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Application of Embedded Operating System in Military Industry and Suggestions to
Chinese Autonomous and Controllable Development

Zhou Haiyang, Guo Tao
( Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: Taking the embedded operating system in military industry as the research object , this paper collected and organizeed the
domestic and foreign applications, analyzed and explained its main characteristics and the gap between domestic and foreign. Then, the future
development of embedded operating system is illustrated by taking the new generation of aerospace processors and supporting software as

an example. Finally, on the basis, the suggestions of Chinese autonomous and controllable development of embedded operating systems in

military industry are explained.
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iR AR IEERSE (Embedded Operating System)
IS AT EIR AR R G LAY AE R fE, O
AR Ty R A Xt B 0 AT A 200 B o R R R AT
B B A 5 LIS B2 Ao A . 76 %2 T4k, ik
ARBIERGERSEAD R EM F, EHE
HA Sz (Real—time) . %4 (Security &
Safety) S5, BfE N JH RS AEMOR A 24,
T R A SRR R G0 E R U B A I T 4438
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Tab.l The use of major embedded operating systems in the military industry in the United States

75 XN (] FZp AR TR 7 FH 4Tk
S NASA, Boeing, InSight KR #RE Vs NASA “UF3r57 JORIEMIA
1 VxWorks Wind River . o e 21
Northrup Grumman Boring787 ‘%4 #4588, I NEKR RS

S EWERNERA UH-1Y 1 AH-1Z EFHLTH R RS D 2%
GPS¥; 72 A380%; EEGEFERAMATL RS (Joint Tactical
2 Integrity Green Hills Northrop Grumman Radio System, JTRS) “, &% f2s & CH—47 Chinook, AH—64
Apache fl UH-60 Black Hawk!; 5[E2Zs % Tk #ihl2e AN/ALQ—
213(v5)Y; E[EZ%E F-22 GPS Sizs:

3 uC/08 Micrium NASA T KEEM
730K St %45 (Space Launch System, SLS); B—1B SXHL #4772 45
4 RedHawk Linux concurrent NASA e KT RSS2 A BB (Ground—based Midcourse
Defense, GMD) %"
5 ThreadX Microsoft NASA PR (Deep Impact) ™
6 FreeRTOS OpenSource NASA b
EMEREAL R 718 (High—Performance Spaceflight Computing,
7 RTEMS OpenSource NASA .
P HPSC) T H BB AR SIE RS
8 Linux OpenSource SpaceX Falcon i&# Xk i; Dragon Jzffy 1510
%[5 E Bi#E, Boeing, % U7 Boeing777 &Mtk S Z24:; NASA SLR2000 TLALMEE 25 5
9 LynxOS LYNX ; o
NASA, Raytheon MK 57 K5t &% "
10 Mbed OS ARM N/A gk D& (Tel-USat)
11 PikeOS Sysgo N/A i 74t P
NASA, BEWIRBELE . . R . . .
12 YoctoLinux OpenSource (Air F?rjfem}{j;szgrcf AHEAEN A # 1 5% (High—Performance Spaceflight Computing,
HPSC) i H Btk A Rk s
Laboratory, AFRL)
13 Deos DDC-I N/A fii m g

2 WRINAE S T Aud I SR AR IE R E 0L

Tab.2 The use of major embedded operating systems in the military industry in Europe

i R v F L F LAY FH TR
1 Deos DDC-1 ESA fiir Z g Y
2 LithOS fentISS &) De—RISC 5 H
3 PikeOS Sysgo N/A fii Z gt ™

%3 HAERE TR A XERE RGN

Tab.3 The use of major embedded operating systems in the military industry in Japan

s B Eva] FH I F AL R FH 4T
1 Integrity Green Hills JAXA H-TIA/H-TIB i&# Kk Fifil s / #5252
2 TOPPERS/HRP JAXA Fngdy Bk JAXA ‘P LR P
3 Esol RTOS Esol JAXA RSN
NEC FE Azl 5% H i1 AT 2 pFIE R RATHIM # Ge4010 58 LA (Advanced Satellite with
4 TRON (Institute for Unmanned Space Japan New system ARchitecture for Observation, ASNARO)
Experiment Free Flyer, USEF) 1miE P
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1.2 ESMEEZTTHHRNRRIER G S

(1) M ARBRIERSG "B . wlk
FE S FIFF IR i

240t EE. BRI, HAEE T r
BARBIERS A DT 17 8, Hhpgl =5 13 F
(Sl FIge R IR IERSE, R 1B 1L 2,
3,4,5.9, 10, 11, 1347w, R2HE 2170
R, RIWE 2, 3 A4THUR) , FRERLX Qe
mmdFh GRIMEE 6, 7. 8, 1247FR) o fE&™
ghF, Wind River 2 Y VxWorks F1 Green Hills
4y w]HY Integrity W # W H Z Bl i %2, 4 i TRALR
(4n: NASA &2 5 K BN ) . iz (an: 3
B 787) . mWE (4n. BREESIE) O BE (.
AH-1Z REHTHL) . BEiE (AH-64 REATHHL)
SEE 2R, ARSI X P S R, FreeRTOS
FRTEMS #9p HZE Bl % . Feil& RTEMS, HAE
NASA KD HAMMEG . LISA ik gtk 4
SEL T RAT S5 PR3 R

Br TR A SE PR i AR R G041,
LA SpaceX “hRRFEAIAT R DA 22K E 5458 E
N AANE A LR 5 v m] St b A B et i A
ERYGE, XHAPRIAELE Linux, Linux 7E A5 HEAR
RAMERFFIEINE , HA REOS Pk W I BB AR |
A AR R4S B E R AL, A LT VxWorks,
RTEMS % HoAth ik AN 1E 256, Linux K%
REFEET L, XM T HET Linux JF % by 2
FPRIME R, RAFAVASINE ., KETREE, 4
Linux 3k A ML R 3z I 4 M AR R 1) 72 LA 36 8
T,

G, TCieAe L4 K b I A 2 i A SR
ARG, B EAEBE T8 B S AFIE Y Linux,
HRARAE T4 LA S | JC &% M-I s AL 3R R e A BA
SRR B EHHRIGE D). BoR A2 Hm B Rk A
BAE R GENA 2 E AN FE i A X HERE R G0 H
CEARFTHT o W SRR P A R S A
iz —.

(2) e AR, TR ARIRTE RS

FOR AR 2 8] 0 R4 R

AR R A CHRAE R GER & B Y5 8 B T
FHLARGRE:, andfixt BB ARt R AN [E] 14
R, BEFEAERE R ARERIER ST KA R
MR HEE S — TR ARBIER S Lisfr, X
BEAFIT AR w6 ZEA1E, HAFTH™ kK Z
FEE TAERCR . Ak, fEEIMRASUIRIE R G,
HlE T HRAIAT AR,

W WA TR RAELL T =4

@ POSIX®:*

Wl 2 fE B 1E & 4t 8 1B (Portable Operating
System Interface of UNIX, POSIX) H IEEE
EIFEA, & MELME UNIX 81E R85 Lisfrik
g L — & 51 APLARMEREFR, HIERFRME A
IEEE 1003, ifij [ B #x i 44 #% & ISO/IEC 9945,
LBl POSIX g off: B4 22 & #% #R 7E Pthreads, Linux.,
Solaris, Windows UL & £ % fix A SN 1E R G #B O
SCHL, Pthreads € X T —E CIEEMIRM, Hi5
W&, BLA pthread.h Sk 30 Fn— A Zefe B A7
£, Pthreads f KR #ILA 100 A HOH AT, 2 EBLL

“pthread_” FF3k, FHrILLo APUZ:

@ LEEEH. QIESRE. FH%E. mihgkE
RAEE

@ LRE (Mutex) : G, #5%., BiE. MR
B R R

@ 4% 7% & (Condition Variable): 674 #5% .
SRR, . ZESEREERE,

@ [FIDEH . AT R IRSRRE T,

@ ARINCB53°'~*

e B A Bk bR dE B 0 653 (Avionics
Application Software Standard Interface 653,
ARINC653) HiEEfLZ=RF TEEZE RS (Airlines
Electronic Engineering Committee, AEEC) T
1997 A4 H, & — Ptk A SHRAE & 90 B 1 #2 J7 #%
AArife, HAmeE s e A7 28 805 m b B 17
s i bR, 3 SR ORI 22y X, 4nfEl ]
FiR o



A X ink BB F

AEROSPACE MICROELECTRONICS

Major Time Frame

Ool| ©o
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Partition Partition
0os oS

Hardware

1 ARINC 653 224 X
Fig.1 ARINC653 space—time partition

{E ARINCO53 friferbE LT —/>F WA, 7
Vg = TRIT R 53 5 22 /1 /Nt ] B, /Bt 1] B 4 B 2
—A~ R PR T, BEE LS R RS T,
F I R E T AT, & A R R TSR AR R
BORAREC TR . RN, T RS e By
/NI TE] BE AT, AT RE S T AR ] B 2 A E R R
PATIE BCHIAH B RZNR . 5 /N ] BEAERE B2, FIFHALRE
BB S P YT (Memory Management Unit,
MMU) | Ffifaststilassrx (bank) 4204
A, B R PR A T HAE B RS  — B AF
fitk#s, MBS T EA- it 238 _E 2 A RE Rl 0t T
& B B0, ARINC6O53 s@ o {6 3 R - i &
BERRLERRIFNZS (8] L[R2 Rk eT T8 R st
ROV, AREEGT IR K AR ZNTEE, Eh
T BRI RE— R R AR RN R R A i R G
BT, HEmEE T e TR R A

® FACE®*

Fe e IS (Future Airborne Capability
Environment, FACE) f£ 2010 4£ i £ EiBENMZE &
Geal SRk, FFIEAL (OpenGroup) fth, HiK
WA A O A RE ORI E AL T & R Sk ik
BAEASE, {f FACE 04 B I EA & LI AT i
HPTERE, M SEELES & Ry AT RS A R

FACE R H “4r B 284y, B TR T 4 A
TERGIE:. 1/0 IRFEBL. “FEFrERs B, (HHilks
BRI RS M LA 1B, B~ BRI O #T3EA T T hrifiEft
4

E X, [Ef3HT FACE frifefr b H &R 587 LANE &
— A B NIRRT R A B SRR iRe B, ML
ARINC653 wf U LT fo FARE 747 i 4y XA I RE ()
iR, FACE frMEELE T I R AT E 6 FH AR
FEEE 10 N g, & 1R R & A1
PROE(CEE T, SR R FPIR T 1 RIS AE M. JF kD
RGP, KiEide TRkt EFrE, hiik
VA BN BN 5 B SR it T A AE R S
(3) HEATHEBUNIE, MRS A FHE S A
NERE R G PR S5
A i A R R R Ge AR & AT & ATl
BRI HA G — Wbk, B AMTE 1A 55T A
UEAR . DAR 23 450384 6], oh 3% L 28 T £k L 4
A T B & (Radio Technical Commission for
Aeronautics, RTCA) fF 1982 4 % 47 Hy DO—
178 CHLA & g8 ik 2 & 4 o & b 3R 1 2% 8D
(Software Considerations in Airborne Systems
and Equipment Certification ) jg—/A~ #7032 5739
DO—178 & Il [l R L& AP I N TEFR i, 50 31
£E 1985, 1992 F1 2011 4EdEAT T =1Rkhie, 4 BIFRA)
DO-178A. DO—-178B fi1 DO—178C, DO—-178 & X
T—F WU R BRI, WAL BAEH
HIERIE, EAERARIRIERSE, L1 DO—178 #l
FEFEATIE], FRAEREAE A LA ERA LA 3 B IE 3 156 I
RS AR A DO—178 ZoRIIG T, A G rlRE
W RHLALE D INE, DO—178 iR T4k i Lz,
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JEbRE

