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The Development of Radiation-Hardened Integrated Circuits and Some Considerations

Zhao Yuanfu

(MCA Professional Group of Science and Technology Commission, CASC, Beijing, 100071, China)

Abstract: This paper summarizes the features of radiation-hardened integrated circuits (RHIC) and state of the art of China’s RHIC,

analyzes the development requirements of future RHIC, and based on this, proposes three advanced technology points which should be

focused on in the future, such as sky chip with soft hardening, high-voltage power device hardening and single event effect simulation.

Key words: radiation-hardened integrated circuit (RHIC); state of the art; sky chip with soft hardening; high-voltage power device;

single event effect simulation
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Development Strategy of Self-independent Innovation in Aerospace Microsystems

Zhang Haili

(Components and Devices Expert Group, CASC, Beijing,100048, China)

Abstract: Microsystem technology is the key to achieve the high-performance, integrated and intelligent development of aerospace
engineering. The microsystem technology development of China has initially established a shared co-creation platform through continuous
deployment. However, due to the unsystematically top-level design, incomplete platform construction and insufficient evaluation of
reliability, there is still a big gap between the status quo and build China into a space power . Faced with the goal of building a powerful
aerospace country and the needs of aerospace Microsystem must base on the principles including systematic arrangements, breakthroughs of
pain points, collaborative innovation and powers integration. At the same time, in order to support independent and controllable microsystem
R&D we should carry out high level design and research, break through key technologies as well as build a platform to satisfy system-
component collaborative design, heterogeneous integrated packaging, and R&D applications.

Key words: microsystem technology; development strategy; independent and controllable; platform construction
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Research Progress of Radiation Hardened
Non-Volatile Semiconductor Memories

Wu Huagiang, Wei Tiantian, Wei Songtao, Pan Liyang, Qian He

(Institute of Microelectronics, Tsinghua University, Beijing, 100084, China)

Abstract: Non-volatile memory (NVW) plays an important role in Aerospace system which is also a limitation to the reliability
and lifetime of spacecraft. In this paper, the research progress of radiation effects of flash memory and new storage technologies,
including Resistive random access memory( RRAM), Ferroelectric random access memory (FERAM), Magnetoresistive random access
memory(MRAM) and Phase change random access memory(PCRAM), is discussed. The results show that the total dose degradation of
the conventional floating-gate flash memory device is serious and it is difficult to meet the high reliability requirement in aerospace field.
However, silicon-silicon oxide-silicon nitride-silicon oxide-silicon silicon-based (SONOS) flash memory and emerging non-volatile storage
technologies have excellent radiation resistance. Qian He and Wu Huagqiang from Tsinghua University studied the system radiation hardened
technology from unit, process, device, circuit, layout and so on in the early stage and developed two kinds of radiation-resistant memory
chips, namely 4M bit SONOS flash memory and 1M bit RRAM. The total dose and single particle simulation tests on the ground show that
these two chips have good radiation resistance property.

Key words: non-volatile semiconductor memory; radiation hardened; flash memory; RRAM
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Har, dE5 kA7l B AR 2 A FimaviE 5
Bk — A AfLRE— R rE— A Lk —fE S (SONOS)
RN iE % (Flash Memory) FipH A2 4 fiff &%
(Resistive RAM, RRAM) . BH7Ffik &
(Ferroelectric RAM, FeRAM) . WEM:FENLIEEE
(Magnetoresistive RAM, MRAM) & AE75 ik o
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FERAT AT BARAE Gk, X ANOGHR T HERE LI 2Emk,
EPURSTRE D EA B
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£
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WFSE T 8GOINAF & AR SR ES . 20094F, Bagatin
M. % Nl B e, 9T T NANDAE i &5 o i
FEF R ] 2 HEL I D R 13 e fL B A X Ot 2 4 55 S 1
TREREE, IR TIDFE S DN A7 05 5 B R A& T
TERERES, 20134, H§1EK4E SPRALZ BRI T BT
BAE, 8T T EEUK =B RAENANDHINOR
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HAFHERES . S B IR AR, DA A BT
JE HL BT AR R Eh E 1R b S B ik e e 5 s,

ESIEMI R N A7 2 1R 2500, SONOSTY [N 1725 -t
AT HRATEE, (BT H AR LR
RE, BEEEL B A Tl S SECEA 3
PR RR, BIEA EAFAIPLE R RS RE .
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VR B 5 R R A L bR B A A T IE R PR B
ARA P T 485 5 R L, SRR 256K
EEPROMLE: J, #E 1Mrad(Si)48 5t 5 i L i 7o 1A 12 4
o, IR T R R TR, iR
I} 371 B 2R I AE DA T3 % 10" rad(Si) /81,

B, EEKFEQiao F.% N#—EWF5E T 2%
#M3D—SONOST-fif & o & 1 B AR 2808, WFoE
B4/ 5122nm, 78 1Mrad (SRS F S im st F %A
MLZ2 3 W 53 Fo i % e g K ™,

1.2 MR

RRAMEA 48— 4% 2 — 4 SR ) = WA 45
9, S SRR E I L e 46 5 I LA A Y
HLPEL{E SR SE LS B A", RRAMAE AFlash 2 J5 i)
ARSI R EE, BAE R, 1
MRS, EEHER. Tk, HiTID/SEEfEH fE
T, BT EREM A,

