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Consideration on Military IC Industry Should Cope with the Post-Moorish Era under
Multiple Challenges

Du Jun', Chen Lei', Zhao Yuanfu'?, Li Yanyan'

(1. Beijing Microelectronic Technology Institute, Beijing, 100076, China; 2. China Academy of Aerospace Electronics Technology, Beijing, 100094, China)

Abstract: The end of Moore’s law and the great change of international relations have brought the military IC industry in China
three challenges in terms of technology, economy and politics. This paper divides the techno-economic connotation of Moore’s law and
the direction of technology development in the Post-Moorish Era from the perspective of the combination of national defense demand and
cutting-edge technology. The industrial countermeasures of Europe and America in the Post-Moorish Era and the problems and risks faced by
China are explained from the perspectives of ensuring the security of supply chain, maintaining technological sovereignty and promoting the
engineering of disruptive technologies. The above-mentioned division triggers the thinking on the development of Chinese military IC industry
in Post-Moorish Era, and put forward some suggestions for the construction of industrial capacity and the improvement of industrial ecology.
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Abstract: Starting from the birth and development history of transistor and integrated circuit, the current technical bottlenecks of

silicon based chips are reviewed. The advantages of carbon based chips are analyzed, and it is considered that carbon based chips are the

inevitable trend and the best choice to replace silicon based chips after the failure of Moore's law.
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E2MC: Energy Efficiency and Error Tolerance DNN Model
Compression for Mobile Devices

Liu Shubo', Wang Jing', Li Bing®, Gao Lan', Zhang Weigong'

(1. College of Information Engineering, Capital Normal University, Beijing, 100048, China;2. Academy for Multidisciplinary Studies, Capital Normal
University, Beijing, 100048, China)

Abstract: As the application scope of Deep Neural Networks (DNN) moves from large-scale data centers to small-scale mobile
devices, the energy efficiency and reliability becomes a big obstacle for DNN deployment. Although the previous work has focused on
energy efficiency and reliability of the DNN model respectively, few studies can give a comprehensive view for both. It’s still a challenge to
design a DNN compression scheme which meets the efficiency and reliability at the same time. Thus, the proposal is the energy-efficiency
and error tolerance DNN model compression for mobile devices. The first step is to analyze the sensitivity of energy efficiency and reliability.
This analysis allows to model the energy and reliability of DNN. Finally, the model compressions that meet both efficiency and reliability can
be generated automatically by using the reinforcement learning. According to the results of experiments, the proposed scheme improves the
reliability for about 22% than the previous design and saves 30% energy comparing with other works under the same reliability.

Key words: DNN model compression; energy analysis; reliability analysis; reinforcement learning
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The Research on Scrubbing Strategies of mitigating SEE for
Space Used SRAM-based FPGA

Li Mingzhe, Chen Lei, Sun Huabo, Li Xuewu, Zhang Fan, Zhu Zhigiang
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: SRAM-based FPGAs used in space environment are susceptible to Single event effects (SEE), which leads to the logic and
wiring errors of FPGAs. Scrubbing is the main method to improve the radiation resistance of FPGAs by reloading the configuration bitstream
of FPGA to mitigate SEE. This paper compares and evaluates various scrubbing methods based on the self-developed scrubbing evaluation
system. According to the experiment results, we present the optimal scrubbing strategy with the simplest implementation and highest
reliability, which can provide significant reference for aerospace electronics engineers when choosing the scrubbing strategies for SRAM-
based FPGAs.

Key words: SRAM-based FPGA; scrubbing strategy; single event effects; scrubbing evaluation system

SRAM HITHYBUBR X I, & A5 B R A B
B, MMiE K k8% (SEU) , XA SRAM
B FPGA MR FEERIE . adk SEU k&
AR B A # N AT RES S BU™ H kPR, HRSE0E
ANRGKAThREHRET, i SRR AR E B
iR A ek ™,

035|&

SRAM %! FPGA T HA & PERe. LA T &
RIGTERRE S, AL IZMATREES 2 h,
SRAM #! FPGA HIZ IR LAsy hFe 2, 2l 1 iR,
FEAE A EE, TEEE SRAM Y, 40
rE Sk AR, B TR IR ORN B S R R B R

SRAM [t B fir 42741, FPGA 4 BhRE B o T 8 A~
HL % KR SRAM B B A7, X SE0 B 07 18 A PR
e BRI .

TEAR 23RBS b ] SRAM %I FPGA B, fgks
FrlRes g E, EHzdhige L ER T — 23K
st , BlR Bk 3% (SEE) , 4ndtfeko 143
14

Salazar F1 Caffrey f£ 2000 4£ & k£ HH T &
Jeb I 335 P T A A T 95 T B bl s O b RT R AR 3R
fSEUY, ZJ5, #&#0HRH T 2RBIH TR, &
FEE R, BRI RIET. BRI JTAG R,
SelectMAP Fill 74 “ ), (BEA [RRE 5 2o g &
GUELR SR, (EANTR] 98 B AR SR PR T i o



—— HRRIE —

ASUAPT S REEFHUFSRAMEIFPG A 7 T30 (IR W 52

BRI, 24 TR R TR sk SEE
iR HESRI, ASCBH T — MRS R GE, fE5RIE
e o SEHL T AR R S AN [m] B 370 43 A
HARE. AR RIS AL AR AR5 — oy h itk
I TR, RIRTIEAL RGAEE v, =5
AT T A FPRIFTRISHI RIS, Vo % 25t
(ERPSt

Kl 1 SRAM %! FPGA fy&5#y
Fig.1 The structure of SRAM—based FPGA

1 EERRIFT RS

TR SR M 42 AN [ RO 2 B mT 43 A AN [R) 2 Y , IRED
TEACRE T SR M, R SR o A B RIT . WSSk
UG RIHT. B35 CRC ARGRRIHT: MRIHTEE O r %,
Fill 8t 5% W 53 A SelectMAP Fill#i 1 JTAG Kill#ts Ml
LS (0 B A B, R SRS 5 oA SNSRI N B R .
AR A T A AT AS TR 2 A AT T 1 22 e il 7
Hemg T,

1.1 BRI

BT S R AR o B A, HiES
BHEIIRGIE . B RIET T LA A 742 1 4n SelectMAP
B0, soB ik B AT 0 an JTAG # 04T, kil
BB T R AT AE DR BN E (1) PROM W, Rl e,
% M 1% PROM H i U R 46 R0 0, AR 5 B0 i v A
FPGA Hr, Rl & 0 E e Rl i 451 25 ol i 2
PERDIRRI RN, BEELT, — A RE EIE L2/
LR,

1.2 EiER LR

HRYE A F A SEU AT 25, BB R i v]
— o AR BSOS A ATt CRC R (E 5
P

ELAS a3 30105 22 4n Bl 2 Fror, T i At il
FPGA % BUAc B DR, % i 5 5 rbb SCi-Fn
mask SCHEFTRTEG . AT UL BRAR ic B A 37 H 4 — i
HFE g/ bit $E, 24 SEU AN 25, AR
PR s 1 T T N3 FPGA

Rl )
PROM (JinfiE) BQR2V/BQRS5V
(L B A I) FPGA
» DATA[0:7]
» CCLK
PROM (i) » PROG_B
(RBB ) Tl 47 ) > CS
(I &4y » WRITE
DONE
PROM (Jiif]) INIT_B
(MSK X f4) BUSY
.

2 bl i3 )5 4 M

Fig.2 Schematic of readback file comparison scheme

%07 % —/> mask X (.msk) F1—/> rbb
fE (.rbb) , PRAS SRR/ IR AR RS B IR SO
K/h—5, BTSN A PiE BN E PROM
RORAFX A SCHE,  H T30 25 () B v Tk il 2 X
HER TR TSR, Los Alamos [ 5 996 58 23 R AU %
GUNAFFR T 5—FhT5is, XA T3 A — iy
PEIdk—A CRCAZUeMA, TEmIRt R, AWl
RIS B — Y CRC K (E, I 5 Hi
CRC BHRTEAER b, %5 R KGRI T AT 301
EEEAS BT 5 1 2R ST 25 A
1.3 BRIF

AR, AR PR A R SR A A T A R
HUEE SEELI . oA T R G TH R4S, Rilgr f B w]
LA 1 T2 B Bl FPGA {35, SelectMAP 4 H Fll
JTAG % N #3CHr A R, M Virtex—2 & {44,
Xilinx v w] /£ FPGA w4 it 7 ICAP {4, WL
HINBERI SR, Wk 3 PR,

15



A X ink BB F

AEROSPACE MICROELECTRONICS

> DATA[0:7]

CCLK\\ \

ICAP

TlHIP R

T PROG (XTMR)

DATA[0:7]

RESET
PROM

CLK

B3 ICAP Rilgiak ke
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Tab.2 The main characteristics of used heavy ions beams
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Cl 164 12.9 47.4
Ti 169 21.8 34.7
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Tab.3 The experiment results of BQR2V3000
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Tab.5 The scrubbing strategies for different application

scenarios
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Quantile Regression-Based Cycle Slip Detection and Fixing Method
for Single-Frequency Receiver

You Lihua, Bi Bo
(Beijing Institute of Microelectronics Technology, Beijing, 100076, China )

Abstract: In precise positioning, real-time cycle slip detection and fixing of phase observations of satellites is the key to affect the
accuracy and reliability of high-precision positioning. For the low-cost single-frequency receiver, it is not possible to eliminate the common
error by constructing the combination of multi-frequency observation, and also that the carrier changes rapidly as the receiver moves. This
paper proposes a quantile regression-based cycle slip detection and fixing method for single-frequency receiver. The method replaced the
least squares of positioning with a more robust least absolute error, so that the positioning results and the residuals are more insensitive to
the cycle slip. When cycle slip occurs at one or more satellites, reliable positioning results and residuals can still be obtained. The residual,
at that time, is checked, and the satellite with the cycle slip can be successfully identified then. The actual experiment results show that this
method has a high success rate and cycle slips can be well identified and fixed for one single or multiple satellites. This method is simple in
calculation and robust in reliability, and is applicable to both single-frequency and multi-frequency receivers.

