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BEATIRDA, H2z BRI AH R TT s 5 O
FAEG,  RFETH S B SR BEBORAE T &4 7 1
PR LHE 2 G0 A1 1t ) R R T B8 AR B A 5 v
U AR I, IR T & A BRI R 37 557 A R) PR
Vs & RETHELS R R R 7 R UL I 85,
FE R EETH SN A RORAE R 7K. COTSTHRAF
ARISC-V 54 25T I R ka3 A AL
REME TR T IZOURBUIR, HE BN,
JR BRI R TIPS AR K

2 KRIVK

B 5 AT R B 1 % Je R0 2 (AT 55 5 4% FE 1) 42
Tt ALgi i — SR ) R E A & AL RN T
RN HEE . ZEAEERR G AH, SE S HE
PREEF AT FoR . RN IX—HRAR, BRI
HAG LTS R EEMTT IR K E, CPU, FP-
GA. #Het LA F DR g & (#1554
4% (Digital Signal Processor, DSP))fH45 & 1%
TETHE G O FIK EEHR . X Fh A 284 18
78 KAEA RV B TR LS, SEI T A
PEREFI DIFE BRI LR G0k, 2 1A Re A0 B FH 4
ft 7 5RA JIRREAE S
2.1 BALLEER

T8 AL PR R AE R B O R B B s
B35 B 55 BN RO B R A B A . —T7 L, R
BT LT MR SRR, AT ST B 4548 1
1555, BAELAEH Pubgey . Hhis 5 dlEE e
ECRRThRE, KM E AT RS RE. 5 —J71H,
B85 AR RAT 55 AL A R AR Ul s, A
R AT i A B 7R EAE AT, Bl R k48 &

SRS R HU SRS, SIS BT S e
JR02081 2 i R AR R FH ) FH A 2 65 R B
7 IR S SR QUM T 27 KX 86, SPARC, ARM
FIRISC-VEF5 45040 . R 1% M4 & 2240 4 2551 2%
TRESH R IEH A, T HE R
A B R ARG P, T 22 o R AR R
XBOLEM WAL 2 R AR 1845
(Complex Instruction Set Computer, CISC)ZE#4,
8725 [8] B2 FH AR R D WL o 3 I R R A X 864k
TS DIAE R s HLk Z IR Bods S B RRAS, PRk
FEAR I RAE S Al 2 IR . BB AN X 86 2R M L
%, B BERE IR, PLF O AR n [ A
Bm. X8OS IR MR TH MRS, B
A, W LLE BB RN PCHRAE RS (W
DOS. Linux. Windows%§), T kKF|HIA K
PEBEIR . AE— LEX AT R AR SR A /N 2
BARIAE S, W 2l e X868 1. il
1t [ Fs = (8] 3l 14 48 2 o EHL R IR A T Intel
80386SX AL H A%, JFI I LA B A 5 ¥t Sl
A[FEIEAT . i f Unibap A 7 X5 R 5 R _EITH5HAL
WA T AMD Steppe EaglelUt%x86-64 47 #5171,
SR LA ) T BUR AL B S5 B
SPARCZEH & — Mk 181 48 2 4 (Reduced In-
struction Set Computer, RISC), H 19904 E A%
BRI R &) (European Space Agency, ESA) )3
MM RACFRBREM) . ESATE199T4E R 3 T 2 F3247
SPARC VS INLEON R 5 H 21 K, 54
o2, HIL T 2R BSPARCA S,
INLEON2FILEON3/LEON4MA #% [IGR AR F:5 Ao
HApREFEZHEHRTSC695E, AT697F LK

