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“SEATTLE” — WHAT IS IT AND WHY? AMD ¢\

A What is it?
— “Seattle” is AMD'’s first 64-bit ARM-based processor
— 8 ARM Cortex™-A57 cores
— 2 DDR3/4 DRAM channels
— 10G Ethernet, PCl-Express, SATA
— GlobalFoundries 28nm process

4 Why did AMD build it?
— “Seattle” is a dense server processor for datacenter applications
— Performance/dollar/watt drives today’s datacenter designs
— A significant number of datacenter workloads have inherently low Instructions Per Clock

(IPC) and high cache miss rates
— For such workloads, processors like “Seattle,” with smaller cores and caches, can deliver
the equivalent performance as traditional server processors with large cores and caches,

but using much less power and area
— The 32-bit to 64-bit transition for the ARM architecture is a major shift in the
industry, like the 32-bit to 64-bit transition in x86 was
— AMD is taking a leadership role in the 64-bit ARM space, as it did in the 64-bit x86 space
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“SEATTLE” SOC OVERVIEW
AMDZ1

28nm Process Technology

Power Efficient Cores

* Up to Eight ARM Cortex-A57 cores SOl bl 64-bit
Cortex | Cortex Cortex Cortex

» Up to 4MB shared L2 cache total A57 AS7 AS7 AS7
Cache Coherent Network Core | Core Core Core

* Full cache coherency BICache L2 Cache

+ SMMU: I/O address mapping and protection

High Performance, Flexible Memory
» Two 64-bit DDR3/4 channels with ECC

* Two DIMMs/channel up to 1866Mhz

« SODIMM, UDIMM, RDIMM support

* Up to 128GB per CPU P Cche
Highly Integrated 1/O 1MB 1MB
» 8x SATA 3 (6Gb/s) ports

* Two 10GBASE-KR Ethernet ports
8 lanes PCI-Express® Gen 3, supports x8, x4, x2

1Gbit Ethernet
(RGMII)

10Gbit Ethernet
(KR)

L3 Cache
8MB

Cortex A5

System Control Processor System Control Processor
» TrustZone® technology for enhanced security _ PCle Gen 3
- Dedicated 1GbE system management port (RGMII) Cryptographic
- SPI, UART, 12C interfaces Coprocessor

i DDR3/4 DDR3/4
Cryptographic Copr.ocess.or | B ool
» Separate Cryptographic algorithm engine for L

offloading encryption, decryption, compression,
decompression computations

Package
27mm x 27mm, SP1 BGA

|
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“SEATTLE” BALL GRID ARRAY PACKAGE AMD ¢\

AMD ¢t

OPTERON
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“SEATTLE”
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“SEATTLE” FLOORPLAN AMD ¢\
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“SEATTLE” CORTEX-A57 MPCORE, L1/L2/L3 CACHES AMD ¢\
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Corel Corel
L1 L1
Imstructi | L1 Data Imstructi | L1 Data
i Cache TLBs 01 Cache TLB:
Cache {32KB)} Cache 13 2KB)
{48KR) {18KB)
9 F
Cortex-A5%7 MPCore
w L
-
AMBA S CHI
Shared L2 Cache [1MB]
Bus Master Interface ‘
r
" y |
h y
L

2 X A57 cores plus shared 1MB L2 cache
ARMVvVS8-A architecture

Caches (64 byte cache line size)

— 48KB Level 1 Instruction Caches, 3-way set
associative, parity protected

— 32KB Level 1 Data Caches, 2-way, ECC protected
— 1MB shared Level 2 Cache, 16-way, ECC protected

— 8MB shared Level 3 Cache, 16-way, ECC protected
(Snoop filter integrated with L3 cache)

Cryptographic instructions included
AMBA 5 CHI interface to rest of system

CoreSight debug, Cross-Trigger Interface
(CTI) and Embedded Trace Macrocell
(ETM) also in MPCore