Key words: quantile regression; least absolute error; cycle slip detection and fixing; single-frequency
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Tab.1 Cycle slips and prn on all epochs
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Tab.2 Success rates on different numbers of satellites which
had cycle slips (method: MR)

1 1 1 1 0.0037
2 1 1 1 0.0037
3 1 1 1 0.0038
4 0.9986 0.9986 0.9986 0.0037
5 0.9871 0.9871 0.9871 0.0038
6 0.9643 0.9643 0.9643 0.0039
7 0.9043 0.9014 0.9014 0.0039
8 0.7971 0.7929 0.7929 0.0040
9 0.5900 0.5886 0.5886 0.0040
10 0.4271 0.4271 0.4271 0.0040
11 0.2700 0.2671 0.2671 0.0043
12 0.1543 0.1543 0.1543 0.0036
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13 0.0543 0.0529 0.0529 0.0042
14 0.0129 0.0129 0.0129 0.0039
15 0 0 0 —
16 0 0 0 —
17 0 0 0 —

3 AR EBE R B m TR E SRR ZE 5 b

Tab.3 Positioning results and their standard errors based on

different numbers of cycle slips

m SE AL it it L o A
DRES %X BREY WEZ  BE CK)
1 1 0.0024 0.0037 0.0049 0.0037
2 1 0.0025 0.0038 0.0049 0.0037
3 1 0.0026 0.0039 0.0049 0.0038
4 0.9986 0.0024 0.0037 0.0049 0.0037
5 0.9871 0.0024 0.0039 0.0051 0.0038
6 0.9643 0.0025 0.0040 0.0053 0.0039
7 0.9014 0.0025 0.0039 0.0052 0.0039
8 0.7929 0.0026 0.0040 0.0052 0.0040
9 0.5886 0.0026 0.0041 0.0054 0.0040
10 0.4271 0.0026 0.0040 0.0052 0.0040
11 0.2671 0.0026 0.0044 0.0059 0.0043
12 0.1543 0.0023 0.0038 0.0048 0.0036
13 0.0529 0.0027 0.0043 0.0056 0.0042
14 0.0129 0.0020 0.0039 0.0057 0.0039
15 0 — — — —
16 0 — — — —
17 0 — — — —

F 4 AT FAER B TR B m B R R K
Tab.4 Success rates on different numbers of satellites which

had cycle slips

m JHBER A (MR)  JHBEEE B3 (TD)
1 1 1

2 1 1

3 1 1

4 0.9986 0.9986
5 0.9871 0.9871
6 0.9643 0.9643
7 0.9043 0.9014
8 0.7971 0.7929
9 0.5900 0.5886
10 0.4271 0.4271
11 0.2700 0.2671
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12 0.1543 0.1543

13 0.0543 0.0529

14 0.0129 0.0129

15 0 0

16 0 0

17 0 0

A —— MR
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0 (0.8
2 A-a A‘A\é
© T
; 0 6 '\i A»\‘ A
- A A A
0.4 S A
S .
n0.2 \\.\".—._.
0.0
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m (the number of cycle sclips)

B 1 PREEATG % (MR il TD) BB E Rh#%

Fig.1 The comparison of two methods on successful rates
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B3

—fhET 65nm T Z R FFiEFiE S NE HifFzE i1t

FEE, BIF, TXA

(MR TR, BT WA /RIE 150001)

H E. WA TZERSTRIARW SR, WA DR AR U R AR AT, X 73 CMOS (Complementary  Metal—Oxide—
Semiconductor Transistor) 4B HLE% 25 5 78 52 a5t i 5 1 R WO BCRE BRI SEN . A SCHR I T —FPIRFF B HT b+ BFE N 847 3% (Low
cost radiation hardened latch, LCRH latch) , /£ 65nm g H T TFHEAT TS558, I%BUF &5 A X RENS 58 2 THBR N T B 0 — 15 i B
X UK SENR, IR RERS AE— R L R R B i AR SET (Single Event Transient) Wbk, G0 BYEIES RAEW], LIS
BiifEAR o, A SRR DR T 39% HIZHRERH 67.6% HIhREERFRARY, BLIMEEHYID HA (R ARA B FT 2 17 s ML HORe

KR kTR, BB TRRAEEL, BT 2N R U N

HESES: TN492 SCERFRIRAD: A

Low Cost Radiation Hardened Latch Design in 65 nm CMOS Technology

Qi Chunhua, Huo Mingxue, Wang Tianqi
(Harbin Institute of Technology, Harbin, 150001, China)

Abstract: As a consequence of technology scaling down, gate capacitances and stored charge in sensitive nodes are decreasing rapidly,
which makes CMOS circuits more vulnerable to radiation induced soft errors. In this paper, a low cost radiation hardened latch is proposed
at 65nm CMOS commercial technology. The proposed latch can fully tolerate the single event upset (SEU) when particles strike on any one
of its single node. Furthermore, it can efficiently mask the input single event transient (SET). A set of HSPICE post-simulations are done to
evaluate the proposed latch circuit and previous latch circuits designed in the literatures, and the comparison results among the latches of type
4 show that the proposed latch reduces at least 39% power consumption and 67.6% power delay product. Moreover, the proposed latch has a
second lowest area and a comparable ability of the single event multiple upset (SEMU) tolerance among the latches of type 4.

Key words: single event transient (SET); single event upset (SEU); single even multiple upsets (SEMU); radiation hardened latch

03|

BEE T 2R SFRIZG, S B HL % o a5 R 55 A
TR R, R A HL B A R R Hh R e [
AR B T 5 . AR B R SR T
AR BB NG, SR A SR & B By
K B L RS Ok, B B R I A 25/
JLA AW IX Se AT, AR R e A b
8, X IR PEFRIE b RS (Single Event
Transient, SET) , HLff{ERCENEEhRAEAT
FIPERY, H R P AR Je— i A N 4B 2R
— ]tk Bk AR A B A — A R R
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SE4 A H PMOS g 4B, B4z m Heek
AN O F 1 B, Rz, #{LH NMOS H il 2
Ak AN 120 M RHE Y, — ik SET FPR(E R T 1%
ot B ek A —E W L g SRAM K latch 5 fif
FFAUBE T IF AR, TS B i B BAE T R IR AVE s
A5 fit FLER PN T RUAE BTN, T 5 DSBS B A% th
S REAA R R, X PRI R VE SO B
(Single Event Upset, SEU) , SRAM fififasrdE
B RO B AR B, BTLL SRAM Y B 1
AT LI B 2V TE R S B B0 AR BAT 2% 0 A £E
SERCHLER AR B AT R & A favk , I ASRE TSR 2 IE
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I RITCARRE TR A (R 2 FH I R R e AR
DR e BE B E —- n B A 2 4 O B B AR 24740 2K 2
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[ B A7 2 EA T TR AT 2

5 — R IRL - 0 N [ A 2% 5 1R e Bl A
AL LA R S LA b P RREERE D, & BN
RESKHLAT BB TR 72 2 s . iR, X Se
-85 2D AE— /A I 55 B N R A 15 R, 20X ek
R E mRERL R i, B TR R AR R
SCHR (111, [12] A A B 2% A X BB 2 AR
5 T RBUBRL- B N B 25 BEAS S8 AR bR 1
RO, (B A RA&UERR A SET iIGE S, JEH.
A ARIX SR 25 NS RY FELE T RS2 B3GR AR
R-f-Fe, BT SR e BT PRk, Sk
[13]-[15] i A BIAF B S5 K AL BT 2% . 58 =28
PR B I BT 2% BENS 58 42 S P L H NI A
R BRI RSN, I AR N s A
R BRSO I A S A S AL T & PR, (Hix
RS ABEA BOIERR A SET, 3Ciik[14]1.[16].[17]
rE A o B T2, DU k- B n ]
B 25 AN CUREMS DT SR80 5 R BT Rl
LREMS i A SET BHA —E IEERRE ), JFHAE
WU &I NERTT s R AR B, A s Q it
AR, SRk (171, [18] Ak 2 Bifr 2 IR,

A SRR H — T I Bh R B B - 8 A 5 DU 2 B
7% (Low cost radiation hardened latch, LCRH
latch) , JF7E 65nm p§ fH L2 _EibAT5e8l, it f5a:
B0 L EE R, AR SO BB 2 fESh#E, D F
QIER, TR, P BRI REE B AR E TS
A AR SFIRIL,