TR AR VE RGNS DU FRIE B T2 R RS

ST TULF =S B, KA TR
FIBbR: B, AR Bk BEREHITESD: =,
UEHA Bk BAR LGB RITEE , BN #4455
., DO—178C FZ A 2 iRk,

worriRigR | | W || % || || &
| || ]
WopFERa | | W ||| ||
|| B || & || &
o || w || ® ||
o
AT R 2l lm|lll s
p—— || ||
AL a2llelle
G

[# 2 DO—178C = Sak kit

Fig.2 DO—-178C major software processes

T UL, SR ARERIE R Gt T BUAIE
AHHHR AL, (EHE . A REYA S L T B
R, #%%ﬁﬁﬁf%T%ﬁ&*%ﬁAﬁ
B Ve R G AR NE L ATl B TOIAIE

2 ERNEEHRANXFERER A TSR

2.1 BENETHERARRIEREEE TTEERER

B N LS HR ASUIRTE R G H Tl i
SR AT L ] PR AF SR B (7 1 AR M FH [ b
SRR A SIRVE R G PR e BN v B RS
IARIRMERSE. HATREOE N A FFTORE A S
BARIIERS AT 144, Heh 2 WIw0 5 R4
LA ARIRIERGEA DT 94, sk 4 Fnsk
5 R,

F 4 EN B HEEA % T80 HHRGE i AR TE R SEE 0L
Tab.4 Embedded operating system developed by domestic and reported in military field

Frs TR EoraiE) SR 7 FH 45
1 DeltaOS (&) FHEU R Tolvdl, AUEAYE . M ER ®
2 SpaceOS (K i) RRRHE 502 BT
’ SYIXOS () A e ﬁ;;‘fﬁi;lﬁiié % #;Hfﬂiifgg Oll/iéjfcjﬁfﬁ; S
4 ReWorks (%itg) HE 32 A TALEE, BB AGE, Tk
5 AcoreOS (Kfk) Fi 631 BT AT B AR Y
6 Tyche (KiH) LRFT 706 Bt Bapimfs ™
7 Tadpole OS (F}:}) BERIBIR W £ O
8 B3k 0S FRRA T S N TE N E
9 RT—Thread iR BEHEH Y 2R GO % ™
5 EN B WHEE A T R B AR R SEE
Tab.5 Embedded operating system developed by domestic but not reported in military field
FF5 BN (CISAE M R R 4T
1 Hopen OS HLEAE A Tl PR By, meexE
2 EEOS TR R TS A
3 HBOS TR HERAR, HREE. LB NED
4 wTenux PSSy RAERT. BT, Tl
5 aCoral LIRS EPN A
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2.2 ENEFEHRANRBRERZEREN AR

(1) EFmAREIERSG ARG

DML RBHE. iR T, iz Tk, o Eaf
SRS R R A R . RS
A R 2 A R BT AT e T B ik A SRR
AGRIHFRIFIRE H TVE, HR B, B ASIERIER
SGRH T HEAHREE AL, Flan. RT-Thread
T AR R i £ 7 3 B RN /NI AR AR e F T O
BHEAR, B3R OS 2 T 3RIEAT 0 I FH R 7 3 20 1tk
WEREAE Linux A% IS Al b 38 inas < 16 §E O 52 B 5
HR ARERIER S, WA E, EFRASBRIERSE
IoT, Tl frasfin REGURIHRE THRA Iz
BRI, bban: RT—Thread 78 2021 4R & EREPLE O
St 8 {Ls, FERH Ly AENRES ., E™
IRARIRIER S, LI RIET ERA S5 KM
B, B T TR S A &, B AR
S ERAT T LRI RIE T, el ot 3 HIAS 20 AN Wy
23, AE “ERSN

(2) FFHehnife Bogt BONE 51 A 200, %8
BEE

E iR ASARVE ARG R 2. B B
1z, M TEIMRARBRIERSE, EHFXKERR
1 B R O TIE 5 18 ) 2 FHRGE B R 2 . B iR
ANRIERG S L —E A FM APL, @ HF o3k
7% POSIX HrifE, X 5800 FAR 7 72 A Rl A SRR
RG22 AR R e 25, — R B30 T Ak

ARBIERGHVESAE, NKBIARE, AT
PR ARIRVE R GRS 2 1y G, pesh, B
R A ARIE R G b B AT S ARINCO53 Arifl 7 iy
B, 3FE FACE ArifEfU4REE AV, [, thof
= i AR E R Gl DO—178 S 34l BriliE
i . EIRANATSCINE , EFE U ik A AR
AGIHE LR & S bR Anidad JEUALE, HAEM
Frlv & RE BRI R A E S T8, SCHs CA 1Y IE Brprif
R BUNES A LR, Ao, filE A RERER
] S ) BRI RN B BN UE AL R 24 2 [ =ik A AR A
ST AR K S b B IERY T AR,

3 ZRUEHHRAXBERFENALR

3.1 ESNEEFERTIIH —RBRANXbIE R

ik A IR R GERY A A DY B R T RAL A Gt
B, TR R AT —RACBLE R
PILR S A G, [ S SR s — AL B & 4T
® Hpsch'

NASA J\ 2018 4F = £ 3t 47/ HPSC 5 H 1 7E
Foff il — A [l = L o2 FH A 387 2 e PR R AL PR 2% . %0
OB AL B 2% 20 K 0 S =AY ShRER, Hidl 2 A4
BIALE 4 4~ ARM  Cortex—AS3 % iy # 1 51 i 1 RE
&, fH 2/ ARM Cortex—R52 ¥ 11 /> ARM
Cortex—AS53 ¥ i ot L AL BE, H = #7040 ARM
Cortex—MAF 5t 4 i, & 07, Bl & Fnfe e e,
HPSC BURE-E5444n 1l 3 PR,

* *
Systern Bus | 408 L3 Cache |

High Speed Processing cnnﬂzm'ﬁmnﬂl
| Clk Gani THIR Block
[ru ] -
] =
[
4
High Speed 10

it

Low Speed VD

M

L] LI ¥

& 3 NASA HPSC {4544 A

Fig.3 NASA HPSC

hardware architecture
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JRIIETE 55 T AU A SRV R GE R I DU 3R B 32 R R 8%

_____ System Software API:
=/

64 Bit ARM [Aarch&4)
Yocto Linux A53 85P

TRCH Config
Flansgemert
System SW APlL
Falt Detection

Operating Systems
and Chiplet Drivers
(RTPS AS3 RTOS & TBOY)

L N P

Sbergrsbern ey

Mg
© -

[ .
Slbiyuten (KTFS) )

Chiglet Hardware

% 4 NASA HPSC R ESR I Z5:
Fig.4 NASA HPSC software

5 HPSC B &R IE R G 4 fros, M A
A[LLE M, HPSC disfr THZRRIER S, —2ED
ReAEH R, RIS AR R NIR ASIRIE RS, Bf
Ak, 4 RTEMS, 45 BBf7TE M T4 B & A
SEIRFALFRAY M4, RS2 F1 AS3 4% by B— L ThREAH
P AR AR R KR ARIRIERSE, 40 Yocto
Linux, ‘Z#it KVM Hypervisor {# FH 2 5% 8 #% AS3
TROEEATHRRE D, HAEHL ST m M RE TR 2 A AL B
o

® Microchip PolarFire SoC FPGA!®*%4

2021 4F, ZE [E Microchip 2% &] &} % A 2k 5= it
MR, #EH T H— ARG PolarFire SoC
FPGA, HEEM-EHAE S FroR, X&— R E
AP 5 FN FPGA B/ i, ALPR & 040 BLHG 5 /N 3R
RISC-V 484 %Mk, Hh— MBS T2 R
fill, HAMYASACER g TR L. S NER A
% Bmlas, HTHRCES . FPGA Fiffh i
FAME. FPGA #orER T EA rI it s, hHEA
PCle, GPIO % wgefi4 1, (Tl £ FPGA Wiz
2R AT IhREY e .

[% 5 Microchip PolarFire SoC FPGA IhREHER]
Fig.5 Microchip PolarFire SoC FPGA function



A X ink BB F

AEROSPACE MICROELECTRONICS

Microchip PolarFire SoC FPGA whfab il g5 Hard Real-Time AMP
WLALIFRZACFE (Symmetric Multi—Processing,
SMP) #1 dE *F #r £ 4 B (Asymmetric Multi—
Processing, AMP) PR EAE . xb T-E Lk B
M3, Microchip 2% "IEEAE ] SMP £, L
T/ RCBR 25 % LB AT RSN AY Linux; X SE R
M3c, Microchip 23wl BRI SEbr B A2, £
SR EILAE Bisfr B KR E R RN
IRE e, i o O AL B 2% A2 M R 4k 250z 47 SE I Y
Linux, [RIF, 24 7 PRUESEIR SESEIR #2458 1E R 5
[ AT AR, T SAE S & RGLRE,
AP RARVE R GRS AR D RERI A 2% . AMP J5 ® De—RISC”

. Microchip PolarFire SoC FPGA #k {43z 1740 2020 4, BN R ED R T g 4 ok i B L

[# 6 Microchip PolarFire SoC FPGA AMP Bk f-HE &
Fig.6 Microchip PolarFire SoC FPGA software in AMP mode

- Z e B ” _
Bl 6 FroR, ZE A S 2R 497  (Dependable Real
SoC —
PP E t
lement Debug GPP Element Debug Debug
GPP Elem| NOEL-V FT Module GPP Elem NOEL-V FT Module Trace JTAG
RVBAGCHN | ey RVGAGCHN subsystem 474>
N Processor core| ysetem N Processor core| Sysetem
RV perlphe_ra\s RV] peripherals
Prod] MMU/PMP (UART Timer) Prod] MMU/PMP (UART,Timer) —
Multi-channel
M PMCs M PMCs I panne! FPGA
1 1C controller supervisor <74>
| GPP bus infrastructure | | GPP bus infrastructure | SMAP
G G UART w.
| Level-2 Cache | | Level-2 Cache | MIL-STD-15538 pMA <>
2 1] | I :
I v I v : ccsDs 32-bit PCI
o TM/TC controller <7L>
High-Speed Interconnect |, v
Providing QoS u 10/100/1000
I2C controller ﬁl_lrw/eTrgﬁt 474>
J
I I I I I I (R)GMII
. HSSL
DMA !
I Qsp1 (SpFi/SRIO)
Secure boot Level-3 Cache conmroller controller .
Accelerator
Cluster DOR memory || paraliel and SP1 eFPGA " 8 lanes
arallel ant N
Contorller Flash/EEPROM Ng’:“m"th cgﬁf:;@r SpaceWire
w.EDAC Controllers router
SerDes — I
2x A/B 12 ports
External Boot ONFI FPGA / P

DRAM memory NAND fabric 10

& 7 De—RISC ZfEtER
Fig.7 De—RISC function
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time Infrastructure for Safety—critical Computer
Systems, De—RISC) i H, iZ¥i B & /£ & # &
20 fE L R O S Zh B Y ERC32, AT697F
GR7I12RC, GR740, RAD750, RADS5545 % kb ¥ 2%
Feih. De—RISC & T 4 ML 7%, BAHE IR
A 44 RISC-V $5 4 A RVIC B S5 k%, HNHD
F HEA QoS TRER il I ek AL BRE 75 . I
e, sh%. ik AN FPGA ZiiHE B E —ite,
e 7 FioR

De—RISC Jii H i lic £ - 4n 18l 8 fin. R H
XtratuM Hypervisor xf.& R gt 445, LA REDS
BT A FHRIE RGNS

Application O Application | Application 2 Applcation

3
PARTITION PARTITION PARTITION FPARTITION
0 1 2 3

NOEL-V

& 8 De—RISC Fit E4K fH4E &
Fig.8 De—RISC software

3.2 EENNEEZETFEH —KBARXLERRERN
BARIRIER G TS

LA T B =k 0T — R A AL
BB CRRR A, TR RZ SR A IR TER SR
JEI =A

(1) AKCFREE B2 MR ARIRIE R G RIN 51T

bR = A iR T4 e — ARk A A
HARACRH T 2408 &%k, Hd, HPSC 1
PolarFire SoC FPGA W WNEBEE R T ARl
REFR %, 1 De—RISC MISE B T 8 F 2 AL 2R
Wi, h TRy REL RSN THRERED, &
AEHR A BRI E TIARIRIER S, HT&M%
ARBRVER G Z A B ASETT, (EREETHR TR
GE I, ATLCRE R ASE 24> o A AT RAL B SEE
PR FX teiir ARIRIERSE L. M THT A
giokin, e b, MR rhhEs AR,

JEAR Z A AATHENL B Fl—A 2R A XA
Wb, ABOETE . RS R R AR A LA
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Summary and Analysis of Research Technologies on Many-Core Processor

Song Liguo
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: Processors have been developing from single-core to many-core. The latest research results abroad on many-core are
comprehensively analyzed. The development status quo is first introduced about many-core processors, and then the related recent papers
are summarized from three aspects: architecture, on-chip storage and software scheduling. The main contributions and basic ideas of these
papers are analyzed from the perspectives of energy efficiency, performance and reliability. Finally, combined with the development trend

of integrated circuits in the post Moore era, three main technical directions which are the emerging adaptive architecture technology, three-

dimensional integration technology and heterogeneous integration technology of many-core processors are expounded.