AR, B8 2AMR/DAXMRRAME 1)
ST, R RGN AT TR, 20134,
BB O IR ST BE T, & A Kk T HEO,/HE
IR RRAM & fEdE£7 7 XS ki gtk e, £k
TMrad(SiO,) i &l 8 fa 5 T TSR R 5 ThAE"
20144F, Hugghart D.Z%ZE AXTaO, f1TaO,@FfiZ
PH. &% I J Fa S O 9T, R BLAE =2 B(28MeVHISiEg
FHagtt, 7E60Mrad(Si)fy 5 & T I 4 B R (E
RAEMHERY, 201448, (K% Yuan F.% A%t
AlO, FERR AM % {h: [ TID 45 56 28 b st 4T IR FT 22 1,

fE1Mrad(Si) &l &4 T, RRAME {4 RE R Fr
R AT B I3 5 et RN A i M Re L EL ] st U 00 81 g B
{EAnSet L[5 T BR2E (%™, 20144E, NASAM
Chen D.Z AFETH TFMNIOILH ¥ RRAMA i
P ORI R EAT TR, R R MIRRAMHLPH,
BT R T HERE W] 53k 75MeV -cm’/mg, {ELET 420
MeV-cm®/mgh i b 7 BhE% 4% (SEFI) #ifi&)
10" °cm?/bit, J WA A P77 fik 25 B 3% 17 16 A i 1
PR T-IhRE S AEE ™Y, 20174E, Hu S.Z&MFZE AR
XTHIOARRAMUEATFESHRLE, 7E/%i520Mrad(Si)
MR T, B BER I3 A £, 2018
£, Bl T AR TR IMAZHTO, A RRAMZEAT
FRAHRTE, 7R H R F R 100krad (SR H % Bk
B0—1H0%:, (145 HHIOERRAME (4 & 1)
BRI LA, AR VR Al A N MOSE e
MUK RIG I, Rl 0 B — P UE T el 41
i P I S B R IR R Y,

1.3 $RETFliE=s

FeR AMPJ# VEHLER 2 i o it fin v 3 0 2k A bt
HIRR AR A R AR S 2 Al G4, DAL S B PR Y
WEHRE, S EA S B A —ERbUESERE,
Bk LA i 2 E SN G e T TR, A4
HERIIZ e E, WA, FeRAMBHA & . &%
B RIS

20014F, Nguyen D.% AXHgkLfFEfig s e T
SFIREEIGE . fEmFIR RS, SRR
St B, — s AT R R RS, B R AN ]
f RSB T PR HBLERRDY, 20034, Philpy S. %
AFFHEETF0. 358k CMOS T. 2 I FeRAM (T T # ks
TR HIRFS, SR {E20MeV-cm®/mgiI & LET T
A RSB B S, 20144E, Gu K.ZEA
{f XS Fn v G5 0. 135k CMOS .21y
FeRAMBE T B FI BN, fEXH&EH T, 77
fig B HILE ST A F2 . SMrad(SiO,) I IF 44 Hi B A7 &9
B, BUBHOKR 38 TE S 70 R R 3220k rad (Si0,) i - 44
MR B R 1Ey FEREH T, SR EammiAas
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HEEEAR 4 A “0” B, 201548, Uemura T.ZEA
X T0. 187k CMOS T AIFeRAM k47 1 Bk +
BN, RIFeRAMAELET %32MeV-cm®/mgitt
VA R AR TR 4™, 20184, Bosser A%
A% I 130nmAyFeRAM B AT da Sk, 5 77"
AERHEEAR A SRR B0, b T i iR 51
B, 5. DTN TRl e ) 7 AR WL AT T e
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HARIRE, @mEE., JLPF LRk EE 5 A E RS,
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VRSSO 5 i S 38 1R O Tt A2 550 2 48 ST RE D Wl ik
F|60krad(Si)®”, 20104, Heidecker J.Z%E A%t
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WFZE, IEBIZE B I TR R /e ) T ik 75krad(Si),
FHEAT T RN SE, PR R i LET A
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AR, B A R TR LAY, 2013
4, Tsiligiannis G. % ASTMRAM &% fF 31748 BEs2
B, RIAE A TR0 o B 5E B T 8 T AT 5
PEEEIR . SCEINAILAE G 25 Re A R AT A b sk
A, AR T RAMERR EEE A A, BRI T
CMOS &y L5, M 1A—E I Fig e HC,
20184EWang B.%E A FSOT-MRAM&E %1t T
— R E o B L, 1% B AR R g CMOSHMH
HAL % B 52 B R - B EE AR )AL L, b (T1HE
SOT— Wbk g2 &5 AL R LA K 65nm CMOS T. 2 T it
7RSO E, SRR IX P55 40 g it
XF UL ) A TRAT R i,

1.5 HHEFER

PCRAM{EEFIZAHEHE dh S A ik & Z [ it
16

I B L H R Y S 22 etk AT A7 i . PCMEA fF
BUREEPR  nrdgth s e, AR RI A FE T s
REEFE AL,

20074, Gasperin A.Z AXHT0. 1844k
CMOST.ZWPCRAMBEAT T B = MM, &
BLAE30Mrad(SiO,) il & T A b iy 5 s 6 1%
B4 20104F, Rodgers T2 A3 T-0. 25(ck Hrim st
SR CMOS T ZHIPCR AMBH 4R S8 N i FE, B4
FIEHNE] 10Mrad (SRS 7T % TAE™, 20144%,
Gerardin SZ AXtH:F45nm CMOST. ZIPCRAM
WA, HIREPCRAMB T FRBLT H
BRI, 201748, Gadlage M.ZE A%}l
AR KM Gk A 0 S R RO R AT TR, AE
1Mrad(Si)fy el & T ERIF BN A7 2 S 2% 2k
SO Mg 28, BEEMRAM, FRAM, RRAM,
SONOSHIPCRAM#SRENS A B R AF- 5t . HILPi%
AW TR R, M2 T, 90nm T 245 M
(P CRAM A 52 TIDZL R SN e/ MITNVSM 2 —P7,

