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Abstract

Embedded systems, as a key branch of special-purpose computers, have a wide and diverse range
of applications. Their core—the embedded processor—has long faced stringent requirements in
terms of size, reliability, power consumption, and cost. With the deep integration of the Internet of
Things (IoT) and artificial intelligence (Al), the number of embedded devices has exploded, blurring
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the lines between general-purpose and embedded computing, further highlighting the importance
of embedded processor technology. This article systematically reviews the historical evolution, key
advances, and design goals of embedded processor technology, analyzes the current status and dif-
ferences in domestic and international research, and provides an outlook on its future development
trends from five perspectives. This research provides a structured analytical framework and refer-
ence basis for the systematic understanding and innovative development of embedded processor
technology.
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1. 5|

1961 4= F Bl 2 8 A 1H Ik #E T Apollo il S5 HL(Apollo Guidance Computer, AGC)#iA
Hy i T HR A TR KA Beetle £E 1968 4R H 15 4> L1441l 82 75 (Electronic Control Unit, ECU)
VTR o RN AR FR AR 0 R R IR IA T 20 4D 70 AR U FR AR It . 1971 4, ERFRHEH T
TR P AL B2 4004, bREFIRARARLE NI uG[1]. b5, 8 ALAl 16 S Ab B gs AR 4k i i, #% ) ¥z M
A TAGERAER . BT WA S k. 80 FAX, FEAEMH F L2 S, fdziil#s(Microcontroller Unit, MCU)
VPR . AAHESAT 10 N T 1 —8 ), 3 T AKX RGN &G, 90 A8, Hiris
5 4b ¥ 22 (Digital Signal Processor, DSP)#1 A _I- & 4t (System on Chip, SoC)f Ak & g, ARM Z itk A3X
CPU #rf5k . AN 21 40, ARM ZERJALBEES RS TOFE . Stk ReAIR 3, BN IR N AT i ik
$E[2]. 2015 4EJ5, & TS fiE & 2215 WL (Reduced Instruction Set Computer, RISC-V) [312& 1545 44
B, RN A FRAROHE NS SN 1o RN AL RS (R R4 7 T M TAT B A 0 25 1 v B 4 )
SoC, HHTIEHIE ZM. FFIRMAEEES R . I v 4R FEFE 51 (Field Programmable Gate Array, FPGA)%%
v B RS AR A T B AP, RO RN 2R G0 R I T ORI A AT S5 I B AR R R [4] . B AT
B, RISC-V. oki(Chiplet) [S]SH AR MK E, FPGA BAEMAR ARG FHEEMEM AT, NARKE
RETH IRt m iR v )7 % . Chiplet fEA—Rhkg%E SoC M4BTk, Al BRI K A 4% 45%LL 1
[6], ¥l 1 Fi7R. Chiplet #4857 R N2 AN EOUGCHE, FRdd bR THERTAT, %t A AR B
%} 5/6G. Al 1 VR BHRHIEERE . R, ThEe. P RISRADRR .

NS S E R, SRR RER KRN A ZE MCU #3538\ A& STMicroelectronics 2w [
STM32 #£%1[7]. H#l, HE MCU MRl 2ot s, Bkt kEE% . 2023 £ E iR A
RETIEL RN 180 12270, HAFRTTIAN 16.4%. Filit3] 2028 4F, o [H 17 4 LKA 3] 300 12.2£
JG, EEAWMKEL NN 105%, =T EEEBKF8].

TR FE R AN A B AR G “ XSGR Sug TR ARE R R — 7, Tl A, Fraedi 4555
DLV AR 75 = AT AL R IR H AL AL B 8% (W0 RISC-V 18 T30 1815 314 38%), {H ARM S22
PREENE H EnT$5; H—J7m, AloT WAFEHIREIR 30 LEMAENGH TR, 1 H IS ERE
(= R N 28 Fr ik 5TOPS/W)FISER 4 b X AVTEC o o [ oH AL B I EOR IR B (CCITA) &, I wI A
JEAT) 28 PRI RE A I Fr, Rl NS B R s RS, (B UCTe HLEXEEAR, WISkl 16 H%
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Figure 1. Performance and cost comparison of Chiplets and monolithic chip approaches [6]

[& 1. Chiplet 5B R AR M RERN AR A5 EL B [6]