MALE L (Synthetic Aperture Radar, SAR) 15 GR740' 8, SPARCHM HIAR AL T FF IS AILE
F* 1 RETHPBALIERIZESRES L
AL WEEREHR ey ER/MX /A X ThkE TE M buim st ee 7
Intel 80386SX 1988  &[H  i%32fi  20.0 MHz 1.0 W 1.50 pm Tett, R
X0 AMD Steppe Eagle 2021 #idt  PUiZ64fz 1.0 GHz 5.0~10.0 W 28 nm CTOS, FmnfE
TSC695E 2001 @ Fx32fi 25.0 MHz 1.0 W 0.5 pm TID~300 krad
AT697F(LEON2) 2011  k[E  H4%32f  90.0 MHz 0.5 W 0.18 pm TID~100 krad, SEUIE
SPARC BM3803 2011 hE  HAZ32f7 8.0~12.0 MHz <10W 0.35 pum  TID~50 kradZk, TMRNE
BM3823 2018 H%324  300.0 MHz 2.0 W 65 nm TMRJIE, SEL>75 (MeV-cm?) /mg
GR740(LEON4FT) 2021 3. PUM32fL  250.0 MHz 7T0W 65 nm TID>100 krad, TMR/i[#H
Phytium D2000 2020 FE  J\#%64fL 2.3 GHz 25.0 W 14 nm CTOS, ZHFECCRE
AR VORAGO VATZ0 2021 %W W 15 GH <100W SEL:J??;&?Z% e
NOEL-V 2020  HiMt  64/32fi TR0t 38 SCRFA 1E 4 bitkI AR %
RISC-V  HPSC (NASA) 2022 [ #6447 0.1~1.0 GHz < 15.0 W 7/14 nm TID~100 krad, SEL4#£80 MeV
AS325601 2024 WAZ%326L  180.0 MHz  135.0~275.0 mW SEU: 107°W/#M-K
MIPS  Loongson 3A5000 2015 #1E  DU#e4fy 2.5 GHz 30.0 W 12 nm CTOS, #43hin [ hig A it i1l o
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FL R AT ) BN F 4256 . LEON R 41% H =200
#(Triple Modular Redundancy, TMR) A4 %4
M5 1E (Error Detection And Correction, EDAC)
SRR, BAPURRL RIS, TR
T, HEk S22 ZIH, SRR
PR, X DA i RS AR B o 7 k. 2%
SPARC SoCHH ILES 7 22 7 YEREIRI, 51 4 Rk
P GR74085 @i 4ANLEON4 A A% S35 A 161
PEAE1900 DMIPS, 32 ftSpaceWires i #2 [
F T4 208 g s A B0, d [ A2 SP ARCZE M AT
RCPUJF i HUAS T B E R . BM3803s& H [E it
RENT 772 Wl (932467 Pidm b #E 2%, T
SPARC V8844, WEBEATHEIG, 188/
B AT RO SR B ik 25 120, BM3803F20114F
HORIEAE R, FHNS~12 MHz. HFHH S
BM38237E201 84 M ihill Bl Ll 4 Al e 1k e 4 A b 21
BTG, VRS T . PCles 25 i) 3% LA K HiAt
FEBIMEED, SRR =REIIR
A —i “HEDACYRIY . WEKRIBSEFA, K FE0
FEF 2300 MHz, MEEeL T R BHECMLEON3ET
AEERZEPY, AT N TR AT E B R G
Wz RGg . HEGREBHEE R A 7 HBE50287 2 3k
T 1 SoC201 2585 F 2 [ P4 28 — K 7E 2L 5 b 87 FH 1)
T ] B 2 = MERE T L 2 4% SoCP7 i, T20154F 1
Ko SoC20124E K UANSPARCVS K%L, B A
BRSO b G, MRS F
300MIPS/8OMFLOPS@100 MHz; KM =T
R PR BT E SR A RIEDUE R RS . FE
Ja HEH S0 C2016:85 Fr 2 E A & — 2K i ) T2 %
Hil. B, EG A —R g A N I A 2
¥SoCra it HEMSPARC V8 H M AELEON4
A FRERIZ D SPEUFE 5 AbH 8% . VF AU 33 55
SoC2016+ 5 1 fE 8 1 800MIPS 200MFLOPS@
200 MHz, IhFEAKT3 W, £ 1, SPARCHEH
b 3R 2% B MUK LA ST L B 2R B AR
B, T T R R b A R K s ab i, (H
HRRZPERRAG, ZAd RS2 T DR T 20K
AR SR ARMZE M 1 CPU LA i ok B R0 3 5 (1)
B RGN Bk . ARMAFEZE 145 4
LB AR, FIANUR N B> R .
{HEEE B PR T AT & TR R K, MR ASTARM
BRI R . — i, WE/ANTEMN TR
L E R R ARMA B SR E N A LM F &, #
WM AEIR(ARM Cortex-A £ 41)) ¥ T 5256 T,
{HIX B COTSHAFok = Prim e fhhs, 752 il A4
ARG B I CASR*h o 53— 5T, — S8 ) i
REJEFIARME F IEAE L. RO 25 % A & 4 H
T PureLine Amethyst/2 FiFHEHL, RH—3 &
AIEEARMZE & REE AL PR AY, MEREZ215 DMIPS,