1 AR H B BiTF =R 41
B 1k A SR A Bl 8 A5 R R B AL, AT

FETIR A LCRH 817 & A M52 D it 5]
TG1. TG2 1 TG3 # 4y i =& 155, HHrImEs
‘St Partl Fil Part2 #t, FeZGERR % C e
IR A A s TS5 —B& 155 @it Part3 #oT, i
i3] LCRH Bif7 % i i Q. LCRH Bif7 &%
Hry Partl F1 Part2 #5) T T B WA U A 54
mehes C oMY T2 5k, FEIEFELT
Part1 i1 Part2 # 4y HL S A7 i 2 AR (A AHIR, 1705
Qi C BTttt ; — B Partl & Part2 #4532
P 125 IS B HAR AL, W Partl 1 Part2
H 4y HLER R AT i AR B R, shi C AT
i PR i BELAR A, AEUR HE YT Q (R OR 5 SRR Y
FAR A Z X — BRI, SR, EPLRAET
% T Q 75 T v B At TR 2P ) T AR 5 3%
BAmmI =S, RER g, B Rl nE
PELR S B, LCRH #if7 2% b Part3 4y IR 1Y
Btk AR TR Ik C BTy 5 A Q 7€ Partl i
Part2 fffis 2 HH{E A RN 2t A @Bk, Z4b, Part3
054 L TR R A A A A AT LA R s L2

HEsa T N Q WIPLEIEERE D, &R LA A SET #23
—EMUERRTEH .,
CLKB_!}_ “Partl ‘

Bl 1 AR A BT 25 454
Fig.1 Proposed latch in this work

& 2 A ST T PR B L i & LCRH
W ERH 65nm T & T AIRREISE B, 20 & ]
1, Hodi FHRTE AR 3.445um % 3. 24pm,
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3.445um

&l 2 Bifrashi A
Fig.2 Layout of the proposed latch

1.1 R R IRTN RE S AR

S T RIE TR 9 LCRH #7728 K4 BifF 53 5
B R R A A B Re, X B LCRH {47 & %
BRI A BB AT R

(1) Y W58h15 5 CLK b Bk, e
TG1. TG2 F1TG3 JF J&, BifF &% L1E £E % fi i X
(Transparent mode) . M= AHZS 12, IS5 fnl6 LA
Btz C BOCAER a5 CLK MfE A IR T 1k,
SR B 25 TR B A S PR A R E, R AR
intl F1int4 $47E D 55 091E A Tl (441 TG1 F1
TG3 BEWtIE, [FAEHL, D {55 Wit fF4m] TG2 Filjx
FREE 13 %6F P 7 o int3 BEATIRE, int3 9K 5 i 25 4
ICAREE S, IR A A B % 326 80 B0 47 25 1 i 4 o
Q. M LHEAI&Hr Al %n, LCRH BifF &% ol LASE 5 1E #f
P B (5 A 1 i L b o R v it 2 4 S A 45
S AE S R E M SET 3 —E IERIER, 1
TERR SET By KW it 9 B 15 6 5 477 S AH 2 25 D) AH 3¢
(LCRH {42 IEFR SET kLY K/ JG S =1k
&) .

(2) 4Bt 8h1E 5 CLK A% Ew, ]
TG1, TG2 1 TG3 36 i), Bhi= K AH & 12, 15 F1 16
Feghds C Bor TAE, WU o BT A I B0 181 8% T 48
iE% 1B, LCRH %77 #% T1EE R ##X (Hold
mode) . BLI T %511 TG2 %], Part3 BLoTH

28

5 B A 1 A 20 B8, AU S T A Q AHE,
X T B A R T A Q A4 /E LCRH
BT % R 0 R A WA NS PR

B3R5y 7 AT %, LCRH 8147 e RE 1F it 52
BRI E R R R #RE, JF HE R B2 v LCRH
WiAE 2% I Part3 BT HLBR SCEL T BB A, BD
LCRH #iiff & s 1Y Part3 5455 FLEEAS (AT DAAE (& A
T UERRH A SET, & Al LASE PR ERIET BELIE S v
Q FEAE A, Part3 #5540 H A 8o
ANT B URILEL, T2 TSR AR,

1.2 fiBR TR ThRE AT

BT R o4 LCRH 877 R R AT
9 B B AL AL -

(1) fnf LCRH Bif7 2% si (1 P s int1 (8¢
int2) =2 B0 o5 & A SRS, W4y B Partl
BT i R BRI SRS G DL AT 4, 7RI b5kt [al
EIITER T, Partl SOTAFBIIE BR & & AR BEE
SRIM, M T Part2 F Part3 #3534 2 3 Bk 0%
FIE50, Rl Part2 i1 Part3 FIT{h8R (555 B 1938
HRA, fERME C O BRRTER T, RAEET A
intl (8% int2) _bRX—FREL AN o 15 5 3 4 e
S LCRH 847 & s Q WIAF it R &3 Bise
Wi, 7 Part3 BICrIfRy T, Hth s Q ALK C
BTN A A A [ Al = BEAR S

(2) fnf LCRH Bif7 2% FLB (1 B . intd (8¢
int5) SR & A i BEL, WL 5150 (1)
SAU AT R AT AN, B a7 5 Q 7 Partl B
TCHIHEBY FANS =2 BI52m, FHHAE Part3 BOCHIHREB)
T, Gt R Q RS AR PR

(3) 4’k LCRH 8i47 &% BT A, int3 52 B4
Tk A R B , W T2 ks AR # (S)
HIFEAE, A 2475 4 int3 b= Az bk i 58 B K T
W A 25 O K SET B BR T8 B Ik A £ et g i A4,
Q AN, BIE A int3 BUBRELS 1R THIH T4 Q
FIBIEL , T Q LR R A2 2 Partl i
Part2 BICHIH B A B FR B A fif IR &, 26
L, 4R LCRH 847 &% i 5 05 Q =2 2 ks 1
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BARIE A N, H s C RoThfEM T
T A Q [RIFEREMCE [l FOR AU iR
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A4 REMB AR DL UL 1 B0 sl B I ELAE S A b1 )
R AN 2 S8 T R RE A BILIR S

2 (AEERSH

AR AT A O BAEAE 65nm fi L2, 1.2V
IR, F=i AT, A TR A, TR
HOBAE 2 2221 B/ N AR 5 Zeidf A% b, BIERA P
RN & AT R CRUEBIF 25 1E % TAERI B/ DR Ak,
AR SCHk [11] DA R i 1 Fn 28 7O D E BB 32 R, BR
DICE Biffgsh, ALK P& N ErIHm/NR 5 5l
% 24 300nm,/60nm F1 120nm,/60nm., X HILX(18E
SCHiK [17] H A AE R BT R FH— /> A 2 FN— A e 25
fili %z % R BRI SR B, ANl 3 B,

S T IS UE = L BT 8 LCRH 847 %% UE B A
SET HIRe S, WAL 2 Wik i i A5 =3+ LCRH
frasERR SET WURE D kAT T E. (5 B2 ik ip
B 5 WS Bt AT, M sEBL T % LCRH 87 #%
REMEUERR A SET i KL =1L, & 4 HiEERK
A SET #yfi BE5 R, wTLLE HA SO L ks
- nE LCRH 8iff ss L&A SET JEEREE D,
FHILFTRENERR SET ik oh 58 BE B KB4 77.5ps,
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Schmitt trigger
inverter

i

P 3 RIHEAER S TT AR A

Fig.3 The structure of delay unit used in this work
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Fig.4 SET filtering capability of the proposed latch
B TR FHAHE H e 3 D A BT A LT
WG R HL AR e LA Sk [19] Fh i i, RS EANHE
HERRE O BRI B A, AHAEEA TR EL 5

R, WFFEN AR B RCR X — B B i
IRAIZGE TR AT -
1(t)=1, (ei—eij QP

Horpro YR, o RHESTER, XA
KORF &5 T 2R, Bk [200-[26] /T 50, &
{138 A 164ps F150ps, FRIASCHLR X —2 8

WE S, 6 F1 7 Bk LCRH e 2 s sk
A R RR I & R R R RS DT A R,
Bl AT L&, LCRH 47 &% 75 N B 1T sk
A PR T-RRAR I, e S B YT R AR A B
Bl LCRH {7 2485 T hrsobi Bk it B i,

B 5 5 LG ) RUSH IR AR IR, SR LR 11
AW R, SR TR SR B, S5
SO A RIS AT, SRS SR TR
He ST R . DRI AR SO BT L BAT B AL 271 A
FEIRE DT T %4, HLHIHAnE 8 Frniy i
MU SE R B2k, % 2R & SO U gk
PR LEE 8 dAH R Zei R 5, WZK BT
FEAS TR AR . it Ul h 2 i
Ko, AREFEHGUL T ARG, AR, Pl
FERE kR, BT AT DUR A SCRE Y BliAF 2R P 2
1 5 HE 4T EVFERST #ifrgs, 2T LESHI 8
7%, H'5 LESH2 #ifF e 4H24,

29



A X ink BB F

AEROSPACE MICROELECTRONICS

Z 4
1 LM ( SEU  intl
L f‘ [ ] 2

o
=}
=
E)

Voltage Voltage Voltage Voltage Voltag
o
o
]
O3 =
Ll
7
5 ]
]

Charge deposited on second:

T
] 5n 10n 15
Time (lin) (TIME)

Bl 5 SET i AF| intl 4555
Fig.5 SEU injection to node intl

CLK

w
=1
o
E]

Voltage WYoltage WYoltage Woltaze Voltage
]
=
=1
oF
L1
g
. s ()
=]
"