Key words: many-core processor; network-on-chip; memory-on-chip; software scheduling
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Electrical Degradation of In Situ SiN/AlIGaN/GaN MIS-HEMTs Caused by
Dehydrogenation and Trap Effect under Hot Carrier Stress

Niu Xuerui, Ma Xiaohua, Hou Bin, Yang Ling, Zhu Qing
(Xidian University, Xi’an, 710071, China)

Abstract: The gate and drain bias dependence of hot electron-induced degradation in GaN-based metal-insulator-semiconductor
high electron mobility transistors was investigated in this work. Devices exhibit an abnormal increase in peak transconductance during
hot carrier stress and a partially quick recovery of that after removing the electrical stress. A physical model is proposed to explain the
abnormal electrical characteristics caused by hot carrier stress. By using density functional theory, we calculated the energy for electrons to
dehydrogenate pre-existing [N, H,]"complexes in GaN layer during stress. The dehydrogenation of defects affects the peak transconductance
of devices. Meanwhile, the neutralization of donor traps in AlGaN barrier layer also plays a significant role in the increase of peak
transconductance and the de-trapping effect of electrons from these traps after removing the electrical stress accounts for the partially quick
recovery of peak transconductance.

Key words: GaN; peak transconductance; hot carrier stress; dehydrogenation effect
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Improved Power Performance and the Mechanism of AlGaN/GaN HEMTs Using
Si-rich SiN/Si;N, Bilayer Passivation

Liu Jielong, Mi Minhan, Zhu Jiejie, Hou Bin, Yang Ling, Wang Hong, Ma Xiaohua, Hao Yue
(Xidian University, Xi’an 710071, China)

Abstract: AlGaN/GaN high electron mobility transistors (HEMTs) with Si-rich SiN/Si;N, bilayer passivation were studied in this
paper. The use of Si-rich SiN interlayer leads to improved channel transport property, off-state leakage current, current collapse, power
performance, and temperature-dependent stability. HEMTs without Si-rich SiN interlayer passivation exhibit an increase in gate leakage
current by over 3 orders of magnitudes, and an increase in current collapse from 9.7% to 24.7% with temperature increasing from 300K to
420K; while the devices with Si-rich SiN passivation exhibit weak temperature-dependency of leakage current and a constant current collapse
about 5%. At 17GHz, devices with Si-rich SiN interlayer passivation exhibit an output power density of 7W/mm and a peak power-added
efficiency (PAE) of 56%. The improved power performance of HEMTs using Si-rich SiN interlayer passivation is attributed to the suppressed
current collapse and superior device stability under high channel temperature.

Key words: high electron mobility transistors; Si-rich SiN; current collapse; high channel temperature
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Shallow Trench Etching Ohmic Contact for Improved RF Power Performance of
AlGaN/GaN Device

Lu Hao, Ma Xiaohua, Yang Ling, Hou Bin, Huo Teng, Si Zeyan, Zhang Meng, Hao Yue
(Xidian Univeristiy, Xi’an, 710071, China)

Abstract: In this article, we report the high dc and radio frequency(RF) performance of AIGaN/GaN high electron mobility
transistors that ultilize Ti/Au/Al/Ni/Au metallization stack with shallow trench etching ohmic contact(STEOC). Low contact resistance of
0.28Q-mm and highly smooth surface morphology with a root mean square(RMS) roughness of 6.3nm have been achieved simultaneously..
Consequently, the fabricated transistors with the STEOC process exhibit a high output current of 1.52A/mm and low ON-resistance(RON)
of 2.09Q-mm. In addition, a high current cutoff frequency(f;) of 60GHz and maximum oscillation frequency(f,...) of 150GHz were obtained for

the STEOC HEMT. Sub-6GHz continuous-wave mode power sweep measurements deliver a high power-added-efficiency(PAE) of 67%. These
results show the significant potential of the STEOC process to facilitate the development of GaN-based power amplifier(PA) applied for 5G.

Key words: AlGaN/GaN; HEMT; radio frequency; high electron mobility transistor

0 3|8 F T AlGaN/GaN S5 25 Wi i T 2% Ti/
RIS At Th e g b, AL/NVAu, LZHATHBAE, (LM Ti /Al

B T — I Ties ML 3e 4 Pk 7,
B M 1993 4 £ [ RGN K F Asif Khan A
BIREBH T AlGaN/GaN i &8558 b i & LAk
N IR 5 2k — B3 T 9 AR S AL A O R A
A SE . BEE TSR Z ORI AW &, W%
il R CAE 12 GaN A filif 2% (- PERER S HE B R 2

[4]

o

40

Ni/Au & BHEMRAE miB k (HTA) JGrya i, &
FerE Al-Au B Ni-Al 455, BSR4 89
ARG IR e LR B, X R Bk TR w5
PSR, IR A R 4R D S 4R B T RE S
SIANIE(ERY, SRR Y, LTk, %
T E A (an= ki) M, BLAR Ti/Al/Ni/
Au & TR KRR T Z 520



— HRiE —— i

B s TR TR L 2 ALGaN / GaN #{F Tha AR T HA

JC Ve A2 1 Tr) & Bh 2 B b & i M, BRI
HE il B PR (R ) AR fi . i B 2 THIRELRES 85 DA B
AIEHIRR R S RO T R S R, BRI TR
. Elbr BREH TR 2 05 2R Mo IklAl@l, 2011 4R,
% [ B AR IR~ KR b TR 221 ok P A R 5 BRI
D 422 fir L B, fth AT 1R MOCVD 1975 3 /£ SiC #t
B EA KT Ing ,AL N/AIN/GaN HEMT 54,
Horfr, InAIN BRYJIE 2 5.6nm, 5K 5 {ERR 8 X %
T 30nm AU E fE, R MBE Y G IEEERK T
60nm JE Y Si 4225y N+ F 2 GaN, /gl T Ti
e RmER, 2k TLM M1 i 2 I RIAR 2 i
BHA 0.4+0.23Q - mm; 2013 4 it [E & & 580 K
Yuen—Yee Wong 2 A% Ti/Al/Ni/Cu 5%, f#
F Cus T Aullg 2, Bl P 1.35 % 10°Q - cm?,
BT T UMD Au i BEHGR Ko #7221 Al-Au
Adr, PLCRIEHESEE, 2017 4, fEE IAF K065
Birte—Julia Godejohann % A 7 AIN/GaN % Jii 45
RSB TTEA, A A 1100°C AIHGR KOG ok
il e AL ZH 4 BRI fi . 22 3ok 432 ik i B TLML 1
R, BBREA LA 0.3Q - mm, %l 3R
10°°Q - cm?,

RAE BRI N+ FA R ¥ 8 Siogg e A M T
CASEEARAR R i, (o 8 2 L2 DB
v BRI AP AT N T ARl RS
4 B FRGB K5 ZER R DX [RRET) & — A de ik

e

1 BREEENSHIERE

AT AERHE AlGaN/GaN SR &5 08 5, #kk
gifpnEEaE 1 For, SMERRERE T 4R A PLLE
SABDLER (MOCVD) AR AE 3 sk 4H-SiC
. AERKIIME BN T E]_EHE AIN %2, Fe
BARE W E, e EE M i-GaN {4iE 2, 22nm
KB AW Al sGa, 5N P4 E F1 3nm GaN % =,
S5 7 A i R R B R 5 BB R (n) A
1.2x10%cm?, TE= A 1760cm>/V - s,

2 1 11l 1 4 T I O R R T O Z . G o K AR
JCHIE H, SRS AR A R AR (ICP) X AR

BEAT P ZN h, Aokl e R, B, SRA Cl3E
B AR IEAT 5 4 BRI T A EE . 4nfEl 2 By
o, CLAE 4 B R T AL P wT DL 25 B 3R A L i 7
SIANRZ AL, S8 iE = A B m, EREh
20/20/140/55/45nm #J Ti/Au/Al/Ni/Au 4 J§ &
B ik B R 2R R UURRIHAE N, BB b 810°C IR TR
&k 30 #b, 54569 Ti/Al/Ni/Au(20/160,/55/450m)
& & T AR R Aot B gk AT T il , (HoRE TR
FE LR T 5 B AR, 2 el R A
BTSSR bR R, el S R SR (A AR
i (PECVD) yTFR T 120nm [ SiN &k 2 LAl
TEARERR L, SRJE R HOEZ] (EBL) HiI9E T Mt
K4 0.15um, HHIEK B 0.6um I H T U4,
FIHF A 45 8 1 2 ik JS BRI T 05 /9 SIN,, Jad ik
Ni/Au Wik 4 8 7% & ok 58 i B Rk i, B JE, 7%
% Ti/Au & J@HFa#F %,

ocC = PAD - PAD

Shallvo\w Trench  Alg.25Gap 75N Barrier
Etching

GaN Cap

1 RJHBEAEZ 0 T AR AlGaN/GaN SR &5 bk ) o 25 1]
Fig.1 Schematic diagram of the AlGaN/GaN heterostructure
with the STE process

o o Un o o Vn Vn Vn Vn Vn

| I | I I | | l | l

Ga Ga Ga Ga Ga Ga Ga Ga Ga Ga
NN /NN cipasmaN /N /N N\
N N N N ) N N N N
2 0 @ 6 2 0 © 6
VAR VAR VAR VAR VAR VAR VAR VRN
N N N N N N N N N N

&2 ClASEmE b T2

Fig.2 Schematic of the Cl—based plasma pretreatment process

3 FFHES S
3.1 BRUBIEMbAFIE

Dk i 2 il P BE PR 1% 2k B (TLM) BEAT
PP Alie an &l 3 Brom, e Hl %0 ph A a0 452 il R BIEL
41



A X ink BB F

AEROSPACE MICROELECTRONICS

R 1Bk 42 fil ¥ BEL 22 (o) 49 511 4 0.28Q - mm FI
2.1x10°Q - cm’, MHHIT LA %14 0.45Q - mm
5.1x10°Q - cm’, F E{E BN A, TiI/AL/NY/
Au &R & B AE 810°C B K BE T A H 45 2 42 fik
P, FRESEAEAKRT %, ik, #E%T 860C
IR KR BE D Ti/AL/NL/Au A G 5 il AR G 0 17
tbo 4nlE 4(a) Fi1 (b) fros, iR k5 Ti/Al/Ni/
Au HHURE SN T/ Au/AL/Ni/ Au Al % ke 5
Fremm AFM XLk, DLERE W Fh 5 2638 K fa 2K 1 B
$Lo PP T SRR I RLRS B 35 5 AR A 4> B4 6.3nm
F130.5nm, X FEIRE R T 20 F0UGE T RS
T3, X AT VAR T AR AR T ARG A B K
GE il BEAR T IR AEHEE AR &% 50°C) , WTLAR R,
WOHUEE S R AR A A, X & T Ni—ALTE iR
R REPIERL T & RERIR A a0, BAL T R ImHLRS
B, FEHAERRR RF TEh S S8UEHRLm AL S
Al e ERen 2 R K ST & o2y L N