A LW, SONOSINGE RRRAM .,
FeRAM ., MRAM % PCRAM %37 I 7% 28 {1 A £ %5
HA RAFIPCTIDFI SR TR RE ), RS d iR
FNA E FL K B A H B R A R B FISEE Rk 55345, %
HEL R FELIES SR P A4 B At e N 15 T B SR T A i 2%
e PR BRI G B

2 REBAHRTIEER

AR SRR £ kB h Tt
EHES KA SR HARBE T, Skt B 5ESONOSIH
PR T — R 5P kR st @ B AR, BEXIFR T
RRAME S5 HEBHA, #—PIERTHSONOSHi
SR B EaL L, TFRPUESRRAMG . &
2R M RGN E BT A BB il H4MAZSONOSIA
FANIMALRRAMB R bUia s 6 & 0 e, FEREE
FE] Ay e ok b TR AU e S TR B
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21T 4 R R SON OSHE ik 2% HEAT T 7 il B e &5 M 11
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b, SAEIRME T, BATRIEERE . i
SE R L 25 T bR S M E 5 35T, 2015446
HilH0. 137k CMOSHE A ISONOSTE fif 4% 4 E 4 K
T2 K i 1) 23 1] 7 FH A AMAL DL AR ST SON O ST fif 28 85
R, fnEI1R,
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L

'
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Fig.1 Microphotograph of 4Mb anti—radiation SONOS
memory chip and cell
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SR PR LB O B S EUIAE S RR. anEI2AnIE 3,
S A fif PR TR R i Pl B R EUBR F R 3R 1 v
SHeksm ML REW, SR PUiEST SRk F AT
iXF300krad(SHEA F, HiTESMEIZE 7 S RE .
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Fig.2 Comparison between the leakage current of 2 Kkinds of
memories with different sizes

BERFERL Y, —J5 i, SRR
JrytRRB NI | Bk Sl B In B B A, ]I A] T
LTHESMER IR T Z, "LV THE R AP

s8.9%8 | "0" data error
996 |-
96 |-
70

i —=—Chip n2
40

0 Iref=2pA

1

0.01 | /‘ -
1E6 | &
1E-T i 1 i 1 i [ i

200.0k  400.0k 6000k 8000k  1.0M
TID (rad(Si))

Number of erros (%)

B3 ARARS R TGO REEREEE (0”7 Bk

Fig.3 The number of “0” errors in the chip reading data
under different radiation doses
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Fig.4 Comparison of 3 Kkinds of designs in improving SEL
current (before optimization, layout hardened as well as
layout hardened with epitaxy layer)
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Fig.5 Microphotograph of 1Mb anti—radiation
RRAM memory chip and cell
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Fig.6 Test result of total ionizing dose effect
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Fig.7 Test result of single event effect with 2 x 10’/mm?
Ge particle implant (LET=37.4MeV-cm>/mg)
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Thoughts on Quality Assurance of Aerospace Microelectronics

Li Jingyuan
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Abstract: Key roles of quality assurance of aerospace microelectronics in the development of aerospace programs are

summarized. The characteristics of aerospace microelectronics are analyzed. The problems in reliability assurance of aerospace

microelectronics are discussed. With the application of aerospace microelectronics, traditional product structure and manufacturing

methods of electrical system have been changed, and the integration of system quality assurance and microelectronics quality

assurance is increased. The goal of development of Chinese aerospace microelectronics are not only the independently controllable

of architecture, design, technology, testing, tools and equipment, but also the independently controllable of standards, especially

quality assurance standards, the fundamental of which is standardization of aerospace microelectronics.
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Building a New Quality Assurance System for Aerospace Components

Based on Process Controls

Zhang Yanwei
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Abstract: Recently, quality problems of components limited the development of spacecrafts .The components quality problems present

the new characteristics that is difficult to eliminate by traditional methods. It is urgent to build a new quality assurance system for aerospace

components. The paper gives a new method of comprehensively upgrading quality assurance on the bases of statistic analysis of quality

problems for recent years, and making the quality control forward, and improving the effects and benefits.
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The Innovative Development of Aerospace Components Assurance
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Abstract: Assurance of aerospace components is a fundamental and supportive work of aerospace engineering. New

requirements have been put forward for component assurance, because of the development of component technology and the

urgent need of aerospace models for high quality. This paper systematically analyzes the current situation of domestic and foreign

component assurance work, and point out the problems restricting development. Conclusion of the new concept of aerospace

component assurance system, including technology system, organization system, supervision and management system and talent

system.
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A New Model for Predicting Multi-stress Reliability of Aerospace Integrated Circuits

Bai Hua, Sun Xupeng, Yan Juan, Wang Qunyong
(Beijing San-talking Testing Engineering Academy, Beijing, 100089, China)

Abstract: With the innovative development of new technologies, new processes and new materials, the traditional integrated circuit
reliability prediction model has been unable to meet the needs of development. This paper analyzes the limitations of the existing reliability
prediction models, and introduces the establishment of a new model which combines the reliability model architecture based on failure
physics with the reliability prediction model of space radiation environment. By using the BlackBox Bayesian statistical method, combined
with the existing test data, the basic failure rate of the integrated circuit reliability prediction model is modified and updated, and an aerospace
integrated circuit reliability prediction model is proposed. CPU is selected to carry out a case study in the space radiation environment,
and the reliability of on-orbit work is predicted. The model can be used to quantitatively analyze the reliability of integrated circuits under
aerospace environmental stress.

