
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Arm Neoverse CSS N2 Cloud-to-Edge Differentiated Solutions

Scale-Out Cloud Networking and Infrastructure 5G Infrastructure
Edge

5G cG (((A»)
Cesees W o
=

Cloud Data
Centers

Server Compute

SmartNIC Smart Switch Edge w/ML
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NIC and
Acceleration

Heterogeneous Compute
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Performance Option for ’
i 5N EE EE EE Accelerator P * Smart Switching, Routing
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Arm Neoverse CSS N2 ("CSS Genesis")

x16 PCle _  x16PCle _ x16PCle _  x16 PCle 24/32/64 N2 CPUS, 21'3GGHZ, 5nm advanced process
Gen5/CXL Gen5/CXL Gen5/CXL Gen5/CXL # of CPU Cores .
SPECint2k17_Rate(64T) est: ~250 (3.0GHz)

L1: 64KB I-cache (parity), 64KB D-cache (ECC)

) )
= o
A - - - - & Cache hierarchy Configurable up to 1MB L2 private cache (private, ECC)
L) o
§ | | | | | | | § Configurable up to 64MB system-level cache (shared, ECC)
_« G4NeoverseN2CPUs Provides standard AMBA CHI/AXI interfaces to support
« CMN-700 Mesh Memory/10 Up to 8x 40b DDR5 or LPDDRS5 channel
~ « GIC-700, MMU-700, etc. Connectivity Up to 4x x16 PCle/CXL Gen5 lanes
§ — | | | | | | | — = Bifurcation support up to x4 for each x16 PCle lanes
X
£ o Die-to-Die Support for SMP compute or accelerator attach with UCle or
9 - - - - § connectivity partner-specific D2D PHY
Expansion interface to connect slower speed peripheral like USB/
Die-to-Die Links Die-to-Die Links General |/O I3C/QSPI/etc.
L | ]
System System Control Processor(SCP)/
management Manageability Control processor(MCP)
CSS area

(24/32/64c¢) 53/61/198 mm sq
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Arm Neoverse CSS N2 Block Diagram

CXL Onchip/PCle Accelerator

SCP/MCP Expansions
expansions expansion Interfaces

CSS GIC block

GIC-700] oo |

Proces:!

D B
CTI/CTM

| : P ]
| ) o ol
1 ce +|[Corem oTcm 2
| e o A 1 £ s
N2 core | s —MAU o a
: o i ontro s =
| == : :
: AXI-AP

Processor Block
10 Macro

CSS is SystemReady compliant to:
Arm Base System Architecture 1.0 Direct Connect DU
Arm Server Base System Architecture 6.1
Arm Server Base Boot Requirements 1.2

Interconnect and
System Caches (CMN)

| HN-D cfg |

- -CXSB———> c2C
. expansions

I HN-F with CAL

EY EE]
2 23 achame
2 SE  Interfacef
T % 2 various clock
Peripheral block Clock Control
CHI-F CHI-F Block
NIC-450
o
cumux
On Chip secure and et
non-secure SRAM cur o
(on-secure Icas
al (or-secure
UART (5 & NS :
\4 \4
Memory Subsystem

expansions
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Processor Block

CXL Onchip/PCle Accelerator
eXPANSI O T A S s innlatarfanas

LS55

-- Neoverse N2 core:

SCP/MCP Expansions

il - | --  Arm’s first Infrastructure Armv9 implementation

T -- SVE2 (2 x 128 vectors) with new ML instructions

--  Memory Partitioning and Monitoring (MPAM) for per-
thread resource allocation and QoS

-- Enhanced cryptography (SHA2-512, SHA3, SM3, SM4,
data insensitive processing)

Processor Block
)
(@)

-~ Supports advance Power-Performance Management
features like MPMM (Max Power Mitigation Mechanism),
Dispatch Throttling (DT) and Performance-Defined Power

[ PPU
Direct Connect DSU

mu;{% (PDP)
lRN-Fwit:CAL] S -— Core Power domain and clocking support
-— Interface network logic for partner to add S
«——CxsB—

system/sensor monitoring Control Framework (SMCF)
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System Control and Management

-- System Control Processor (SCP):

-- SCP is trusted core responsible for controlling SCP/MCP Expansions

system-related functions A A
-- Controls resets, clock control, power and voltage

domains
-~ Responsible for all power management control z

-- Manageability Control Processor (MCP):

-- MCP is a satellite controller communicating with * +
the external Baseboard Management Controller | et
] ) Debug Bl
(BMC) for the following functions: |

Cortex- |9 o
“|[otem M7 |§' DTCM

I H (=
-~ On-chip management g | BT Y

System reliability, accessibility, and
serviceability (RAS) handling

Cortex- (o]l -
M7 ‘§:

PIKs

MHU

SCP Control

MHU

MHU

MHU

MCP Control

MHU

MHU

System Timer

MHU

System Timer

MHU

Watchdog

UART

‘ APBIC

|| DBGR!