90 ® STEOC process P
80 ® COC process L7 ,'

700 R=0450'mm 7"
ol  Rsh=396 QUsq, "

860C, RTA, ®
77 R.=0.28Q'mm

Resistance(Q)
3

40 ; :: ‘ Rsh=382 Q/sq

30 o 810, RTA
ot

20} g

2 4 6 8 10 12 14 16 18 20 22
TLM Spacing(ym)
Bl 3 HeAl ) = 5T % TLM bk
Fig.3 The comparison of the TLM results between the
STEOC—sample and COC—sample

20.6
A nm

! 218
0.0 tm 10.0 gmnm 0.0 zm

K 4 A5 RS MG % AFM Xtk
Fig.4 The comparison of the AFM surface roughness
between the STEOC—sample and COC—sample

F W DRl 55 3 L L 2 N IR (R = | g v
BRI L, FTUAWIE AR, RAEA % v T2

42

ARE S RIS 7R T e BE R 2R T TR AR A 2 fol
P
F 1 ST A G AR E B 3 L

Tab.1 Comparison of Au—contained ohmic contact

performance
R EEE (0 0
[12] Ti/Au/Al/Ni/Au 830 72 0.5 -
[12]  Ti/Al/Ni/Au 830 68 0.67 -
[71 Ti/Al/Ni/Au 900  165.6 - -
[14]  Ti/Al/Ni/Au 830 16.7 - 5.6x10°
[14] Ti/Al/Ti/Ni/Au 870 27.6 0.28 -
KT AE STEOC 810 6.3 0.28 2.1x10°
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Total-Ionizing-Dose Radiation Induced Dynamic V, Instability in p-GaN Gate
HEMTs

Wang Zhao, Zhou Xin, Chen Chen, Wu Zhonghua, Shu Lei, Qiao Ming, Zhang Bo
(University of Electronic Science and Technology of China, Sichuan, 610054, China)

Abstract: Total-ionizing-dose (TID) radiation induced dynamic threshold voltage (V) instability in p-GaN gate HEMTs is studied for
the first time. A nonmonotonic dependence of Vi, on dynamic gate stress is observed. Irradiation causes damages at metal/p-GaN/AlGaN
stack and the mechanism underlying irradiation-induced V7, shift is revealed. At the p-GaN/AlGaN interface, the new interface traps buildup
by irradiation capture electrons, causing more positive Vo, shift. At the metal/p-GaN Schottky junction, irradiation damage related to possible
nitrogen vacancies would enhance hole-injection with increasing gate current. Hole-injection enhancement gives rise to stronger optical
pumping and more holes trapped in the AlGaN barrier, causing more negative Vo shift. TID radiation changes competition relationship
between electron trapping and hole-injection, which is responsible for nonmonotonic V7 shift. Increase of gate current and drain leakage,
and change of gate capacitance are present to verify the mechanism.

Key words: p-GaN gate HEMTs; TID; interface damage; Schottky junction damage

BFIE (TID) % B, #kifi, BT TID 2Rt GaN
sl T AL ESEHRBUN, TRppy  HEMTS BEMRE ARG S mEI, — L pLb

R, T BT R ek Y, ek AEEST

JE B T B 2R R4 (HEMTS) DL (0 FF 2351 p—GaN HEMTs LLICH B AR, G Y A

R REERG R, EAAE AT R R R T SR Lt bR Sh T,

JHR R, (EZSMRHIREE T, BT IRAKIEIGTEN  THML p-GaN BAA(E A FORA 2 b s, Hoxt

RN, Horh R RO R BRSSO RORRAT R S R T B

0 5]

il

AeRA . BEHRFAFIES 62004034
@S A4 ; E-mail: zhouxin@uestc.edu.cn

45



A X ink BB F

AEROSPACE MICROELECTRONICS

iz, SHEHERERE (Vo) 285, Vi ERiEE
S RFIMNFBAEE, Vi TURTEERS NI S 2330
BRI E. Bk, ShEEATE M — 8 WA,
Xt p—GaN HEMTs HA H2E5  SA100 , I8 T,
f£ p—GaN HEMTSs w1, TID iR 6 2h 2 Vg HI 5200
i T AR IE

A SCHRIE T p—GaN HEMTs Ht TID %8 4 55 &
Il Vg AfaEtk, 888G Vi 53S0
JE I R BOIMEN, 855 R A 3) & B ME AL
B, 8 R 07 T metal/p—Ga 1 B2 45 Fn
p—GaN/AlGaN #ifi, @i sk i (L), Mk zs
(Co) Pl (L) IRIBIEIE TIZHLEL,

1 SFHEMFIII &G

Bl 1 24 p—GaN HEMTs fiy TID @4 el Eor
B, A F A& 650V/7.5A p—GaN HEMTSs
5 FH 25 07, TID $R o 920 R T 28k T0rad/
s Coy FaftIR, FRETfRd, & Rk &
6V, Hfth BB B Hb, Vi, I F1 Co 1E 500krad F1
2.5Mrad It A7 Y M, MR AL 2% 24 Keithley 4200
A Gk oy Hr R 2R GE. Vi A 6] 5 AR B2
(Vaso) FHIZHEHB R IR, How SCh ik H
ok TmA WFEIHIR B . 3h 2 18 e P BT R R
ot I Y A 39124 100ps ~ 10ms,  Jhicift 58 B [ 7 oh
10us,

Co® gamma Radiation

™ [rmp—
[ = = —— rVea
5 Paan  mehaios o L
aian —
..'SL B 1
e i T T—
T
Vi . =

Y -ray - )
Q\ Applied pulse .=
=

Keithley 4200 SCS

K 1 p—GaN HEMTS [ TID 455 e Bon & &
Fig.1 Schematic of TID radiation experiment setup for p—GaN
HEMTSs

2 IRHTSEIN AR R
AR SO st B AR B0 TR 7 88 R BEAT T AR
46

e (HEAn 6V MR, IR AR ), RIS,
TATTLE R0 T 48 T P o 11 728 R e P AR I
BEBERE Vs FI3E ML A/ NEE K. B 2(a)
BoR T REHRET Vin 5 Ve UK F, SRE
W, Vi Bl Veso W HE T BAIH 30, 24 Vg <SV
I, BEE RIS, Vi IR REEFZ IR, 2R 78
Veso>S5V I, Bl BB Vi IERER 22 T
i, B 20) Box T AR TID T Vig 5 Vg B9
Fo SAREHRET Vin 5 Veso WHRIASZZW B A
6, FaMRIGE Vi X Viso Z2ELHTER AL, B)E,
AR LB ) (Vsq=0V) B, Vi, B2t fit 16
. 2 Vesq=3V Ibf, Vo BEWN. 45 REK W,
B & Vieso M 3V RGN, Vi kb EH K. 78
TID=2.5Mrad T, V=3V I Vi 4 1.82V, #EL
F Viso=0V B Vi HEINT 0.54V, BliF Vs,
— PR, Vi £E Veso=5V BN B/ ME 155V,
1E Veso=TV I K F) 1,92V, F5 5 55 0 25 1 B R
K A8 /NI, AhAREM&E KN &, 11H
JRMZ S ETE, A 2(c) Bk,

Anealing time
A0
O 48 hours
O 30 days
5 A
% N
w % S8
£ %, & éé"
L] 5 ”’v;_ ¢ §
‘v %
a Period: 1 m:
1.3 V=135V @Vea=0V (3) A (c)
3 456 703 456 703 4 5 6 7
Vesa (V) Vesa (V) Vesa (V)

B2 7E () KFEFHREIAR T (b) AE TID F (c) ARk
KIFET Vg 5 Vo FI9E 5
Fig.2 Viy as a function of Vi, (a) with different period
for fresh state (b) with different 7ID and (c) with different

annealing time

3 EATASHTHEAREENIE

E 3 @or T p—GaN MR X s Gt #5005 REAT 7
BE, 20 NIE [ R s, 48 /p—GaN
K gk R, T p—GaN/AlGaN/GaN £51F |7 S ,
ok H GaN {&iE L geid AlGaN #4223k A p—GaN
B, H#Esy i F7E p—GaN/AlGaN R {75k [ of



—— BFRiE ——

: i EDP—GaN HEMTs Sl b B ah A B E A FRE PRI

D], S8 Vi B, R, 2308 H 2
MHIR 42 JBTEA p—GaN B, 243152 BATRE R,
p—GaN H Y2z 7 H P Ik BBk AlGaN #2273 A GaN
i, X iRy 2 N A bk AlGaN #22 B
PaBEFRE [ A2 GDIMY, HEAF GaN LBz
2DEG &4, FEmsckot (EL), HApaa 3.4eV
At OP(optical pumping) 3 Al LA R0
#% p—GaN/AlGaN S (73R HL - [k 2 (i1i) ",
H 22 A S R 22 gk [ B2 (D) Fn OP sy [k
i (1)) 7T S8k Vi %, Bk, Vi IEBRRT
2NN TIFIR Z A 354

—» AlGaN j<— GaN

-('i-\;)mSchottky ]uncii;-;‘ damaged by high energy e”
(v) New interface traps generated by high energy h*

& 3 p—GaN Mt ik X SR G gl et o~ i 1
Fig.3 Schematic band diagram of p—GaN gate region with

radiation damage

Xt B AR D R ARFERRA, Vi B Visg
PR3 I AS T 384 00 , 28 FH FL P17 3R 4G 2% 1 1 32 S Hb Ao
15 Viso<SV B, /N AR 1t I Fi Jg PR 11l 7 H - s
] SRR BB AR AR AR, TR B 2 PR g bk
B2 BRI, B8 Vi dE— P ERER, £
Viso>5V I, Bl & AR B R 38 - 2800 A I
5%, PRI BEBE A JE RN Vo BIE R EERS 2 2 T 100461

fERR B R, p—GaN B ik KR 1 —
7370k, AEIE R i FE T, R P e A 4G s il e
XN AR Y, BF2mif i 48 /p—GaN
SUHFE Bl B [ R (v)], i Wl 1 AT LA
TESELL B4, 4nl&l 4 s, &5 R %W, BE&E TID
M3, GE R I RE RN, B I JLPEAAE, TR
TID=2.5Mrad I}, MEEEIER I, 3 T 5w

PL L. p—GaN HIbR &5 ey T AIEASE oA 15 %4 15 H3 06 Y 1
Rk “ARE (Deen) FH p—i—n AR (D), BAT15 5
S BELINT I 1] B RN B TR BN L O . R, FRAT)
A H AL A AR ARG R 3241, i p—in S R
HhiE, WA AN EmER B EdH 48R /p—GaN
g ese N o bl 2 AT S AT - S PR DA T R )
o FAPFERBNR SENLHIA LB S LA, IE R LIRS K,
ZERTEAM R, 22T E AR5 — 5 R & S ECE 2 HY
ZEHEARAE AlGaN #h2e Birp [t g (iD)], SB—J51h
BTSSR OP Ak [k e (D)), X PRS2SR 5y
A E S FlE 6 Bk

=0— Fresh
=O= 500 krad
=0= 2.5 Mrad 6
=0= 30 days post-rad .-,"' y

4 I BV A LR 2
Fig.4 I; as a function of the V,(Vs=V,=0V)

B S Bor TR SEERERER AV ) SHE
WA R (Vo o) BISE R, S5RFRW], 45 M85 3 [ i
AR T AZEh, RN (E A H SR RS R,
TRRIE BRI H 55T AlGaN #22 s 22X FaBiE LA
X Ut AR 5 S 2 2SR T ARAE AlGaN #4422 R,

0.2

static gate stress

for30s

[ /u\

s .

© D

A1 1) P R N ——
] \ D\

= L .