2. ERIIMARITR
2.1. BAMARIR

AR, PR A F SRR RO AR RS E A S R RS . B B R
f) FMQL20SM ARM + FPGA SoC “F-5[9], % T JU#% ARM Cortex-A7 4bFE 2% 5 85K m] fmfEi® H 7, K
L PS Ui 5 PL bRl TAE, WENE. T2 RNH, HatRRHEE T %GR, SSIE
K 100%. [FINF, OEIRHE T 2022 SE KA Innolink™ Chiplet £R[10], BidEE T2, BaPRM T4
R, A7 UCle bid, AN TERINER —SUR 2 A, B— 0, =K GHEH K 1PU-X6000 i F,
T 14nm Chiplet T.Z#Ti&, R4 256T H J/jflE# C2C Mesh BRI, SCRERBIAHERE, o — B4k
37 Al RFHTE RN U & g [11]

™ RISC-V ZER %6 R AU FPGA $RIEE 2 B F AN 5, 1 AloT. B3 534,
72 RISC-V IP (5K AL N300 ZF)iE N E 2 FPGA (ZEREHL PHIA £71), JER4 H EEARSE[12].
SRR AN FH 7 T, R R SR RISC-V + FPGA 7%, $HiiENEEFRiA 300krad (Si) [13], M.
B KITIEEE A F RZ, MAHGK L T A3 FPGA 5 ARM ZEMEh& M Mt 5 G, W2 7 rE
PERETT B2 A N FH 55K
2.2. ESMRFREIR

ARM A#] M RIIEARBRIIN A E I T P ORFFOUE AL, I RpEHEN Y RRAE AT 1 BH 5% &,
METEHT M BRI ZE Armv8-M, 8 T A i N U & 3R 4 BT vl 2 M 45 IR BT T 1120 7, 2023 4,

Arm B XHIEER N AT & A T Cortex-A320 [14], iX+& ARM HEH 8 3k s 5 i 2 TAE #1064 fif
Armv9 CPU H#%.
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AR, Chiplet HiAR[BI# M TR MERETHR . MRssge. AN TR BEIIRZSESIR. FI, Intel 4
7E 3 Foveros S5t it 25 B R R A T Chiplet B4, #E5) T 3D H 3R &7 96 %M K E[15]. ARM 7E
2025 SEAEH T AN A TFHITE ) Chiplet 2442 K(CSA), BT AL Vet FFREIL 32 11, H#ESh T Chiplet £
R SRS R [16] . ARTIFE— B R A AR TE 1) 82—, SHEfE 2024 F4EH QCCT730 Wi-Fi
R T R[17], SUERIRE, DUREAR L AT AR 88%, & T Hith A i ok s R AV SR BN A o (A E
B2, UCle2.0 LT 2024 4F 8 H &Am, #HEL 1.0 fRAS, 2.0 brfEAey 96 2 FE M DhFER I E AR, [R5
s 3D HAk . R n] A HEME GRS S HE[18]. 75 EDA T.H J51H, Keysight 4 H “Chiplet PHY Designer
2025”7 , LASZ#F UCIe 2.0 #1 OCP BoW Frift, wJHT Al A& 0 gs0E Chiplet 12 1H[19].

2.3. ERSMRERTEE

T, A AME RN AR BB EOR 7 T4 E A T ik R A g B AR, o EAME RN AR
A RGBT BN, W NVIDIA ) CUDA 1 TensorRT L E4&E, NIFRE ML T 3K MR
E N E RISC-V B RG A FIE 1 #F kR, fn Chisel 3.6 JRIEE/F 1 1115 5 7E H 311k Chiplet 1%
THH N EREERE, HTEIMRAREARED B, RERE, I & iy 5 88+ S .
filtn, SEE . RRMAH ARSEHX VR R FUEAR Tl A S S B X104
FHIEF| 4 Chiplet F AR MK R AESKE; (AERIE, IR E A AH SR 7R MOl 2 5 25 3 HL IR |
RISC-V S8BT B BORA A, IR 1 HR A ZUAL BE SR BRI A AL HY o

3. AR BRI AL RASH K5

AR EAR ER IR KRGS, ETHKIFE. mrEft. FUE2&. FFRESETRE.
& AloT. AT, 5G. HENEMERN MR, AR IR — Do Al JE, IKIhFE.
LANE. MCU+ T&— 5 R R . FEERITELL S FA 7 :

(1) G% Al THERR IR HEZD IR AL B 2SR i AL TR I8, 954955 Jetson. 443K Edge TPU,
LLK ARM Ethos Z:4TH 7] Al #EHEALA, SCREIDG R A IR RETF T R NXP IEZER RN A 3 38 3
NEERE T &, WONEME SURZETTAE S32 RIS — 4 S B 5 2w 183 11 ADAS. F 5.
PISCEE), JEAE R NXP ORI 2 Hcke AIML ZhEE TR A SoC b, @ik, Bl hnmmids
ML S 3 K 1.MX 8M Plus A B A28 X % T 2% .