1
S00m | ]l l | | it
o
(/| | ( SEU ___ ntS

~

r
i 5n 10n 15:
Time (lin) (TIME}

6 SET {# AF int5 {75
Fig.6 SEU injection to node int5
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S H b I A 75 THEERY 355.50%, 70.13%, 48.45%,
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ANRIZE RGN 2% Z I PRERE B AR L S5 . fEiX HL,
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TD %% D-Q %R, TP fR&#EH KUER: SET HIRe
B¢ 1 Al 40, A SCHE BT &5 e LA — /N Thife
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BTk oy B i H A BIAE &5 5 201.17%, 39.84%,
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Tab.1 Comparison of simulation results

Max. width

latch Power D—Q delay PDP of filtered Area SET Fully SEU AOFS Type
(uW) (ps) G) (um?) filtering? immune? (%)
SET (ps)

Ref. latch 0.564 48.6 2.741E-17 - 3.854 No No - -
Design in [11] 2.859 328.4 1.384E—-16 280 9.921 Yes No 85.3 typel
Design in [12] 4.138 130.1 1.740E—16 88 13.013 Yes No 67.7 typel
Design in [13] 2.335 26.1 6.094E—17 - 11.734 No Yes - type3

HLR—-CGI in [14] 1.474 12.3 1.813E—17 - 6.944 No Yes - type3
Design in [16] 1.502 18.6 2.794E—-17 - 6.193 No Yes - type3
EVFERST in [17] 6.265 325.5 4.573E—-16 252.5 14.323 Yes Yes 77.6 typed
LSEH1 in [18] 3.288 198.7 1.700E—16 147 11.541 Yes Yes 74.0 typed
LSEH2 in [18] 6.047 189.2 3.429E-16 132.5 10.222 Yes Yes 70.1 typed
Proposed 2.005 105.0 5.514E-17 77.5 11.162 Yes Yes 73.8 typed

BT x — P brifE, KA AOSF Bk & H 4T
) SET JEBRAE 1., MF 1 hug AT LAE H, A
Hi) LCRH 87 5 1B % A SET MURE h 5 H A58 Y
ST 2% IDERRRE 1 A A —3L,
3 Zig

ASCRIH B IO R M E B A, ok A PR g
ZERUETE, R T —FMIRThREDL LB n R Bl
%——LCRH %iif£ %, LCRH H{ff 2 REfS 52 2 4L HT
FORL B R D R AR, T 2 A AR —
SERHCPUER, Mok, EREMSUEERT A SET UL Kk
G AR % A SEU Ik HE 15 s A 1 s PR &
Frix ity LCRH 8ii47 & oh 28 DY 20 s bz - B0 4 in &
Bifras, Ll HE PSP AY R PR EL R A, B Y
LCRH $iff g8 2/ BEAK T 39% WIZhRERD 67.7% 195
FEHEIRFH,
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Equivalent Aspect Ratio Model of Radiation-hard Race-track MOSFET Layout
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(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and Technology of China, Chengdu, 610054, China)

Abstract: Purpose of this paper is to systematically derive the equivalent aspect ratio model of radiation-hard race-track MOSFET
layout applied for integrated circuit. Method of the process conducted is through one-dimensional approximation. Result verified by
Sentuarus TCAD simulation shows that the calculation accuracy can reach more than 70%. Conclusion is achieved according to the
discussion of the relationship between the calculation accuracy of the model and the key parameters in the layout, whose reasons are also
analyzed. The accuracy of the model is improved at larger radius of circular drain region, lower channel length and longer straight gate

extent.

Key words: radiation-hard; race-track layout; equivalent aspect ratio model; one-dimensional approximation
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More Than 3000 V Reverse Blocking Schottky-Drain AlGaN-Channel HEMTs with
>230 MW/cm’ Power Figure-of-Merit

Zhao Shenglei, Zhang Jincheng, Hao Yue
(Xidian University, Xi'an, 710071, China)

Abstract: In this letter, more than 3000 V reverse blocking Schottky-drain AlGaN-channel HEMTs are demonstrated for the first time.
By using Schottky drain technology, forward breakdown voltage V. (at 10 pA/mm) is improved from 185 ~ 2100 V to 2200 ~ 2600 V for
Lgp = 22um. Due to the high breakdown electric field of AlIGaN material, reverse blocking voltage Vi (at 10 pA/mm) reaches as high as
-1950 ~ -2200 V. For HEMTs with L, = 52um, record high V; of >3000 V and V,; of >3000 V have been achieved.The leakage current is

as low as 6.06 nA/mm at V3 =-2000 V.

Key words: AlGaN-channel HEMTs; Schottky drain; reverse blocking; breakdown voltage
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Design of a High Shock Resistance MEMS Vibrating Ring Gyroscope

Wang Hao, Zhang Long, Ye Zegang, Zhu Hong, Zhou Boyuan, Chai Hongyu, Zhou Jinqiu, Kang Miaomiao

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

Abstract: A MEMS vibrating ring gyroscope (VRG) which can endure a high shock has been designed. The impact of MEMS VRG’s

structure on shock resistance performance has been simulated and studied through finite element simulation. After design and fabrication, the

VRG has experienced a flying test whose maximum transient acceleration is above 8000G. Meanwhile, the gyroscope has achieved a bias

stability of 7°/hr and a measurement range of 4000°/s.

Key words: high shock resistance; vibrating ring gyroscope (VRG); MEMS
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Calculation and Application of Pull-in Voltage Model for Electrostatic Micro Actuator

He ChangYun', Ruan Yong?, Liu Tong', Zhou Xiangliang', Song Zhigiang'

(1. MEMS Institute of Zibo Hi-tech Industrial Development Zone, ZiBo, 255000, China; 2. Department of Precision Instruments and Mechanology,

Tsinghua University, Beijing, 100084, China)

Abstract: Based on the theory of electrostatic field and elastic thin plate, this paper analyzes the pull-in phenomenon of electrostatic

cantilever actuator in Micro-Electro-Mechanical System (MEMS). With the help of the finite element software COMSOL, the pull-in voltage

is calculated and compared with the actual test results. The error is controlled within 10%, which verifies the feasibility of the calculation

model. Under the condition of constant cantilever area, the influence of cantilever thickness and plate gap on pull-in voltage is studied by

using the model. The results show that the influence of thickness and gap on pull-in voltage is nonlinear, which can provide a theoretical basis

for subsequent actuator design.

Key words: MEMS; COMSOL; pull-in voltage; nolinear
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Bonding Technology Research of Wafer Level Based on Cu-Sn Eutectic

Huo Ruixia, Wu Daowei, Liu Wansheng, Li Baoxia

(Xi’an institute of microelectronics technology, Xi’an, 710000, China)

Abstract: In 3D system packaging technology, the eutectic bonding is the key technology to realize multilayer chip stack and vertical

interconnection. It is optimized from the thickness of metal plating layer, the surface pretreatment of the wafer to remove oxide layer, each

other between the wafer alignment, the uniformity of temperature, pressure of wafer bonding and the migration of wafer bonding process. It

shows that push bond strength of crystal>18 kg/cm’, average bonding interface contact resistance is about 3.35m€,and bonding yield 100%

of bonding Cu-Sn bumps under the condition of the plasma treatment and the pretreatment of the citric acid cleaning, metal surface without

oxidation layer, the pressure of 0.135 Mpa, the temperature is 280°C , the thickness of the Sn is 3-4 pm and Cu is 5um, and all performance

indicators meet and exceed the industry standards.

Key words: Cu-Sn bumps; wafer grade; eutectic bonding; intermetallic
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Tab.1 Parameters setting of different cleaning pretreatment

before bonding
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1 — — 10 5 150 10
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Tab.2 Parameter settings of wafer—level bonding
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55nm %) 5 SONOS I FLASH & T3 Rk A 50

FER, THIE, TEBWR, B &, &88, g%, T &*
(LT FHARTRERT, kst 100076)

W OE. SRR RZIES Stk FLASH i a5 B ROH R R IR I, ERSLJHIN 2 [0 58 5 31 58 25 % FLASH A Al S84 1 B i o
SONOS f5-{if & -2 T4 SLHATAF LT, 5 (R GEiT Wb fif 25 LR AHLL BUARS AE D 5% . AR SO 2 3k [610h S5nm SEdt T ZR0dEbitast iz
Hit7 5 SONOS %! FLASH £ & I Ji& T S b2 iRIEFFIE, sy Wist bl T 2 Pl fik as PR A MR SR AT Rt . FRSTIRIREE AR Rl gk
T, SONOS % FLASH fE£iMhRER £i8{H 75.4MeV - cm’/mg (9 Ta 85 THa4HR, 1 S oTRlEsam i/ M IEM FLASH, 2ad fg
FHEATE, SONOS & {1y r A R 1 B8 0 B s it s/ N T2 0 . ABLTER] T SONOS %Y FLASH 7 il B e AR b T HIH L B 4 S 1
LB EIEETE ), G T-PUiRST NG FLASH £ &l .