Key words: aerospace; integrated circuits; reliability prediction; multi-stress; space radiation
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Improving Reliability and Radiation-Hardness of CMOS Process Using HTO/SiO,
Composite Gate Dielectric

Chen Xiaoyu, Ge Honglei, Song Kun, Sun Youmin, Xue Zhimin, Wang Yingmin

(Xi’an Microelectronics Technology Institute, Xi’an, 710054, China)

Abstract: We demonstrate circuit-level early life failure reduction and radiation-hardness improvement by composite gate dielectric
structure of high temperature oxide (HTO) /thermal oxide (SiO,). Due to the dislocation arrangement of defect lines in SiO, and HTO layers,
the leakage path from the upper surface of HTO to the lower surface of SiO, can be avoided, the reliability of gate dielectric can be improved,
and the early life failure of circuits related to gate dielectric is significantly reduced in the burn-in screen. The devices with HTO/SiO, gate
dielectric also show less threshold-voltage shifts than those with SiO, single gate oxide after 300krad(Si) total ionizing dose irradiation.
HTO/SiO, gate dielectric structure is of great reference value for reliability and radiation-hardness improvements of small-scale CMOS and
special device processes.

Keywords: composite gate oxide; HTO/SiO,; total ionizing dose radiation; gate oxide failure
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gate dielectric and HTO/SiO, composite gate dielectric
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HTO/SiO, composite gate dielectric

WA o2 2% A L ELFR (%)
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(150/400 A) Lot 2 0.40
Lot3 0

K32 s TELFREEHTO/SIO,J5 B LL FlrIAE b
Pl A1 2 S B (A 2 5500, 2SR 490/550 (4l
SiO, M+ i) , ELFR47.6%, REHTOJE B Lk il
B, ELFR¥EIH T, 4HTOEE H150Ak



—— BRiE —

PRl 4. fRwl

0. 4% 5/MA . fEHTOIE AT, Si0,2 Hiyik
PR LR R A S B £ E R R, BEHTOJE FE Ll
N, ebE 2l ML HEFI 8O A 2 BB, ELFR
AW T B, 124 HTOJS R 150AE— 2 B4 300A
i, ELFRMO.4%5%1.8%, M THTORMH%E
i E 9 .8MV /em, (R T#SI0,E/Y10.0MV/
cm, EHTORHE RS KbkEL:, KIEMHTOR:
FELFR 5, Kk, B#EMHTO B R T HIKH
ELFR,

o
o
n

o
o
1

»
=]

o
(=)
N

Early Life Failure Rate /%
N
o

0/550
50/500
100/450 4
150/400

200/350

o
S
Q
3
[\

300/250

HTO/S|O Thlckness A

&3 ELFREEHTO,/SiO, % L il A5 L.
Fig.3 ELFR as a function of HTO/SiO, thickness ratio

BB R AT RO B BE (EMMI) 5%
Srir, FEREEOCHGE R B R - R R OB
(FIB—SEM) #4782 #r. SiO,HM B 2 5%
e 10 2 U T RRBLABEHLGR B R, AR
HAE AT BT R B I AR SO AT LT, 44 SI0,
WA R S8y A 2 R . B 4(a) A IR T R SR B0
SEMM Fr, s8R dn e B A A BT 1Rk 55 B ik
B o 38 DR A M A T v e P £ E et R Hp AN
A, TEBURERREEES, AR R K S B R
BSl, B E AR BN ICRE R AR Tt . EI4(D) A
A BTALIRISEM B8 F, e 280 DR A i A o o 1 e
PRALR AT E Wit R B ZTE B T LI

M HTO /S0, & M I (19 2 80 b A2 B0 Ay B
Lk, HTSiOfMHTOA K G & H AR KT
&, AR T B R B BRANBARE, i T
TR FALE R B R B, [RIRF, HTOREANSIO R iy

(a) MY FRESRESA
(a) Si/Al melting under gate dielectric

i (X FL i

(b) T IFILIF

(b) Gate dielectric hole
4 %SO, BT I ASIC FIB—SEM 4380454 Bl

Fig.4 FIB—SEM failure analysis images of the ASIC with
SiO, single gate dielectric

b2 e ARSI, ATUGBES R S AT IRHTO 3%
I FSI0, TR m Ak Rl R, ELFRBIE D,

Bk, S 2R 280 123k ASTC R4 2 2 i = 2 i
B, RHHTO/SIOE &/ B T 2T LAKME FEFEAR
ELFR,

2.3 ERIXE
H 1%k ASTCHI v 3¢ 517300k rad (Si) G
45



A X ink BB =

AEROSPACE MICROELECTRONICS

RIS, WIS Bk (GIBS548B—2005: fi
L1 25 RIS 5 AR ) R 5 51019, 28 By R At
(GaFlE) WRIEEFH (QJ10004—2008: Ffiji
SRR SRR IR 5 ) o E5(a)FnES(b) sy
B A% 2k ASIC o A% FNMOS 25 FIPMOS 25 {2 11
BRI R, X B, B{E2R LR TEAE T4 BT
ORI f

08
0E 3
0. [
=
=0z |
=
1 o2 _ . 7
02 ¢ g2
0.4 = o N T 5 - M NI
B | B | x| 8| 2|82 %
- é = == e é 1) =
L% e ¥ | iF
| B | B
-] [ ]
l I | ]
ASOZIR BHTOra0zH T
Condithan within Split
(a) NMOSH{&
(a) NMOS threshold voltage
02
0.0+ 1
0.2
>04-
o 0.6
l:--?_*.-llzu.ﬁ-
-1.04
1.2
BT =T [iTe ] = | g i I
ol § -+ L] g =+
I ]
AS02 i BHTOUSIO2 5 -5 I

Conditicn wilhin Spht

(b) PMOSIs{E
(b) PMOS threshold voltage

5 55 A RIS ASICHY 23 1 BRI 1 He R &5 R
Fig.5 Threshold voltage measurement results of the ASIC
in the total dose radiation test