W5 R LEO AR 128 25 42 1) A 3 T 45 S I A 55 K
VORAGOX AHEH IVAT230:8 &K T XUZARM
Cortex-A724bFEZF AR N EIR AL FE 35, AR E(K
T1OW ) DI AE T Ab B v M e A4 St 500 3 (R4 E 55
HrhCortex-A72 A ST EM=1L1.5 GHz, X
EHEA1 MBHAEL28 (7 (ECC), XFFFHRIELME
AR (Single Instruction Multiple Data, SIMD);
GPUM /1#i510.4 GFLOPS, #1256 kB I
SRAM. fEfUERSRFIETT T, HHARDSIL® LA
A 5 b v 3 A% A BRSO T2 PRk 5
H - 2RI R, (ST LA R A A AR i A 5 T S
BArl P EWA L EERRARMEEM S, H
H KB D 200072 — 2K I [ S 17/ k55 25 1 ) \UiZ ARM
vOALFR AR fr, RM14 nm T8, F42.3 GHz.
EIRD2000H AL MR Bt HH SRR E = &
SRt Re v, AR A R B R S
A TIPS, R TE ST R RETH LI AL
Hl BRI OB 1000- 2R 7 B RE 2 BOHE
B, FE2023%F KA T BT HAT K4S . it H
MR IIFT2000 /4403 38 4L A T 44 s H B R
(17 BE A B B AL F TC663, EZ¥6416 ARMVSTE &
HEH L FFARMOAMARM32F P AT, 4T
1£2.6 GHz, W] LASEILAERSEN S, By sy T
HAR T I BT A I, WA R . B
AT BELNERLZ YR F R ARMEEW AL
TR RUE TERE S R Gk &, B AR S e
(Linux% R CFFRIF), TFRERE . £ AN
M 5 NARMA R IR SR T ) b DiAE .
A RAE Tk Z BUS IR I ficAs,  H A 32 2
it e T v E RS (System on Chip, SoC) B
FPGASEFARMAZ SEBL AR 7y Dhfe,  RHUAE N ik
A RT3 5 R U SR In TR AT SRR
RISC-VHRE B4 KR . Bl ATy
JEIIRE i, EMURTHE AU B2 53E . HIFR
REPERRAS 1 RN R B VR, R A ARy fUAEIT T2
AT DA AF 55 5 oK R 05 30T 5 4 2 S D Re s e
Frontgrade Gaislera @ & FINOEL-V & & N H
1) 2% 6] B H O RISC-V 6407 A0 PR G, BA XUR SR
K WIETE R T MR NLE], SN TR
De-RISCZ #%SoClE A . {FNLEON £ 41 1) J5 4k
%, NOEL-V3(HFI% T SR MAT . MMU. ¥ 1iEL
REY R, BoR 7 HAEZ TR SN BN H &R
PERS . SEEMTZ MRS (National Aeronautics and
Space Administration, NASA) T-20224 5 3 (1]
HPSC (High-Performance Spaceflight Computer)
T H % FH SiFive A #] 11X 280 RISC-V &Y & N 1%
TERNALERZS, RIS X2801% 5 Z A M iz,
S IR A 224 B R A B 4 /D 1005 1 T S5 e
Tt FFN AT AERREN. B EFHE &S PR ER
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AbFREO, [ N R A w B AS32S601 & —
LT RISC-VEE ) B 7 WL R 20 g M C U
R, BARESEETE. swaet. BOFE %55
Mo HACHEES AR — K R m R AL B, A
SRR FF I K EREERE , SCREENZS 73 ST, 1iE %
16 kBTG 2 G A7 MIBUE 5247, N EXF S FPU
A LU e A I8 AT o 1% T B T RISC-VU
BB 5K, HIFRV3I2IMAFDCIE A4, T4iEik
180 MHz, KA JcdtbusmmeE & it, nr N H T
AR S e A e R B0 R BE oF S A R e T
FAUEFT 0 H 87 SR — 3K 8% RISC-V 42 #4 4b
O R R RS, T RRE B
JIMAE . LGN RIELE, RISC-VAT
BRI S TR BEIEE, ABTRA
THEMERe ST S PSS S T AN
REK L 54 X SRR AR R, 2R, H AT A
(IR R B I RISC-V BT SR R, 75385 kK
B RAT IR R TN ] S TR R

