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Custom SoC Solutions create New Value
on your Next-Generation Products

With increasing functionality and higher performance of SoC, it is becoming more and
more complicated to develop SoCs in a short time.

Over the past 40 years, Socionext's Custom SoC BU has earned reputation of being
able to develop custom SoCs that meet our customers needs. Using our techniques
of system architecture design, development support services, software platform, and
customizing our ASSPs as core, we develop "One Step Ahead" system with you. We
believe our role is to propose and provide custom SoC solutions that create new
value in next generation products.
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Custom SoC Solution

As for System on Chip (SoC) with CPU core, nowadays, various and highly functional SoCs development are
demanded for a wide variation of CPU cores, high-performance buses, high-speed interfaces, and multi-functional
IPs.

At the same time, for optimized customer's applications, it is becoming much complicated to select the best
combination of components from the large number of combinations and it is becoming more harder to develop
SoC in a short time. To deal with this situation, Socionext offers a "Custom SoC Solution" which integrates our
development methodologies for ease of development, various platforms and development support services. Our

"Custom SoC Solution" helps you to achieve high-perfomance and high-quality SoCs for your products in a short
term.

Custom SoC Solution

Development methodology
System
architecture Software platform
design support
Degﬁg’gg&em Base platform
service
Application IP/Subsystem
Advanced IP macro
Front-end
Back-end
technology Standard cell
High reliability
testing L . .
technology Advanced device implementation and manufacture (Partner Collaboration)

Development Methodology for Custom SoC Solutions

We provide four development methodology options for custom SoC solutions depending on the customer's
application development period and budget.

Development Methodology for Custom SoC Solutions

ASSP based
Development

Customizing
our ASSP and
combining with
a variety of IPs

General-purpose
processor based
Development

Combining our
general purpose
processor and
our custom LSI

Platform based
Development

Developing based on
our proven platform

Full custom
Development

Developing using
various IPs and
our reference




ASSP-based Development

By customizing Socionext's ASSP (Application Specific Standard Procedure) products and combining with a variety
of IPs, customer can reduce the development period for custom SoC and accelerate the product shipment.

Socionext's ASSP products for
various purposes

AK/2K TV
2K-4K converter

Security camera Extract
Digital camera functional
Mobile camera IPs

AV codec
General-purpose processor

Combining extracted functional IP

and customer's I0gic ASSP-based custom SoC

Application Customer's
IP +

logic

Application Customer's
P logic

Standard IP

Standard IP

ARM peripheral reference
Standard I/F, including
USB, SD, GMAC, and DDRC

General-purpose Processor-based Development

We provide general-purpose processors for developing a high-performance, low power consumption system with
high-performance CPUs and GPUs as well as high-speed interfaces at a low cost in a short time. We consider these

general-purpose processors as a platform SoC.

Line-up of Platform SoC

Platform SoC (MB86S72)

MB86S71 MB86S72 MB87S73 High Speed 10 Block | | Compute subsystem and Memory IF Block
cPU Cortex-A15 2core - PCle Gen2 4L (2) [aRMe Neon™| || [aRMe Neon™] | | [aRMe Neon™| || [aRM® Neon™] ARM® Mali™-T624
-, ARM® ARM® ARM® ARM®
Cortex-A7 2core Cortex™-A15 || Cortex™-A15 | | Cortex™-A7 Cortex™-A7
GPU Mail-T624 |UsB3.0 HOST (2)] 1.6GHz 1.6GHz 1.2GHz 1.2GHz
on DDR3, DD3L., o, oL [ Cache a2k/a2x || | cache s2waex| | | [Cache 821032k || [Cache 32w/32] Single core
LPDDR3 ' [ L2 Cache 1MB || (ocache 512kB || 12 Cache 32kB |
GbE, WoL
LAN TCP Accelaration System Control Block W(SDO%FIEASH
USB2.0 Host (1) [otac/mRacE || emmc || s || uaRT | 0
FLASH HSSPI, NOR, eMMC, NAND, HSSPI/NOR USB2.0 HDG (1) (64bit)
SERAL | UART 3ch, GPIO | UART 3ch, GPIO | UART 3ch, GPIO Ve ot L nao I woL | cPo ]
16¢ch, [2C 3ch | 16¢ch, 12C 5ch | 16¢ch, 12C 4ch Controler || Nor || @b || ec |
4K multi-stream
CODEC | video, JPEG JPEG CODEC Vi =—
CODEC ledia Frocessing blocl
_ 12S (2) | JPEG Codec || 2D Graphics |
DISPLAY| HDMI/MIPI DSI FPD Link (4lane)
so00

AUDIO 2ch 128

SD 2ch SDIO | 1chsDIO

pole | oh PCle-Gen2- 2ch PCle-Gen2-dlane

4lane
USB USB 2.0, 3.0

By combining customer's functional logic with our platform SoC, we reduce development risk of processor peripheral
and high-speed I/Os and developing cost is also reduced significantly. It is also possible to integrate these system
components into a single package with an optional SiP (system in a package) technology.

General-purpose processor
(Platform SoC)

Customer's logic

PCle (Custom LS))
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Platform-based Development

For your low risk development, we use platform SoC with a proven track record. After trimming unnecessary IPs and
I/O's from our base platform SoC, we combine this trimmed parts and your customer's logic into a single chip.

You reduce re-make risk and development period significantly by 1. using our evaluation kit, 2. preliminary software
development, 3. hardware development based on proved platform SoC, and 4. whole chip verification using semi-

custom board.

Base platform

(design)
Base platform evaluation ., e wpns wome
= EN Custom SoC verification
e B Software development
— (semi-custom board)

Goe JpocoNetwork  Touch Panel
TS O ons itk LoD VF 2en

) ; Comprehensive relation
Linux BSP, drivers
PF customization
+ user logic

UsB30
Function ARM
cPu

ios

PCl-express
Gonz ALane

USB  GbE FC/SPI i
driver  driver  driver

5 SDUHS-
....................................... . Fash SAAM
(3

Goe
p e DDRS Cortrllr
10001006 oo

Full Custom Development

To achieve the best performance of your SoC, we have full custom development option that allows you to customize
as you like. For your full custom SoC development, we fully support for 1. proposing system architecture, 2. providing
subsystem and a various of IPs, 3. optimized CPU peripheral design, and 4. system verification by hardware emulator
and FPGA prototype. We also provide a device driver development service under contract as part of our software

development support.

T T
. —_ LSI
o Hardware design Hardware verification manufacturing
Development flow g’g;;ﬂcat'on ‘ f’eYSSttem
Software design Software verification
| Il
Reference design/Evaluation board
System ‘ ‘
consideration support FPGA board SoC verification/Software development
t
Supsystem/ Providing subsystem and a various of IPs
various IPs i )
Logic design service
1 1
Software development service
| |
Specification  ESL performance High level Block
Devejopment support quality evaluation synthesis | verification
service Chip
DesignExpress verification
Prototype board development
|
PCB co-design
Device |
implementation/ I SoC implementation/manufacturing
manufacturing



Example of ASSP-based Development

This section introduces one example of ASSP-based development.
O Extracting necessary application IP from ASSP
We extract application IPs which are required for customer's development from our proven ASSP.

Socionext's ASSP products

4K/2K TV

2K-4K converter Extract

Security camera functions

Digital camera required for Application IP
Mobile camera applications

AV codec

General-purpose processor

@ Combining base platform and extracted application IP

After cutting down unnecessary IPs and Interfaces from base platform, then we combine this optimize platform
and extracted application IP.

HighSpeed 101 - CPU and Memory IF Block
ARM® Neon™ ARM® Neon™ || ARM® Neon™ | | ARM?® Neon™ . .
,ﬂig ARM® ARM® ARM® ARM® ARME Application IP
Cortex™-A15 | Cortex™-A15 | | Cortex™-A7 | |Cortex™-A7 | | Mali™-T624
0SB 11 Cache | [ Li Cache |[ L1 Cache | [ L1 Cache
Device L2 Cache L2 Cache L2 Cache
CClI (Cache Coherent Interconnect) .
MIPI ai™.Te24
System Control Block Ih
L2 Cache L2 Cache
System |LCRE ][ SPL][GPO][eMVC] | por éccwez(;acheCunerenﬂmevwnnecﬂ =
PCle CTRL ||NAND|| UART ][ C_][[NOR ]
Media Processing Block ! Cut
| spio ][ Looc ][ mutimediaEngine |[ ks ][ mer i fdown Wadia Prosessing Biock

(o0 ] (im0 ] [stmesnergno |[ 75 ][

® Adding your special functions to differentiate from others
By adding your special functions to differentiate from others, your special SoC design is now created.

