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Table 1 Representative principle, material, process parameters and scope of application of direct writing technology
. direct write rate  characteristic o
process material . . scope of application
/mm-s™! line width / pm

direct ink writing suspension electronic circuit transducer pack-

i e <60 >20 i i
(DIW)L12! viscosity: 2=100 Pa-s aging materials
fuse deposit . packaging materials micro-scale

. metal, ceramic powder <10 >300

manufacturing(FDW) ¢! charge
micropen direet-write o ) electronic circuit transducer mi-

) slurry,sol, liquid viscosity: <500 Pa-s <10 >50
(MDW )!17-18) cro-scale charge

) . o . electronic circuit transducer mi-
n-scrypt direct writing!'77'® slurry, sol, liquid viscosity: <1000 Pa-s <50 >25

cro-scale charge

i
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Fig.3 Basic structure of MEMS energetic device
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a. TEM image of the nano Al NPs with the average size of 60 nm;b. TEM image of the nano Al NPs coated with 2=3 nm Al,O,;

c.SEM image of mixed Al/CuO nanothermite;d.well-printed micro-architecture Al/CuO anothermite filament(10% of F2311);

e. surface morphology of Al/CuO nanothermite filament structure of high-magnification image;f. appearance of EDS image of the

surface of nanothermite inks
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Fig.5 Microstructure of nano-thermite with F2311 as binder'**’
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Fig.7 Schematic diagram of the process principle of micro-

dual jet direct writing forming energetic film"**

Table 2 Comparison of the optimal composition and performance index of CL-20 inks by several authors

. . . charge thickness critical detonation  detonation o .
comparison item binder technological innovation
/ mm / mm /me-s”!
. NC/PVA successfully write and apply CL-20 ink direct-
Brian Fuchs!28 . ) 0.51 0.086 7150
composite binder ly to charge
) tested the rule of CL-20 ink viscosity and di-
Yao Yi-long!'% NC 0.5 0.28 7500

waterborne polyes-
Song Chang-kun'*®! ter acid /EA com- 1 0.069

posite binder

Viton/PVA compos-

rect writing line width

obtained the semi-empirical formula of
7300 CL-20 direct writing line width and its

cross-sectional area

obtained CL-20 ink under the new binder sys-

Li Qian-bing!*") o 1 0.011 7634
ite binder tem
EC/GAP composite adopting new technology for direct writin
Kong Shen!32! ) P 1 0.045 \ ) piing } &Y &
binder with CL-20 ink
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Fig.8 Micro-scale detonation sequence diagram prepared by

inkjet deposition technology"*’
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Fig.9 SEM characterization of DNTF matrix composites’’

MR Ry, FREEEE R —.
AT SR 77, IRFL B 2R | e [ 2 o 19 7 Be T SR 4T 02 R
SR (R BIE 9 T A R I X 2 R
B KE 249 28, B RTHT %Y Viton 5 NC/PVA R E A 3L
VLR 25 R Th BR A R Pk — ) . R TFEHE T
2 Y B EE G B B S W e E . B
K F OB B S R AT DL L A 9 i P X — [ 8
UMK A S MR Sk B AR AR SR U
B 55 e T 38 00 I s ALBE A9 B 5T, IR A5 A8 A BE T SR T
FHESHE SREEESH

4 MEMS S HESR & N R B (HRBE T R E K #1
BHESHR AR

41 WERREBBHESHEAR
X T MEMS & BEAR 7 4 K B B B9 L BRI

Sttt

www.energetic-materials.org.cn



TOHLHL 5 BE 1T LS R B S ik

877

— ¥R R AR A e R BB K X R T A R K
B AR AN BB, 7E MEMS B B v 8 £, S
AR e

R T P TR RE SR I A TR 2 — A K AR T B
S MEMS % Kk H i 1) 155 H R S H O 0 4 JE T B
Park 45 % L AgNO, B JFURL L LK A ik 38 A
DAAT IR =B > 43 BRI 1 4 17— Pl & it S5 4T B 4
K AR UKL R AR TE 20~50 nm 2245 . Bl S R BLIZ I 7
R WAEAE S BB BRI 4, M J5 Kosmala 25 L)
AOT (3R HAMR — 5~ Fe fif 12 B ) Jhy 43 107 44 DK AR 55 K

RERSE AA e o (IR J7 88 K 8] & 5 fIC, it 38 41 Ep i

B RATE , S B HE MR B Lio %Y LAk
% > 43 WO, P O A A 3 D i T B 7 YA 5 T 4K
BREEIK IR HEAT TR DR BB M, 45 R W, e sh
KRB MM HRE, HE LA N
30 wm, SR LIEE 107 Q-m, 153 T ke
A9 B IKBETT Mignos® Mg M pgen=673: 10