B IR EW LK), PowerP CHEM 8 78 fiii K
Ak 5 4 B LA (WIRA D750, RAD5S545 R 51)),
HIEHE O HRISC-VEUR I . MIPSHE A %1E
RNEHRISCEEN, DAL v P AR N 0 U P
TEMUR A A IS AN D s . B RS R A1 ik
HES (Loongson) K HMIPS6445 44, JH#EIL =
i DRSS ST BRI i 1E/1F & H
RS CBETZHTA, AIEERE, BIUZIR
SRS, FELEMNREY BiS, EHT
R R B G 5155 A BB R s Bk
FH180 nm T2, 433 MHz, THiEL1 W, R
TE WA EN R R . AN R R
PR W K22 11 DA S — AR B G S 132 0 B 28 4%
GS1324% & — X MIPS 323 75 1) 5 K B 3R it 7K 2244
PI32RL RISCAEER AR, FE A 1 5L R BRI . A1 g
TR SR IR, & — KR TR . AR
ik MEREm 326 ik N AL EE 28090, AR 34 32 %2
ETHRAESRA. A Linux RS LRFSIMD

Intel 80386SX: TSC695E:
e 20 MHz, H#. e 25 MHz,
1647 20 MIPS

TXSG PowerPC

ISPARC SPARC

RAEY EMEF SR~ E EmEE, H1xnrs
ST AT 28 R R R 26

FAE19664 M ET i 2 1HRIHI [1 Apollo S it it
HYLPYRE 1687 ITHHEN, NEsiiRitHE
ML R FEE5e 1 3Ent . (E19884E, X864LH M Inter
80386SX M T [H b2 8]« 19974EIBM A ] i &
fIPowerP CZEFJRADG000 A HE #3155 5 F T Ji5 2k
FARIN 25 [0 4145 . 20014F Atmel 2 &) 4 H 3 T
SPARCZEMTSC6ISEANFR 2%, 1f [A) 45 (] b FH % 11
P T A LAL B R PUAR IR AE /7. £E20084F,
ESAHHH ILENO R ¥ A BE 3% AT697150 15 1k % 5t 21|
A . fE20174E, ARMEFUAREEH A VORAGO
HARDSIL® T2 M H T HCortex-MOALH 2%, %4k
T 2838 4 SpaceX CRS-10 KfE A%EPT, #£20194F,
ESAIZE R D EOPS-SAT FE IRIEH, T £ #
ArmZEF——X % Cortex-A9B8), 20224ENASA G
FIFTHPSCHL H K H £ ZRISC-VEER AL HL 20 F
BB IRTF A B TERE . TR SR A
SMMHz R B RIGHz 0, N HAZ SN R R B 2%
ZER; MR B AT 55 R B R AR ATV SR S Ak
PRAERL A, OB T MR B ARG RE F T SR AN B
WK E2RR T FHUEAGHE R KRR
FIPERESETHEO 12, Kb T 28 427 200 M B A A 2 U A
A7 TA] B BEA0 2 i B 22 A% AR B AL P AT A 42
2.2 FPGA

EREHE ARG T, FPGARKH RIEH A EH
BEJT FrRERL LU RN (1 S A BRRE 7, N
WAL BT & . AR T @ A2
R F, FPGAREWS Se I HVE SR8 4F 1 b [H ¥ 1
Je & T (s A . R IRG) . FiAHdEE
RN FFAT T SRR A DE ZR 1T 553500
HAl, FPGATENUR N TSR LU LA
J: (1)t ERE AT E I BB S B bR b
H B EGEE N E o PR R Eg, T
SERTRAE. KM R HARRSEEE. FPGAR)
FAT AR AER RE T S R BRI A R

