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Automotive RISC-V Research: Customized chips may
become the future trend, and RISC-V will challenge ARM

What is RISC-V?

Reduced Instruction Set Computing - Five (RISC-V) is an
open standard instruction set architecture (ISA) based on
established reduced instruction set computer (RISC)
principles. RISC-V can be used to design and implement
processor chips and computer architectures. It competes with
X86 and ARM globally.

RISC-V’s advantage mainly lies in that its instruction sets and
architectures are open source and free. Its modular design
allows enterprises to add, expand or remove the instruction
sets. In contrast, ARM and X86 are not only complicated in
instruction set development, but also difficult to obtain
authorization to modify instruction sets.

However, RISC-V’s disadvantage mainly rests in the relatively
immature ecosystem. Related compilers, development tools,
software integrated development environment (IDE) and
other ecological elements are still developing.

Customized chips may become the future trend, and RISC-V will challenge ARM

Comparison between RISC-V, X86 and ARM

Developer

RISC-V

RISC-V Foundation has over
3,000 promotion members

ARM

ARM

X86

Intel, AMD

Instruction set architecture
type

Reduced instruction set

Reduced instruction set

Complex instruction set

Architecture document length

About 400 pages

2,736 (only ARM-32)

2,198 (only X86-32)

There are more than 40

Instruction set entry entries in basic instruction More than 1,000 entries. More than 5000 entries.
sets, totaling 300 entries.
Modularity and scalability Available N/A N/A
Simple hardware design and - - | ]
Hardware compilation High complexity High complexity
Ecological environment Under rapid development Mature Mature

Open source, free

Closed and charged

Open source, free trial,
custom extension and
deletion.

ISA
Basic IP
Authorization core
method
Improved
IP core

Developers can license new
modules to other users for a
fee

Developed by ARM itself.
Pay to use. Custom
extension is generally not
supported

Only Intel, AMD, and
VIA have authorization
which is not available
for others for the time
being.

Application market

From the Interet of Things to
smart wearables, covering the

Mobile and portable

Servers and desktop

entire computing field from devices PCs
MCUs to supercomputers
Source: The RISC-V Instruction Set Manual
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RISC-V makes chip customization easier

RISC-V adopts modular ISA, that Main Advantages of RISC-V Customization

is, it consists of a basic integer

instruction set (the basic integer Optimization spece
instruction set is the only
mandatory basic instruction set for Processors with custom
are optional extension modules) Improved
P . . . Performance Addhg custom t&{gﬁ‘t ﬂpp]lcaﬂﬂn
and multiple optional extension (for a n aat of instructions
instruction sets. Therefore, a CPU applications)
can be customized according to I_ J
the requirements of a specific —— -
application. 1 j

_Processors with RISC-V

In terms of customization, it extensions

enables designers to create il
thousands of potential customized

processors, thus speeding up the _, Adding RISC-V

time to market. The universality of | extensions

processor IP also shortens Base RISC-V ,

software development time. processor L Wi{EER Codasip

>

Source: Codasip
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RISC-V has spread to high-performance fields with the shipments of 10 billion processor

cores in 2022

For example, Codasip can provide users with processor customized IP solutions based on RISC-V. The solution includes basic processor IP
and development tool Codasip Studio. The engineering team can realize the integrated design of hardware and software according to project
requirements and improve the efficiency of customized processor design. In October 2023, Codasip introduced the highly flexible 700 family
for unlimited innovation. With the 700 family and Codasip Custom Compute, designers can push the technology limits by optimizing at the chip
or application level for unique gains while keeping costs under control.

SiFive is a semiconductor enterprise based on RISC-V customization. SiFive mainly assists companies to customize processor cores based
on RISC-V. Through its customized RISC-V semiconductor, it facilitates IC design and system companies to shorten the time to market and
reduce costs.

RISC-V has spread to high-performance fields with the shipments of 10 billion processor cores in 2022

According to the data of RISC-V Foundation, 10 billion processor cores based on RISC-V were shipped in 2022, and are mainly used in the
field of Internet of Things. With the growth of market demand, RISC-V is gradually moving towards high-performance fields such as
autonomous driving, artificial intelligence, communication, data centers and other scenarios that require higher computing power.