46

MES(a) AT AR, %8 B8 9 S10, 24 4 /v 5 A
HTO/SiO,5 & A 5 A 1 (B A5 b S AR A 2 5 il
KIGISIO, BT 5T B (A2 {1 &k 3 70,7V, HTO/
SiO, & At B fE A8 fb & R F0.2V, BIHTO/
SiO, & & it Jo i ] 1 22 {6 & 2 S10, B4 i Y
30%, PILHTO/SIO,& A it B FINMOS|H 1E 45 1t
R /NFSIO M B, MES(D)RTLLE H, 4&
M85 O S1O, LA B A B B AL Bk -1, 1V, 1fd
HTO/SiO,& & M/ Ay A2 L& h—0.7V, B
/NVFSIO, A IR s 3B K EEIHTO/Si0, & A i i
1 R {78 b i/ T-S10, B fi Ay i, RIkHT O/ Si0,
AW B PMOS [ (B 45 {6 &t/ F-Si0, ¥ fii 4
i, &z, HTO/SiO,& &Mt it iy ke M el (A 42 b &
ELSiO, M FR B /N, Bk, % ELdE B i i Thke
TR AL, HTO/Si0, & A i 5 HFnSio, st
I BAEY . A CVIll s E5 R w4, SO, #h /i 5T 1 [
SE BT AT AT B LA 43 B A 1.8 % 10" /cm?Fnl. 8 x 10°/
cm’, MHTO/SiO, & At I i [ 2 o7 i ] 5 i,
5y B44.9 x 10°/cm*f18.0 x 10°/cm®, B /T
SiO B MY . Rk, HTO/SiO 8 AHir i s
T E AP R R R o

£i BRriR, HTO/SiO & A i & i 1ot ik b
LB AL HEF ISR THIM Y B AT St AR S ek, 126Fd
LZF AT LT & FpraEghmE /R CMOS T
ZHUREFP 2 T S AEEPROM, VDMOST. 2%,

3 &g

HAEMY R (AE+ERALE: Si0,+HTO)
AT LLARERSIO, B b A1 5T i e 5k B 5 35 I Wi )5
R, =AW RS AT M T2, HTO/
Si0, 5 A WA I 2% 1k 5 S0, BT I3 2% {2 b HAG 4R
AR E A A B s SR IS0, it /i it T 2 ASIC
ELFR @ik ~8%, 2R280R B Ay it/ i b 5 12 iy -
Wik, RIAHTO/SI0, & A A 5 mT LAk 6 ik HL i
P, BEICASICHIELFREI<1%; 300krad(Si).sa i &
WFEHTO/SI0,4 A Mt Bt {E A2 {E & /N TSi0, .
WA B, FEREW R R K IS e bR, TR T AT
bR SR .



—— R ——

3

et . ftwm T REMMPURR R CMOSE At i T ZHHIE

[1]

(2]

(3]

(4]

S Ht (References)
HUGHES H L, BENEDETTO J M. Radiation effects
and hardening of MOS technology: devices and circuits
[J]. IEEE Transactions on Nuclear Science, 2003, 50
(3) : 500-521.
SCHWANK J R, SHANEYFELT M R, FLEETWOOD
D M, et al. Radiation effects in MOS oxides [J]. IEEE
Transactions on Nuclear Science, 2008, 55 (4) . 1833—
1853.

HUGHES R C, DAWES W R J, MEYER W J, et al.
Dual dielectric silicon metal—oxide—semiconductor field
effect transistors as radiation sensors [J]. Journal of

Applied Physics, 1989, 65 (5) : 1972—1976.

TING W, LI P C, LO G Q, et al. Effects of rapid

thermal oxidation on electrical characteristics of chemical

(5]

vapor deposited SiO, gate dielectric [J]. Journal of
Applied Physics, 1989, 66 (11) : 5641—5643.

CANDELIER P, GUILLAUMOT B, MONDON F,
et al. High temperature oxide (HTO) for non volatile
memories applications [J]. Microelectronic Engineering,

1997, 36 (1-4) . 87-90.

EER-T:
1974—

CMOS

47



A X fal BB =

AEROSPACE MICROELECTRONICS

HIH 20204E11 7 RE1E

—HFAAQDR SRAMIZE HI 28R B 2| AR5 5553

0 R, W, fBivHE, TEE
(et FEORBFE A, b3t 100076 )

B = HHBEFHHQDR SRAMEEHIE A LARRE TR, StIISDR 5DDREMAE RSB I%T, RASKA (72, 64) W
i, SEIEDA CHRLAN R, RS o2l T QDR SRAMESHIZ [ [ A IR, 25 i EIE, ZREAEA—1
TINRE S, LT ASL R AR FIPIES QDR SRAMESHIBRE ARG REES, WE FHUN AR,

X4817: QDR SRAM#si5s
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Research and Realization of A Self Error Detection and Correction
Technology For Aerospace QDR SRAM Controller

Guo Xiao, Li Jiancheng, Lu Shijin, Li Xuemei

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

Abstract: In order to meet the requirements of self error detection and correction ability of aerospace QDR SRAM controller, completed

the study of self error detection and correction technology. Combined with the functional characteristics of QDR SRAM controller, completed

the design of self error detection and correction circuit. Completed the design of SDR_to DDR convertor module and DDR _to SDR covertor

module for the data transmission characterisitcs. The EDAC encoding and decoding circuits in equal length Hamming code with bit width of

64 are designed, too. This circuit can detect 2 errors and correct 1, which also satisfy the request of real application.