New SoC
Application IP ’
|ra\ o i
AR Neor V] Spe_CIaI
(S lw”m | [ functions
e | " — + of customer's
CCl (Cache Coherent Interconnect) prod u Ct
Ys\sm Conlm\ E\ow
CTPL NAND
Media Pronessmg E\ack
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@ Evaluating and verifying functions, performance, and power

The functions, performance, and power can be evaluated and verified using a dedicated hardware emulator at

approximately 1000 times as fast as an HDL simulator.

For your software development, we provide a prototype environment such as an FPGA board and CPU board. This

allows customers to develop software before manufacturing SoC.

New SoC

Application IP ’
Special
ol s functions
e i + of customer's
CCl (Cache Coherent Interconnect) prod u Ct

System Control Block

® PCB (printed circuit board) co-design

Functions, performance,
power are evaluated by
hardware emulator.

Hardware
emulator

—— Software can be developed prior to a
manufacturing SoC by our provided
FPGA board and CPU(Linux BSP) board.

Implementing high-speed components (DDR, PCle, USB, etc.) and SoC on a PCB tends to cause a electrical issue
such as electromagnetic noise, crosstalk, and clock jitter. We analyze such issue creating PCB prototype and offer

proposed measures.

This reduces risk associated with developing a PCB and thereby reduces cost for PCB design and manufacturing.

Reflection

Benefits of ASSP-based Development

EMC

From our experience of ASSP-based design for our product, the development period was achieved six months
shorter than the development period by conventional design. This rapid time-to-market was achieved by shortening

hardware design period and by developing software in advance.
+ Delivery time of sample SoC : Six months ahead of schedule
+ Advance development of software : Eight months ahead of schedule
+ Product shipping : Six months ahead of schedule

Full Custom Development

HW |Specification | Logic design/verification | ES manufacturing]

Software development

Six month
earlier for ES out

V2
- Shortening period for CPU
SW | Specification peripheral design/verification

ASSP
-based Development

HW | Speciicaton| Logi designand vercaton | ES manufacturin

SW | Specfication| Advance evaluation/development | Software development

Advance development of software:
g| Eight months ahead of schedule
et



Development Support Service (DesignExpress™)

This design service provides consistent development support for everything from system specification to evaluation as
well as for PCB design in custom SoC development for our customers. With this service, our customers can focus on
differentiating their products while shortening the development period, reducing development risks, improving product
quality, and reducing power consumption.

Relationship between Custom SoC Development Flow and
Development Support Service

.......

System specification consideration
[l

v v

Software
development service v

Software Custom SoC design PCB design
development e
s o Logic design
N A PLACATE"
: s Physical design
* E :....00.*......0. *

[ ]
[}
System evaluation E
[ ]

List of Development Support Services

- Advance development of software and performance evaluation service in a virtual environment (Cedar™-ESL)

- High level synthesis support service (Cedar™-HLS)

* Logic design service

- Large-scale/long data verification and power consumption calculation service utilizing an emulator (Cedar™-EMU)
- Prototype board development service (Cedar™-PROT)

- PCB co-design support service (PLACATE™)

- Software development service

* Provide of subsystems

SUONN|0S HOS WI0ISN)



Advance development of software and performance evaluation service

in a virtual environment (Cedar™-ESL)

Cedar™-ESL is used to develop software in advance using ESL technology (virtual platform) and also for software

driven performance evaluation and architecture evaluation.

Software driven performance evaluation and architecture performance evaluation allow for architecture design to be

performed at an early stage.

Example applications of Cedar™-ESL
+ Division of functions between hardware and software enabled by
advance development of software

+ Architecture design and use case extraction based on software
driven performance evaluation

+ Detailed architecture design based on performance evaluation
according to use cases

Advance development of

software

+ Software development

SW
CPU DMA
I I
BUS
| |
MEM  TIM
Determine software

architecture,IPs to use,

memory mapping, and data flow

Service Category

Provide of development
environment for advance
development of software

IRC

Software driven
performance evaluation

+ Rough architecture design
+ Use case extraction

SW
IP CPU DMA
|| 0 SCEMI-/F
Cross Bar
| |
MEM BUS
| |
TIM IRC

Determine bus width, frequency,
bus architecture

Service Description

A virtual platform for
software development is
provided

Block diagram
Block functional
specification

Architecture performance
evaluation

+ Detailed architecture design

SW
CPU DMA IP

MEM BUS
| |
TM IRC

Determine detailed
configuration, cross-bar and
number of FIFO stages.

ltem Submitted by Customer Deliverable from Socionext (Example)

High-speed virtual platform
(for software development)

Provide of environment for
software driven performance
evaluation

A virtual platform

for software driven
performance evaluation is
provided

Block diagram
Block functional
specification

Software scenario

High-speed virtual platform
(for architecture design)

Provide of environment
for detailed architecture
performance evaluation

A virtual platform for
architecture performance
evaluation is provided.
Performance is measured

diagram

Architecture construction

Evaluation scenario

High-accuracy virtual platform
Performance measurement
report




High level synthesis Support service (Cedar™-HLS)

Cedar™-HLS is a service for mapping from a high-level language (C/SystemC) to our technology. This service reduces
the cost and work period for our customers.

Benefits of high level synthesis
Reduced development period: the amount of description is reduced by one
tenth and the verification time are reduced by one third (based on our results)
Reusing of sources: the efficiency of development can be improved (ease of
changing devices/technologies)
Ease of evaluation: performance and footprint (cost) can easily be optimized
using parameters

Example applications of Cedar™-HLS
Optimal source code tuning for custom SoCs (source code rewriting)
Confirmation of high level synthesis results and integrity by performing
RTL logic synthesis

Cedar™-HLS Service Outline

Customer's tasks Socionext's tasks
Algorithm Cedar™-HLS service

C/C++ [, specifications, test bench

€ >

High level synthesis optimization/verification

constraints, verification report * Performance report option

: (Timing) H

i D Code, high level synthesis ~ accaaaaaaasl ' ............
<

High level synthesizable

e . - Liorary
A Provided
Verifcation/high level synthesis + “  RTLRule Set

RTL
RTL —— syecheck —— RTL hand-off —3»  RTL Style Check

) 4

Logic synthesis Logic synthesis Equivalence verification

A 4

Netlist hand-off =3 Netlist

Netlist

A 4 $

Placement and routing Placement and routing

Service Category Service Description Item Submitted by Customer Deliverable from Socionext (Example)
Handing off of RTL Rewriting of a language in Functional specifications Rewritten high level language
designed with high level | accordance with the tool Constraint conditions Library for high level synthesis
synthesis RTL hand-off | Rewriting of a language in High level language RTL designed with high level

accordance with constraints synthesis
Handing off of high level | High level language is handed (subject to the above SoC devices
language off and subsequent LSI design is | described service)

performed under contract
Cedar™ coordination High level synthesis of RTL for Functional specifications RTL

FPGA Constraint conditions SystemC

High level synthesis of RTL for ESL | High level language

SUOIIN|OS DOS WOISND



SoC Logic Design Service

By combining ARM's CPU and our various functional macros, we offer the best ARM platform for customers' systems.
By suggesting a configuration of CPUs, buses, and memory controllers that takes performance and power into account
and measuring performance at an early stage, we provide comprehensive support for custom SoC development.
Customizing verified reference design (SNAP: Socionext ARM Based SoC Platform) allows us to provide high quality
platforms in a short time.

SoC Logic Design Outline

Customer's
logic system
requirements

_______________

Specification
design

SoC specifications

Functional verification
Performance verification

- RTL design

' Socionext's ! . Verificati .
0 . ] CPU, IP Customer's erincation Customer's
] design assets ' Bus configuration logic review specifications logic review
1 Reference design | & &
] : : Verification plan approval Construction of L approval
Functional macros ‘ Verification method design environment Ver;Ilcanorrj[
0 . D Operation scenario Test bench result reports
+ Operation patterns scenario
Application Example of SoC Logic Design Service
ware block diaaram Memory ma TN CPU seleothn
FLASH Cache capacity
Extract fnctions required for applications Resistor o) SRAM capacity Bus topology
D/j\‘] ReMAP control SRAM FIFO, QoS
Mass storage TCP/IP DRAM )
class protoc‘oj stack @ HW/SW
ATOS CPU Block TStorage Block coordination
D/:\D CPU MEMC USB
Dedicated
USB HOST Ethernet
driver driver DMAC SRAM <Lio Qsasr(ijs\{v%ee
& i st L _ts e 2
Inter Connect (AXI/AHB/APB)
Command queue t t t
FIFO, QoS DRAM Block Network Block User Block
Network  Security UDL-A
Proposal on optimized DDR
performance, energy-saving, and cost combination Controller GMAC PCle UDL-B
based on the balance between hardware and software!
@

Service Category

SoC Logic Design

Service Description
Specification design

Item Submitted by Customer  Deliverable from Socionext (Example)

Requirement specifications SoC specifications

RTL design

Macros to be installed

Use cases RTL

RTL verification

Functional and performance
requirements

Verification specifications,result
reports




Large-scale/long data verification and power consumption calculation service
utilizing an emulator (Cedar™-EMU)

This design service enables large-scale design to be verified by installing the design of a customer developing a custom
SoC on an emulator and accelerating the HDL simulation time by 500 to 1000 times.