X#2ir: SONOS; FLASH; HbiT4y; HesT

HESHES: TN406 MERERIRED: A

Research on Single Event Effect of 55nm Floating Gate Type and SONOS Type FLASH

Guo Xuanchen, Yue Suge, Li Jiancheng, Zhou Tao, Zha Qichao, Xie Junling, Wang Jia

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

Abstract: Aerospace electronic system has very large application requirements for non-volatile FLASH memory, but the space radiation
environment will affect the reliability of FLASH during application. Silicon-Oxide-Nitride-Oxide-Silicon(SONOS) memory device is
based on a discrete charge storage mechanism, and is more resistant to radiation than traditional floating gate memory device. In this paper
we research on the single event effect(SEE) of both 55nm advanced process floating gate FLASH and SONOS FLASH without radiation
hardening, analyze and compare the intrinsic radiation characteristics of the two memory devices. The radiation test results show that: In the
no power state, the memory cell single event upset(SEU) cross section of SONOS FLASH is much smaller than that of floating gate FLASH
during exposed to Ta ion radiation with a linear energy transfer(LET) value of 75.4MeV-cm?*/mg. After heavy ion radiation, the charge
retention capability of SONOS device is much less affected than floating gate device. The radiation test proves that SONOS FLASH memory
cell has stronger SEU resistant capability than the floating gate type, and is suitable for the development of the radiation hardened FLASH
memory.

Key words: SONOS; FLASH; single event effect; heavy ion
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Tab.1 Heavy ion test results

- e , LET K RFER g B
tri o IR AT - - : —_—
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1§ . %W 1700V SiC By MOSFET 23 (kT T “Co v 4mARIALS RIS L5 R R, 485 2 R MR RIRIIK T 32.75%, MG
HURIRIE T 0.25V, 5 St JoR AR b, 3t i RIS MR R G AR AR R I 2 R, K BUARHA 2 AP RR B A 2.31x10 %em ™2 - eV ™! 4
I 5.29x10"cm ™ - eV ™, BIFE A G 2 RSB B BRI AN T 5.06x10em ™ - eV T, a3 HFiA A, “Co vy IR B LR N SR AN A BB 173K T Ok B
BT WA T 00 R T S P A R R HHBLR B

4817 SiC Fh% MOSFET; “Covy; 4%

RESrES . TN38S XHEFRIRES: A

“Co y-ray Radiation Effects on the Low Frequency Noise in SiC Power MOSFETs

Yue Shaozhong, Zhang Zhangang, Chen Ziwen, Sun Changhao, Lei Zhifeng, Peng Chao

(Science and Technology on Reliability Physics and Application of Electronic Component Laboratory, China Electronic Product Reliability and
Environmental Testing Research Institute, Guangzhou, 510000, China)

Abstract: The electrical characteristics and low-frequency noise (LFN) of SiC Power Metal-Oxide-Semiconductor Field-Effect
Transistor (MOSFETSs) after “Co y-ray irradiation up to a total dose of 500 krad (Si) have been studied in this article. The devices experienced
a 32.75% decrease in the saturation current, a 0.25V negative shift in the threshold voltage (V). Extracted by the LFN method, the trap
density increases from 2.31x10"°cm>-eV ™' to 5.29x10"cm *-eV " after the irradiation. The main degradation mechanism is considered to be
the increase of charged trap density in the channel, which depletes more electrons and reduces the carrier density.

Key words: SiC power MOSFET; “Co y; low-frequency noise
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Evaluation of Accelerated ELDRS Test Using Temperature-Switching Irradiation

Li Xiaolong"?, Lu Wu'?, Wang Xin"?, Yu Xin"?, Sun Jing"?, Liu Mohan'? Wei Ying"? Zheng Qiwen'”
(1. Key Laboratory of Functional Materials and Devices for Special Environments, Xinjiang Technical Institute of Physics and Chemistry, Chinese

Academy of Sciences, Urumgqi, 830011, China;2. Xinjiang Key Laboratory of Electronic Information Material and Device, Urumgi, 830011, China)

Abstract: The low-dose-rate sensitivity (ELDRS) is a major concern for hardness assurance testing of linear bipolar devices intended
for space missions. Considering a very long irradiation time is require to examine a part for ELDRS, we apply the accelerated-testing method
-temperature switching irradiation (TSI) - to evaluate the response of several devices at ultra-dose rate (below 10mrad(Si)/s).The bipolar
operational amplifier UA741 and voltage comparator LM311 were exposed to “’Co y-ray with different dose rates (0.1, 1, 5, 10mrad(Si)/
s) irradiation and temperature-switched irradiation.The experimental results clearly illustrate the basic principles behind TSI, show that
the method is conservative with respect to the ultra-low dose rate irradiation, and confirm that TSI is a promising approach for accelerated
ELDRS testing.

Key words: bipolar device; enhanced low dose rate sensitivity; temperature-switching irradiation
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Tab.1 Normalized escape probability versus electric field at

different temperature

i )

10° V/cm 10* V/cm 10° V/cm
200K 0.1521 0.2306 0.7045
300K 0.2813 0.3454 0.7168
400K 0.3843 0.4340 0.7303
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Parameter Degradation of VDMOS Performed During Gamma Ray Irradiation After
Heavy Ion Striking

Li Xinyu', Jia Yunpeng', Zhou Xintian', Wang Lihao', Zhao Fujie', Li Yuan', Zhao Yuanfu'?, Deng Zhonghan'

(1. Beijing University of Technology, Beijing, 100124, China; 2. Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: The parameter degradation of VDMOS performed during gamma ray irradiation after heavy ion striking is investigated in this

paper. The device bombarded with heavy ion shows a significant degradation than that of the device only subjected to gamma ray irradiation

under the same total ionizing dose, such as the decrease of threshold voltage, the increase of leakage current, and the deterioration of on-

state resistance. The experimental results show that the energy deposited by heavy ion striking generates not only total ionizing dose effect,

but also the extra oxide traps and interface defects, which will further degrade the performance of the device during subsequent gamma ray

irradiation. The discoveries in this paper can provide a reference for exploring the long-term reliability of semiconductor power device in

aerospace applications.

Key words: radiation-hardened; heavy ion striking; gamma ray irradiation; superposition effect
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Modeling the Dependence of Single Event Transients on Strike Location and Secondary
Effects for Circuit-Level Simulation in Nano-Scale CMOS Electronics

Ding Lili, Chen Wei, Wang Tan, Zhang Fenggqi, Wang Dinghong

( State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear Technology, Xi’an, 710024, China)

Abstract: Along with the decreasein feature size of electronic device, multiple nodes charge collection cause strong interference
between adjacent transistors, secondary effects cannot be ignored.This brings up new challenge for simulation technique. In this paper,
multiple-transistor charge sharing was accounted for in circuit-level simulation of nano-scale electronics. The method of rebuilding single
event transients dependent on strike location was proposed with diffusion collection, node voltage feedback, bipolar amplification effects
considered. Problems of layout characteristics extraction and single event transients introduction to netlist were solved. A whole procedure
flow of the proposed circuit-level simulation technique was established for bulk CMOS technology. In addition, good agreement with
experiment results has been reached, proving the reasonableness of the proposed circuit-level SEE (Single Event Effects) simulation
approach.

Key words: single event effects; circuit-level simulation; nano-scale CMOS electronics; secondary effects; layout characteristics
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Research on Single Event Effect Test Method for High-Speed Serial Interface

Li Junze , Yue Suge, Li Jiancheng, Chen Maoxin, Song Xiaojing
( Beijing Microelectronics Technology Institute, Beijing, 100071, China)

Abstract: In this paper, the structural characteristics, functional modules and protocol contents of high speed serial interface chip are
studied. The single event effect soft error type and soft error type judgment method basis of this kind of chip are given. Combining the
calculation method of common bit error rate and the characteristics of single event effect causing high speed serial interface bit error, the
calculation method of error rate caused by single-particle is derived. Through the heavy ion test of JESD204B high-speed serial interface
chip, the availability of the test method and bit error rate calculation method is verified, and the radiation indices such as the soft error cross
section, single event effect threshold, on-orbit soft error rate and bit error rate of the chip caused by single event effect are evaluated.

Key words: high speed serial interface chip; single event effect; test method; bit error rate
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A Test Method For DA Converter Based On UltraFlex

Liu Ran, Zhang Ruohan, Shi Jun, Dong Yaning, Zheng Shigiong, Ma Minglang

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

Abstract: This paper describes the test principle of DA converters and presents a test system based on Teradyne UltraFlex , and carry

out a research of the test method for DA converter. It describes the testing methods of the static and dynamic parameters of DA converter

based on this platform, and gives the points for attention to the test board design and circuit debugging of DA converter, and put forward the

direction of efforts and improvement plan.

Key words: DA converter; test; UltraFlex
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Fig.1 The pin distribution of AD9764
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DB13—DBO0 % ¥ 7% A, 3 DB13 & & &
A %z (MSB) , DBO £ #% 1€ & 2% iz (LSB) ;
SLEEP Jy Wi ¥l REFLO 2% (B H 4+
#HZ=%mt) ; REFIO AZFERW A / Hilth; FS ADJ
Sy iHiE L it A B s COMPL, COMP2 A [ Fn
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AR .