Key words: QDR SRAM controller; self error detection and correction; EDAC; equal length Hamming code
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Fig.1 Self error detection correction circuit structure diagram
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Fig.2 Self error detection correction circuit module
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Fig.4 Read data transfer format conversion module
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Fig.7 Self error detection correction circuit write operation
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Status and Development of Anti-Jamming Technology in GNSS Baseband Chips

Han Chuang, Wang Yuexian, Wang Ling, Xie Jian, Tao Mingliang
(School of Electronics and Information, Northwestern Polytechnical University, Xi’an, 710072, China)

Abstract: GNSS has broad application to the civilian and military use, and anti-jamming technology in a baseband chip has become
a necessary guarantee for the normal operation of GNSS terminals due to the very weak GNSS signals and the increasingly harsh
electromagnetic environments. This review first briefly introduces GNSS baseband chips with anti-jamming functions at home and abroad,
and then summarizes the three main types of anti-jamming technologies that baseband chips have: single antenna filtering technology,
antenna array adaptive nulling technology and digital beamforming technology. The anti-jamming methods included in each type of
technology are subdivided and the current situation of anti-jamming terminals at home and abroad is briefly introduced. Finally, the future
development direction of GNSS baseband chips and anti-jamming technology is prospected.

Keywords: GNSS; baseband chip; anti-jamming; antenna array
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Abstract: Because of the advantages of high density, low power and low fabrication cost, CMOS photonics for high speed optical-
electronic interconnects has gained a large amount of attention in short distance transmission systems such as on-chip interconnects, data
center and supercomputers, as well as long distance optical communication systems. In this paper, major research progresses in the area
of CMOS based optical-electronic interconnect system, such as photonics device, fabrication technology, high speed driver and TIA, and
optical-electronic integration, are analyzed and summarized.
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Fig.6 50Gb/s silicon modulator (a) top view (b) schematic of
the ring resonator, which corresponds to dotted box in (a)
(c) SEM image of fabricated phase shifter based on side—
wall—grating waveguide before being covered with oxide
cladding layers
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Fig.7 The dual-ring modulator (a) schematic diagram (b)

microscope image (c) cross section of the ring waveguide,
which contains a PN junction and a tungsten heater

i
-

Input

.*
=t

Output —~

I8 =IRidieas A o A4k

Fig.8 Schematics of the triple—ring resonator modulator
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Fig.9 The structure of the ring modulator with double—layer
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Fig.10 Cross—sectional schematic of the GeSi EAM device
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Fig.11 Schematic of the two—lamellae of graphene (a) 3D
view (b) 2D view
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Fig.12 Cross—section of EAM in n—InGaAs (left) standard
IMOS waveguide, and (right) the simplified device structure
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Fig.13 Graphene photodetector integrated on a silicon

waveguide with asymmetric contact configuration
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Fig.14 Schematic of the hBN/SLG/hBN photodetector on a
buried silicon waveguide
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Fig.15 SEM micrograph of the silicon graphene plasmonic
schottky photodetector (a) PD coupled to a Si photonic
waveguide (b) Layout of waveguide integrated Schottky PD
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Convolutional Neural Network Accelerator based on Ping-Pong Buffer

Qin Zhiyong, Yu Lixing, Zhuang Wei, Meng Xiao, Yang Xue, Chen Lei

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

Abstract: In recent years, the convolutional neural network algorithm has been widely used in image classification, target recognition

and ADAS because of its outstanding performance. In the field of military spaceflight, neural network is also applied to missile terminal

guidance and deep space probe, but the convolutional neural network algorithm is computing and bandwidth sensitive. The general purpose

processor does not meet the demand, so a dedicated accelerator is designed for the convolutional neural network algorithm. This paper

designs a convolutional neural network accelerator based on the ping-pong buffer, improving the utilization of computing resources. We

design a prototype system which is running at 200MHz on the FPGA and evaluate our actual performance which is 22.1GOPS.

Keywords: convolutional neural network; accelerator; ping-pong buffer
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- B

FEEE (13, 13, 384) (384, 756) 1428 6. 41ms
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(19, 19, 64)
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Transport Property of Silicon Germanium Channel for Gate-all-around Field-effect
Transistor

Sun Binggqi, Yu Shaofeng, Xu Min, Zhang Wei
( School of Microelectronics, Fudan University, Shanghai, 200433, China)

Abstract: As a fundamental building block of integrated circuits, field effect transistor has evolved from planar structure to 3D
FinFET architecture during the last decades of Moore’s Law scaling. At 3nm technology node or beyond, Gate-All-Around Field Effect
Transistor (GAAFET) is widely anticipated as the most likely replacement of FinFET due to its superior gate controllability and flexible
width adjustment. For long time, SiGe has been a subject of intensive study as a potential channel material substitution for Si. The GAAFET
fabrication process starting from a Si/SiGe superlattice provides a convenient way to integrate SiGe p-channel FET. This paper investigates
the electrical characteristics of SiGe channel GAAFET using advanced physical and numerical simulation methods. The focus is on the
effects of quantum confinement on device electrostatic and transport behaviors at extremely short channel length, as well as the opportunity
and challenges of SiGe channel application at 3nm technology node and beyond.

Keywords: gate-all-around field-effect transistor; silicon germanium; transport property
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Tab.l Geometric and physical parameters
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Research Progress of Magnetic Random Access Memory and Its Radiation Effects

Wang Bi, Wang Zhaohao, Zhao Weisheng

(School of Integrated Circuit Science and Engineering, Beihang University, Beijing, 100191, China)
Abstract: Magnetic random access memory relies on spin electron to store data, which has strong radiation resistance and great space

application potential. With the decreasing process, new magnetic storage mechanism and structure are constantly proposed in order to satisfy
demands of low power consumption and high integration. As magnetic storage units are becoming more and more complex, radiation effects
of nanoscale devices should not be neglected.In this paper, the development of magnetic random access memory, its radiation effect and the
radiation effect of products are reviewed. It provides data reference for the application of magnetic random access memory in acrospace.