Tesla developed its own customized chip "D1" in 2021. Based on RISC-V, D1 can train the artificial intelligence network in the data center.

Mobileye (acquired by Intel) released EyeQ Ultra in January 2022, containing 12 dual-threaded CPU cores based on RISC-V. Mass production
is expected in 2025.

In September 2023, StarFive unveiled Dubhe-90, a high-performance RISC-V CPU IP. Dubhe-90 is the flagship product of Dubhe Max
Performance series, with SPECint2006 9.4/GHz and performance comparable to that of ARM Cortex-A76. Its customers mainly come from
high-end application fields such as PC, high-performance network communication, machine learning and data centers.
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The combination of RISC-V and chiplet technology reduces the cost and threshold of chip

design

The combination of RISC-V and chiplet Ventana Combines RISC-V with Chiplet Technology
technology reduces the cost and

threshold of chip design Building Platforms: Ventana and RISC-V

In order to reduce the cost and threshold of
chip design, RISC-V processor

development companies and research Security @L
institutions combine RISC-V with chiplet ’ CDh?rEnt. power e S s E— Ventana compute Yo
technology. efficient UCle chiplet [ RS [EEE W T e

interfaces o e RAS )

Chiplets package specific functional dies » Ventana chiplet link -

into multiple homogeneous and controller IP for low Low Litennsy Cohrsnt HoC. |
heterogeneous module chips through intra- latency v ]
chip interconnection technology (die-to-die). ¥ 1
Chiplet technology can divide a SoC into ~ [ R il
independent modules and manufacture - —

-----

them separately, thus improving the yield
and reducing the design cost.

High Performance CPU £ 7
L
FEEEIY RN N '_ -

Faature Parity with Leading
CPU Architectures

;
)

Source: Ventana
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Ventana Micro Systems, Nuclei System Technology and ICT are laying out chiplets

In November 2023, Ventana Micro Systems Inc. announced Veyron V2, the second generation of its Veyron
family of RISC-V processors. The Veyron V2 is the highest performance RISC-V processor available today and is
offered in the form of chiplets and IP. The Veyron V2 chiplet features industry leading UCle chiplet interconnect.
Veyron V2’s chiplet-based solutions provide advantages in unit economics, accelerating time to market by up to
two years and reducing development costs by up to 75%. Chiplet-based solutions also provide better unit
economics by right sizing compute, 10, and memory.

Nuclei System Technology, as a RISC-V CPU IP enterprise, is laying out chiplets. In November 2022, Nuclei
System Technology joined the UCle (Universal Chiplet Interconnect Express) Industry Alliance as China's first
RISC-V CPU IP enterprise that did so. Nuclei System Technology will work together with other members of UCle
Industry Alliance around the world to research and apply the specifications of UCle 1.0 and the next-generation
UCle technical standard, and will carry out hard-core IP R&D based on chiplet interconnection.

On January 9, 2024, the Institute of Computing Technology, Chinese Academy of Sciences (ICT) launched a "big
chip" called "Zhejiang". With chiplet design, it includes 16 chiplets with a total of 256 RISC-V cores (each chiplet
has 16 RISC-V cores), all of which are programmable and reconfigurable.

n.s..rﬂilncill. www.researchinchina.com report@researchinchina.com 6
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The domestic market is potential, and the automotive electronics market is expected to

become the next hotspot of RISC-V

MCUs account for approximately 30% of the semiconductor devices used in a car. A traditional car has about 50-
100 MCUs, while the number in a smart car will double.

However, the market share of automotive-grade MCUs made in China is less than 5%, which means enormous
potential of such MCUs.

In the past, automotive chips were mainly based on ARM or private architectures of some European chip
companies. RISC-V offers more options for the research and development of domestic automotive chips. Its open
design enables automotive chip vendors to make specific layout according to their own needs, thus enriching
product forms.