HPSC (NASA Lunar
Trailblazer):

e 8 X280 Cores

. 0.1~1 GHz

e 26 kMIPS

Cortex-M0O
(SpaceX CRS-10):
e 0.9 MIPS/MHz

TARM ARMZ ¥ TRISC-V%*Z

>

1966331 19884 lwwfﬁ 20014 l 20084F 20174 12019$ 20224
s . . . Altera Cyclone V SX
Apollo St bl RADG000: Leno R IAT6I7: .
pote 33 MHz, e 90 MHz, SoC(OPS-SAT):
e 2 MHz, 164 35 MIPS 86 MIPS e 2 Cortex-A9
e 800 MHZ

P 1 e A AL P R R R
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FER, (2)m il O ST FPGA: AISEIliiR
#y FIE AR O B R R A g, TR
K HEEYENICE IR, LI — FFPGAZRIZ
RHi&. KXIEETEBETRAEN RGN, Wb T
SERASICHITT R A . (3B 5IUaEH: FilE
SN FP GAAEAE A B Bt Bk 50 O c B A7 A R
P, AT A I ) B AL ORI LR Th RE AR E
TR EEMFE T E WA E R T FPGATS b X HLRF
2.2.1 EIMRRFPGA

AMD Xilinx/) 7K B #& f4 fi K 2 b e 18
FPGA, ZREBE L EDSPIN#E . m e lES
ZMEHAR R A, RPATES I E
G. B, Virtex-5QVAI S 441130k 245 %
JG, B TUR AR R TR AR, REt
At TEFPGAR BRI, HHFIXQRKU060E Y,
R E#H20 nmZ MHFPCA, HA744k0] i 22 45
FAIG. 32/ ik A (RFIEIE 5 =7 12.5 Gbps), 1E
PR 15 8 48 1 (R ) S8 58 A pudE S hn [ 1
Microchip & I HT4E FRFPGA N PLIE 5 R WL
Ko MAIRTAX RS, iS5 HERNERE
WA, JEZMATEPE PEEK ML,

20155 Microsemi K i fIRTG4 FPGA, #2150k
WYL, DimnlEE. IR, TERZERM.
R RPN 2, L ENanoXplore/ 7
HHIBRAVERL K RFIFPGA, AN TGN E A &
FPGAZ . K H28nm T 215 A KING-Medium
MING-Large#$F #4200k F 1M L EMAFLUT,
K B4 S P B G ANAR R v, ak BILE FL R
(Total ionizing dose, TID) >100 kradsf4a 5 5%
PR 5 5ok 8l #% (Single-Event Upsets, SEU)
KAE, ZRHCAESATE FFP,
2.2.2 ENMKXFPGA

AT F AR E N R R T FE T
JiTTFPGA, FH4RMFPGAFF R tE. T H R
ErEdbl. A AR A TRAVN TR % E X
o TR S RIS N, FT A T AR
., HPRTRIFPGAS T XHSRAMTIL Y,
HE & P1200 krad(Si) S F & PLHRLFHBUE
81 MeV-cm?/mgffIft 11, kB Epredt Ak FeY,
2.3 Bgethh

RIS 2R 22500, BRI 5
BHEIMTIHERE ), SCRF AT HERE, REE)55E

32-bit Single-core 32-bit Multi-cores 64-bit Multi-cores B DMIPS
o . Super scalar Super scalar
Sl Tomodler Out-of-Order Out-of-Order
HPSC
(8 cores)
RAD5545
(4 cores)
OPS-SAT
(2 cores)
GR740
(4 cores)
ATG6ITF RAD750
sp 400
2000 s 2010 s 2020 s 2025
2 RECFERER ML
% 2 ERIPKEFPGA~RFFE
FPGARS 1l 7 K/ T2 EROT B PR e e AR
- R TID >1 Mrad; R IE S FPGA,
Xilinx Virtex-5QV SRAM FPGA /65 nm 1303345 e KRGS
AMD (%) SEL>75 MeV-cm?/mg T EG a2