Key words: magnetic random access memory; radiation effects; total dose effect; single event effect
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Research on the Total Ionizing Dose Effect of High Voltage SOI pLDMOS

Wang Zhao, Zhou Xin, Shi Ruixin, Qiao Ming, Zhang Bo

( State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and Technology of China, Chengdu,
610054, China)

Abstract: In this paper, the total dose radiation effect of high voltage SOI pLDMOS devices is studied. The degradation mechanism of
threshold voltage, on-state resistance and breakdown voltage of devices under different bias conditions is analyzed. And the total dose effect
is simulated by introducing fixed trap charges at different oxide interfaces using Sentaurus TCAD. The analysis results show that when the
total dose is 300krad(Si), the on-resistance of the device increases by 30% while total dose is 300krad, more serious than that for the off-state.
For the Off-state, the threshold voltage increases by 0.25V, and the breakdown voltage decreases by 36%, which is more serious than that for
the On-state. Radiation trap charges are mainly generated in gate oxide layer for the On- state and in the buried oxide layer and the field oxide
layer for the Off state, which leads to different degradation degrees of device characteristics.

Key words: high voltage SOI pLDMOS; breakdwon voltage; total ionizing dose effect; multiple interface damage
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Fig.1 SOI pLDMOS (a) Two—dimensional structure diagram
and (b) SEM diagram
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Tab.1 Bias conditions of devices in radiation experiment
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Limit Stress Assessment of 100pm Solder Joints of Ceramic Flip Chip Devices

Wen Huidong, Lv Xiaorui, Zhang Daigang, Xie Xiaochen, Lin Pengrong, Wang Yong
(Beijing Microelectronics Technology Institution, Beijing, 100076, China)

Abstract: Solder joint size of high-density ceramic flip-chip devices has reduced to below 100pm, which brings a series of reliability
problems. In order to meet the application requirements in complex hot/humid environment, a thorough evaluation must be conducted. In
this paper, daisy chain flip-chip devices were taken as subjects, and temperature-cycling, high-temperature storage, HAST were adopted, and
electric connection, C-SAM and SEM were used to analyze the underfill and solder joints interface. The results show that: devices failed at
electric connection after 1000 temperature cycles and 384 hours of HAST, and cracks were observed in solder joints on side of the chip, while
devices after 2600 hours of high temperature storage passed continuity test and C-SAM. The results have significant meaning for promoting
the application of ceramic flip-chip devices with 100um solder joints.

Key words: flip-chip; limit stress assessment; temperature-cycling; high-temperature storage; HAST
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Design and Research of a Configurable Wideband Phase-locked Loop embedded in
SRAM-based FPGA for Space Application

Yang Minggian, Chen Lei, Li Xuewu, Sun Huabo, Qi Yi, Zhu Zhigiang
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: Phase-locked loops (PLL) is broadly used in IC field for clock phase alignment and frequency synthesis. A configurable
charge pump PLL embedded in SRAM-based FPGA for space application is proposed in this paper. The PLL includes several configurable
modules and is reconfigurable. It is designed in 65 nm CMOS technology and embedded in domestic BQRSV series aerospace-used FPGA.
The functional test, performance test and comparison test illustrate that the proposed PLL can meet the application requirements of BQRSV
series FPGA, and its performance on clock jitter is better than the congeneric foreign FPGA, improving its flexibility, stability, flexibility and
clock quality, which is of great significance to the autonomic development of aerospace electronic devices in our country.

Key words: phase-locked loop; field-programmable gate array; configurable
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Tab.1 Limit value comparison of PLL frequency and locking
time

AT 41 FIZEFPGARI N AL R

B G

i NAZE R R (MHZ) 32 2.03
R NFZE L IR (MHZ) 1800 1540

VCOREGHA T [R(MHz) 155 2.95
VCOR & #i#Z | R (MHz) 2990 2150
it 452 T IR (MHz) 0.121 0.078
ot A 1 R (MHz) 1110 1100
BE I ] LR (ps) 20.444 29.389
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(MHz) ) (ps) #13) (ps)

10 224.1 166.9

20 185.5 148.0
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100 159.4 122.5

200 151.6 122.0

400 50.2 488
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Research on Long-term Target Tracking for Visual Perception
Technology on Unmanned Equipment

Yang Ruoling , Lu Zhenlin, Fan Shaobo, Rong Jinye, Gao Ranran

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

Abstract: The organic combination of unmanned equipment and intelligent vision technology is of great significance to the
development of military intelligent. Target tracking is one of the important research contents in intelligent vision. Aiming at the
requirement of long-term tracking in battlefield information analysis, we have proposed a multi-scale filter tracking algorithm
with re-detection mechanism. The algorithm locates the center position of the target in the relevant filtering framework, and
solves the scaling problem through an estimation method constructed by the scaling pyramid. In order to achieve long-term target
tracking, we use a discriminator to determine the reliability of the target tracking result of each frame. When the confidence of
the discriminator is lower than the set threshold, the algorithm determines that the target frame has drifted, and the tracking re-
detection module based on the fast-match method will be used to obtain the target again. Finally, the results obtained by re-
detection are screened to avoid tracking failure caused by algorithm detection errors, which improves the accuracy of the
algorithm. Experimental results show that our method avoids the failure caused by the accumulation of tracking error results,
effectively improves the accuracy and robustness in long-term tracking, and can better meet the operational requirements of
unmanned equipment.