Since we provide the necessary equipment and operators, the customer only needs to prepare design data and input
data to construct an environment.

Example applications of Cedar™-EMU
« System verification of ARM-based image SoCs (ICE debugger can be connected)
« Simultaneous verification of hardware and software linked with ESL
+ Functional and performance verification and power consumption analysis of image processing SoCs

Cedar™-EMU Service Outline

<Simulation environment> <Emulation environment>

Created with Created with
(Formulation of verification

CPU, etc. | Specicaions Software debugging with ICE

Simulator d;ﬁlﬁn | @Construction of verfication g2 Acz:’tDuLix’l itﬁlp

(1SS) environment

100%

1-VOP P-VOP P-VOP PVOP | P-VOP

50ms

@
=]
X

a
g
2

@Verification Performance analysis with bus monitor

SDRAM bandwidth occupancy rate

(3®Preparation of verification ”
Software Verification data_» Verification Result
(Greated wih data data collection

Cedar®-ESL)

Power consumption[mW]

Time[ms]
Power consumption analysis

We also develop technologies independently and have an option for various pre-silicon analysis.
« Software co-verification : Verification of a system including its software is possible in
coordination with a Cedar™-ESL environment

+ High accuracy performance display : Cycle accurate detailed performance analysis is possible
+ High accuracy power consumption calculation : Power consumption is calculated with cell-level accuracy
analysis is possible for each block

Service Category Service Description Item Submitted by Customer Deliverable from Socionext (Example)
Chip level verification | Formulation of verification specifications | Outline block diagram Verification specifications
Creation of verification data Design data (RTL or netlist) | Verification data
Construction of verification environment | Input/expected value data Emulation verification results
verification
System level System level verification using | Design data (RTL or netlist) | Emulation verification
verification software developed in an ESL | Input/expected value data environment
environment Test programs Verification result reports
Power consumption | Measurement of power Power measurement Reports on results of power
reduction consumption program consumption measurement

10
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Prototype Board Development Service (Cedar™-PROT)

We provide a prototype board with an FPGA on which custom SoC design is implemented.
Since a custom SoC IP is implemented on an FPGA, high equivalence with the custom SoC can be maintained.
With the custom SoC IP and user logic implemented on separate FPGAs, this prototype board with a preverified IP

allows customers to focus their efforts on the development of a user logic.

Example applications of Cedar™-PROT
« Prototype for system verification
+ Prototype for advance development of software

Software development technology
IP verification with implemented driver ~ Board design
System development that Software platform can be provided technology

enables verification Printed board design
a® ‘rrca O

on actual equipment supporting high-speed
ey -...(CustomSoZFPGAC. R
. . _ /o (User)
High equivalence with

interface
custom SoC

Prototype development using
custom SoC IP

Custom SoC/FPGA design technology
Logic design based on presented

ARM core can also be implemented specifications
Record of applications of Cedar™-PROT
- Controller custom SoC for network - Image processing custom SoC for documents
+ Custom SoC for measuring instruments - Many others
FPGA prototype board

Semi Custom board FPGA prototype board for Cortex Mx

s

Service Category Service Description Item Submitted by Customer Deliverable from Socionext (Example)
System level verification | Provide of a prototype | Requirement specifications Board unit
board (specified circuit information,etc.) | Board specifications
FPGA ROM data

11



PCB Co-design Support Service (PLACATE™)

PLACATE ™ is a noise analysis and countermeasure support service based on an integrated LS| and PCB model that
greatly supports customers in shortening the system development period and cost reductions through reduced BOM.
By applying this service from the upstream phase of custom SoC design and PCB design, we contribute to shortening
the design period of customers by reducing the amount of reworking of LS| and PCB design that needs to be done
and thereby improving their systems and significantly reducing evaluation workload.

Reflection

EMC

Design Flow Image
During custom SoC development

After custom SoC development

Prototyping Actual design Simulation Kit
CHIP design R CHIP model CHIP design R CHIP model L CHIP model
PKG design PKG model PKG design PKG model PKG model
Prototyping Pre LSI model Actual design Post LSI model
A 1 1
! * o + Diff lysis with "duri
n : ™ : : . ™ Ilference analysis Wi uring
Analysis and measures with PLACATE Verification with PLACATE custom SoC development”
] 4 4 1 1
2 I I
PCB design 7> PCB model PCBdesign ~TT> PCB model > PCB model Product A Product B
Prototyping Pre PCB model Actual design Post PCB model Post PCB model PCB model PCB model
+|dentification of issues through integrated CHIP-PKG-PCB analysis
+Feedback to CHIP-PKG-PCB design +Easy difference analysis when changing components
Service Description Deliverable (Example, : : :
P (Eent) Structure of Simulation Kit
| BQgroI prototyping , Board design guidelines Simulation Kit Measurement
+ Wiring/Reducing bypass capacitors | Board reference design Reference Design
H Integrated noise analysis for LS|, | SI/PI analysis result reports Sim Result
PKG, and Board [Siuis |
- DRAM-IF (DDR4, etc.) SI/PI analysis AN | EreMagic |
+ SerDes (PCle Gen3, etc.) Sl analysis — — s
M Creation of LS| power supply models | LSI power supply model [TxViodel Jit [ viodel Model Cable+BP
+ LPM+IBIS5.0 (LPM+ IBIS5.0) Shara Simulation
B Looking into measures for EMC | EMI analysis results _ Simulation DOCK k. U
+ Consulting by INARTE engineers | EMI countermeasure proposals o
=
Case of Bypass Capacitor Reduction Case of EMI Analysis

Impedance analysis [l Power supply noise analy5|s Initial proposal

= Power supply oun (en component 1 OO%

- Confirmed that capacnors can be reduced
by up to 25% of the initial proposal based on /50%
 theintegrated chip-package-PCB verfication

0% 25%

Number of bypass
capa0|tors implemented [%]

W,:E

Power supply quality
Bac Coodag Near Field Far Field
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Software Development Service

This service provides a software platform customized for ARM-SoCs to be developed by customers, based on our
system prototyping kit BSP (board support package).

Customers can focus their efforts on the development of application software without being bothered by the
development of general-purpose functions and shorten the development period of products.

Example of Customization [ARM core built-in LSI for mobile devices]

Software platform

BSP for Socionext's system prototyping kit 0S porting

:......................................,: Drvor customization o Use aoE D

: +  Testing driver  driver  driver

: OS Linux uT-Kernel

: : SoC /LCD

: : Conex 998 GbE LoD
g UsB GbE [PC/SPI <

s driver driver driver driver &

:ooocc0000.oooooccooooooooooccooooooooo. [ARM core bUilt—in I_Sl fOr deViCe Control]

Software platform

USER
[PC/SPI  SATA o=
Cortex USB  USB uT-Kernel driver  driver  Circuit

Socionext's System Prototyping Board

A9RIFM3  OTG 30  GbE driver
SoC /LCD
Cortex 1°C USER
-M SPI SATA circuit
Details of Example Case of Software Platform
Application software
Software platform
FLASH USB Class Protocol  protocol stack  JPEG
NAND  Console  I’C driver driver (TCP/IP, HTTP, etc) driver ~ PCl USER
driver 12S PCle  HDMI o
0s Pl . SATA  drver Clrcut
Boot  Standard grver usB SD MAC  Encryption - JPEG alrver driver
Loader Lib driver driver driver driver  driver
ARM core built-in LSI/system board
MEMC 12C PCI
ARM SNAP UART USB g USER
core  Peripheral ROM RAM GPIO ISQEI driver s (GOER [Encnton] BIREG g ,E‘ll'eA IHIDYI circuit
: Socionext's hardware IPs : Socionext's or third parties' software products
: User's hardware/software IPs : Socionext's hardware IP drivers

Service Category Service Description Iltem Submitted by Customer = Deliverable from Socionext(Example)
Software platform OS porting, driver Requirement specifications Implementation specifications
development customization,testing Test specifications and result
OS porting OS porting, testing reports
Driver customization | Driver customization, testing

13



Provide of Subsystems

Socionext provides original subsystems. These
subsystems, which are both high performance and
flexible, contribute to the differentiation of customers'
products. The key part of the subsystem is the
Flexware Engine™, which shares roles with the main
system.