AD9764 () EE SR oAkt (INL) |
fh sr 4k & ¥ (DNL) . % W & % (Offset
Error) | ¥iii#2 (Gain Error) . WFEHIHILL

(PSRR) . THtish7EE (SFDR) Fn&i& g
%H (THD) , H#orwaS B mkiang 1
FiR
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Tab.1 Table of part of electrical characteristics of AD9764

electrical parameters

AVDD = DVDD =5V,
OUTFS =20 mA, T=25°C

Parameter Units
Min Typ Max
Static
INL —4.5 +2.5 4.5 LSB
DNL —2.5 +1.5 2.5 LSB
Offset Error —0.025 +0.025 %of FSR
(With Iif;fngrlgéference) -7 1 7 Yol FSR
SFDR
Terock = 25 MSPS;
Toyr = 1.00 MHz
0dBFS OUTPUT 75 82 dBc
—6dBFS OUTPUT 85 dBc
2 MHz Span 78 89 dBc
THD
0 i
Tepock =100 MSPS; 75 dBe

Loyr = 2.00 MHz
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Power Supply
Lyvop 25 30 mA
Tpvp 1.5 4 mA
Power Dissipation

ferock = 25 MSPS;

o 1,00 MHz 133 170 mw

2 DA #igegmymlik A Rigit

AL B 2%k H UltraFlex Ml 3¢ #L & % AD9764
HEATFHESE. HESEWNR LR, %
a kg I R B & R AT UltraPinl600 #i < /Y
DSSC(Digital Signal Source and Capture) fibk
AT B FMAE T ARIE, H PACSO AU it
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2.1 DSSC &

DSSC #ige A& T4 74k = UP1600, fi F§ DSSC
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1% 2 DSP B AT R Ab B, & T e 2% il
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9 R[5 80MHz) Fi#HE#E s (Ultra Capture,
PRk TSMHz) , XFpsuafizEo i, ADI764 iy
B 252 $ ] Ultra Capture #H475GERIRIE,
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2.3 FHEIRT
2.3.1 BEHIRIT
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Fig.2 Test board diagram for AD9764

LATCHES

DB13—DBO0 % 4% 7£ UltraPin1600 #z F
DSSC #idk, DSSC & 715 5 Kk ik / HW i,
4y & DSSC Source f1 DSSC Capture, DB13—
DBO 753542 DSSC Source ¥ 1, Hol & IR AY 55
fic 46 25 1% & DSSC B RR AL o Toyra FA Toprs A& —
2 2= oy WL A Y, 55 o0 AR o 5 b 2 TR —
S0Q AYRLPH, mTRE 2% O LD RIS S e oh U
55, MEMG SHREMBE, Togra F1 Loyrs 50 31
$21E PACS0 #z s Ultra Capture fJ POS #1 NEG,
ZIBF S sh KRN, BIESIE VDDA
VDDD n] A filche ik 25K, BATI 55 5 -3 A n] 452 3
Al — P i

FEEN iR AG £ 0518, — MR Y 2 DA - EN i
P, PARZEREE. B, BmEEbas; RHE
HR BRSNS T, REFE St

o [5,6]

%25
2.3.2 gt

AT H B A 28 B ik 28 w1 h H MR AL & JF
RV IG-XL, — A FrdEM IG-XL 2 H 24
# T VBT & 5 WU H fn & Fh Data Tool T {E#£ A
B
2.3.2.1 ERGHEE

% M8 UltraFlex M i UL & W9 br o g0 B2 77 85,

58 B Xt AD9764 [ Pinmap. Channel map. Pin

Levels., Time Sets. Test Instance, Flow Table %%

K
2.3.2.2 X EWRS

B e, & X DB13—DBO0 24 — 4~ port, 1E A
DSSC f % # % % v (Digsrc) , DB13—DBO0 Z£{ll
W EPEIER “D” Fons Hik, X IOUTA
Y Ultra Capture; FJi, 5 ) & FH Bl il
54 “Resync” | “Send” . “Trig” ik & Hf
BEWRP. BT EomkE, BIESHRE,
i 3 o, Tn AT B K T S S B SRR
.

(IOUTA: UlraCapture = Resynch
>TSet 0 o o 00000000000000 ;

{(Port_D:DigSrc = Start ramp_13
>TSet 0O 0 0  D0D00000000000 ;

repeat 150 >TSet O o o 00000000000000 ;
=TSet O 0 0  00000000000000 ;
>TSet 0 o o 00000000000000 ;
=TSet 0 0 0  00000000000000 ;
>TSet 0 0o o 00000000000000 ;
=TSet 0O 0 0  00000000000000 ;
>TSet 0 o o 00000000000000 ;
>TSet O o o 00000000000000 ;
>TSet 0O 0 0  D0000000000000 ;
>TSet O o o 00000000000000 ;
=TSet O 0 0  00000000000000 ;
>TSet 0 o o 00000000000000 ;
=TSet 0 0 0  00000000000000 ;
>TSet 0 o o 00000000000000 ;

set_rmsh 30000 = TSet 0 0 0  00000000000000 ;

(IOUT A UlraCapture = Trig)

setcd 30000 = TSet O o o 00000000000000 ;

aramp_1:

{(Part_D:DigSrc = Send)

loop cO =TSet 0 0 0 DODDOOCODOCOCD ;

{(Part_D:DigSrc = Send)
=TSet 0 0 0 COoODCOCDDDDDDD ;

Bl 3 Mmoo & R
Fig.3 Vector diagram
2.3.2.3 MK R FR iR AN BHE R &

FEMRR RS VB Zafe i b A H R G 3R,
Wi E R DSSC Source. Ultra Capture HJ#)
aft, EEFA R, X DSSC 45 Hl, mas
DB13—DBO0 % i f i i ot iof S et B AR
F£H Ultra Capture R tH HUBALL (B P TR EEFN
ik

2.3.2.4 WiAYTIZE
FEMNA R SEHY VB g fe IR Be b, R 2 el v
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Ultra Capture REEMIBAIHE, AL DSP
AT IE AL, PR TR R B e o
HIFHESE . HESEITRIE, /M DSP
B b A7 Bt Ak B3 RT B = 8RR, 4 g
Al

3 DA #itazHy X e IE
3.1 EFSS MR GEIE

FRASHURME T DA B g5 A T4 4 A TSR
it R, AR (Gain) | A (Offset).
R oy A 2k P UNL) Fin ik o> E 26 ¥ (DNL), H
INL, DNL 2SI FEZSH, XHNSHERT
DA #Ef gz itk EmdihE TZ, [, Xlr2
BORERZNN DA et 253 A0 B A PERE .

AN DA i M A S RHEHM
W, ZIETEHIRFEESR A IMHz, 2" A REEKE S
20 ¥ DC 5 S Al B, Hi AfE Tt M R SRy
gt FEHK T 2" S H 0000—3FFF 1R, %%
AD9764 i) DB13—DBO,

3.1.1 INL, DNL Byt I8

INL, DNL [T DA % 2% 1 52 br 5 b
b 2 55 FR AR A Rk i 2R (il 25, INL £ B DNL
BN E 800 7,

MR T BT E, AD9764 Byt Hi f
LB I 0t R4S Ultra Capture #, 35 ] DSP
B, RA &N I T DA A tH— S 28 i L
MU 2, A AR o7 AR AL A HH T 5
ML TS, RAEANK (1) -

INL=/\Vomax/VLSB (D

TR M INL, Hp A Vomax &4/~ 1
Xk oz P L S R AR e th £ 22 (R B KB, INL
2t i EAAE DNL, INL F1 DNL B S5 5 4n
4, ElSPios:
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Bl 4 INL MIKE5 R
Fig.4 The result of INL

[ 5 DNL ik 554
Fig.5 The result of DNL

3.1.2 Offset Error, Gain Error §JiMizt0&

Offset Error, Gain Error M7 X% A
4 07 /4“1 I, B SRR AE T
{ﬁ% [71

B, IR ERERAESEIRIREG S % R
HE, 88 Vige, RIEAR (2) -

VEsridear = (32 x Rroap/ RSET)X Vrer 2

R 28 2k By HL AR IR F 1 VESRideal, H ik 4y
BIER A A “0” ifn4 “1” RIS, RE
AD9764 Rl 4 U R, 18k VZS Fn VES, 48
AR (3) FAaX (4) , HHEH MM Offset Error
1 Gain Error:

Offset Error = Vzs /Vsrideat x 100% 3)

Gain Error = [(VFS -Vzs )/V FSRideal - 1] x100%  (4)

MRS R AnE 6 PR -
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XIER 2. —Fh3E T UltraFlexillif 2 SeHID A%k 25 iR 7y v

Test Name Fin Chammel Low Neasured High
Offset_error -1 =25, 0000 m £.4246 m 25, 0000 m
Gain_error =1 =7. 0000 —28. 8B5Y m 7. 0000

6 Offset Error, Gain Error Mgk 5.
Fig.6 The result of Offset Error, Gain Error

3.2 FHESHAIMIXEIE

NESHU T DA Feffds iR R S
FEAEEYE (SNR) | TZkiksh &8 (SFDR)
FUEIE I 2 B (THD) %, ADI764 BIZh KBS M L%
% SEDR F1 THD,

B B MK DA B e 2% 1% A5 5 R IE 3%
B, ZBIEHIRMERR Fs ) 25MHz, B AR F,, A
IMHz, 23 (5) BT R Y,

Fin [Fs = M/N (5)
Al th M=655, HH B AT S A f5 5 £ 25MHz

RHERPIELET, LA FEBRLLR 655 AN IEZH, R
B R 2, it 4wi % %3 DB13—DB0, it
fEotaE)a, @i UltraCapture $f Ioyra. Iours E’Jiﬁj
T LA 225 i TR 2E, JF FFT 284, iz

DSP sy fr Hlign A, mahE&E25,

3.2.1 SFDA HyiRI&IE
SFDR W55 (F K55 M ) 9 RMS 8
JE 5 R e R SR B 49 1O RMS (B 2 Eb, RIBA R (6) -

SFDR =10log(P:/Ps) (6)
wiz i VBT & & LBl SFDR Wiz 5, i P,

WEWAE S mIE, Py bl Ry & Ih =
SEDR (P8 A w38 1o W 82 HH A ik R 47 1 3L WI7
Fo

B 7 AD9764 (g H Ak
Fig.7 The output spectrum of AD9764

& H Lk (g 294 0dBe, f KRBy (&
WAL [INE BE 2% —80dBe, MY ZE(E AN K
SFDR, S5MR&ER (anlE 8) #HFT.