System
Funnel

| CTEETTN | B | =

: [ MCsPSystop | NK¢ || Address Translation || TlmestampLogici ]
....... '- . . . . . . o~ @ . . Tt T . e . . R ot . R

-- Event logging and communication alerts

874354 1 | [ I 1 | I |
9
© 2023 Arm

ArmNEOVERSE



System MMU and Interrupt Controller

-- System MMU (MMU-700):

CXL Onchip/PCle Accelerator
e"ians'ins B '"tfrfaces -~ Compliant with SMMU architecture
CSS version 3.2
: a -- Provides address translation and
= 61C-700 [ oeo virtualization support
Lo " PR vy v -+~ Armv9 & Armv8.4 support:
N —— oo
e i I -~ MPAM, Secure-EL2 for
||I |I . )
o S, Debug ::: ! multiple secure OS’s and TLB
g 1 NI-700 II . Id t
o | ol range invalidate
= G| | ' sl -
¢ i 1 g| -- Single or two-stage address
I . .
g L1l le L1D ::: m ) ‘5 }ﬂ;ﬁ: TBU =i translation for PCle and on-chip
(! 256 .
::: - accelerators/devices
[ PPU :I: [— . | )
Direct Connect DSU . H MMU-700 : - GIC:
c ||| TCU \A 4 :
| . .
! | Le i -~ The GIC-700 (GICv4.1) is a generic
AAA . .
e o 4 2 AEEL vt interrupt controller that handles
- & g 2 . .
114 ! interrupts from peripherals to core
[ RN-F with CAL | RN-I and between cores
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System Interconnect

SCP — MCP
B Y Cortex- ||o L) Cortex- ||
3 DTCM DTCM
3 M7 g M7 §
“|_ram | RAM
PIKs _.KMHU MHU
SCP Control MHU MCP Control MHU
‘|| system Timer MHU System Timer MHU
Watchdo UART Watchdog UART
MCsPSystop | i | Address Transiation ]| Westamplogi
....... [
AXI
l i AXF
I NIC-450 |
TAXM
AXIS APB

I"I HN-F with

SYSPLLCLK
INTPLLCLY

2

A1 e e—— (NP, Sy ———
e Frrssor sty
e e I I
L | |
h I
1 II
H h
Debug ! I
E RD-N2 1 : NI-700 I
2 i g
) | ol
s Gal il S|
a ! c |l
b :ll 2|
Q | |
o L1 | Lip o S olil
a 2 ::: S5g AXIS 3~ |07 :l
I !
I MS I
I I
PPU :I: | |_ I
Direct Connect DSU 2l | MMU-700 I
c i TCU /!
! l H
! Pa— y
s ACE-L+DVM
CHIF 2 3 e 256
256 | 8| § _|_
1 x A A % & A4 b, 4 4 1
[ RN-F with CAL CCG HN-P
CMN-700
SN-F | HN-D SBSX i
| L-40U | |
& s
z )
5 g
i
Peripheral block
CHI-F CHI-F
NIC-450
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[I]

Neoverse CMN-700:

Mesh based coherent
interconnect

Shared system level
cache (SLC) for CPUs
and IO

Latest Armv9.0-A and
AMBA 5 features
(Atomics, Stashing, and
RAS)

System Cache Groups
for affinity and isolation

Fully coherent multi-
chip support

[ SN-F |

[ RN-F | [ RN-F | [ SN-F ]

el el

XP XP
[RN-D | [HN-F ] [Hn-F ] [RND |
[ sN-F] [ RN-F | [ RN-F | [ SNF |
XP XP XP XP

[RND |

[ANF] [HNF] [HN-D ]
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Accelerator Attach

| PCle x16 PHY |
On chip Accelerator

[ [x6][x8 J[xa | [xa] | (iEP)

i t 1

-~ CSS N2 provides an 10 block A Vol
. . l}:::::_:_:::: o T T o T T T =
with all the interrupt and _1:: = _f:
. . I
address translation logic _ | !