XQRKU060

Microchip RTAX2000
Microchip (3£)
Microchip RTG4

BRAVE NG-Medium NanoXplore (KX) SRAM FPGA /28 nm
JFM4VSX55RH

HHERY () SRAM FPGA

SRAM FPGA /20 nm 100/732 4]
Anti-fuse FPGA /150 nm 20077 2%

Flash FPGA /28 nm 1577318485z
5/ LUT6

10007524517

TID >100 krad;
SEEn[

TID >1 Mrad

SCRFREICR &, P T 9T S0 15 A
PURLTZ, WEAAEMY,
T KA AR SR 2

TID ~100 krad WHFTZ, JRCE kT e

rRELDSP A 8 4
TID >100 krad; . N
; 7 P
SEL~ 68 McV- cm?/mg FHTFESA/N TR B2 1 R 1) 2 4
TID 200 krad; SEL ~ EEE S DA FAE,
81 MeV-cm?/mg T EHG A3




2968 B 7 5

==

=]

2 %

AT %

IEEAREE, N, PPEmLsbFE # T (Neural network
Processing Unit, NPU )il i ik & 4b B AL AT 22 Y
NN, ARG, HE SIS RN
PAT R . IX PP A P AL R 28 SRR AN R T 4%
GuitHR I ERR ST, B T AN “HdE gk
] “UGE RN BT R, Mg A &
b B REAL I RIS 8 BEE T RO BOR LA .

TER RAURNP U S & H O Fris i & H i 5k &
ACFR A TG . BUEAF RS R BRI AL vE T, AR
FEATN AL T @ 2R 4 g &« KesumaZs
NEUFEH T —FATEA:, BRI 2R G b A
FRAKES®S. ZASEVIRTEX-5QV FPGA
SEEL, IBATRTBRAR LG, TR A A
BB R W R, X T B4 5] SRR
H1, Sabogal % NP3 H 7 —Fiml 844 [ CN N
AAHEZE, FH TR N s S E], %R
TECE N BRI RSEREEA . HEATE
oy w A PR — AR RN SO TR e R 71 Ab B 280
JYulong810 5 £& T Hir v MG AL BE . Hif o {5 5 Ab 22
A GEsEm], BAREYS) . MEMgEkmT&
IR BE J1. %S RAFD-SOIA T2, BfAm
PERE. W ATEE. RTDFEMIRE i, XS BRI B RN,
(Single Event Latch-up, SEL) %%, &H =
RS 50 RRIBE TR BT RETHE LI 7 O
FEHIRI “H61000- 2R 7 & fe BT HHLE
BT A MLU 22030 St & Ge iR, H 1Tk
32 TOPS, Ih#EfU35 W, nJDLsEIUKIhFE. minl
SEREPTE . AR S AT RERE W AR S T B
SROEWEI . SN . Wt kg, BEx
WL BERIEAZ R R,
2.4 TRAMESH

A& 50 10 FH A B8 7R T sy T A5 S AR B . KM
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B, Wit TR TR ECCHL, SRR
RS R IE RO LU RR R AR I, S50 25 R i
TEAEIRZE AT R 22 4 S F v TR R 2 B
RE10 °LL R o, FifieldZE NTEH T —Fh
A A EECC &S, M T16 MbitzhaSEEHLAF
BfFfg s, i e M as 5%, U85 nsvi in) 1&
IRFILI% 08 AR, A8 28000 i 375 5 ) R 1%
AIHE G . TMRIEIEAT 3 [ I DL 2 £
WEEPERI, AR B, RS A T
RGP R, (IS S 808 7 AR N
5, ERR T BITEA. Leroux™fE 0 HT TMR
IFE S 52 PR 48, 2 HRAE SRR T A T AT
o BORL - B 10 52 e B AR 90 % BA o A B B

(Built-in self-test, BIST) it £ sl H Ik il %
SCE R B AN, R B e ) e & T A A
Tz N T AL FE SR AL A 28 1. Nicolaidis!™
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SR IE T SRAMBIFPGARI AL T2, TR
) BR85S A7 B 1 L T DR B A A5 L 4 TR X
FPGA TSI . XU R, RS
RAEF SRR R a2, (B R
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Significance

With the continuous advancement of aerospace technology and the growing demand for space
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applications, space-based computing chips have assumed increasingly important strategic roles as core hardware
infrastructure of space information systems. As the technological foundation enabling intelligent data processing
and reliable communications for spacecraft—including satellite platforms, space stations, and deep space probes,
space-based computing chips not only safeguard national security and support economic development but also
play an irreplaceable role in serving civilian needs. Although existing survey literature has systematically
reviewed the development of aerospace Central Processing Units (CPUs), comprehensive analyses of other key
components within the space-based computing chip ecosystem remain limited. To address this gap, this paper
systematically examines the technological evolution of various space-based computing chips and their principal
fault-tolerant mechanisms, and further explores potential future trends in this field.