To make the introduction of subsystems easier, an SDK
(software development Kit) is used.

Power-saving Subsystems

@®Background and Initiatives

Main system -
)
DDR % ‘
Q
Cortex-A
Periferal
®
| System Bus o
R

Contributes to reducing the power of the
entire SoC and the load of the main system
by carrying out specific processing.

Subsystem
High functional IP(FE)

In step with SoCs getting more functional and highly integrated recently, power consumption also tends to increase. At
the same time, due to the restrictions on power consumption, as represented by ErP Lot26, and increasing awareness
on energy-saving such as the reduction of CO2 emissions, power-saving is also an important element required for
SoCs. Against this background, we have developed a power saving subsystem that satisfies two conflicting elements
performance improvement and reduction of power consumption.

@®Outline

A power-saving sub-system integrates a high
performance IP, ARM micro computer, and peripheral
I/0. Operating as an always-on block during system
standby, the sub-system saves power in terms of the
entire SoC by enabling the main system to be stopped
completely. During the standby period, the following
processing is performed.

Power-saving Subsystem Outline

Platform Domain splitting

Linux electric-power saving
framework extended version

Peripheral

Standoy response Communication

between CPUs

Interrupt wake-up. OFF—>ON

i1

Power gating

PMU (power management IP) Clock gating

+ Network standby response such as Ethernet (to be described later)
+ Wake-up control based on natification from USB and other interfaces

+ Centralized management of power gating and clock gating

Network standby response

Network standby response is a function in which the
subsystem carries out packet processing on behalf
of the main system when it is in a standby state. This
function also supports the following functions.
+ Main system wake-up assistance when a packet
requiring processing by the main system is received
+ The acceleration function that accelerates packet
processing in a normal state

Network Standby Response Outline (xuwaysonponer

SoC supply

Main system Main system Power-saving subsystems
CPU (x ) (AP) DMAC CPU microcompute) SRAM
User Logic1 | MEMORY Ctrl. GMAC PHY

During normal times: During system standby:
Provides a network acceleration function| | Maintains network functionality by
from the standby response FE using the subsystem's firmware

Actual Network Standby Response Performance Values

Functional/Performance Normal When proprietary technology is used Comparison
Stand-by power 2 W to several W <100mwW <1/20
Communication performance 300Mbps 900 Mbps (20% reduction in CPU load)|  Approx. 3 times

Actual measurements with MB86S73 board
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Security Subsystem

@®Background and Initiatives

With the recent progress of the loT (Internet of Things),
security functionality is required for various devices.
In terms of security functionality, the protection of
confidential information stored on network-connected
devices and deterrence of unauthorized access or
illegal operations are extremely important. Achieving
this requires the prevention of software falsification,
monitoring by hardware, encryption of the network
path, and so on. However, encryption calculation
and authentication computing for these security
functions impose a very heavy load upon the software.
Therefore it is not easy to implement such functionality.
To solve this issue, we offer the best subsystem for
implementing security functionality.

@®Outline

A subsystem based on Flexware Engine™ realizes
various encryption authentication functions. In addition
to accelerating general-purpose encryption and
authentication processing, the subsystem is capable
of accelerating complex processes, such as TLS and
IPsec. As high load processes are executed by the
dedicated hardware, this subsystem achieves 8 to
16 times higher performance compared to software
processing.

@Features

+ Support for various encryption and authentication
algorithms (DES/3DES, AES, ARC4, MD5,
SHA1/256/512, etc.)

« Diverse hardware offloading and acceleration functions
(TCP/IP checksum, TCP segmentation, IPsec frame,
TLS record, etc.)

SoC

Integrates thededicated
security processing function

Main system

CPU (AP)
I

Security subsystem

IPsec in-line processing

>

GMAC

TLS, bulk data encryption processing

Supported Algorithms
IPsec TLS Generic

DES-ECB/ v
3DES-ECB
DES-CBC/ v v v
3DES-CBC
AES-ECB v

Encryption AES-CBGC N S *2 3
AES-CTR v -
ARC4 4 v
AES-XTS Ve
AES-GCM v Ve -
MD5 v (HMAC) | v (HMAC) 4
SHA1 /

o SHA256 v (HMAC) | v (HMAC) 4

Authentication
SHA512 v
AES-XCBC- S
MAC-96

key length:

*1:128 /192 / 256 bit
*2: 128 / 256 bit

8. 128 bit

Actual Security Subsystem Performance Values

Functional Normal Sub System Comparison
TLS 14.8Mbps 174Mbps 12 times
AES-CBC 78Mbps 1250Mbps 16 times
SHA-1 168Mbps 1380Mbps 8 times

Actual measurements with CA9 board

« Support for the connection of Gigabit Ethernet MAC (optional)
+ Acceleration of exponentiation, multiplication, division and remainder calculation required for RSA by a public key

encryption calculation acceleration macro (F_PKA) (optional)

+ The public key encryption calculation acceleration macro (F_PKA) is also available as a stand-alone macro

+ Platform (OS) independent SDK



IP Video Streaming Subsystems

@®Background and Initiatives

With the spread of the Internet, the need for video
streaming is growing. Typical examples are media
servers and network monitoring cameras. In such target
areas, this subsystem carries out IP packetization of
video data, significantly reducing the processing load of
the main system.

@ Outline

Using the Flexware Engine™ as the key part, this
subsystem encapsulates video and audio data into
an IP packet and encapsulates the IP packet into an
Ethernet frame. The following series of processes are
performed in the high performance subsystem upon the
video data.
+ Packetizing video data (ES: elementary stream) into
TS packets, if necessary
- Encapsulating ES, TS, or JPEG data into RTP
packets
+ Encapsulating RTP packets into IP packets
+ Encapsulating IP packets into Ethernet frames and
performing GMAC control (video transmission)

@ Features

+ Support for RTP/UDP offloading
Supported formats
« ES over RTP : Video (H.264),
Audio (G.771, AAC)
+ JPEG over RTP
+ TS over RTP
* Metadata over RTP
+ Support for Max.32 streams
+ Integration with security (encryption) functionality

CPU

Video codec macro

IP video streaming
subsystem
\RTP packet]
IP packet GMAC
Ether Frame | >
Y .
Video data Video data loaded into DRAM is automatically

(ES : Elementary Stream)

converted to network packet data following
instructions from the CPU

Transfer band (Mbps) 10

Offloading not available o3
CPU load factor (%)

Offloading available
CPU load factor (%)

30 50 150 300 500

62 100

15 21 29 39

Actual measurement
s )
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Advanced Front-end and Back-end Design Techniques

As LSIs become more refined, the number of gates that can be mounted is increasing. In custom SoC development,
the demand for chip designs with more than 100-million gates is increasing. It is also becoming important to fulfill the
demands of more complicated designs such as reduction of power consumption. In these circumstances, Socionext
supports customers in developing LSIs by providing the best design environment needed for each technology.

Development support service
(DesignExpress™)

User interface
Best combination of customer's assets and

‘ Chip-package co-design
Socionext's design technologies/assets

Prototyping of chip and package

LSI design flow

Front-end design Best design environment supporting Design For Test

- High level synthesis advanced technologies + At-speed and low power test technologies

+ Front-end design kits + Memory redundancy repair process and fault
diagnosis technologies

Back-end design

- Physical aware logic synthesis
- Optimization that takes into account multiple modes and comers
- Power rail analysis/crosstalk noise analysis

Low power consumption technology

- Multiple power supply/multiple voltage design - Standard cell
+ Clock gating + Low power SRAM
+ Power management + Low power consumption design environment

+ Adaptive power supply control (AVS*/Advanced-AVS) fully adopting UPF/CPF

User Interface

We provide the three types of basic design interfaces shown below as selectable design methodologies.

The optimal combination of customers' design assets and our design technologies and assets improves the efficiency
of SoC development projects. We also provide a design flow that incorporates upstream verification and FPGA
prototyping, supporting ever higher quality projects and shorter development periods.