< .01} o Fresh (=} o A

L =0= 2.5 Mrad \

0.2} o '3.-

4 5 6
VG,str (V)

BES AV o B Vi o M FR
Fig.5 AViyg, as a function of Vi, with a delay of 1s after

applying V; ¢ for 30s

47



A X ink BB F

AEROSPACE MICROELECTRONICS

h T VFAl OP 20, — R ARy 5 i A2 e At
AR ) S AT e AR L MUAR Y, P 6 B T AR
AR AR Vg T L BERF RN EOAE L6 R, R ARSHIR
BT, Vou=0V I Ly KGO TR 0. 1 &)
(XA 2.7x10°A, 24 Vi o HINE] TV I, ZRIEA
5510 EL sl OP 20 ol LA BB ARM T 2% i R Y
fzs (Al L, GaN {6 % 22 R UL AR, 30 L T
o BRI, Viasq = TV IR L AHELFR5T AT HE e
HESE T #6515 S0 OP 398 [ b & (iii)], 4§58/ OP
RO A GaN {4738 Hh Y SE 2 Y FL - BB LT SRR,
SRS —D I, LW, AN, s 7 prR
AR MRt G TIE T OP 1R I3 5%, SAFaN
ax EAREL, FRd I RIS R R JCBEE TID 5 hni 3

Fresh 2.5 Mrad]
VG,str =-0- OV -o- oV ]
=0= 7V =o= 7V
-4 8V -4 8V

— 10
<
=
\O

107 ,

10®

0.1 1 10
Time (s)

B 6 AlE Vg F L BRI L R
Fig.6 I, (at V4=V =0V,V,=50V) as a function of time with
different Vi g,

(]

S

D

2.5 Mrad

Fresh 500 krad

B 7 XFAE TID &R0t i i
Fig.7 EMMI measurement of uncapped devices at V=6V
with different 71D

S iash i, FRH sk 2 S AR N
] AlGaN #2215 m s, HHRemBE Mg,
MififE p—GaN/AlGaN F i 7= A= ik b [k #2 (v)].
Bk, 5 2 [ TR u s i e pE Bk sk, S8t
& (1) fE45 € I IE MM T T 552800 58 . oh T30 IEfa 5t
Je B PRI 5R, /E IMHz SR TR T HAk e 2

48

(Co) ZnE 7 iR, ARGEM 20 RIS R, B 1/
Co=1/Csqt1/Cpyy Horr Coy hy FFFIEEE I HRLEY,
Cyn A1 AlGaN 2R, 2 Vit HIE BN,
Coin BRI B2 PRFFAE T EE, e i H R i /e
Cou 1", 5EYHE, 24 Vo<5V, C; T, XM T
Com FEEFTEL. fnaifTiA, f£4JE /p—GaN Htif
BEHIE 5T 5 028 0 FH 2% 19 i B P BF 4 £, p—GaN
KRR Y &, $8 Cs, 1 Co . 4
Ve>5V, Co M, AN AX & BT &5
fE p—GaN/AlGaN 5t [ 51 A B9 LT Fa BiF [ 3 #2
(WIS T C,, Hm, & Ve, K, Femifg
9B W LT E e MBI . 1M Hz 55 2R (1) 48 5% S 1)
WKRER R mE BB B, S8BT Co F1 Co IS
IR

Bl , FRSHR kA T LT3R AN 28 /A 2 1]
SRR, KRG Vig 5 Vesg EIAER I
R ZMIEE, £/ 20) d, % V=3V i, Vi
DR R A R T R PR B IR T 2 T
[ # () fn (V)]. BEHE Vs FIHE N, PEEE & IE 1)
Tl b 2 (iv)] W3t #2 (i), (iii) Ay o%, 2393
FEARTHG b, ST Vg AR, B
E Viso Wit — 5K, 1E W I, B8 TF2,
22 N NN R, H A R T S b
[ (D] Bk, Vo fESEBIERER, 24 TID A
500krad % fn# 2. 5Mrad I, 1E 18] 1 #9354 51
AL SR U2 IR A, NI FEL Vi F BT B AE
K. BK—MHE, Vi SRESPREMELD AR
KIIEEE, Wk 2(c) fin, XEREREMSIATIE
REJPEBE, S8 F1 Co RE2WE, Al 4 il
6 Fi7R .

[EfREENRE, BIMEE T AR RTE, —41
FERSTI AR AP as, B — LA fast, (U
BAE 6V MR LY T 10 /NI, i R 2 1A
) Vo 3888, 1o F1 Co ALK, Uk BRR S 45105 #6115
SRS A R D IC R AR, A LR SR A
.



—— HRRIE —

B

5. i Hip—GaN HEMTs gl s b8 ah 3 s AR E o

300}
—0— Fresh
250 =&~ 500 krad
—_— =O0— 2.5 Mrad
w200} ;
Z -~ 30 days N
U] postrad Expand_ed e
O 150 depletion traps ]
100} f:1MHz _"_"_A
Cschi Cpin't
sob ]
-2 -1 0 1 2 3 45 6 7
Vs (V)

E 8 C(; % V(} E"J’E’f‘t?‘é%
Fig.8 C; as a function of V; at frequency of IMHz

4 git

ACWFFE T p—GaN HEMTSs # TID %8 41 i &

N Vg NAEME. 18R TRHE Vi 53R
ARV R, &R /p—GaN HFe Ak 450
SIATATRES RAEMLARSCI e - 26 PabE, SEOER g
UL R 22 7 E AN 58, FR TS5 p—GaN/AlGaN
S T B, S ECE 2RI R TR Co
AL, FRISECE T AR R 2 A Z (R TE S
KF, WERET Viy 548,

(1]

(2]

(4]

Sk (References)

MCCLORY J W, PETROSKY J C, SATTLER J M,
et al, An analysis of the effects of low—energy electron
irradiation of AlGaN/GaN HFETSs[J].IEEE Transactions
on Nuclear Science, 2007. 54(6): 1946—1952.

ZHOU X, YUAN Z, SHU L, et al, Total—ionizing—
dose irradiation—induced dielectric field enhancement
for high—voltage SOI LDMOS[J]. IEEE Transactions on
Electron Devices, 2019. 40(4): 593—596.

EHHE, BooE, HFEMK, % . &)k LDMOS gl fa btk
RS [T]. S5 S THEL, 2015,(10):82-86.

SHARMA C, MODOLO N, WU T, et al, Understanding
y —ray induced instability in AlGaN/GaN HEMTSs using
a physics—based compact model[J]. IEEE Transactions on
Electron Devices, 2020. 67(3): 1126—1131.
ZHENG X, FENG S, PENG C, et al,

Evidence of

GaN HEMT Schottky gate degradation after gamma

[10]

[11]

[12]

[13]

[14]

irradiation[J].IEEE Transactions on Electron Devices,
2019. 66(9): 3784—3788.

PEARTON J, REN F, PATRICK E, et al, Ionizing
radiation damage effects on GaN devices[J]. ECS Journal of
Solid State Science and Technology, 2015. 5(2): 35—60.
SCHWANK J R, SHANEYFELT M R, Fleetwood
D M, et al. Radiation Effects in MOS Oxides, IEEE
4, pp.
1833—1853,Sep. 2008, doi:10.1109/TNS.2008.2001040.
UEMOTO Y, HIKITA M, Ueno H, et al, Gate injection
transistor (GIT)—A normally—off AlGaN/GaN power

Transactions on Nuclear Science, vol.55,no.

transistor using conductivity modulation[J]. Transactions on
Electron Devices, 2007. 54(12). 3393—3399.

WANG H, WEI J, XIE R, et al, Maximizing the
performance of 650—V p—GaN gate HEMTs: Dynamic
RON characterization and circuit design considerations,
IEEE Transactions on Power Electronics[J], 2016. 32(7):
5539—-5549.

TALLARICO A N, STOFFELS S, POSTHUMA N, et
al, Threshold voltage instability in GaN HEMTs with
p—type gate: Mg doping compensation[J]. IEEE Electron
Device letters, 2019. 40(4): 518—521.

GaN Systems, GS66502B Datasheet. (2017). [Online].
Available: http.//www.gansystems.com.
SAYADI L, TANNACCONE G, SICRE S,
Threshold voltage instability in p—GaN gate AlGaN/
GaN HFETS9[J]. Transactions on Electron Devices, 2018.
65(6): 2454-2460.

TANG X, LI B, et al, Mechanism of threshold voltage
shift in p—GaN Gate AlGaN/GaN transistors[J], IEEE
Electron Device letters, 2018. 39(8). 1145—1148.

ABDULSALAM A, KARUMURI N, DUTTA G,

et al,

Modeling and analysis of normally—OFF p—GaN gate
AlGaN/GaN HEMT as an ON-—chip capacitor[J], IEEE
Transactions on Electron Devices, 2020. 67(9). 3536—3540.

fE&E

FEI(1996—) , B, TTEALBA,
MRS, TZMEBE GaN
SRSV IS ERAHT.

49



A X ink BB F

AEROSPACE MICROELECTRONICS F2HN 20224F6 H

fen
hi
2
i

p —Ga,0, HHFEE 2 “MEMIRIR XN F T
Y REETIEN

HIRE, KT, K 75, K 8, K =, BB, Seee, m X
(P TRHER S, Bepi B 710071)

B OE. PR KR, PR TEASH p —Ga,0; Hiri% 2 A RIIERER T, B RBL, SRRk, PR R R
PEE GayO5 v, (EFARFR S A S E AT R NiO, 5 A8 45 v 9380 XS Eole i FRgil, &3 Ni/Ga,0; S IR BEES % LU T R 1
S A RIS AR, T NIO R RLA R 428 — SR R E AL, BRI RIREE (Ly) A 1.21x 10 °A/cm’ BEARE
5.12x10°A/co’, [RINFSEEL T E i di e s (V,,), BRACEREW, il Fim TR R E L5 6 —Ga,0; SBDs #EATRIELR K H R AEDS
T ar R

KA. AR FARIESA A

HESHES: TN31  XERIRE: A

B S TR

The Optimized Interface Characteristics of p-Ga,0; Schottky Barrier Diode with Low
Temperature Annealing

Hong Yuehua, Zhang Xiangyu, Zhang Fang, Zhu Tian, Zhang Hao, Zheng Xuefeng, Ma Xiaohua, Hao Yue
(Xidian University, Xi’an, 710071, China)

Abstract: A low temperature controlled annealing technique was utilized to improve the performance of vertical 3-Ga,O; Schottky
barrier diodes in this work. The nickel diffuses into Ga,O; and NiO was formed at the interface between the Anode and semiconductor
generating p-n junction after low temperature annealing. Simultaneously, the trap state density of interface Ni/Ga,O, as well as the
carbon bonded with Oxygen on the surface was reduced, which was proved by the capacitance and conductance measurements and X-ray
photoelectron spectroscopic analysis. Combined the decreased off-state current density(/,;) by 3 orders of magnitude from 1.21x10°A/cm’
to 5.12x10°A/cm’ and larger breakdown voltage(V,,) from 220V to 270V owing to optimized interface, and the formation of NiO, a low
temperature annealing technique make certain of effective improvement for vertical 3-Ga,0, SBDs via interface engineering.

Key words: Gallium Oxides; Schottky barrier diodes; annealing; interface engineering
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Study on Digital Transparent Processor of New Generation Broadband Satellite
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(Beijing Microelectronics Technology Institute (Xi'an Branch), Xi'an, 710119, China)

Abstract: As one of the key techniques of new generation broadband satellite communication system, the digital transparent processing

technique can extract the sub-band signal of the uplink channel effectively and reconstruct the required downlink signal. A high efficiency

digital transparent processing and digital channelization technique is investigated and designed in this paper. An efficient structure of digital

transparent processor has come up, the functions and performances of the system are simulated. The research findings can be used reference

of the digital transparent processor in the flexible transponder of new generation broadband communication satellite.