Test Name Pin Channel Low Measured High

SFDR il TE. 0000 80. 3769 N/&

8 SFDR it ek #
Fig.8 The result of SFDR

3.2.2 THD H’J]Blljﬁtiﬁﬂ

THD #i8 w3 555082, K
ML T DA FAh 2R, MEA (7) .

THD = 10log (Pp / Pr) 7

w3z Hl VBT i & e 8l THD Yz 5, Hrh P,
KW AE T mIE, Py AIBKRE S &I,
i ZhnE 5 ik BT, THD Rl &5 F4nl&l 9 fr
TN

Test Name Pin Chamel Low Neasure d High
<Dyn_25N_1N_5V> THD -1 /& -78.1226 ~74, 0000
<Dym_50M_2M_5V> THD - N/& 72, 4364 /4
<THD_100K_2}_5¥>THD - N/& —72. 2439 /&

B9 THD [k &5 5
Fig.9 The result of THD
AD9764 W E)ESHEAFRESHIIE RS ADI
FMI RS AT LA 2 iR

72 AD9764 MK &5 Fxf Lt
Tab.2 Table of comparison of test results of AD9764

AVDD = DVDD =5V,
OUTFS = 20 mA

Parameter Units
Pt &1}
Static
INL +2.5 5.17 LSB
DNL +1.5 0.95 LSB
Offset Error < £0.025 0.006 % of FSR
Gain Error £1 ~0.029 % of FSR

(With Internal Reference)
SFDR
ferock = 25 MSPS;
fopp = 1.00 MIz
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0dBFS OUTPUT 82 80.38 dBc
—6dBF'S OUTPUT 85 83.13 dBc
2 MHz Span 89 80.36 dBc
THD
feroex = 25 MSPS; B _
fopr = 1.00 MIz 78 78.13 dBc
ferocx = 50 MSPS; B B
fopr = 2.00 MHz 75 72.43 dBc
ferocx =100 MSPS; B B
fopr = 2.00 MHz 75 72.24 dBc
Power Supply
Lyvon 25 24.47 mA
Ipvpp 1.5 1.85 mA
Power Dissipation
feocxk = 25 MSPS;
fopr = 1.00 MHz 133 131 mW
WD 25 1 B S 78 2 5 A T 25K

RK2WEN, oSBT AE, @u/ﬁkﬁ&
PR 2SR, A e DOk BRI S, &t %
WEEWENIK, BiRfaE i, Mk el ek, &+
UltraFlex Mk Z24cH0 DA B s i 757 BT

4 &g

A 3C LA ADI 23w AD9764 5], H&H T —Fh
BFZ ik UltraFlex MK %248, iz DSSC I
PACS0 #4Ll M Rt 4T DA Bedf 23 MR 75 7%, FHAE
%ﬁ%iﬂ@TMﬂ¥ . WEUEMAERB, M
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FHEE LSRR

R, AIMEE, T 1§, HIIHS, &=
(LB AT, L3 100076)

H OE. SRRECSENE R A T R F AT, s b B U S A e [ AL SR R S PERE , sl 4 -
B ORI ST E S U S LB SRR L, 3 g ] PR E B3 K [ FIT I3 T DA i S L - v e i, (LR PR T
JeEMEM, MELERE 270 Cl, S REL SR kRE Rk,

KA. S SRS IR, B CRR

HESES: O 621.2 MERERIRRS: B

Optimize the Curing Parameters of Conducting Resin

Li Hongjian, Jing Linxiao, Li Feng, Jing Lipeng, Zhao Liyang
(Beijing Microelectronics Technology Institute, Beijing, 100076, China)

Abstract: The study on the curing parameters of conducting resin is considered from two aspects - curing temperature and curing
time. The conductivity was verified by the volume resistivity test, and the conducting mechanism was confirmed by scanning electron

microscope(SEM) observation of the microstructure. The conductivity can be improved by increasing the temperature or prolonging the time,

but temperature plays a decisive role, and the conductivity is the best when the temperature reaches 270 C .

Key words: conducting resin; conductivity; curing temperature; curing time

03|F

XS 1E i T A REREAT Pb/Sn SRR T MM
B, SHEKFINAEERS L EE ", HA&N
L%, . IREEACLE, TP PRE D | [ i B
I B R N S AR TR BE T RE ) T, SR
A B IR RS, FHR BAY R B R A i) B T
BRRED, —FiESmtk, A —k, EitE
BA—E B EVERERYRORG 77 BREAT DR S5
SRR LSRR, (R A T R S OB
ik,

ASCERFIATRB AR R TR, A
PR BE R (T ] YA 775 T 23 A A H - L JG [

Jr 5 AU RERT IR

1 KRR 5 iE
1.1 KB E R
SRR PE SIS, SRR B R
REW SRR B, BA RSOk R R sk 58
FHRIRZHANE 1 PR,
RS

Tab.1 Conductive adhesive parameters

I I JEE g P hE A R
H ik 2 %4 L g HLPH =
% 1.0W/
33ppm/C 240C <0.01Q-cm
4 m-K@165C

1.2 58181t
FEAE X 8mm x 8mm Y5 ) 2 ¢k & 40um £
S, BB 2, HCAWFIT E LR R
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(] PR ] x-S Pl R R RE I, 2% ] 1 S5 ML L 21
2 HE%

Tab.2 Curing parameters

His wEC KA h s fpEC KA D
1 150 1 5 150 2
2 200 1 6 200
3 270 1 7 270 2
4 300 1 8 300 2

1.3 MXSRAE
1.3.1 SHMREM

PR P BEL R, S 8 (S o o
L A0 1 R, E LR O S HL RS AR A
IR, EEAR (1) R
GES

QP

A p HHFEERE (B2 Q - cm) 5 R A4
B (A2 Q) 5 WARBMTEE (H7.
cm) 5 tAKREEE (R A2 cm) 5 LAKENK
B (fL: cm)

LI HLBELI A

T
IhFeRE

1 SRR R A

Fig.1 Diagram of electrical conductivity test

1.3.2 SEM Wiz=
PR G UrE], g SR s, ol
SEM ML [ [ 1 45 {1 TS FUB AT 3L
2 AR
2.1 SEMREI
HUPEREINIA ot 4k 3 Fm.
3 SR AR
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Tab.3 Conductive colloidal product resistivity

Yz FRHBL /Q - cm His fRHLBE. /Q - cm
1 o 5 o
2 o0 6 o
3 0.0125 7 0.008
4 0.016 8 0.011

LA b BclE ol g0, S HU B AE 150 °C A1 200 C [
LG A S ££270°C F1300°C [ L1y S, Hh
270°C [E b 2 /NI AR BB AR B, 2R 0.008 Q) - e,
M R T 270 CHE, FRECSECT SRR TR
PRERAHZEEC/IN, LB 24 REARA A1 4 1 /A, R (il B
IBH 270°C Jg, HEA [ AR ) e A 7 B % S
e S HAERERC A R . AR Z A EL& M S
PEREMIASE R aT 4, BRI R —, R R e S
HLRE SR RE

2.2 SEM 4347
SR HEEE SEM M2 anE 2 Fios,

(e)270C, 1h (f)270C, 2h
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UG A SHRRECSEI MR

(2)300C, 1h
B 2 RFZH 5 T SEM B

Fig.2 SEM photos of cross section of conductive adhesive

(h)300°C, 2h

under different parameters

H Bl 2 "l %, SR 150°C F1 200 °C R AL i B
FLARFRESDN, BUBRL A TR L, SRR
AlAH FL PR, b S EREZE s 200°C [ {4 5 B AURL
RFALL 1S0CRIA R, 270°CHI 300°C [ {1t J5 HAURL (A
R A —3, AHEL 150°CF1200°C B B34k, H AR
CaVALETR= 5o 1 24 s Y A LETE 73 LT TR 2ty NI P )
TR BE 4 270 CFi1 300 C 45tk T S HUPERRIR AR, HHIA]
BRI B S E T, LB ) R UL R R B2 AN K
xRS . BIBER & M S E L 2
BT SR R B R SEM BB i, [ TR B S [ L
S vt i B A (A R S L R, i) 2 A B 1) T 2 L 3R
P vt JBE T CAGERR AR A (R R AR08/, SREBEERATR A= K
-G LR TR A S NS, T A [ s T e [ £
S B UL A B R 5 b ST [P AR BE R 2 A K

4y B & 150C 1h F1270°C 1h FEfbjE S H
JeIE R, W 3, B ks, ELE SRR
A JE R R, ERURLORFR S R, AR T S U O 4

(a)150C, 1h
Bl 3 [ U T

Fig.3 Thickness of conductive adhesive after curing

(b)270°C, 1h

2.3 KB OH

XEPRE R R, R LB 3 i
Wz —, MBEAYIEH, SHRIEHER
H oy A A R S U HUMERER G BE IR =28 . AR TR 25
AT, S HEL R e L BEL 25 s ] PR T S T A PAEAE
T P ] it A U i) 8 7 2 1 L U B, L EE T
s SR LB W AR, 2 WU (A 1 ful B
Vi i S