Three Types of Development Interface

- Customer Casef Case2 Cased
) , Specification RTL Netlist
: Socionext I/E I/F I/F
Specification

Logic design ‘

Logic synthesis
Physical design
Manufacture
Testing

Sample shipment



Custom SoC

Design Flow

We apply an optimized flow based on the following design flow to suit the characteristics of the LSI being developed. -

Outline flow of LSI design

System level
design

Specification

RTL design (high level synthesis)

Initial logic synthesis

Logic design

Initial floor planning
physical aware
logic synthesis

Equivalence verification
Timing constraint verification
Handoff verification

senbiuyos| ubise( pus-yoeg pue pus-Judid PeOUBAPY

Sign-off verification Physical design
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Front-end Design

@Front-end Design kit

We offer a development environment using standard EDA tools as a SoC development environment for customers and
a tool we created for improving design efficiency as a design kit. The front-end design kit, which is uniquely optimized
by Socionext, enables the development of high performance, small chip size, low power LSIs.

EDA tools supported by Socionext front-end design kit

High level synthesis Catapult **, C-to-Silicon Compiler™', Stratus ™'
RTL style check SpyGlass *?
Verilog-HDL Incisive Enterprise Simulator *', Questa *®, VCS-MX,VCS *?
Functional verification VHDL Incisive Enterprise Simulator ™', Questa™*®, VCS-MX*?
CPF/UPF Incisive Enterprise Simulator-XL*", Questa™®, VCS-NLP *?
Logic synthesis Design Compiler *2, Encounter RTL Compiler *!, Genus Synthesis Solution ™’
Equivalence verification Encounter Conformal Equivalence Checker ™', Formality *2
Timing constraint verification Encounter Conformal Constraint Designer ™', SpyGlass Constraints *?
MV verification Encounter Conformal Lowpower *', VC Static Low Power *?
Analysis/debugger Verdi*2
Netlist check * SpyGlass **
Pre-DFT check ™ SpyGlass DFT *?

*1: Cadence, Inc.

*2: Synopsys, Inc.

*8: Mentor Graphics Co.

* . We provide a checker we developed in-house to suit the technology.

@High level Synthesis

As chips becomes larger in scale and more complicated, the design environment customers use is also advancing
from conventional RTL design to system level design and verification using higher abstraction languages (C++/
SystemC). Under these circumstances, it has become common to perform high level synthesis from a high
abstraction model to RTL for shorter TAT in RTL design. Socionext provides technology libraries optimized for each
high level synthesis tool and documentation describing optimization settings to generate appropriate RTL for our
technology and design flow in such high level synthesis.

System level design

Creation of hardware model for high level synthesis

High level synthesis « _?cp))ct)llrgezt%%ggrary/

RTL generation appropriate for High level Tool
Socionext's technologies and design flow synthesis settings
Logic synthesis/Layout library



DFT (Design For Test) Technology

SoC testing is becoming more complicated as processes become more refined, circuit scale increases, circuit
operation becomes faster, and much less power is consumed. To resolve this issue, in addition to compressed scan,
memory BIST, and boundary scan DFT, we perform high quality testing using various types of DFT technology for
improved test quality and yield.

[DFT Technologies Adopted by Socionext]
@At-speed and low power test technologies for
improved test quality
« Test using on-chip PLL clocks
+ Test that controls power consumption during testing
@®Memory redundancy repair process and fault
diagnosis technologies for improved yield

Boundary scan 10 Yield improvement technology:
Memory redundancy relieving

Merory BIST process can be performed.

Memory

Low power test technology:
OCC  Compressed scan Test that controls power consumption during
testing is supported.
Logic
PLL

At-speed test technology:
Test using on-chip PLL clocks is supported.

20
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Back-end Design

We layout customer design with our high-accuracy analysis technology, high performance synthesis, placement, routing, and
high speed technology, and low noise design technology.

@Physical aware logic synthesis Physical aware logic synthesis

Due to the increase in circuit size and routing load o . . '
caused by the progress of refinement, the gap between onventional logic synthesis

the estimate at the time of logic synthesis and layout is EI O Q Q

widening. At Socionext, we minimize the gap with the layout
by taking into account layout information from the logic

synthesis step. This allows for early confirmation of timing EI

convergence, thereby shortening the development period.

@®UPF and CPF support <:> mm
We support UPF and CPF and perform physical design and :I:||:|:|

physical verification based on power supply specifications —|—H—H EI

Physical aware logic synthesis

for which functional verification is conducted. This enables
high design quality to be achieved even for complex low
power consumption technologies.

@ Multiple mode/corner-aware optimization

, Multiple Mode/Corner Optimization
As refinement progresses, the processes, voltage, and T
iming

temperature conditions (corner conditions) that should Corner constraints
be taken into account are increasing. In addition, the conditions \
number of operation modes is increasing to enhance

multifunctionality and secure the reliability of LSls. In our

physical design, placement, routing, and optimization 1 — 1

that take into account multiple corner conditions and _[ F
operation modes are performed. This makes it possible to
reduce the iteration of timing optimization due to conflicts
between different corners and modes, which shortens the
development period.

@Power rail analysis/crosstalk noise analysis

As refinement progresses and voltages become lower, the
delay variation due to an IR drop (voltage drop) in LSIs and
crosstalk noise increases.

Through high accuracy IR drop and crosstalk noise
analysis, we have verified that they do not affect system
operations.




Low Power Design Solutions

The demand for reducing the power consumption of LSls
has been getting stronger in recent years. In our SoC
design efforts, we are undertaking various initiatives to
meet customers' demands for lower power consumption.
In order to achieve low power consumption LSIs, it is
effective to combine various kinds of technologies as
well as using individual technologies. Socionext's design
environment "Reference Design Flow" supports various low
power consumption technologies and enables the power
consumption of LSIs to be reduced during both operation
and standby. By controlling the power supply in particular,
we develop methodologies for systematically achieving low
power consumption. Also, by fully adopting UPF/CPF, we
make low power consumption design, easy for customers
while minimizing changes to their design assets. The use
of UPF/CPF allows for high reliability designs even with
low power consumption technology, which it has been
extremely difficult to verify in the past.

@ Multi voltage design

With this technology, different voltages are supplied to an
LSI to reduce power consumption during the operation
of circuit blocks for a high-speed operation circuit block,
a high voltage is supplied, and for a low-speed operation

Low Power Design Solutions

Standard cell/low power cell
Low power clock tree

s+ Clock gating sssssseseeees "
: Enable :

I =,
PMU/

CGU 5L
Power Management

Multi voltage design, DVFS
3 % = D D
g—_1 = S i = f
AVS/A-AVS 2
(0]
@‘ Low power SRAM
jol
§ \ Sleep/Shutdown

Finishing of process

Low Power Design Solutions

Design Level Design Technology

Memory access reduction

System Computation reduction
level desian Architecture selection
9 Effective use of cache
RTL design RTL optimization

Netlist optimization

Multi power-supply design
Clock gating

DVFS, AVS/A-AVS

Low power standard cell
Low power SRAM

Logic synthesis

Dynamic Voltage and Frequency Scaling

Power Management

Layout

circuit block, a low voltage is supplied.

Using UPF/CPF allows physical design and verification
of circuit blocks with different voltages to be performed
together, minimizing extension of the development period
for low power consumption design.

@ Clock gating

Clock gating enables the power consumption of LSIs
during operation to be reduced by stopping the supply of
clock signals to circuit blocks that do not need to operate.

@®Power management

We provide power management technology to control
power gating, SRAM sleep, and shut-down mode in a
comprehensive manner. By thoroughly eliminating useless,
this technology contributes to low power consumption.
With its unique power switch controlling system,
Socionext's power management technology suppresses
the rush current noise generated when the power supply is
turned on and off to prevent LSIs from malfunctioning.

In addition, using UPF/CPF allows physical design and
verification of circuit blocks that have a power shutdown
circuit to be performed together, minimizing extension of
the development period.

@®Adaptive power supply control
(DVFS™*', AVS*?*/Advanced-AVS)

We can use DVFS, which is for varying the voltage and
frequency according to the required throughput.

22
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This technology also adaptively determines the operating
voltage according to voltage variation due to manufacturing
variability and operates the LSI at the lowest voltage at
which its operation is guaranteed, leading to reduced power
consumption of the LSI during both operation and standby.

1. DVFS (Dynamic Voltage Frequency Scaling)
*2: AVS (Adaptive Voltage Scaling)

@ Standard cell

In the area of advanced technology, in addition to the
standard cell area, routability contributes to the low power
consumption of LSIs.We provide our original standard
cell that is far superior to that of other companies. In
addition, we offer a rich line-up of cells that are effective for
achieving low power consumption of the clock system.

