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RISC-V IP Market Will Continue Accelerating

$1,400 $2,500

$1,200
> ”e $2,000
=]
% $1,000 — : : - /
] We are projecting a flip from License — driven to B ®
% $800 Royalty — driven revenues around 2027, sooner if penetration 7 $1,500 %
3 into the Data Center and Computer market intensifies o
e ] z
o 8600 $1,000 £
2 2
&  $400
a $500
- _ﬁ/r.(

$0 $0
2021 2022 2023 2024* 2025* 2026* 2027* 2028* 2029* 2030* 2031*

‘ [ JTotal RISC-V CPU IP Royalties @ Total RISC-V CPU IP Licensing ITotal RISC-V CPU IP Maintenance

-—Total Revenues ‘

Forecast*

Source: The SHD Group, June 2025

RISC-V IP Market Leaders (alphabetical order)
* Andes — Worldwide market share leader based on current estimates

* Codasip
+  DIY (home-grown RISC-V)
*  MIPS

* Nuclei Systems — China Market Share Leader based on current estimates

* SiFive

Newer entrants into RISC-V IP (alphabetical order)

Akeana

Condor Computing
Synopsys
Tenstorrent
Ventana

rhEX Market Share Leader

{ S group ]
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MCU, AloT, &% Linux, ih&it+e 776E, AR/VR Linux, S4EP L, FLE SIM+E, MEER%ESE SEBRTF EEITE, MmLE

e

NA1000 NI1000

1000 &%

UX1000
Qut-of-Order (SMP)
3/4/6-Wide Decode
900 &%
9-5tage Pipeline
Dual-lssue

600 A%

G-Stage Pipeline
Single-lssue

300 &%l

3-5Stage Pipeline
Single/Dual-lssue

200 &5

2-Stage Pipeline
Single-lssue

100 &%

2-Stage Pipeline
Single-lssue

UX900
(SMP)

UX600
(SMP)
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TEE(Trusted Execution Environment):

2006 OMTPWN R AL iR RTTEE == 2008 ARM TrustZone=—> 2010 GP $IETEENSTiTE

IMBTEEER:
CPU 2243 SZHFTEERYTE 3ZF5FTEERYER(F
QTEE/TEEgris/ITrustee/
ARM Trustzone Trustonic/OP-TEE/TF-M
RISC-V PMP, Worldguard, Keystone/Penglai/

|IOPMP, SMMTT MutilZone
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ARM Cortex-A Trustzone

« Processor Architecture
« Monitor Mode
« System Architecture
«  AXI/AXI2AHB/AXI2APB
« Debug Architecture
« Secure privileged/user invasive
(JTAG)/non-invasive(Trace)
debug
« Hardware Lib
- TZASC/TZPC/GIC

ovRiiY I
NUCLEl
~ T T T Normalworld ! :--__-_-__‘_Sgc_u_re_\.;()-rla___-___---i
L
P !
Generic Security Security | 1 : Security Security Standalone :
application client client : I service service application :
(. "
User A t _______________ IR S T ______________ User !
Privileged : : ' Privileged |
|
Kernel P Kernel
v v L] v v |
(. :
TrustZone Lo Inter-world I
Scheduler driver : : IPC manager P Scheduler :
I
(. !
| |
smc ! I
1 > I
: Monitor = !
! |
______ J_______________l._l L_____________l.____l_______l
IRQ FlQ IRQ FlQ

Figure 5-1 : A possible architecture with an independent Secure world OS
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TEE SE1ME

ARM Cortex-M Trustzone

* memory partition
« SAU/IDAU configure S/NSC/NS
memory region
« secure MPU/non-secure
MPU (optional)

Technology Co., Ltd

SAU/IDAU

Secure MPU Non-secure MPU

Address Secure,
Non-secure,
Non-secure Callable

HSL Y

cl
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ARM Cortex-M Trustzone

- State transitions
« the system starts up in Secure state
« function call across secure state: SG/BXNS/BLXNS

Non-secure Non-secure Callabl Secure
Func_A_entry
BL Func_A_entry —» SG; Indicate valid entry
e B Func_A * Func_A
. - Function
I BXNS LR
MNon-secure Secure
Func_B Return address push to o
: Function <+——Secure stack, LR set to BLXNS RO/* RO=address of Func_B with LSB =0 (NS)*/
FNC_RETURN .