Key words: flexible transponder; digital transparent processing; digital channelization; polyphase filter
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 E. AL AH (Asymmetric Multiprocessing, AMP) i@/ THGENAEDS LBl 2 AL PR AE & B RIAF S R s T, BA A
RAAHIFE M WFFE AMP #8202 BUA0IR 8514 T B0 I 7890 R R G0 IR , 4 RE)-ia A T 1], & 58 R il Sparc V8 R4 1 H e B,
I T SR IS BHRA B R Ui ), SRJREIE TR TSN RR G, SRR R E., EIER L, PR T AMP BT
ZHPERIEHA B AL, BJRTET FPGA 1) Leon 3 PURALER AT RARIEAT T AERETIL DT L9k 0e , SCBLT AMP X FIAERER o),

oy e B FEATH R, HRUSIE TR AT HEZR A W] A3 B A 3t
KR AMP; JRATUEL AERES: A hEst
FES%S: TP311 XERFRISEG: A

Parallel Computing in AMP Mode of Leon3 Multicore Processor

Wang Yue, Li Jie, Wu Panfeng
(China Academy of Space Technology, Yantai, 264000, China)

Abstract: AMP operation mode can realize the independent operation of multicore processors in their respective storage space, and

has the characteristics of flexible application. Studying the parallel operation of multicore processor in AMP mode can make full use of

system resources and shorten the program running time. Firstly, the atomic instruction of SparcV8 is used to design the spin lock to realize

the mutual exclusive access to shared resources between multicores. Then, the communication mechanism based on shared memory is

formulated to realize the information interaction between multicores. On this basis, a multicore matrix multiplication parallel computing

framework in AMP mode is developed. Finally, the simulation experiment of matrix multiplication is carried out on the Leon3 four core

processor development board based on FPGA. The matrix splitting, data distribution and parallel computing in AMP mode are realized, and

the feasibility and effectiveness of the proposed parallel framework are verified.

Key words: AMP; parallel computing; matrix multiplication; spin lock
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Tab.1 Processor core space allocation and stack address

P Biras

o iH ZE A4 il 1515 A N e e
N (MB)

1 JEEEfEfigasial 0x40100000—0x401£EEff 1 —

2 REEAZ O 0x40200000—0x40fFEELE 13 0x40£ff000
30 RbEEEE T 0x41000000—0x41FEEEEE 15 0x41£ff000
4 GERBHZ 2 0x42000000—0x42ffffff 15 0x42fff000
5 AbPRESEE 3 0x43000000—0x43fEEEEf 15 Ox43fff000
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Tab.2 Multiplication time and speedup ratio of small

dimension matrix

32x32 5105 3697 1.381
48 x 48 16604 8385 1.980
64 x 64 43013 18084 2.518
100 x 100 203693 52511 3.879
200 x 200 1745500 562278 3.104
300 x 300 6313794 2026165 3.116
400 x 400 19172536 5715837 3.354
500 x 500 42959760 11419078 3.762
600 x 600 91636171 20619449 4.444
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A High Security FPGA Hardware Defence Method against
StarBleed Vulnerability Attack

Yang Jiaqi, Chen Lei, Li Xuewu, Sun Huabo

(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: Considering StarBleed vulnerability existed in Xilinx 7 Series FPGA disclosed abroad, by analysing vulnerability mechanism

of 7 Series FPGA circuit, building encrypted bitstream security simulation platform, designing attack bitstream and simulating StarBleed

vulnerability attack, this paper proposes innovatively a high security FPGA hardware defence method against StarBleed vulnerability attack.

The redesigned circuit has the ability against StarBleed vulnerability attack by simulation. Finally, after chip returning FPGA circuit passes

the test of encrypted bitstream security on board, confirming StarBleed vulnerability solved from hardware circuit and improving the security

and reliability of FPGA.

Key words: 7 Series FPGA; StarBleed vulnerability; encryption; authentication
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LISTING 1: Readout Bitstream
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0xFF, OxFF, OxFF, OxFF,
0xFF., OxFF., OxFF. OxFF.
0xFF, OxFF, OxFF, OxFF,
0xFF, 0xFF., OxFF. OxFF.
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0xFF, OxFF., OxFF. OxFF.
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0x20, 0x00, 0x00, 0x00, #NOP

0x30, 0x00, 0x80, 0x01,
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0x20, 0x00, 0x00. 0x00,
0x20, 0x00, 0x00, 0x00,
0x20, 0x00, 0x00. 0x00,
0x28, 0x02, 0x00, 0xO1,
0x20, 0x00, 0x00, 0x00,
0x20, 0x00, 0x00, 0x00,

0x20, 0x00, 0x00, 0x00,
0x20, 0x00, 0x00, 0x00
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Fig.19 The data from JTAG TDO

MR 3 4 5 BLIRAIE AT 40, Xilinx 7 & 5]
FPGA 527 {E StarBleed ki, %Atz il
TR A L AN AT LA fig e StarBleed i, [RIBFASS:
S POEH (8 A Multiboot ZhEE,

4 MM
T YR & ok 5 Y HLER CAS 47 7 StarBleed I
, fEBQ7TV M BQTK & R E s, AX#HEIT T
BQ7V. BQ7K RJI.EH 5 XQTK325T AR i % 42 %f
PGS IE
(1) o HASCE =B 5 % gk, |
EH SIS, BN I FPGA i
B A G U IS 7 3 5 A F] WBSTAR %;ﬁ
w e, SMICA S B H o ) — A A (AR R Sk
ML BT 0x30008001—0x00000000— 0x20000000—
0x30008001 ix — f7 1Y & J5 — 4~ 7 0x30008001) ,
Jy T ULHZ T G LR, A& WBSTAR 247
HIME, fE Vivado Mgt i, Hf WBSTAR [l & A
0x11223344, FfHi@ 5t Lkt 7 WBSTAR [I{E %
0x11223344, 4nfE 20 Fiors,

[ 20 [\l WBSTAR %747 BT
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Fig.21 Attack birstream (left) and normal bitstream (right)
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Fig.22 Stealing data successfully and exiting StarBleed
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Fig.24 Achieving Multiboot function

It Bk 5 5 R, SRR T SR
SR (1 61§52 42 05 M IE R, [RIINHILIESE T 280
HLERRECEB %1, BQTV. BQTK R R EL iRk
7 StarBleed iafldl, [FllFARZ0 FPGA fJ Multiboot

ThE.
5 ¢5ig
W% FPGA R4t e, @SR, AL

W, EIT RS, BEUREZA G TIZ ],
f FPGA &M R e S kA T — i, ARk
B StarBleed iRiFfG %™ &, BCOLH FPGA ith
— AR T H . ARSCEHX —i, ot THTIE
HLER, it IS UEIESE T BT Xilinx 7 £51
FPGA v BfiJ5# T WBSTAR % /£ % 5 FPGA &
B RE AR T ARSI (| [l 2 2 R T 2%
W 5 B 5 B KR B BQ7V, BQTK &%
F &A1 £ StarBleed ifiil, [] B A& 5200 FPGA 119
Multiboot Ze4E, 2T T FPGA RyZea ik, (RFE T
M P22 5 iR i, StarBleed il T4 %
w7, X R AT FPGA 22 2 PR
B, FEEFEEAR K FPGA 24Pkt



—— HRRIE —

[ZE )

i 4 4 I Star Bleed i IR M o I FPG ARE (R B B ise T 05 1

(1]

(2]

(4]

[5]

Sk (References)

DORSCH J. Bl rl 4ae[ 1451 FPGA 5 B AR H ] %
BRHLEE R, 2018, 35(1):77-79.

ENDER M, MORADI A, PAAR C. The Unpatchable
Silicon: A Full Break of the Birstream Encryption
of Xilinx 7—Series FPGAS[C]. 29th USENIX Security
Symposium. Boston: USENIX Association. 2020:1803—
1819.

BRCF . FPGA SR Bt B He i oA 1. 26 BB s B AT
2017, 34(12):37—41.

Xilinx Inc. 7 Series FPGAs Configuration User Guide[Z].
UG470(v1.13.1), August 20,2018.

Xilinx Inc. Using Encryption and Authentication to
Secure an UltraScale /UltraScale+ FPGA Bitstream[Z].
XAPP1267(v1.3), October 12,2018.
WANG P, ZHANG Y M, YANG J. Research and

Design of AES Security Processor Model Based on FPGA
[J]. Procedia Computer Science, 2018,6:249—254.

[7] Xilinx Inc. Internal Programming of BBRAM and eFuses
Application Note [Z]. XAPP1283(v1.2), July 31,2020.

[8] Xilinx Inc. Developing Tamper Resistant Designs
with Xilinx Virtex—6 and 7 Series FPGAs[Z].
XAPP1084(v1.4), June 13,2017.

[9] Xilinx Inc. Using Encryption to Secure a 7 Series
FPGAs Bitstream[Z]. XAPP1239(v1.1), July 16,2018.
[10] Xilinx Inc. UltraScale Architecture Configuration User

Guide[Z]. UG570(v1.13), July 28,2020.
[11] Xilinx Inc. MultiBoot with 7 Series FPGAs and SPI[Z].

XAPP1247(v1.1), February 28,2017.

fE&E

BES (1992—) , B, AL
KBTEA, ML, T, 88
MEBAINE FPGATRIT RSAE

qe

77



A X ink BB F

AEROSPACE MICROELECTRONICS 2] 20224F6 H  BEESHY

T TMR BJ{RIE = 3T R A RIBUARR

KX, BRHF, F =

(W /RiE Tk, BIEILA VAR 150000)

WOE. AR T EON TR gL B ey (TMR) AR A ki ) CMOS $ril (R HOR e IS BUR A i A IR ShRE
LR, TSR LARZZE] LT3 B2 85 S A R s R 5 S RO I, 3 A T (s M 15 SO . 24 1130 T e 1 B0 25 A
CRMEHE, (RO S RN = A ME B B R R B # . A TR FE b Bl (CMRR) e finille (PSRR), 1w Hi ik
RMeZS N, h THREEHGRENE, PR, SHCR M S AR BAME R T (R R i BTN L R S0 il
B AL D R P A T . AR 0.35um BCD TN flits, Gl Imm?, MIREM, 2R IREOR B 1Hz 58 A
WEFE ) 1InV/Hz"?, (EBORREEL 65 1%, a2 200F I, %k (RO B9 R T S0kHz, SV HIEHE T, SIhFEA 300pA,

KR (MRS BrfobA; B Hab % des

HESHES: TN432 MERERIRED: A

A Low Noise CMOS Instrumentation Amplifier for TMR-effect-based
Magnetic Sensors
Zhang Wenbo, Chen Weiping, Yin Liang
(Harbin Institute of Technology, Harbin, 150000, China)

Abstract: This paper presents a low 1/f noise CMOS single-ended output instrumentation amplifier (IA) for tunneling magnetic
resistance (TMR) sensors. The instrumentation amplifier has the advantages of low noise, low power consumption and high bandwidth, and
can support the detection of weak magnetic field signals in the frequency range from a few hertz to hundreds of thousands of hertz, which is
suitable for measurement of weak magnetic field signals. For high DC gain and linearity, the amplifier adopts three-stage current-feedback
topology. For high CMRR and PSRR, the first two stage adopts fully differential input. To maintain stability and lower the power dissipation,
the amplifier adopts trans-conductance with capacitance feedback compensation (TCFC) topology. The amplifier uses chopping technology
and continuous-time AC-coupled ripple reduction loop to reduce 1/f noise and chopping ripple. The whole chip is fabricated using 0.35um
CMOS-BCD technology and the total area is 1mm’. Test result shows an input-referred noise power spectral density (PSD) of 11nV/Hz"” is
achieved with 1Hz 1/f corner. A bandwidth larger than 50kHz(65x magnification) with 20pF load capacitor. The total current is 300puA at 5V
supply.