. ) I NI-700
required for partners to add 5 <
. . . -l 0|
their specific on-chip o L on | o |3
£2 [<on_| TBU :| e 4(:%1': TBU =
accelerators or PCle - |: |
| MS|=—— |
controllers for external Mmu-go L L it
. -l vy | : MMU-700 i 1
devices s I T [ I
CMN-700 12 ) e
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Core Scaling e

Socket 0 1 l ‘ ’ l 1 Socket 1
-- CSS N2 allows for connecting Chip 0 | PCle/CXL PHY | | PCle/CXL PHY | Chip 0

" 2 chiplets per socket €SS N2 with CSS N2 with
-~ 2 sockets per system 64 Neoverse N2 64 Neoverse N2
I
| Sca.le u‘p to 256 Neoverse N2 c.ores, cores cores
delivering more performance in a

fully coherent fashion

Chip-to-Chip PHY Chip-to-Chip PHY

-— SMP protocol for both chip-to-chip
(C2C) and socket-to-socket (S2S)
communication CSS N2 with CSS N2 with

4 Neoverse N2
a C2C links, can be UCle or 64 Neoverse N2 64 Neoverse
partner specific C2C PHY cores cores

i PCle/CXL PHY PCle/CXL PHY ;
© standard CXL PHY for 525 chipt | PCe/OKLPHY ] | PCI/CKLPRY ] chip1
tJ L1171

Chip-to-Chip PHY Chip-to-Chip PHY

13

© 2023 Arm ArMm NEOVERSE



Multichip Interfaces

Socket 0
Chip0 Chip 1
] cxsB|z T |cxs.B
o o B o
I = 2 I
= G SMP S =7
2 b
- d i f i d f Neoverse - - Neoverse
— CSS N2 provides intertfaces required for =3 2 _
Itichi luti ] N2 cores in S S N2 cores in
multichip solutions: CMN-700 CMN-700
I : mesh mesh
- Coherent SMP interfaces > 13C scpP >
-- Standard serial interfaces “li5 =115
3115 o 3|3
-~ Cross Trigger CTl interfaces b —|3
9 CTI kY
] ) . ) g CHI->CXL CHI->CXL g
-= Timer synchronization interfaces Primary Timesync Secondary
14 CCG: Cache Coherent Gateway
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CMN Gateway for SMP Connections

C2C Gateway
with UCle PHY

CCG SMP

AMBA CXS

TPIP UCle
CTRL/PHY

Flit Data Link Layer

UCle PHY

oo

Tx Rx
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Tag,

i

] 4

Socket 0
Chip 0 [PCle/CXL PHY|
CSS N2 with

64 Neoverse N2 cores

&
alm
PRRS

|Ghip-to-Chip PHY|
§ €SS N2 with
64 Neoverse N2 cores

chip 1 [Pcie/cxL PrY]

Socket 1
|PCIe/CXL PHY| Chip 0
CSS N2 with

64 Neoverse N2 cores

|Chip-to-Chip PHY]

4
-
R4
r3

|Chip-to-Chip PHY|

>
*
R

CSS N2 with
64 Neoverse.N’Z cores

*
>
4
&

PCie/CXLPHY]|  chip 1

e,

CCG: Cache Coherent Gateway

S2S Gateway
with CXL/PCle PHY

CCG
SMP/CXL
A
AMBA CXS
TPIP PCle/CXL
PCle Transaction
Layer
v

PCle Data Link Layer Flit Data Link Layer

Physical Layer up to 32GT/s

1l

vy vy
arm NEOVERSE



External CXL and PCle Devices

16
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CSS N2 allows partners to expand
memory capacity through industry
standard CXL1.1 and connect PCle
Genb5 accelerators and devices
externally

PCle Device

l Socket 1

PCle/CXL PHY | PCle/CXL PHY

CSS N2 with
64 Neoverse N2

cores

Socket 0 l
PCle/CXL PHY | PCle/CXL PHY
CSS N2 with
64 Neoverse N2
cores
CSS N2 with
64 Neoverse N2
cores
PCle/CXL PHY I PCle/CXL PHY I

T [

CSS N2 with
64 Neoverse N2

cores

PCle/CXL PHY | PCle/CXL PHY

PCle Device

ArmNEOVERSE



CMN Gateway for CXL Type 3 Memory Expansion

17
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Socket 0 l {

v l Socket 1

Chip 0 IPCle/CXL PHY|

CSS N2 with
64 Neoverse N2 cores

|Chip-to-Chip PH!I

|PCIe/CXL PHY| Chip 0

CSS N2 with
64 Neoverse N2 cores

|Chip-to-Chip PHY]|

| | | L

|Chip-to-Chip PHY|

CSS N2 with
64 Neoverse N2 cores

Chip 1 [PCie/CXL PHY]

|Chip-to-Chip PHY| .+

*
A
*

€SS N2 with'
64 Neoverse N2 cores

*
>
4
>

PCIe/CXLPHY]  chip 1

Tf

Ff %

CXL Mem Exp

CXL Mem Exp

CXL Type 3

CCG

MMU SMP/CXL
A

AXI/DTI AMBA CXS
TPIP CXL PHY
PCle/CXL.io
Transaction Layer

v
PCle Data Link Layer Flit Data Link Layer

Physical Layer up to 32GT/s

TRER

1! ]!