In recent years, many domestic automotive-grade MCU vendors have chosen RISC-V to build their own MCUs,
including Wuhan BinarySemi, NationalChip, LinkedSemi, and ChipEXT.

Among them, NationalChip will explore the application of RISC-V in medium and high-end MCU chips for
automotive electronics. For example, CCFC3010PT, for OBC/DC-DC application in new energy power domain, is
NationalChip's first automotive-grade MCU chip based on RISC-V. At the same time, the development of
CCFC3009PT, which is an MCU chip designed and developed for the autonomous driving field, will start. It mainly
targets the post-processing of ISP and radar signals.

CX3288, the automotive-grade MCU launched by ChipEXT in August 2023, adopts a 32-bit RISC-V core. In line
with 15026262 ASIL-B, it supports SHE (Secure Hardware Extension) and Medium HSM in information and
cybersecurity, and bolsters communication encryption and secure startup. It also supports AutoSAR, which can
provide MCAL and configuration tool support.

n.s.'ruilnnil.. www.researchinchina.com report@researchinchina.com 7
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Domestic MCU Vendors Deploy the Automotive RISC-V Field

Domestic MCU Vendors deploy the Automotive RISC-V Field

Domestic
MCU vendor

Established Automotive-grade MCU based on RISC-V

* In December 2022, it released its first automotive-grade MCU -
Fuxi 2360, targeting engines, gearboxes, “electric drive, batteries
and electric control", ADAS, vehicle control and other fields. The

Wuhan March 2022 chip adopts a 32-bit RISC-V multi-core heterogeneous CPU,

BinarySemi which supports dual-core lock step and N900 dual-core. The

main frequency clock is not less than 300MHz, which supports

dual-core lock step. The entire design process comlies with
1S026262.

= Based on the M*Core instruction set authorized by Motorola and
the PowerPC instruction set authorized by 1BM, C*Core 32-bit
RISC CPU IP with independent intellectual property rights was
NationalChip 2001 built. Based on this architecture, a series of automotive MCUSs,
such as the mid-range domain controller chip CCFC2016BC and
the high-end domain controller chip CCFC3007PT, have been
made, in line with SO 26262 ASIL-D.

; ; * The company launched LES03x series automotive-grade
LinkedSem 2019 wireless MCUs based on RISC-V and BLE5.0/1.

* In 2023, CX 3288, the company's first high-performance
automotive-grade MCU based on RISC-V, was released, which
adopted a 32-bit RISC-V core and supported floating-point

ChipEXT 2022 operation instructions, with the main frequency of 300+MHz, the

maximum Flash capacity of 2MB, and abundant peripheral

resources such as HSM and Ethermet /CAN. The design
complies with 1SO 26262 ASIL-B.

= In November 2022, the company launched TLSR9, a wireless
connection SoC based on RISCV specially built for loT
applications. The chip has a built-in 32-bit RISC-V MCU, which
integrates DSP and floating-point extended instructions, and is
Telink June 2020 equipped with an independent low-power Al engine to process
sensor and voice signals in real time. It supports a variety of
advanced loT connection technical specifications, including
classic Bluetooth, BLE, Bluetooth Mesh, Zigbee, Apple HomeKit,
Apple Find My, Thread, Matter, 2. 4GHz proprietary protocols and
RTOS, and allows the parallel operation of some protocols.

Source: ResearchinChina
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ChipEXT Launched Automotive-grade MCUs Based on RISC-V

ChipEXT Launched Automotive-grade MCUs Based on RISC-V

CX3288

RISC-V @300MHz PLL

8XB |/DCache MPU GPIO

Systick PLIC

Multiple LDO=<

Up to 2ZMB eFlash 12 X UART b XLIN Z X ADC

Up to 256KB SRAM 6 X CAN FD 6 X 5PI DAC

Sys & Retention SRAM

4xLPI2C S x Timer POR/PDR/BOR

SPI/QSPI 1 x Ethernet 12 x PWM xBIST

Source: ChipEXT
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Qualcomm, Bosch, Infineon, NXP, Nordic established Quintauris