@®Low power SRAM

An LSI with high-capacity SRAM may have a problem
with the power consumption of the SRAM macro. In such
cases, power consumption may be reduced by using a
multi-mode SRAM. Multi-mode SRAM features a standby
mode, sleep mode, and shut-down mode, as well as a
normal operation mode. The standby mode allows for the
operating power of an SRAM macro to be 0 by stopping
the clock operation inside the macro. In sleep mode,
leakage power is reduced by deactivating peripheral
circuits of the SRAM macro. Power can only be shut down
with an SRAM in shutdown mode. The optimization of the
SRAM configuration to be used contributes to low power
consumption as well. We help customers select the best
SRAM from the logic design phase.

Operating Mode

Function

Effect

Normal To operate RAM normally —
Standby To stop the SRAM operation The operating power is O
Sleep To retain data Leakage power is reduced to one-third*
Shutdown To shut down the power with only the SRAM|  Leakage power is reduced to one-sixth *

*: Depends on the SRAM structure

@Low power design environment that fully adopts UPF/CPF

Socionext offers a total solution that supports power gating,
multi power supply, and multi-voltage design through
consistent power supply specification management with
UPF*® and CPF**, RTL simulation for complicated power
supply design due to an increased number of integrated IPs,
multi power supply verification, and physical design. This
solution allows power shutdown verification to be performed
based on RTL simulation by managing power supply
specifications as separate logical and physical specifications
and defining only the logical specification. Verified RTL and
the logical specification for the power supply are handed off
to physical design, the power supply physical specification
that defines the power supply connection is prepared, and
then physical design is performed based on these power
supply specifications(UPF/CPF). Managing the power supply
specification with UPF/CPF in this way and using it through
a design flow clarifies the power supply specification and
allows for high reliability design.

*%: UPF (Unified Power Format) is a standard specification that

defines the Low power design guidelines standardized as IEEE
Std. 1801. (http://www.ieee.org/)

: CPF (Common Power Format) is a standard specification that
defines the Low power design guidelines standardized as Si2.
(http://www.si2.org/?page=811)

4

Power domain definition
Power state definition
ISO/LS rule definition
RTL

‘ Shut-off Simulation
‘ RTL Simulation ‘

Synthesis ‘

Hand-off

v

Power supply
connegction definition DFT

physical
UPF/CPF

* Isolation cell/level shifter insertion

» Isolation Cell/Level Shifter Insertion
* Power switch insertion and placement
" Design Planning
* Power domain-aware placement/routing
_,‘ P&R
* Multi-voltage rule check, Multi-voltage-aware sign-off verification
> ‘ Verification ‘




Chips designed with noise in mind, packages, and PCB co-design

Socionext achieves perfect operation on the first attempt through LSI development based on the chip, package, and
PCB codesign flow. While offering a good forecast for design through reference design, we develop and improve
LSl models (IBIS, timing model, LS| power supply model) necessary for transmission line analysis of DDR4 and other
memory interfaces and USB3.0 and other SerDes interfaces to achieve total optimization in each phase of design
based on integrated chips, packages, and PCB analysis. This allows for an issue that used to only be discovered in the
actual design phase to be addressed in the prototyping phase.

Customer Socionext
PCB design constraint Prototyping
nsideration :
GenshEo Package Chip
. . Reference -
Signal waveform analysis design I/O selection u!
Ball-PCB leader consideration Pad-ball placement consideration g,
; Aot Ball placement/IBIS : At <
Bypass capacitor placement consideration Timing/LSl power suoply mockl IR drop/SSO noise estimation 3
Power supply impedance analysis Decoupling capacity cell estimation 3
Critical area Feedback Electrical characteristic estimation

Routing consideration " " . )
Critical area routing consideration

¥ Ball placement/IBIS ‘ ‘
Timing/LS! ly model
PCB art work design e . poﬁ;sufymo - Package design =~ Chip design
¥ eeapacl ¥ ¥ 3
Electrical characteristic extraction Electrical characteristic extraction =
\ 4 L 4 =
i i i Ball placement/IBIS N i i 8
Final PCB *venﬂoanon TiringL.S| power Suppy rodel Chip packa%e verification -
PCB manufacturing LSI manufacturing

We offer customers IBIS and a timing model early on in the design stage so that they can conduct transmission line
analysis taking timing into account.

DDR4 Waveform/Timing Analysis by Customer USB3.0 Waveform Analysis by Customer

R
.':; T

T i R
£ e o :
X &P =

s
.

IBIS-AMI
Channel Analysis

The use of IBIS5.0 and an LSI power supply model (chip and package) for PCB power supply impedance analysis
and SSO noise analysis allows customers to perform high accuracy development in a short TAT.

PCB Power Supply Impedance Analysis (SPICE Netlist vs. IBIS5.0) SSO Noise Analysis (SPICE Netlist vs. IBIS5.0)
— SPICE Netiist A A A | | — SPICE Netist
— IBIS5.0 — IBIS5.0

Fraquency|GHz) ’ ' T Timeinal
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Advanced Device Implementation and Manufacturing

Technologies and Device Products

Our device products from 90 nm to 16 nm include standard cell types supporting a wide range of technologies.
Socionext is working with multiple foundry partners. Thanks to the synergy effect of their manufacturing capability
and the quality control system and design engineering ability of Socionext, we will continue to lead the LSI industry in
design and manufacture of cutting-edge custom SoCs using the 28 nm process and beyond.

@Standard cell

Technology Series Power Supply Voltage (Typ.)
7 nm FinFET CMOS T.B.D. T.B.D
16 nm FinFET CMOS CS602 series +0.7V£0.07V/ +0.8V +£0.08V
28 nm Metal Gate CMOS CS407 series +0.8V£0.08V / +0.9V +£0.09V
28 nm Metal Gate CMOS CS405 series +0.9V £0.09V
40 nm Si Gate CMOS CS302 series +1.1V£0.1V
55 nm Si Gate CMOS CS251 series +1.2V£0.1V
65 nm Si Gate CMOS CS201 series +0.9Vto +1.3V (supports a wide range)
90 nm Si Gate CMOS CS101 series +0.9Vto +1.3V (supports a wide range)
@ Gate scale comparison @®Power consumption comparison
16nm ‘08602
: : 10 [ cs101
28nm  CS405/CS407
: : CS201
40nm  CS302 5
| S CS251
55nm  CS251 g CS302
; o
; a
©
65nm §C8201 ‘ ‘ 5 CS405
90nm CS101 CS407
0.1 .
CS602 -
' M 10M  100M  1G 005
Number of gates installed :
90nm  65nm 55nm 40nm 28nm 16nm

technology node

*1: The vertical axis shows the relative ratio of each technology using the total power
(sum of the dynamic component and leakage component) of CS101 as the criterion



Advanced Packages

Package System

From high performance models for high end use to high cost performance models for consumer use, we provide a

wide range of packages.

Package Type

Package Structure

Number of Pins

I/0 Frequency Thermal Resistor Oja

Example Purposes

(GHz) (°C /W) (0m/s)
FC-CBGA 450~2116 ~5 7~ Routers, servers,
workstations, o
E\(/JHF())%?Q 450~2116 ~25 7~ Broadband communication
High end
G —————=—=T LN P F o~
(Conventional) '
Routers, computers, graphics,
TEBGA 256~1849 ~1.6 13~ digital TVs, settop boxes,
printers
PBGA 256~1849 ~1.6 15~
Computers, smartphones,
FBGA H up to approx. ~ 17~60 digital video cameras,
1000 digital still cameras
Consumer use QFN 16~88 ~15 20~40 Smartphones,
digital video cameras,
digital still cameras
WL-CSP % Approx. 400 | ~2.5 25~60
LQFP Iﬁ Computers, digital TVs,
32~256 ~2.5 15~100 settop boxes,
TEQFP printers

Package Roadmap

Through a strong partnership with outsource assembly and test (OSAT) in Japan and overseas, we provide packages
with well balanced technology, cost, quality, and reliability.
Extract functions

, ions Current solution Next generation
required for applications

Needs
Server/Network Wide band memo

SSTCTUTTUToTeeY

Wide bandwidth

="

Embedded die
T —
Hioh densit with bult-in components

A5
Mobile/loT — m%m
5)
: = WL-CSP
A - Embedded passive
LQFP
] T e

AR E EEE
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Simulation

Utilizing advanced simulation technologies, we offer the best package solution.

@Electrical characteristic simulation

The most appropriate board pattern can be designed based on the results of electrical characteristic simulation.

Case) Electrical Characteristic Simulation of Package Board Wiring
Simulation model Analysis results

=|‘ el

@® Mechanism simulation
Incorporating mechanism simulation into package design allows customers to propose high reliability packages.