Key words: instrumentation amplifier; chopping technology; tunneling magnetic resistance sensors
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Fig.7 The photograph of the chip
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Fig.13 Transient output without RRL loop
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Fig.14 Transient output with RRL loop

* 1 GRS HeERE XL

Tab.1 Performance comparison of instrumental amplifiers
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R 15 130 20
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etk (dB) 130 125 120 130
AR (dB) 100 130 120 140
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3 iR

A T —F O H T TMR i BH % 2% &% 1
CMOS il Fis R a5, FHiFdnraa 7 H A
72 ] B D0 0 A ) [l 8% 7 A DB . 9 B R s
a3 I BEAR T 0 T HOK &5 1 B RE FF g o 1
B RS A, k.S ok 0.35um BCD
B0 1 B VA 1 £ A SO 5 I A
T 300pA, Frifk s AR Rz i 1Hz AbMe A
11InV/Hz"?, JRPHA 8pV, AR EL T H i o R
B, AR R FEES /NIRRT SR T S AR (AT
FERECR B A TR, W niE TS i 155
TR .

Sk (References)

[1] RIPKA P, JANOSEK M. Advances in magnetic field
sensors [J]. IEEE Sensors Journal, 2010, 10(6): 1108—
1116.

[2] LI X, HU J, CHEN W, YIN L, et al. A Novel High—
Precision Digital Tunneling Magnetic Resistance—Type
Sensor for the Nanosatellites Space Application [J].
Micromachines, 2018, 9 (3).

[3] WANG M, WANG Y, PENG L, et al. Measurement of
Triaxial Magnetocardiography Using High Sensitivity
Tunnel Magnetoresistance Sensor [J]. IEEE Sensors
Journal, 2019, 19(21): 9610—9615.

[4] CAO P, WANG X M, JIA F X, et al. Circuit
Design and System Error Analysis Based on MR/GPS

Combination Measuring Projectile Roll Angle [C]l//

84

Proceedings of Instruments, Measurement, Electronics
and Information Engineering. 2013:1059—1062.

[5] MAHMOUD S A, ALHAMMADI A A. Circuit
techniques for reducing the effects of op—amp
imperfections; autozeroing, correlated double sampling,
and chopper stabilization [J]. Proceedings of the IEEE.
1996, 84(11). 1584—1614.

[6] WU R, MAKINWA K A A, HUIJSING J K. A
chopper current—feedback instrumentation amplifier with
a ImHz 1/f noise corner and an AC-—coupled ripple—
reduction loop [J]. IEEE Sensors Journal, 2009, 44(12).
3232—-3243.

[77 PENG X, SASEN W. Transconductance with
capacitances feedback compensation for multi—stage
amplifiers[J]. IEEE J. Solid—State Circuits, 2005, 40(7):
1514-1520.

[8] DOOL B J, HUIISING J K. Indirect current feedback
instrumentation amplifier with a common—mode input
range that includes the negative roll[J]. IEEE Journal of
Solid—State Circuits, 1993,28(7): 743—749.

[9] Texas instruments. INAS821 data sheet, 2018, https://
WwWw.ti.com/product/INAS821.

[10] Analog Devices Inc. AD623 data sheet, 1999, https://
www .analog.com/en/products/ad623.html.

[11] Analog Devices Inc. AD620 data sheet, 2003, https://

www .analog.com/en/products/ad620.html.

fEEE A

K7 (1990—) , 8, BHL
BTEAN, HARE, BIHRE
R, HRDARNERSEDD
gt




—— BiRE — WM 20224E6 1 AESH

ETHHEE L MER = EIESEB iR FIR A EiE

mE EAN EB KE
(EHBAR A THATFIOR, Ll 201109)

W OE. AR ik T AR A 1E EARER RN, d TR 2 SRR B AU THRRE DAL, LUK 2R I 4%
AROEREALRATT 6 Lo BRI H — P AR A B ARSI 2, ZEORTIEACIURS BERY IR, A7 RUPIR 2% 2 B0 AR T I 2 A
MR, & AT AR YOLOV3 YA il b i %2R 1 T 4y g B AR BAR, S Bottleneck #ibFEACHR S8 fE THE A, [RIIN 51
A Res2Net FRIZRIeA G NS A2 R BER s PERNESATRBE , $t o O T/ EAREORSINRE 0, et T — A4 m (LR E R R T
W% Res2—MobileNet, JF&5& % RERNT A T2 MARS1E BARMA-RR]. SCUGEREY], HHELT YOLOV3, ARIfEZ 4ok IR
T 55.5%, HaiE Ly 34fps & F] 65Tps, [T/ BARIIEMEARABA BE T

FKiE: BAbciRBl; fmfb; YOLOV3; =HHEE&(EHbr

HESHES: TP391 NEFRIRED: A

Spatial Non-cooperative Target Components Recognition Algorithm Based on
Improved Lightweight Network

Hao Qiang, Li Jie, Wang Lu, Zhang Man
(Shanghai Aerospace Electronics Technology Research Institute, Shanghai, 201109, China)

Abstract: Due to the large amount of neural network parameters and insufficient computing power of embedded devices, it is difficult
to effectively deploy neural networks on embedded platforms when using deep learning methods to identify spatial non-cooperative target
components. Aiming at this problem, an improved lightweight target detection network is proposed in this paper. On the basis of YOLOV3,
we designed a new lightweight feature extraction backbone network Res2-MobileNet, drawing on the idea of Depth Separable Convolution,
introducing the Bottleneck module to reduce the amount of model parameters to improve the detection speed, and introducing the Res2Net
residual module to increase the sensitivity of network to small targets by increasing the model's receptive field scale richness and structural
depth, and combines multi-scale detection methods to recognize spatial non-cooperative target components. The experimental results show
that compared with the YOLOvV3 model, the size of this model is reduced by 55.5%, the detection speed is increased from 34fps to 65fps, and
the detection effect for small targets is also significantly improved.

Key words: target recognition; lightweight; YOLOV3; spatial non-cooperative target
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Fig.1 Comparison of standard convolution and depth

separable convolution
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Fig.2 Bottleneck structure with convolution stride of 1 and 2
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Fig.3 Res2Net residual structure
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Tab.1 Improved Res2—MobileNet network structure
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“«-————————

Pl 4 IZAERIRE (R A
Fig.4 Whole structure of the network
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Tab.2 Recognition accuracy of satellite body and different

parts
B YOLOV3 Ours
RS 97.2% 97.4%
Wb 98.5% 98.6%
Kk 87.2% 87.9%
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Tab.3 Network model comparison
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- (MB) (FPS) !
Yolov3 Darknet 53 236 34 89.5
Ours Res2—MobileNet 105 65 91.1
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KRB, (EEGRI B A ST, REAE GNSS {55 AR AR, 72 GO B AR M SRR BEDE . [N, T LG T E K,
e Z WMHESFIF GNSS (5 BT SR 221 AT SR AR, S T Fhecdt s F IR L o0 ARl 5e 8 203k (NHC) J5i%, Bit
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KA. ZoCEHE T AT EeLsk

hE4 %S, TNI6T.2 SCERARINAS: A

Using Regularized Softmax Regression in the GNSS/INS Integrated Navigation System
with Nonholonomic Constraints

Lv Bing, Liu Xiaoji, Guo Quan, Ni Feng, Li Nan, Li Wenjie
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: The integration of global navigation satellite system(GNSS) and Inertial navigation system (INS) is widely implemented
in land-vehicle navigation applications. However, the satellite signal is vulnerable in some special urban scenarios, consequently errors in
terms of position, velocity and attitude grow rapidly in stand-alone mode especially forlow-cost MEMS-based INS. In the conventional
tight combination navigation schemes, system works on predicting model during the GNSS signal outage and the positioning accuracy is
determined by the precision of the inertial navigation. Besides the lack of observation makes the estimate of inertial navigation error with
GNSS information less reliable due to the satellite signal loss. In this paper, an improved non-holonomic constraints (NHC) method based on
regularized softmax regression is proposed to enhance navigation precision when the number of visible satellite is insufficient. The velocity
constraint condition is applied to simplify the system calculating equations of MEMS-based INS. Furthermore, a regularization softmax
regression model based on the collected data is trained to recognize the vehicle motion pattern so as to realize deeper constraints. Simulation
and field-test results indicate that the method is beneficial to raise the precision of low-cost GNSS/INS integrated navigation receiver by
efficiently reduce the navigation errors.

Key words: FPGA; softmax regression;integrated navigation; nonholonomic constraints
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Fig.1 The overall scheme of GNSS/INS
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Tab.1 RMSE of location error

RMSE of location error Static Simulation

East position (m) 2.87
North position (m) 0.95
Down position (m) 3.37
East velocity (m/s) 0.02

North velocity (m/s) 0.01
Down velocity (m/s) 0.12
Pitch ( °) 0.18
Roll ( °) 0.12
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Tab.2 RMSE of location error

RMSE of location error Static Simulation

East position (m) 5.47
North position (m) 0.75
Down position (m) 3.89
East velocity (m/s) 0.98

North velocity (m/s) 1.12
Down velocity (m/s) 0.87
Pitch ( °) 1.12
Roll ( °) 1.84
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HESES: TLY XERFRIRAD: A

Analog/RF and DC Performance of Novel Double Gate Tunneling FETs
with Improved Processes: A Comparison Study

Wang Qiangiong, Lai Xiaoling, Ju Ting, Zhang Jian, Zhu Qi
(China Academy of Space Technology(Xi’an Branch), Xi’an, 710100, China)

Abstract: The DC characteristics and analog/RF performance comparison of several novel double gate TFETs (DGTFETs) are
investigated. The DGTFET with pocket layers and the Triple gate material DGTFET (TGM-DGTFET) are investigated by using Silvaco-
Atalas simulation tool. Among all the considered devices, TGM-DGTFET has the best on-current due to the most efficient band-to-band
tunneling (BTBT) rate. When V,=1.5V and V,=0.5V, the on-state current of TGM-DGTFET is 12 times larger than that of convential
DGTFET (Co-DGTFET), and the magnitude of on/off current ratio can reach 10", In addition, the RF performance of the above three devices
is researched by simulating the transconductance, output conductance, cut-off frequency, and gain bandwidth product. The results suggest
that triple gate electrodes of TGM-DGTFET has the most outstanding characteristic. Thus, according to the analysis above, the triple gate
electrode would improve RF performance more effectively than the technique in which a pocket layer is added between source and channel
region for double gate TFET.

Key words: Double Gate Tunnel Field-Effect Transistor(DGTFETs); DC characteristics; analog/RF performance; pocket layers; work
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TGM-DGTFET
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A Control Circuit of Powerup Sequence for General High-performance Digital
Processing Platform

Ma Ting, Gong Ke, Liu Jie, Li Wenchen, Wang Jiangtao, Gao Yulong, Dai Lu, Xing Jianli
(China Academy of Space Technology(Xi'an Branch), Xi'an, 710100, China)

Abstract: Aiming at the special requirements of multi power supply voltage start-up timing design of digital processor and digital
analog hybrid devices in complex high-speed data processing system, a start-up timing self-control power management method for high-
performance digital processing platform is proposed, a discrete delay network is designed, a power supply start-up self-feedback network
is established, and the accurate timing control of each power module is realized, The overall power supply topology of the digital analog
hybrid processing system is optimized. Compared with the traditional method of using programmable logic devices to realize power supply
timing control, this method has accurate power supply startup timing control, simple and reliable circuit, reduces the dependence of system
performance on a single controller, and has high engineering application value for general high performance computing platform, software
definition hardware platform and other complex high speed data processing system on board.