-
Coe Branch to FNC_RETURN triggers
BX LR unstacking of return address from —
Secure stack

oY 15
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RISC-V Security Mechanisms

Privilege Levels(M/H/S/U)
Physical Memory Protection (PMP)

RISC-V ISA related
e SMMTT
« WorldGuard

RISC-V Non-ISA related
« AP-TEE
- |IOPMP
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Nuclei TEE 7148

Nuclei AP TEE f&#{# (UX900ZF%%!)
« M/S/U
« MMU
« PMP
 Nuclei #&38AIPLIC

Nuclei MCU TEE &% (N300%7%1)
« M/S
- PMP
e Nuclei ECLIC
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Nuclei AP OP-TEE 53 R

] NUCLEI
pe}__j
POIE R R
.« HW: M/S/UsERERL, PMP, PLIC k=
[ ] SW: 'e*tﬂ'egx
« Monitor[M]: BEELZERSLETX, HREAEREERS
X, TEERUHITERWIE, PMPRFENSD, FEECE. >
- REE-OS/TEE-OS[S]: #{E&R S o
- CA/TA[U]: BF#&ERF rocess|request
o
_______ " o
-
Linux[S] OP-TEEJ[S] “.’D
Monitor[M] PR R @
Hart CTX Manage/PMP memory Manage .B__)

REE Monitor TEE



Nuclei AP OP-TEE 7%

RENE-RERE, CPUR2IRTSRES

« PMPEUINEFRE: XoLeRE#KEIFLE
AREANTFEIBLIZ ]

« M#EMonitor: BIECPULREIRE LT,
RECPULTEIRS E TR, HiTibiE=
[BJJ#R

- PMPECELUIRE/NILERS

o Z£&Nuclei SecurefFE, CPUZREIRNESH
B, BUS/Cache/TLBtE XS HZ e

Public@2025 Nuclei System Technology Co., Ltd

pmp4 —

elgglel8] SM M-mode

pmpl  TEE S-mode «

\
\

pmp2  REE S-mode %
\%
pMp3  Share S-mode \

U-mode

DDR
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Virtual Address Space
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NUCLEI
PRt - P EAPRE

I
I
. (RIBFTARHTEISHER |
+ XIPLIC rRBT{HAEETS % |
o MASTUAERSAORRNT: JEAtHFghE Al |
. SHETCfHESRORNT: AtHRANE ntr - NSintr | Sintr NS Intr
« Monitor E18rhlrEeERD, tLIENIEZE I
SRR, RERSINSTFREIMEERE, R |
HMErhMTEI SR A
. REREE, NEHAZSHRE, FNAEHEE
SHHERNT, (B2 rhETAE THHER S R

« Nuclei PLICFE{44bE —
- MiEz{(EReRIlT, SIERICAB S PREX
HiFee
« CPUEMIEZ{ FA[{EPLIC Fifrpending

\ 4

Monitor




Nuclei MCU TEE 5%

- RAERS

- PMP %o HEetHR SRS HRAUIIIZSE]

. cPuzéﬁlk.uBm%

M-mode

« U-mode HIFLERn A

« ST 7 SPESNSPERSfRES,

U-Mode

S-Mode

M-Mode

BEeeitR, BHLZ2RS, LHBEZEH
« S-mode fIFLREHR, WIBIFLEPlT

SPEREREINR B AIRES

- NSPE

NS APP
NS RTOS interrupt
Secure |interrupt | | pmp cfg

Service

SPE

oY 15
NUCLEI

Based on Trusted Firmware-M (TF-M)
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NUCLEI

- RS
- ELEerhlty, REASEIFERE, TIFEeHRLE
o Tk, REAMIEIFERE, TReHFRAME
« MiRZ(SPE, [AEEMNIFEEFEI(METIIITZEIRSAS, mtimeriBATNITIHAZSIRT,
SMERTEERI pending Fol)
« SIRTIUNSPE, MohrgEAkT

NS Intr NSPE (S-Mode)

—Sintr——>

~

mtimer
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- EHEREA
-« MRz SPERIAPISHZE SERTUNSPE(EA
- MiEz(fEEFunctionID FHUTXIMAYLIRE, XITFoxUDNIIREISERTZERROR

Monitor(M-Mode)

@
SFuncl ID SFuncl Addr
NSPE (S- / ®)

SFunc2ID | SFunc2 Addr
int NSFGAC1 ()

li a0, FC_
lial, SE
ecall

SFuncN ID | SFuncN Addr
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Nuclei OP-TEERF 3 Nuclei TEERG =

CPURERTIRE MIRZ: Z2IR& MIEZ: Z2IR&
Sl RENT, AR SEIl FRERE
R, BIrHMEDES

RS PMP PMP
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