Case) Stress Analysis of Solder Joint Sections

Model r Heat sink

PKG board

Analysis results

Underfill




@ Thermal design simulation

By combining actual measurement of thermal resistors and thermofluid simulation, we perform high accuracy thermal
resistance analysis reproducing the operating environment of products. Analysis in an environment defined by the

JEDEC standard is also possible.
Model D .
(] insiche

sxzoct HE

JEDEC Environment

Profile

W ¥y
1y
.-' ' with Heatsink TV Case
with FIN+FAN w

Thermal Distribution on Chip
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IP Macros

Socionext supports customers with the development of advanced SoC by providing high-quality macros verified by its
unique IP macro verification system. We develop our own rich IP lineup, which includes CPU, media processing, image
processing, and communication interface, and also prepare various types of IP by cooperating with third party vendors,
to meet a vast range of customer demands with our cutting-edge technologies. We will continue our development
focused on the circuit technology expertise cultivated on the high-end platforms, and provide stable and advanced IPs.

PC peripheral IF
USB2.0 USBB3.0 USB8.1
PCle Gen2 PCle Gen3 PCle Gen4
RC/EP RC/EP RC/EP
Audio/Video IF
HDMI1.4 HDMI2.0 HDMI2.1
V by One Display Port
Storage IF
SATA2 AHCI SATA3 AHCI/Dev
SD3.0 SD4.0
VMG MMC4.5 it SD5.0
Memory IF
DDR3/3L DDR4/3 HBM2
LPDDR3/2 LPDDR4 LPDDR4X
Mobile IF
MIPI DSI/CSI2/LLI
D-PHY C&D-PHY M-PHY
High performance IF
11G-SR 11G/28G-SR 28G-VSR 25G-LR
1G to 28G
Multirate 56G-PAMA4
|
Being offered In preparation

Lower Power Consumption and Smaller IP Macros

As technology advances, system LSls are increasingly

, _ SerDes
required to have more functions. In response, we have P
been developing smaller IP macros that consume less ; '
power. In addition to reducing power thanks to advances 2 - .
. . . = 0.8
in technology, we provide macros that are available only X ®
; : ; 0.6
from Socionext by developing new architectures. socionext
0.4 ST
‘e
0.2 philat X X )
0.2 0.4 0.6 0.8 1 1.2

Power consumption ratio
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ARM®Solutions

ARM Cores and Design Kits

The comprehensive license agreement with ARM
allows customers to select the most suitable ARM
core to meet their requirements. We provide the
most suitable ARM core and SNAP-DK (design kit), a
design environment, for custom SoC for a wide range
of applications such as microcontrollers, embedded
device, and application equipment.

These ARM cores in the line-up are available on all
process technologies that Socionext offers.

Line-up of ARM cores, GPUs, and SNAP-DKs

ARM core
ARM v4,v5,v6 ARM v7 ARM v8 °
@ ARM11 @ Cortex-A Cortex-A73 (D
@ ARM9 @ Cortex-R @ Cortex-A72 Planning
@ ARM7 @ Cortex-M @ Cortex-A53
Mali Utgard Mali Midgard Mali Bifrost
@ Mali-400 @ Mali-T800 Mali-G71
@ Mali-T600
SNAP-DK

SNAP-DK 11 SNAP-DK Av7

SNAP-DK 9 SNAP-DK Rv7

SNAP-DK Av8

Socionext ARM Platform (SNAP)

Use of the SNAP (Socionext ARM based SoC Platform)
reduces development time and risks in ARM core-based
SoC development. SNAP consist of the following.

@Design Kits: SNAP-DK, ADK, SDK
+ SNAP-DK : Consists of an ARM core and minimum
required peripheral IPs.
+ SNAP-ADK : SNAP-DK-based design kit that al-ready
implements an interface macro, GPU, etc.
+ SNAP-SDK : This design kit provides a fully customized
dedicated subsystem for customers
using a design tool in accordance with
the requirement specifications.
By selecting the most suitable design kit based on the
specifications customers require, development time can
be reduced significantly.
These design kits, containing a simulation environment,
test bench, sample boot code, etc., contribute to the
shortening of time to launch the design environment
and creation of an appropriate ARM core boot program.

@Prototyping: SNAP-PK
+ The SNAP-PK provides Socionext's unique FPGA
board with SNAP-DK. By implementing a user logic
on the FPGA side, it achieves prototyping of an SoC.
+ This product can be used for system operation
verification of hardware, performance evaluation,
and early development of software.

Planning
SNAP Design Kits
Type Content Advantage
CPU Bootable CPU
(SB’\zlaéiz-ggsi n Kit) + small-scale subsystems can be
9 peripheral IPs used
SNAP-DK High performance

SNAP-ADK
(Advanced Design
Kit)

+ high performance IPs
(system with guaran-
teed performance)

CPU subsystems
including an OS
can be used

SNAP-SDK
(System Design Kit)

Consultation-based
full custom design kit
(system with guaran-
teed performance)

Dedicated subsystems
based on requirement
specifications and
existing systems can
be used

= ﬂ_EL(Exam

ple) SNAP-DK M3 +[Customer's Iogic]

gl S
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@Driver/OS: SNAP-Linux

SNAP-Linux provides the Linux kernel for which
operation has been checked on the SNAP-PK and
various IP drivers.

This product contributes to reducing software
development time for customers.

Interface Macros

DDR Interface

Socionext provides various DDR interface macros from
low-to-middle speed forwarding bandwidth to high-
speed forwarding bandwidth or low power, with various
process technologies.
Moreover, we support custom SoC development by LSI-
Package-Board co-design.
@®DDR interface macros

+ High-speed/high-bandwidth DDR3/DDR4

+ Low power LPDDR4/L.PDDRS/

LPDDR2/DDR3L

+ DFI compliant (all macro)

« Compatible with many different DRAM
configurations and PKG options, such as Fly-by and
PoP thanks to the PHY function (training function).

@DDR interface design support
(LSI-Package-Board codesign)
+ Timing verification : Verifies the timing of all DDR-IF
systems including delays between
LSI /0 and DRAM
+ Power Integrity : Optimizes the parasitic inductance,
resonant frequency, and power
supply (PKG, PCB) impedance
as part of the power supply
impedance design

SNAP (Socionext ARM Platform)

- Signal Integrity : Optimizes Driver strength,
terminator resistance, and
interconnect topology

DDR Interface Configuration Diagram

ok a0,  E2M
CMD,DM  [BE
“ Memory DDR SSTL | DDR|
Controller PHY HSUL
User I/F - « 170 “ OR
DFI DQ, bQS

Hj

DRAM vendors

L ¢

(APB)  Test

LPDDR4-2400 DQ Waveforms




Memory Controllers

Socionext provides various memory solutions for
system optimization. We also offer consulting services
on memory systems including memory channels and
the system bus to maximize SoC performance.
@®Memory controller IP
+ Controller for maximizing high DRAM utilization
@QoS-Arbiter IP
+ High performance QoS-Arbiter featuring multiple
functions
@®BuslP
- Original low power consumption bus with high
layout flexibility
@®MonitorlP
+ Visualizes memory system performance in real-time
- Monitors performance (bandwidth, latency) and
provides an environment for tuning parameters

SLVS-EC Interface

This is a high-speed interface for constructing a camera
system with a high-speed, high-resolution CMOS image
Sensor.
With a high bandwidth of up to 18.4 Gbps, this interface
provides a solution for fully expressing images.
@®SLVS-EC macro

- Supports up to 8 times the number of lanes

* Integrates Reed-Solomon ECC

+ Multiple stream transfer can be selected

Consulting

//—! Maximize engine performance I_

Decoder| |Encoder| | Graphic CPU

~ /7 ~ 7

StationO Station1
[ SystemBusIP I

T T T T T T T T
nterCohnect IF |-| TnterConnectIF |
| 1 1 1 1 1 1 1 1

o

[ Qos-Arbiter P [

|Pen‘ormance Monitor IP|

Cremreormror ™ e
'ACSpec | ACSpec

DDRx x DURx x

|Mem0ry channel oonfiguraﬂon| | Memory performance (oandwidith, efficiency) P

Consulting Consulting

SLVS-EC Evaluation Board
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10G-28Gbps SerDes Interface

With transmission performance of 10Gbps—28Gbps
per channel and a configuration comprised of multiple
channels, we provide a high-performance SerDes
macro for constructing 100G/200G/400G optical
networks or 100G Ether systems.
The built-in low-jitter, high-performance PLL enables
robust transmission up to 28 Gbps per channel.
It also supports various standards including OIF-CEI-11G-
SR, OIF-CEI- 28G-SR, OIF-CEI-28G-VSR, IEEE802.3ba
CAUI, IEEE802.3bm CAUI4, XFI and so forth.
x1, x4 lane configuration.
+ Comprised of Transmitter/Receiver/PLL and capable
of bidirectional communication with 1 macro.
+ Up to 112.8 Gbps per macro (for unidirectional, x4
configuration).
+ Support for power-down control on each lane.
+ Support for power-down control for the entire
macro.
* Implementing Clock-Data recovery for each
Receiver lane.
+ Transmitter Equalization supported.
+ Receiver Equalization supported.