B EAKE = TGS T S A R fe (224, e (RIEIR. KAA S ~), ik Al HEiAR T4k
AE

(2) ZEMNBBNRECL: Bi%E SoC HAFEHTH(BEH CPU. GPU. NPU. ISP, Jt4k. % %),
S8 SoC MR, KULFTH B —18 SoC 345 AE &5 BETT A SR I B gk 25 5 1 b s N 22 4= 1L i) B
“Security by Design, f#% ShD” . JLHAER AR, A8 g 22 LI AN, 5140 NXP $24t EdgeLock
ALK, Wi 2R, BYAME. g, YER 4, LLSCRE PSA Certified. Arm TrustZone.
SEO050 2z 4m:h & brifE; TR [EINF, ARM TrustZone. RISC-V PMP (#73 A7E57) Intel SGX 5 A
ISR T BRI . A SRS, AR EIGE . TSN I 24K, Chiplet 1 IR E &
PP AEBRTEMERE . WY R RIS M TH 0 E AR . ST, Chiplet 5ok T AR 2 b, T3
FEAE R 2 A BRI N FOATU ) L P, L 2 A ) Rt Kb TR 88 S B R T e (1 B i

B P ATEDUR REARCE, OB s R SRR .

(3) THIMRIHEEMIERMIALAL: fEXIEM(10T) 71, RM Cortex-M. Cortex-A F 5 A Kk, AL
BERIHIFE T2 H 5nmy = 3nm), SERAKIIFERE, W big LITTLE 288, mReRor 545, LAk
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EEY

SEWNERIN (10T) A it RT3k o NXP 4R HE 2 & (R IIFERI I N UL B 8S LPC R 51, H
RS EEAA LIRS, PadEsh, &SRt

e B MCU+ &k ib(lnsc#r 15 F . Zigbee. Thread. Matter Z5H3i%), P& 10T 75 BOM &
KRB

(4) RISC-V AEFIEPUHUER: /F TGS ELEMI(ISA), RISC-V H 2015 Filthli kg, SERRZ
Ak (hn SiFive. 454, Bl B Sk BFER) Sy 2y HE 2L T RISC-V RN GG o TP U FRAR 1588 et
i, HESN P AE A I . BN ARM $ZAL S 3G K I B ARIE T, RISC-V AN T NXP. ST, TI J&
Microchip 2 1 ik NFRALBE B8] R I E B0k 7 R BEE RISC-V MK &, E™ MCU IEhiE 24
HE TP i, BB SR T T 0 8. B LA A 3R VE RE 4556 11— 3 O0T VR RISC-V A 2344%, (FF RV64GCBVH,
H 52 2 E 4G 2 50 .

B JFEERILN, REWME, i RISC-V BARHE .

(5) Chiplet EARKRESA: Chiplet BA Ay P S8 Hil 1) s 1 e ik N 2UAC L3R - B2 4L 178 (8
Rk, SUbFEIN, tAFAE— S i R AR P i o . i, T g — AR AN 25 e RGEE F 2
Fi(Chiplets) 8 il I R BEELEC TSR . (1) WEA M v (RAEIE . IRIhFE. I H & s mT SE v 0 T
W 28 BIMAL B2 451 1P (948 F b H.3% (Network-on-Chip, NoC) IP); (2) %) Sy T E M &) wg okl i fa #5 ok
MIFEATERRER, S — 0 BB HESR 547 bRt .

. Chiplet IR 5T, mRAT 52 MM 4% A _E 1 3% (Network-on-Chip, NoC) 1P 77 % K HAT Wb bR
Ry e 7 1 — 25 A

4. BB

ZiEpTd, BAEIS BRI 5 N TR IR EMAEHN TR, RIS AR EES
JURE TS . ASCRGRIT T RN AL B 3SR BRI R SR B AR, S [ A AN FEBRIR
BEAT TR, B P RE TR R kR S 2 R . IR B, AL ZE AL THERE G GR. A
PEA . RIHFEYIERRIARAL . RISC-V A28 FE LA K Chiplet ARSI TLANT7 IR AR KA a5 k4T 1 F
Ao BANEBLRS LG ERIIRE . STERE . M2 BT KRS, TR it AL Bod B 224
TEE AR AR RAL Bt DA A B RELS I . UGS RN S AL TR RR, BEE TR
e A2 %45 Chiplet BOREZ N AT, N AR BB TR SRS . mdcs %4, HEsh B
Pl ARG Q. BT E, ASCHIZRA A DY B BN AL BEE BOR B AR (I 1 R 4tk
WAL BRI LS TRESEEIR It T B S5 5 k4R 2.
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