Key words: intelligent vision; long-term tracking; correlation filter; re-detection
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Simulation and Experiment Studies on Transient Dose Rate Effect of Microprocessor

Yu Chunging, Li Tongde, Zheng Hongchao, Wang Liang

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

Abstract: A radiation-hardened 32-bit SPARC V8 microprocessor with a million gate level of 0.18um CMOS technology is studied in

this paper. The simulation and experimental analysis of transient dose rate effect are carried out. The transient dose rate current change rules

of NMOS and PMOS are obtained by TCAD. The transient dose rate effect test is carried out with the “QiangGuang-1" accelerator, and the

test data of transient photocurrent is obtained, which is compared with the simulation data to verify that they are in good agreement with each

other.

Key words: microprocessor; dose rate simulation; dose rate latchup; dose rate disturbance
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A Thermal Field Reconstruction Technology Based on Sparse Representation

Zhang Tianyi"?, Li Wenchang"?, Liu Jian"?

(1.University of Chinese Academy of Sciences, Beijing, 100049, China; 2. Institute of Semiconductors, Chinese Academy of Sciences, Beijing,
100083, China)

Abstract: Dynamic thermal management is used to handle the thermal problem of very large scale integrated circuits, such as multi-core
processors. Accurate reconstruction of the temperature field can insure dynamic thermal management working precisely, guarantee the chip
working performance and reliability further. The temperature field reconstruction techniques based on analysis in frequency domain ignore
the information in high frequency domain, which leads to thermal field recovery inaccurate. In order to improve the precision of thermal
field reconstruction, a new thermal field reconstruction method based on sparse representation technology is proposed. After learning a priori
knowledge of thermal field, the dictionary is obtained and the priori knowledge is sparsely represented. In the mean time temperature sensors
allocation scheme is designed. Thus the real-time temperature field can be reconstructed. The experiments prove that the proposed strategy
have better performance than the methods based on analysis in frequency domain.

Keywords: thermal field reconstruction; sparse representation; dictionary learning; temperature sensors
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Investigation Of AIGaN/GaN Schottky Barrier Diode With Low T
urn-on Voltage And Tungsten As Anode

Zhang Tao, Zhang Jincheng , Hao Yue

(Xidian University, Xi’an, 710071, China)

Abstract: GaN based devices are capable of delivering superior high power density and high efficiency for both DC and RF applications
due to the formation of a 2-dimensional-electrongas (2DEG) channel, high electron mobility and saturation velocity as well as breakdown
field of 3.4MV/cm. In order to improve the rectification efficiency and reduce the power loss of SBDs, low turn-on voltage (Von), low specific
on-resistance (Ron,sp), low leakage current and high breakdown voltage (BV) are essential. To achieve a low Von on a lateral GaN SBD, low
work-function metal W is proposed with a fully recessed AlGaN barrier layer at the anode region, which demonstrates a low Von of 0.35V
with ultrahigh uniformity. Meanwhile, W can also provide enough barrier height to block the reverse leakage current and hence guarantee
a high reverse BV. The fabricated lateral GaN SBDs also demonstrate a high BV of 1.1kV and 1.9kV with simultaneous low differential
specific on-resistances (Ron,sp) of 0.72mQ-cm’ and 2.61mQ-cm’, respectively, yielding a high power FOM of 1.7 x10°MW/cm” and 1.4 x
10°MW/cm’at the L, of 10um and 25um, respectively. The GaN SBD with the W anode shows a great promise for next-generation power
electronics.

Key words: low work-function metal; recessed anode; Schottky barrier diode; GaN
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Abstract: The time triggered architecture is a framework for high reliability and safety distributed real-time control system. It provides

the infrastructure of design and implementation of safety-critical systems. The time triggered architecture defines the interface of the nodes

by the high precision distributed global synchronize clock . It simplify the communication protocol among the nodes and be capable of fault
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Fig.3 The frame architecture of TTP bus
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A High Speed and High Precision Digital to Analog Converter Interpolation Filter Circuit

Zhu Zehua, Quan Haiyang, Wang Zongmin, Zhang Tieliang, Peng Xinmang
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: This article mainly researches and designs the interpolation filter circuit of the 16-bit 12GSPS D/A converter, The
interpolation filter circuit can effectively increase the data rate without increasing the input rate of the interface, and realize the up-sampling
processing of the external input low-frequency digital signal to meet the high-speed DAC core conversion data requirement. At the same
time, an optimized design is added to the circuit module to reduce the hardware overhead. In the design process of the coefficient generation
circuit of the filter circuit of the filter circuit, a sub-operation result sharing is designed.

Key words: D/A converter; interpolation filtering; data rate; up sample
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Infrared Imaging Circuit Design Based on FPGA

Su Jian, Chen Min, Feng Xuejian, Liu Lili, Zhang Yexing, Dong Yue, Zhang Lihui

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

Abstract: In this paper, an imaging circuit based on FPGA is developed for a 640512 refrigerated medium wave infrared focal plane

detector. This design adopts BQ5VSX95T high-performance FPGA device of Beijing Institute of Microelectronics Technology as the

core,along with detector device circuit and signal processing circuit to form infrared imaging circuit.

Key words: refrigerated medium wave infrared focal plane detector; FPGA; infrared imaging
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Determination and Drawing of Power MOSFET SOA

Zhao Xin, Liu Xueming, Liu Rui, Wang Hua, Wang Hao
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)
Abstract: It is difficult to verify the rated parameters of power MOSFET. At present, the determination of SOA is mostly based on
theoretical derivation, which is not enough to guide practical use. Based on the practical of power MOSFET, this paper analyzes the main
parameters limiting the SOA, studies the boundary definition method of SOA, and solves the verification difficulties of boundary parameters

such as rated current, rated power and rated voltage. Taking the actual devices as example, the drawing principle and process of SOA are

given, which has important guiding significance and practical value for the verification and selection of power MOSFET devices.

Key words: power MOSFET; SOA; rated parameters; verification method
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