Analog Macros

We offer various analog macros (data converter,
power management, temperature sensor, analog
front-end) for our customers' development to address
various applications including communication, image
processing, sensors and control.

® All macros are silicon verified.

® Implemented on many custom SoCs with a track

record in mass production.

Data Converters

We offer various data converter macros addressing
low power consumption and a small area which are
demanded in SoCs.
@Pipeline & high speed SAR ADC
+ 10-bit/12-bit resolution, maximum 200MSPS
conversion rates

+ The world's smallest class power consumption

Serial Parallel
I/F I/F
Transmitter l
PLL
) Receiver -

N,

28 Gbps Output Waveforms with Test Chip

}

+ Built-in termination resistor in Transmitter/Receiver.
+ Organic flip chip package.
(0.8 mm/1.0 mm Ball Pitch, HDBU Package)

@®AX ADC
+ Applicable to 16bit to 24bit resolutions

* Power consumption of up to 1 mW with high
precision SINAD 85 dB

@ AX DAC
+ Applicable to 16bit to 24bit resolutions
+ SINAD 90 dB. Power consumption is 1 mW or less

Data Converters
10000

¥ 1000
=
& 100
[0
= Gommunication/
S 10 et SARADC S T
c Gurrent DAC
ke [ S E—
g Control/SAR ADC
2 Low-speed DAC
5 o1
O
00l G—5 46 & 10 72 14 16 18 20 22 24

Resolution [bit]



Power Management

We offer various power management macros that enable single power supply development which is demanded in SoCs.

@DC-DC converter for large current supply applications
+ Reduced cost achieved by consolidating power-
supply IC functions in SoCs

+ 85% power conversion efficiency

- Safety protection functions such as short-circuit
detection implemented

@®LDO for low noise power supply applications
+ Line-up of small area version such as integrated 1/0 type

- Safety protection functions such as short-circuit
detection implemented

+ Power supply to analog IPs such as ADC and PLL
supported

Temperature Sensor

We offer temperature sensor macros for voltage and
frequency control according to chip temperature.
+ Chip temperature monitoring at a high resolution (0.125°C
step) enabled by the built-in high accuracy ADC

+ Multiple sensors installed on one chip due to low
power consumption and small area

Analog Front-End (AFE)

We offer low power consumption AFEs for processing
various sensor signals.
@Touch panel AFE

- Suitable for 4-wire resistive film touchscreen panels

« Built-in driver circuit for operating resistive films
+ 12-Bit SAR ADC installed

+ Touch position detection, pen pressure detection
and pen interrupt functions supported

@Scanner AFE
+ Both CCD and CIS supported

+ Gain and offset adjustment function implemented
- 12-bit high-speed ADC installed
+ Low power consumption (72mW)

@®Power line communication (PLC) AFE
+ High-speed PLC standards (HD-PLC, IEEE1901,
etc.) compliant

Power Management

A

A
3000
2000
1000

DC-DC
400

200
100

LDO

Output Current [mA]

>

Small ) ) Large "
Power-supply Noise Immunity

Example Application of Temperature Sensor

Power supply
I PLL )
t Temperature sensor
Control circuit
Temperature sensor

Example Application of Touch Panel AFE

Custom SoC

AFE

Example Application of PLC AFE

Custom SoC

AFE

MAC PHY » ' I Power line

+ High accuracy and high-speed ADC/DAC circuits installed

Transmitter : 10-bit 250MSPS 3.3V DAC
Receiver : 10-bit 125MSPS 1.2V ADC
+ Low power consumption (365mW)
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Line-up of IP Macros

Socionext's IP macros with their proven track records support customers in advanced SoC development.

@®Functional/Interface Macros

Process Technology

Category Function
90nm 65nm 55nm 40nm 28nm 16nm
Cortex-A v v v v v v
Cortex-R v v v v v v
ARM Cores Cortex-M v v v v v v
ARM11, ARM9, ARM7 v v v v 7 v
Mali v v v v v v
JPEG 4 v v v v v
Image Core H.264 v v v v v v
H.265 v v v v v v
MD5/SHA v v v v v v
PKA v v v v v v
. DES v v v v v v
Security Core ACS v v v v v =
|PSEC* v v v v v v
TLS* v v v v v v
Interface IrDA v v v v v v
Controller Core | UART v v v v v v
UHS-| % v v v v v
SD
UHS-II v v
*: For details, refer to security subsystems on page 15.
@®High Speed Interface Macros
. Process Technology
Category Function
90nm 65nm 55nm 40nm 28nm 16nm
USB3.1 Gen2 Host/Device v v
UsB USB3.1 Gen1 (USB3.0) Host/Device v v v v v
USB2.0 Host/Hub/Device v v v v v 4
Ethernet Gigabit Ethernet MAC v v v v v v
HDMI2.0 v v v v v v
Video V-By-One HS v v
FPD-Link v 4 4 4 4
LVDS v v v v v v
LVDS
SubLVDS v v v 4 4 4
DS v v v v v v
CSI-2 v v v v v v
MIPI LU ’
D-PHY v v v v v v
C/D-PHY v v
M-PHY 4 4
PCle Gen3 RT/EP v v
PCI v v v v
Express PCle Gen2 RT/EP
PCle Gen1 RT/EP v

(continued on the following page)



@®High Speed Interface Macros

Process Technology

Category Function
90nm 65nm 55nm 40nm 28nm 16nm
SATA3 AHCI v v
Serial ATA SATA2 AHCI 4 4 v v
SATAS3 Device 4
DDR3 v v v v v v
DDR3L v v v v v v
DRAM DDR4 v v v
I(rl:w)tﬁ\r;)ace LPDDR3 v v v
LPDDR4 v v
HBM2 v
@®Analog Macros
. Process Technology
Category Function
90nm 65nm 55nm 40nm 28nm 16nm
8bit, up to 140MSPS v v v 4 v
ADC 10bit, up to 200MSPS v 4 4 4 4
12bit, up to 200MSPS 4 4 4 4 v v
16bit 4 v v
10bit, up to 220MSPS 4 v v v v
DAC 12bit, up to 110MSPS v 4 4 4
16bit v v v
Audio v v
Video v v
AFE Scanner v v
Touch Panel 4 4 4
'Sl'zrr;r;%errature +/-6deg.C accuracy (without trimming) v v v v v
Vin=3.3V, Vout=1.0-1.2V, lout =200mA LDO v v v v
Regulator -
Vin=3.3V, Vout=1.0-1.2V, lout =400mA DCDC v 4 4
Fout: ~1200MHz, Fin:10~200MHz 4 v v v v v
Standard PLL Fout: ~1600MHz, Fin:16~200MHz v v v v v v
Fout: ~5000MHz, Fin:20~100MHz v 4
) Fout: ~600MHz, Fin:11~100MHz v 4 v 4
Low Jitter PLL :
Fout: ~B6000MHz, Fin:20~100MHz v v
Fractional -N Fout: ~1600MHz, Fin:10~50MHz v v v 4
PLL Fout: ~2800MHz, Fin:10~50MHz v v
Fout: ~1600MHz, Fin:10~50MHz 4 4 4 4
SSCG :
Fout: ~2800MHz, Fin:10~50MHz 4 4

36

SOJ0BN d|



* DesignExpress, Cedar, PLACATE, and CoolAdjust are trademarks of Socionext Inc.

* ARM is the registered trademark of ARM Limited in the EU and other countries.

* AMBA, ARM1176JZF-S, ARM7TDMI-S, ARM926EJ-S, ARM946E-S, ETM11, Cortex are the trademarks of ARM Limited
in the EU and other countries.

* HDMI, the HDMI logo, and High-Definition Multimedia Interface are trademarks or registered trademarks of HDMI
Licensing LLC.

Other company names and product names are trademarks or registered trademarks of the respective companies.

Socionext Inc.

Nomura Shin-Yokohama Bldg., 2-10-23 Shin-Yokohama,
Kohoku-ku, Yokohama, Kanagawa, 222-0033, Japan
Tel. +81-45-568-1015

http://socionext.com/en/
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your Socionext sales representatives before order of Socionext device.
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and other abnormal operating conditions.
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