Interface to Generic Interrupt Controller
(GIC) also in MPCore



“SEATTLE” MEMORY SYSTEM AMD
DRAM CONTROLLERS

E; . G::" DDR3/A PHY

3= & DDR3/ 4 PHY (address/

g u = %)

;g" - 5_ - A > Controller interface command/ pads—e
E § data/ECC)

rﬁHB+

4 2 interleaved DDR3/4 DRAM channels
— 72-bit datapath (data + ECC) per channel
— 1 or 2 DIMMs per channel supported
— RDIMMs, SODIMMs, UDIMMs supported (dependent on system design)
— Up to 128GB with 4 RDIMMs

4 DRAM controller clk runs at % of the DDR3/4 data rate
— Ex: DDR3-1600 requires 400MHz DRAM controller clk

A Single-bit Error Correct/Double-bit Error Detect (SECDED) ECC
— Single-bit errors corrected inline before data delivered to requester
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PCI-EXPRESS COMPLEX AMDZ1
8 LANES OF PCI-EXPRESS

PLL Layer
3
5 -
E £ E- PCI-Express PIPE PPE SERDES SERDES
E 2 |4 a—» = |le—arE ) - PIPE B
] g albl 5_ CE-Lite Controller H:::Eq?_h Gasket tfixad = interface i lanes) pads—s
-] hd N
e 4 A — * data ]
width)
| 3
il
: 3
Clocks, Resets, b LMD ——
Debug Bus, Misc, l

Contrals

h

Supported configs: x8 (1 controller), x4/x4 (two controllers), x4/x2/x2 (three controllers)

Each controller supports Gen1/Gen2/Gen3 operation independently of the others

A A

Message Signalled Interrupts (MSls) supported
— 256 Shared Peripheral Interrupts (SPIs) on the GIC-400 for MSls, non-secure only
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10GBASE-KR ETHERNET COMPLEX AMDZ1
2 CHANNELS OF 10GBASE-KR ETHERNET (SHARED 2-LANE SERDES)
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4 1 meter copper printed circuit board channels for backplane Ethernet in dense servers
A 1000BASE-KX (1-gigabit) also supported
A TCP Segmentation Offload (TSO) supported
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SATA COMPLEX AMDZ1
8 LANES OF SATA

5 =
= =
2% = SERDES SERDES
Eg e SMMU —e 3 ot ) AHSATA Controller [—Interface—m {8 lanes) —pads—e
7 3 = {x8)
2 i) A0 —
F
MOHO »
FIFO FIFO

A SATA rev 3.0 compliant
A Advanced Host Controller Interface (AHCI) rev 1.3 compliant
A Supports Gen1/Gen2/Gen3 operation independently per lane
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CRYPTOGRAPHIC COPROCESSOR (CCP)
COMPUTE OFFLOAD HARDWARE

A The Cryptographic Coprocessor is a
dedicated accelerator for the following
encryption/decryption and

compression/decompression algorithms:
— Advanced Encryption Standard (AES) Ring Oscllator ::>
— Elliptic Curve Cryptography (ECC)

— RSA
— Secure Hash Algorithm (SHA) pebus Bus <:

— Zlib compression

— Zlib decompression

— True Hardware Random Number
Generator

A Available to the System Control Processor
(SCP) for secure and non-secure processing

A Available to the Cortex-A57 cores for non-
secure processing
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SYSTEM CONTROL PROCESSOR

= System Control Processor
(SCP) is an ARM Cortex-A5
processor with attached
ROM, RAM and I/O devices

= SCP is used to control power,
configure the system, initiate
booting, and act as a service
processor for system
management functions

= SCP is effectively a small
system-on-a-chip (SOC)
within the larger “Seattle”
SOC

= SCP looks like an I/O device
to the rest of the system
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SYSTEM CONTROL PROCESSOR — COMPONENTS AMD ¢

= SCP contains the following components:

ARM Cortex-A5 processor with Embedded Trace Macrocell (ETM) and Cross-Trigger
Interface (CTI)

64KB ROM

512KB SRAM with TrustZone components to control secure vs. non-secure address regions,
ECC protected

10/100/1000 Ethernet for System Management (RGMII)

Control and Status Register (CSR) interface for Chip Pervasive Logic (CPL) like clocking,
reset, power management, and thermal logic

CoreSight debug and performance monitoring logic

General Purpose 1/0 (GPIO) controllers for internal and external signals
Generic Interrupt Controller (GIC)

12C controller

Two Serial Peripheral Interface (SPI) ports

Timers

Universal Asynchronous Receiver/Transmitter (UART)

A bridge from the SCP private address space to the high-speed coherent address space

14 | AMD “SEATTLE” | HOT CHIPS 26 | 11 AUGUST 2014



“SEATTLE” SCP/CORTEX-A57 BOOT FLOW

SOC powered on
or SCP reset

v

SCP Boot ROM (BL1)
secure initialization

v

SCP Boot Loader (BL2)
SOC initialization

v

SCP BL3
Initialize memory controller

!

AMDA

UEFI 2.4 incorporates the necessary modifications
required to help hardware vendors to standardize
the boot procedure on hardware platforms based

on the A57 processor

Copy UEFI to system

SCP RTOS

——Memory and release—>

UEFI PEI

A57 from reset

SOC Management

Power/Temp
monitor and control

ACPI, IPMI, DCMI
support

RAS support

Console redirection

UEFI DXE (Enumeration,
SMBIOS, ACPI, Setup,...)

Boot Manager

!
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“SEATTLE” REFERENCE SYSTEM AMDA

Standalone uATX board

* 1P standalone platform intended to meet the
needs of partners (ISV, OSV, IHV)

e Off-the-shelf 2U rack mount chassis

* DDR3 DIMMS only

* x8 PCle Gen3 lanes supporting (1) x8 slot or
alternatively (2) x4 slots

* NIC supported through add-in card option

* Supports up to 8 hard drives

* Provisions for remote access to start, stop, and
remote console will be provided
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“SEATTLE” REFERENCE SYSTEM BOARD

17 | AMD “SEATTLE” | HOT CHIPS 26 | 11 AUGUST 2014

AMDA

* UuATX form factor
* 1 “Seattle” SP1 BGA processor

* DDR3 2-DIMM per memory
channel config (up to 4 DIMMs per
CPU)

1 x8 PCle slot

* 2 x4 PCle slots an alternative via mux
8 SATA3 ports

2 10GBase-T connectors

4 1°C ports

2 UARTs

Supports required debug features



DISCLAIMER & ATTRIBUTION AMD ¢\

The information presented in this document is for informational purposes only and may contain technical inaccuracies, omissions and
typographical errors.

The information contained herein is subject to change and may be rendered inaccurate for many reasons, including but not limited to
product and roadmap changes, component and motherboard version changes, new model and/or product releases, product differences
between differing manufacturers, software changes, BIOS flashes, firmware upgrades, or the like. AMD assumes no obligation to update or
otherwise correct or revise this information. However, AMD reserves the right to revise this information and to make changes from time to
time to the content hereof without obligation of AMD to notify any person of such revisions or changes.

AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR
ANY INACCURACIES, ERRORS OR OMISSIONS THAT MAY APPEAR IN THIS INFORMATION.

AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. IN NO
EVENT WILL AMD BE LIABLE TO ANY PERSON FOR ANY DIRECT, INDIRECT, SPECIAL OR OTHER CONSEQUENTIAL DAMAGES ARISING FROM
THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF AMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

ATTRIBUTION

© 2014 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo and combinations thereof are trademarks of
Advanced Micro Devices, Inc. in the United States and/or other jurisdictions. Other names are for informational purposes only and may be
trademarks of their respective owners.
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