3 SHRSHRFESH

S AL R P R BELRE R A e B, [ o PR PR L
BB =80 2, Herp B v i P& 4R LR AL B/
PR L A I A A LB, B o B AR LR TR
3 HLAURSE [R] Pt B¢ S HRLU U 2 1T 78 2 A LTRSS S b
Pt A R LB, S FEURTRE A PELGS- S Fi J A A FRL PSS
Wi /In, - PRI S FEL R % A i B el AR vl BELATIRE 2
LPHLPRE , i B r R PELRIRE 2 P B S - S HU TR
Al AR AP E R . S LB (R AL PR T P An T 4 B
Ro MBS HTAT G, UL Al b XA, e
[LAE 52T 2 N S i O R e =7 S

L

Reit: Rew Ramn

P 4 SRR LR E

Fig.4 Diagram of conductive adhesive resistance

ISR 7 [ (LI S PR PR R EE A, ] {571
BN RINRAI IR SRS O, 28 ARG AR K 501,
B AN HAN G A M B, BETEZ B = 1] ZE R A 1
B LA AR, 20 B R], B [ (L P RE
Al B2 5, —J5 8] AR R AR Y
A, SRR Z IRIPR AR SN #, S — I I Al LA
o G R RE DR, H o T R DA PERE

e [ AL EEFA (], T DA 6 78 £ T r s 2
T LI SR P oy R 2, (- UL [P
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I ARIE G, TR 3% 22 FEL LI

MRIEELA TR AT, 2SR fLad A,
RE Wz sh 232 FIBRE], B D ARETE 2L,
PRl b 25 4 n S U UKL 2 TR O i AR, S5 P MY
HUBHIE/ N Rl (RS R E L R i, R HAE
TR R IR E T RAWRERS:, SRR
W), AR SRR 2 R A B fddt— B3k, BrlL
LA P B L B A [ it R rp gt — 2P AR

4 it

AR SLAE e P MG [ P i B 0[] I T o L
RERVRZIRT It 9T, 3 HHEA T 4518

(1) SrURE M RS, AR TR,
SEE-F [ PR T - L e S AL PE RERZ WA

(2) ] f i Fid v - HRL VR [ oo e 7 A S v
HIPN R AT, PR A - U TR S s e, B 5 BEAR
LR A PR,

(3) Jd it st S e UL ) F i, BEME AR = TR
JR T HUPERE . S RIS T LA Bl S LR i) 12 ik
B, i S0 S 75 2 AE- S TR i) R 5 55

(4) AW FREECSEILE, RIE
TR SRR, T TIER R,
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31 20214R11 7 EEE3H

@ A B R IT S WIE

XUPNEE, FRE, RiSsg, K N, T B, T, SR
(st THABIIEAT, L5 100076)

OE. AR T TSR A E AR, @& DR AR T, ST B R UR R R T B, AT
RGBT AR IFE51] (FPGA) TRIKTFBE, B 80t b 77 Mol 11, B T IRt Ba B .

KR RN EARE . RTiEEE. A0
HESES: TN492 MEFRIRED: A

T3 fl g fi 1BE51] (FPGA) FIE 2% vl 4w
R g (CPLD) M5 Jeth, &% ikt fit e
(PROM) INff (FLASH) R fifikas 5 2 Bl s,
BRI, FRP A7 fif 2% BB T B AL B A 1T B 1
AR —Fh B ZTFE, 2™ MBI 54y FPGA
5 CPLD #EATH2 7 4e 4, i 75 22 7 i g 47 9F
SR BE, R ORHBPEAS TR e IR ME, A
THEINRR AR it A AR, AR T
Pl FH A AL LG . e AR P R L W DA ot 3 e
SR ks (UART) 0, WFEER ERIBEAMNR T
el (JTAG) RIEEFFfkfras "7 LAR B A7 Mg 1
(SPI) 78 FLASH™ HE4748R4 . afe ANl ke ghii vk,
SEER R, R B LS I AR AR TR H Y,

s FE 3 R HL B VR LS P R R ik
f7-#5 F1 FPGA 8% CPLD Z R fEHF 2, wI LA EE
AR ELER RS IDCODE, Rim % bl BArHLdE
it )G IDCODE, &R d i, seiont & tEris
BEEEREERIE, Mmdt R r4edr.,

SPI#Y

@H} FLASH K :: D
FLASHIZ ) i

kg

=3

>
e

UARTI s sk Efihl

RS

PROG_B

BBk

EPM2210

XCFPZ&%
XCFS 291 TGRS

XCL8V00 £ 51

o] s

PELAE Gt 4%

L

Pl 1 A P 2 A B D REAE 1]
Fig.1 The functional diagram blocks of remote universal
reconfiguration circuit

1 him el FHE A R I BhReHE i, Lk
EFe4A, miEl AR R UART £ 040kt
A e, S FRR ITAG % fF:F0 SPT &8 1 3t 41 4H B2 11
B e, RIS EERE B SPI % FLASH #Ef7#afE, H
o, oA A E A SR 1 4L P TTAG 80 F0
8 LML b B JTAG #: 0, Him ITAG $2
Mk HE 10 4N JTAG 2, it EApLaT DLk £
F P JTAG £ 15 8 Atk P JTAG £ 1 i T
—HIATEE, RELAE T R A IR TR T
LI IR, oA A A SRS 1 41 SPL i,
e RFE 4 /4> SPL#s . Heoh, e g4
it 1M Fom UART $: 1 e 4 i UART $:1,
A P UART $: 0 5F—WZom UART B0 H
i,

C A FH R L AR P A RO
e, UART {5k, FLASH #5ilfide, JTAG #5
Tl . A% OB LT T — T B 1 BT A i 4
B R H, ff UART i {5 BB B2 0 19 18 4 T ek
FLASH £l i JTAG #28hilg He vl 1R B R i
BRI IR 4 . (EBHRIER, # UART i {52
BB I B o NI i e U AT AR i, DA BAR
PHEAT B HEAE, (EIRERIER, B HARES LR [ 5L
i o N ERAE i s AT A6, DA% UART i
EHEFE L, UART WEHER RN SR
il A L 2 TR E AT AR 5 A A s L, S B
PSRRI RS, X LA HE A R a4 T
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FAl k3% SPI A FLASH #:1EH54 . JTAG 2 - #:1E
4. UART # 0 UM 4. ke 4. &
FEARA LA APt 1 BLAR AT 5 AR 5 S5t .
FLASH #% il 52 Je ity 10 2 B Je B2 e B UART 3@ {5
fibedn & J5, AT iZa 4 e H b FLASH 25 (R
BrEdR 4. Wt SPIH: AWk #d, #E47 FLASH
FofEERR . TR, BIRERF CRC KRIGHME, 4
FLASH #1E52 55, 171 UART 8 % 3% B2 i
FWHRIETE R . JTAG £ HilAE B4 il & i P 5L B
JTAG BE . JTAG Hi%. JTAG BRI,
JTAG 2% $%. JTAG %S, JTAG &%,
JTAG #8BRUL K& CRC KU, X JTAG 5% iR
BIFTITAG & AV % 5 Bk 2l i 72 6 JTAG #2
F AP I P RSO Sk Se B . ERE BT, 4R
il F A5 & 2 A R SR B A, SCBLE PR E
.

Sy T B A P A R A T S, RS b
PEHLIB TR F 2 0 R 2N, B Andir 4 IR B
SRR IR 755X, e B A R R AT HERR IR A A
AW s HEAE BRI T fillk 23 F0 RAM Ay A]
AR ETE, i F 48 5% Fe MBIST A $2 e X 78
BHE,

SER ER BTG, SRS T TR IRIE,
2 S Fe il B B IE e . &3 JTAG 24
MISEIE, kg B R K AT SRR 8 4 JTAG B5i%, M
T 8 LA Jevm TTAG 5 FAH B ARST AT FH Bk k4T B
i, RIS RS %E 1 A B i JTAG i % 3517 T
REDRIE, M i Bkek B IeTEH 4y 7 /ANl B wT Stk
JTAG EME 104 JTAG #14F, & T REgH
WIFTA JTAG . /48 0 S it ek 3 shsr
Sl kLR, A8 R hBkER MR dE Tt g, wTLL
3 et S S Rt R o7 53 T L SR 2 0k 2% 1 A
ER%t SPI 281, SPIfviER B, (EREFIEIR(E 52k
WA ESST, HAEANE T8 mars Hpkek, ks
BEAT LI,
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Pl 2 S e A FL B O A

Fig.2 The verification board of remote universal

reconfiguration circuit

BF% TTAG % {0 SPL 2 - iR B, % 3% [l %
IDCODE 454 J5, _EAr#LI ] IDCODE H-k47iH 51,
{24 IDCODE A %4t A #0472 ME ViR B#E. 244
RSN, ALK SRR, gnfRFn e I+
A POHRR T A IR T . ARSI e, FPGA
IR A fif 2% v FURS I, WS FPGA R ZhREFI S
HIRS I RESE 4 — 3. EFAF JTAG 254, 3BIE T
EPM2210, XCF32P, XCF04S, XC18V04 Yk 5 ff:
s, BedEmie, gmfefn CRC KRIBThEE, ThAEXL
Wik, FPGA WL E AR R ThEE. &*% SPI #%
f, B&F 7 M25P64. S25FL256S. JFM25F128A .
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