Progress This paper adopts a functional architecture-oriented classification to systematically analyze and
summarize the current technological status of space-based computing chips across three dimensions: CPU,
Field-Programmable Gate Array (FPGA), and dedicated chip. For CPU technology, a classification study of
general-purpose processors widely used in aerospace applications is conducted based on instruction set
architectures, with in-depth analysis of the technical characteristics and representative products of various
architectures, together with an objective evaluation of their advantages and limitations in space environments.
In the FPGA domain, the technical specifications and performance characteristics of mainstream space-grade
FPGA products, both domestic and international, are comprehensively reviewed to provide a reference for
application selection. For dedicated chips, a detailed categorization is carried out according to functional
architectural features and application scenario requirements, covering Digital Signal Processing (DSP) chips for
signal processing acceleration, Graphics Processing Unit (GPU) chips for graphics computation, and Neural
Processing Unit (NPU) chips for space-based artificial intelligence applications, thereby systematically clarifying
the applicability of different architectures in complex space environments. In addition, this paper presents an
in-depth analysis of the key fault-tolerant technology framework for space-based computing chips at multiple
levels, including system, architecture, circuit, and process library, and provides a comprehensive evaluation of
the technical advantages, application limitations, and development prospects of various fault-tolerant
mechanisms. This analysis offers theoretical guidance for the reliability design of space-based computing chips.
Conclusions This review systematically summarizes the technological development of space-based computing
chips, providing a comprehensive analysis of the architectural characteristics of different chip types and their
associated fault-tolerant technology frameworks, while elucidating the applicable scenarios and technical
limitations of various fault-tolerant mechanisms. The central principle of fault-tolerant design for space-based
computing chips is to achieve effective detection and correction of circuit faults through redundancy
mechanisms. This paper offers an in-depth analysis of the implementation principles and application
characteristics of fault-tolerant technologies at four hierarchical levels: system, architecture, circuit, and process
library. Although these multi-level approaches substantially improve system reliability, they inevitably
introduce hardware resource overhead and performance penalties. Therefore, the engineering design of space-
based computing chips requires optimized strategies that combine multi-level fault-tolerant technologies
according to specific reliability requirements, aiming to balance reliability, cost, and performance to meet the
intended design objectives and technical specifications.

Prospects  Looking ahead, space-based computing chips present broad prospects in high computing capability,
widespread adoption of Commercial Off-The-Shelf (COTS) devices, and the development of Reduced
Instruction Set Computer-Five (RISC-V) instruction set architectures. With the rapid advancement of space
technology, space-based systems are undergoing a transformation from traditional single-function platforms to
integrated platforms characterized by multi-task collaboration, autonomy, and intelligence. Real-time data
processing, multi-task parallel computing, and intelligent decision-making have become the principal driving
forces in the evolution of space-based computing technology, all of which demand robust computational
foundations. Compared with traditional radiation-hardened specialized devices, COTS devices are emerging as a
major trend in space-based computing chip development due to their advantages in cost-effectiveness,
computational performance, shorter development cycles, and product diversity. In addition, RISC-V, as an
open-source instruction set architecture, offers unique advantages and significant potential for space-based
computing chip innovation through its modular design philosophy, exceptional scalability, and open ecosystem.
Chiplet technology, as an innovative approach to chip design and fabrication, enables cost reduction and
accelerates development timelines through its modular architecture, while simultaneously facilitating flexible
customization and fault-tolerant mechanisms. This approach is particularly well-positioned to address the
evolving and heterogeneous computing demands of space-based platforms.

Key words: Space-based computing chips; Fault-tolerant technology; High computing capability; Commercial

Off-The-Shelf (COTS); RISC-V architectures; Chiplet
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