Key words: power management; power up sequence; soft start; delay circuit
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S =R B FE A /DT 3ms R, LBl HLE
B b B g iR L, anEl S B, & R 8l
T2 A, R e R 7 B BB
Has e i B s e A iR s, & S pr

No
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& 5 ASIC T _FHE)F
Fig.5 Power up timing of ASIC voltage
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s Pl T BOBHER & 20 R SRR R b AR 4D, Gd
o BRI, e TR 2RI R T, 1R
ARG AT EEE, 2T R T, B TR
AR O R
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NAND Flash $48 51 InE & it

KER, REC, EEL B A, BER

(1. EREHURETFHARTFRF, il 201109; 2. Lifgss@ ks, LifFli 200240)

K4§&#iA: NAND Flash; flE X RIE ki1 HrsEsHineE
FESZES . TN4T XEAFRINAG: A

FRAFGf 7 e DR SCH ™ 5, BB AT
B, BAREBRMIHN, SFAUFE R A
IR OB R . NAND Flash HF4ES &, %
B friEE R RE PR S, Iz
Bk

% [ B K HbER Y AR oD ge L, A TR SO,
REERURES K AR F R R, RIS
SRR T 30% AT AR, MRS B R G
WAl o T o TR B T 60%, B TRUH AR
KR, HERLARS A SRR . Anfa
AR T R — AR TR e R

3D—PLUS 2 &I 57 74 B % AR 07 6 o 12
FERB BRI A E E MR R, ARk
o KRR, R EE g, ma R
EARE I, 43U 3D-PLUS 2 & /Y 128Gb
NAND Flash % { 3DFN128G08 % f5il, H % i
8 J 2 1§ ¥E 9 Micron T k2% NAND Flash &
MT29F16G08 &3t 1fi . 3DFN128G08 B A 10 5k
Snfe /PR FE, 10 RO vl SR GE R ), Ko budE
Rl 1,

7 1 3DFN128G08 B {Ehifadtstn
Tab.1 3DFN128G08 device radiation hardness

Frs iEHZH b
1 TID 60Krads(Si)
2 SEL >62.5MeV - cm’/mg
3 SEU 1.3MeV - cm’/mg
4 SEFI 1MeV - cm’/mg

MT29F16G08 % H 32nm T. 2 R, fEfig T
2 SLC AU SRS A ety , Wi 1 R,

CG (FEhl M)
FG (77 HH%)
AL

A% \1/ E Ttk
B 1 NAND Flash i 4549
Fig.1 NAND Flash storage unit structure
FEDGEAR IR AL Bt b 5 ik FG, e fd
Tk e 3k T AR ) R - R T i A R A
A T IRIEAERL TSR ZmERRY RAG T, FHUF ik
7 ik R A PUAR S FPGA 58 BURfitf O 128 il R 4
W, DIFhUE s i A6, s 2 fos.,

y Vo031

IMO | Flash Flash Flash SDRAM

T T
V0 63~T71 Vog~1s 1o0~7 .
v v Yy B

128G 128G 128G 2
M1 Flash Flash Flash he
G gl @ b D
i i JitE]
A A2 F
P
¥ 10 63~71 ‘IOK’I' Al()U‘7 G
y v Sy A
128G 128G 128G
M2/ Flash Flash Flash [« MRAM
G8 Gl Go
i i i
A A A
et Bt e ipeed
VO
T T - fe—> PROM
10 6371 108~15 | 100~7
v v v
128G 128G 128G
M3 Flash . Flash Flash
G8 GlI GO
i i i
Y A A A A
Flash{7 k51 il SHIE R
P gy s
P 2 FRAF B

Fig.2 Space storage product
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Horp gl T R FHPUsE ST B ASASXT2A [ ¥ 22
FPGA, FEZE5ERO A fif 5T &P B 82 DI
A EEGRIERD s Ak CIE o A PR, A
Heih 9 /i 128Gb Ay 3Dplus 2 7 = 43 34 Flash &
R AT R, Hoh 8 R ABIEE . 1 i 1ER
U, Ipeist BT o AT LA B UL A7 T e (1 G bk
FFk (EEY RSy ) , i SSELF i A =
gl B s A4 A7 1 BEP m] 3 FF 640Mbps
fifigdise, &M 1T (AERE) , WIHIZFEf
file 7 o B K AT 3 FF 2. 56Gbps 25l 1Mk ik
KAk 4T,

BBl (SEU) 2800 A& 521 Flash 47 i &% B
DRI FZNB 2 —, M4F5E K AR ER, WTRE
FHEENFE SRR Bk, 242503 Flash i ok
TR AT 7 40 MR o NI

Flash & B MT29F16G08 | H3&E 178 (rdfE,
FRH TR SR EHEEY: MFELE. OTP (one
time program) % &%, NAND Flash .t FNEE
TS TR (F4BF R AR mi) |
BEERD LS | BoEdE DORER CBOR BT RN gR Shizs il
B%) FOECHE A7 ikRE S e ThREE AL . HAT ic B DhREN:
Flash ;% i A ThRERC B LI, DLIR R A4 il f i
At O AR I E

FEZERIPREE Y, H 4 B0 s . MR g
Hlm Bl B B FBAIE A7 i PRS2 A v Re kA= ks -
B, (BRI AN TR

& 2 ThREHLES SRR R o BT
Tab.2 Analysis of single particle flip effect of functional
circuit

FL P R LR v sl A A
faA- i, HIRRIE
oA RESIREEE
A BT SR H 8 E R EE
HUALGCRE , SHIRTUAL, A, IR,
I b HL AL EE, RS IR TG, AARE RS

SR URER R S

HERSEE  EMEGRRE, FEAMD  HEL, BRIAE

HOEERIES]  RCREE, SEORMD  EEL. RIBAE

FH 26 206k FL A5 R ml Jan, BB - B e A A AR

A BT LR bR 2 AN R OR T RO 1 T
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R JHBRBTT REZH IE

MT29F16GO08 .&5 ¥ BHIC B 454 HIE X ange 3 Bk,

7% 3 MT29F16G08 fit & iy 4 X
Tab.3 MT29F16G08 configuration command definition

fi B ThiE bt SE S

00h Ti®

0lh A
02h—0Fh e

10h ] G L K B 5 BE
11h—7Fh i

80h W 2 L YR 5

81h [ gFE RBH {55 THiR &
82h—8Fh T

90h HEHBERE
91h—FFh T

MFEILLEH, B E M FEAH 0x0lh,
0x10h, 0x80h, 0x81h F110x90h X JLA M hl, 44
Hohik o e B e VR anE 3,

, e
Cpile e —{ommand, (Addms (G K _On b On 3 Dn )
fam

sV « - r ! L -
muﬂ_{ 119 _.:";._ T _.;_(._ n :3.:_‘ Lo :3.:: [} _.:{ ru _.:_
[
e { F

3 SRR RN

Fig.3 Chip configuration operation timing

fE 20MHz #i3R T, @i B i MT29F16G08
Bic & iy A FAE I Nk 4,
% 4 BHMRSE R

Tab.4 Simulation test results

fic A Bl EES
bk 01h Bl IrREZ % DQI2. 0] Hlf ST
EEE, Hik DQ0] 5, IEH RN 1
HhEOOH  IEWEE, EWS, ik DQO] fFi%k SRR
Wik DQIO] JEfE, Hi%iEM PA RS (S
HBehCE AL WkSRIRECEALEE PR AR E %

H% 4 "T40, S0 Flash o5 B4 Er 52 R £ 4
i iy A bk O1h (19 7 ZhRES % P1 vh I Bdi
DQI2:0] F1 OTP #xX. iy A # il 90h {9 T-ZhAES i P1
H ARG DQIO], 53X 4bit Hrp e —7 % A= L1 45
SEAZ SR IRE R, A MT29F16G08 fii &
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W S, NAND Flashifofs & s+ s

iy A B PURR S N A T oy 4 B2

FAL NAND  Flash £7fi# 7 it B w] Gtk 15 1 RT LA
B2 A e 12 ) S 280 Y s Wi e 38 BRI G
AR, GlanfEmifh b, A EA DR RE &
PG = RUAfE = i, RIS DR & sl i iy
TAERES; /8 FPGA it |, *F Flash gE 17 8B4
B EDAC W85, R4E Flash By ekr 1 BHEERON 5
WrEE1e : bRl R AR AR SO BN L o 5 i)
RESECE 4 L, WTHESE Flash $arefiR, K
T Flash il & dy 48 S 800 R ohae R i, 2
T —Ff Flash fic % iy 4 X (1955 Rt s 5
Hijti, Flash (& i s AR IE R TTHITIY, B
S RIS RN DI R P3R4 T — Ul
WL E , (RUEACE Ay A el Stk Sk rme & RH
AEANE 4 PR,

S nEC B R A S R R RS A s, R TT
£ VERE A AL 0.4096ms 4 fn %] 0.4126ms, [ il & il
ISR T A 5 0 0.73% , X TUERAEAYSZMRAR /N, 5
TR VERT AR AL B IR R A S LA B =, T
EIEEN

TP T

5 TG EL R

VB i&fé?@

BRI d

i LA 57

i

LR

ACELRH

P 4 ik f e B T g P

Fig.4 Improved configuration refresh process

LA - B AR i A 1 R b R A Bk T

R IRMESR . R 0 e A PR AL AT
FEMER B EAR AR —. Ebr b R FOM # ¢
(Figure Of Merit, FOM), FOM ®JLJ i & B2
Hamas], eIl Bdn it mmas, A3l
L R A AR T Ay SRR PR A, HHREARANT
FOM =0o,/L}
=4.5%x10"x o, () (D
oo, by T B TR TR R, 1.0k Ok
T-RREL TR RN 25% AL R LAY B R LET {H,
o, A - R - B AL AR PR, C ABLE B R R
. R RTDAOHR R AR R,
R=CxFOM

_ 4
=4.5x10*x Cx o, () 2

MT29F16G08 & A 1y Flash fi & &y 4 [x. 3L
160bits, FHIIR AEEL T RE 21 S hRERY A & 17 A
H 4bits, K IEIFEHEZR R, M

R; =4R/160
:1.125><103><C><0'p(oo) (3)

% PR s A7 15 K PH [R] 25 #L & 700 ~ 900km,
C HUE 490, o, (A Jit - BbL - BH AL AR PR8I, REL
2.04x107", fRAR (3) 4 R;=0.0001125 upsets/
day,

3DFN128G08 |y 8 /i MT29F16G08 & # i
Ao B2 FALAE DR E ] 4 4, A O A
3DFN128G08, H:% A BFEIIHESE Ry Ay

R, =4x9%x8x R, (4)

HE 158 R,=0.0324upsets/day, Bl 4Tb Ffi
FHiE R 2 31 RINA A — kB, KA G
HRREAREAZIE, i R, Bk, 2
IRUEL R C L iy A SRR R R e R

R M R I RC B RRT IR , SR n e
AAE TR VERITSE INBC B RFTHRIE, (RIEARCE#IH A S
SO IR GUERAE, W R A g.S e (3 9 f Flash
SR BRTUEIE ., SE LR RER R, «

§4T:4X9XRG (5)
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Flash {54155 R R AR, %A 70
85 P FTREAE T2 RIS, I S T S
B, RIS BRI IR TR MR S 2o, T
WG ik SR T ATh 17 ik 1B b
Iy B

Ry, =Ryr X 0Oy

(6)
§4Tv :Eﬂ XOg (7))
§4Trw:E4TXGRW (8)

LA%i A 40Mbps, 4 tH 225Mbps, A #B 15 5 s <
“h 640Mbps Y[R3 5 1 DLt T TR 2 Rl 135 1T
#BlEdi 2oy, =0375, BB TR(EL 25, =0.0625,
B TURAE G 22 o, = 03125, ALK (5) . (6) |

(7) . (8) BRI 4Tb f-ig I BREERE R NZR 5 PR
RS R LR
Tab.5 Flip probability comparison table
E ik - RMPUEST
B ) =1 O S L o
AR 0.0324  0.00025312 0.00126562 0.00151875
(upsets/day)
RS 31 3951 790 658
(day)

XEEE 5 s al %0, A NAND Flash 17 fif
aePUERSINE f, 4T F=RUAF i BRERE R R 2 31 R
/RSt A ) 658 K/ ik, Ebxf Flash fit & dy 4 X 1Y
T P L A T 0 R 5 A {5 £ Al 4T A7 fif % B
R BRI D REME MR AR T2 21.23 1%, $iE
T FAF R AR

At * NAND  Flash £ fif & 10 sk 18 %
RO TERA BN HT, $ tH—FhEr %) Flash fid &
iy 4 DX A S RIT A DA S I R e . 3l ek B A m
P RE PRl A &5 R R, % e (E 15 bk 4TD £ i
wHURL RS I ThREVE R BB IS T 2 21.23 £%,
e T FA-E ™ S T EE
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