CXL Type 3 Memory Expansion
Device
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Arm Neoverse CSS N2 Platform Floorplan Example

4+ 5nm process, 64 Cores and CMN SLC are laid | GPIO PCle SSO PCle SS1 PCle SS2 PCle SS3 Y
. . . -MSCP 10 To) 10 10 10
out in tiled fashion = ===1 Macro Macro | [ere Macro
+- Each tile has Dual N2 cores + two HN-F! slices | Macro
. . % Compute | Compute | Compute | Compute | Compute | Compute | Compute | Compute
+  Tile Size : 2.54*2.44 mm Tile Tile Tile Tile Tile Tile Tile Tile p—
+ Neoverse CSS N2 Estimated area ~¥198mm2
.................. Compute | Compute | Compute | Compute | Compute | Compute | Compute | Compute
............ < Tile Tile Tile Tile Tile Tile Tile Tile <
------------- SIENE SIEE
---------- 33 | SMEAE:
------ [t Q ] :0 (6, Q (6,
"l =8 ) Q ) [ )
E E Compyte | Compute | Compute | Compute | Compute | Compute | Compute | Compute E E
— <|2 =<l Tite Tile Tile Tile Tile Tile Tile Tile <[ 2%
3 ®|o o) o] o [
o S1ER ] IS o|l3|o
N2CPU, |2 N2 CPU, ol I o
) — K Compute | Compute | Compute | Compute | Compute | Compute | Compute | Compute -
1MB L2 g\ 1MB L2 o’ Tile Tile Tile Tile Tile Tile Tile Tile
o 4 1 1 1 1 |
s 1o Lo} CCG/™| CCG CCG/™ CCG [o] 10
» Macro  Macro Die-to-Die Macro | Macro
CMN-700
HN-F, 1MB slice HN-F, 1MB slice = .
18 1. HN-F: Home Node, Fully Coherent
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Arm Neoverse CSS Platform Physical IP

-= Arm builds physical IP including standard cell
libraries, fast memory cache instances(FCls)
optimized for CSS

-— N2 POP — core implementation with optimized
PPA

-~ Core and mesh configuration
-- Metal stack

-- Floorplan
|

u
|

u

N2 CPU,
1MB L2

N2 CPU,
1MB L2

EDA flow
Sign-off

LDO, PLL, LCP

-— N2 POP is delivered with reference flow scripts,
CMN-700 physical IP, supporting utilities and
documentation

-= CMN-700 and HN-F FCI packages optimized for
configuration and PPA

HN-F, 1MB slice HN-F, 1MB slice

19
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Neoverse Reference Design Platform Software

Secure
. . . I .
-+ Designed to provide an extensible reference, : gunt}me
. . . ervices
bootstrapping partner engineering l (BL32)
. Linux Kernel Grub OS Loader |
development. RTL for FPGA build. Non-Trusted Firmware (UEFI / BL33) : &"j;’:ﬂi?jf;
+ Reference stack to demonstrate: I | msecureservices
SDEI 'i/logvrﬁtf EFI EFI API BDS Driver I (RAS Errors /
-~ Platform firmware ports for subsystem S | T ———
topology Drivers  PSCI DXE PEI : Fee]
4+ Integrating multiple components T T T T T T s s s s s s === -~
: : MCP Boot SCP Boot EL3 Runtime Services (BL31) Trusted Boot
(firmware, OS, services) e AN e
BL2
- Software features YTy o7l oMe - world - seu :I ; r)m
(boot flows, security, power management, etc.) Flatform Initialization
Platform Error .
. Power Control Drivers PSCI SCMI
-+ Arm Neoverse Platform Software ALY TBBR
documentation E-fose itialzation AP Trusted ROM (BL1) Drivers
. https:// neoverse-reference- | BEVCRRREET Erenv. Platform - cold / S
design.docs.arm.com/en/latest/index.htm i Rom RO Initialization \Warm Boot Image Loader
1
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https://neoverse-reference-design.docs.arm.com/en/latest/index.htm
https://neoverse-reference-design.docs.arm.com/en/latest/index.htm

The Future of Infrastructure is Built on Arm PARTNER A

-- Neoverse CSS enables specialized silicon development — 1 3
customers can differentiate memory, 10, acceleration and
physical topology on top of Neoverse CSS Months from
Kick-off to
-~ Neoverse CSS improves time-to-market and reduces Working Silicon

development cost by delivering a pre-integrated, pre- n
validated, PPA-optimized compute subsystem to

customers 8 O

-- CSS N2 is the first generation of Neoverse CSS products, Engineering Years
offering customization while leveraging over a decade of Saved
platform and software ecosystem standards development

PARTNER B

21
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