At present, automotive software and tool chains
are still fragmented. If an ARM is suitable for all
situations, it is difficult to find universality
between upper software vendors and operating “JUINTAURIS
system and application vendors. Compared with
ARM, RISC-V features stronger customization,
and its rich extensibility can meet the growing
demand of automotive electronic systems in the
future. The architecture is free to use, which can

Qualcomm and four other enterprises set up a RISC-V startup

reduce the research and development cost and Quintauris is advancing
is not restricted by any patent or copyright. T , £ nTen
Therefore, automotive electronics is expected to the adoption of RISC-V

become the next hotspot of RISC-V. t'_,]lDiJEtllu by Eﬂablir'@

Top five automotive chip companies Qualcomm, next C_;i.;*HFJI"HUDr"I

Bosch, Infineon, NXP, Nordic established hardware dfj}‘._a'(:].D[Z}rTll'] nt
Quintauris GmbH in December 2023, focusing
on RISC-V. Headquartered in Munich, Germany,
the company's CEO is Alexander Kocher
(previously served as CEO and president of
Elektrobit, an automotive embedded solution
provider, and also worked in companies such as
Continental, Siemens and Infineon). Initially, the
company will pivot on automotive applications,
and then gradually expand to mobile devices,
Internet of Things chips and other fields.

Source: Quintauris
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Domestic OEMs support RISC-V development and actively cooperate with domestic chip

vendors

However, there are two major challenges in making RISC-V get on vehicles. First, it takes a long time to obtain automotive-
grade certification. IATF 16949 should be met, chips should comply with ACQ-100, modules should follow ACQ-104 and
1ISO26262. Second, it is necessary to establish a sound software ecosystem, including a wider range of operating systems
and middleware, and more optimization and verification for specific automotive applications.

Domestic OEMs support RISC-V development and actively cooperate with domestic chip vendors

Some domestic OEMs like Dongfeng Motor, BYD and Chery welcome RISC-V and are keenly cooperating with domestic chip
vendors.

In May 2022, Dongfeng Motor took the lead in jointly establishing the "Hubei Province Automotive-grade Chip Industry
Technology Innovation Consortium" with CICT, Wuhan Lincontrol Automotive Electronic Systems, Wuhan University of
Technology, Huazhong University of Science and Technology, Nuclei System Technology, and TKD Science and Technology.

In December 2022, Wuhan BinarySemi, which was invested by Dongfeng Motor, released Fuxi 2360, a high-performance
automotive-grade MCU chip based on RISC-V with the NA900 RISC-V multi-core heterogeneous CPU IP from Nuclei System
Technology. It can be used in engines, gearboxes, “electric drive, batteries and electric control", ADAS, vehicle control and
other fields.

n.s..reilncil.. www.researchinchina.com report@researchinchina.com 11
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Automotive-grade MCU Chip: Fuxi 2360

In  July 2023, Dongfeng Motor
announced that the "Hubei Province Automotive-grade MCU Chip: Fuxi 2360
Automotive-grade Chip Industry
Technology Innovation Consortium”,
which was led by it, had realized the
trial production of three automotive-
grade chips which were rare in China

and completed the first domestic Functional safety High reliability
automotive-grade MCU chip based on
RISC-V.

Chery is cooperating with domestic chip
vendors to define the entire test
architecture of RISC-V, for example,
RISC-V-based clients and RISC-V chip
testing standards ensure the reliability
of RISC-V chips. In addition to chip
testing, Chery conducted safety and
reliability tests based on automotive-
grade regulations, such as AEC-Q100.

LT

5 B
Secure encryption

-"hn-ﬁm

FLiGD WC

BYD collaborates with Huawei to _ _ _
conduct joint research on the chips of High specification Low power
Intel or Qualcomm based on RISC-V. consumption

Source: Wuhan BinarySemi
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4.2.1 Profile

4.2 Core Products

4.2.3 RISC-based Operating System Development

4.3 Green Hills Software
4.3.1 y-veloSity RTOS Supports RISC-V
4.3.2 Cooperation Dynamics in RISC-V
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Automotive Industry
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