Li Hongke 55/l #& T — P35 JH T DIW (9 48 K 4
K IFMN T H KA L v, ST E A 9R R
AT R . B 10a.10b 2y 114 3K 1Y 94 K 52 3% kL, 181 10c
J B W R K, EARESANNA G, H
K 10a AR AR A A AN 50 A R IS R A
EL10d 15 BL A BT A AR ASURE 20 AR B 5 (R4
b KRR IURE 5 B 10c I 90K AR RT3 57, — Btk
U 1 10d  10e Sy B[] ] B R 2ok 6 A 9 40 K 4 5B
9 SEM . 25 5 % B, 409 K AR SOk v i R 50K 4 A 3
A, HIC AR ZE 6 4~ A LU B R IR R G I 4, %
B2 9 KR SRR LA B A 14 40 B0 DA K 0 i A7 11 ¢
FEVE. BRI T DIW, SEEL T AR A ] J2 5 A0 40 K 4R 46
il &, 1 Ta g 9K AR 2 A PET Je i b i) LS 45
H5 2k 9 #F 30~68 pm Z [H], &1 11b J& 78 AH 48 E il 11
SRR H R TEAE 14~65 pm Z 18], B 5O m H— 2
PEGF GUESE T 9K AR IR AE RO DIW B WS T . W
FHORER M S HA R A0 S i Re 5 b A bR e L
TR e v 6 A T o 1 I FH T S L E G R S A A A
5 A R 0 8 43 R FRE A6l X LA Tl A R R O s T
TG R B 45 1 40 R AR AR UK AT SR Rk R R 1 T 1)
AN, TR AR T A 0 2 AR R AR BT 9 A

il T MR R A TR — (R OK A B K
Gy B AL, ARSI U A0 K B AR L A S L X A
0 A i A A R R B R e o 32 B BRI H T 2R
FHAT BL R4 78 1 7 vk ok S JL 40k . Park B K&E190f4
YK S 4 T T TR CE IR A T A 4 K

CHINESE JOURNAL OF ENERGETIC MATERIALS

LI A FIR DIW X iz S8 K AT FTEpIL, 325 )CF
e BESS 60 min, 73 H A BHARZ) 4 1.72X107 Qem,
Fb BB ] 9 H, 800 R — A B 2, TR SE T A K Al
BET MR REME . 2 SECO SR O E A Ak
B T YRR AORE , B JS FH 0 K B S A R TR ATGORY B R A4
rHC AR L AR 20 SR AN AT R R R A, E T
PR TS 6 [0 v AR o A AT SR M b B R B
Eﬁa%m JHT 5 o

a—b. the optical microphotos of two different silver pastes pur-
chased from the market; c. the optical microphoto of na-
no-silver paste prepared in this work; d—e. the SEM of na-
no-silver pastes with a time interval of more than six months
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Fig.10 Microstructure and morphology of nano-silver paste
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a. SEM image of the Cu/Ag NPs;b. elemental mapping of Cu/
Ag NPs; c. elemental mapping of Ag NPs;d. EDS analysis of
large Cu/Ag NPs particles; e. EDS analysis of large Ag NPs
particles
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Research Progress of Direct Writing Technology for MEMS Energetic Devices

HOU Xin-rui'*’, CHEN Len-jian'*’, WU Li-zhi'*’, SHEN Rui-qi'*’, YE Ying-hua'*"’
(1. Nanjing University of Science and Technology , School of Chemical Engineering , Nanjing 210094, China ;2. Nanjing University of Science and Technology »
Institute of Space Propulsion, Nanjing 210094, China; 3. Micro-Nano Energetic Devices Key Laboratory of the MIIT , Nanjing 210094, China)

Abstract: As a new generation of rapid prototyping technology, direct writing technology has the advantages of fast molding
speed, good molding consistency, and high preparation accuracy. It has certain advantages in the preparation of MEMS energet-
ic devices. In this paper, the common direct writing technologies of MEMS energetic devices were described. On this basis, ac-
cording to the research status of direct writing technology in micro-nano energetic devices, the direct writing technologies used
in micro-scale charges of MEMS energetic devices, ignition circuit and transducer element, and packaging materials were sum-
marized. The future research directions were proposed: preparing energetic ink with high solid content and stable performance,
increasing the charge density of energetic ink, preparing silver ink circuit with low sintering temperature, and at the same time
developing direct writing technology for MEMS energetic device transducers and packaging materials, exploring the influencing
factors and laws of direct writing accuracy, breaking through the application bottleneck of direct writing technology, and pro-
moting the progress of engineering application of this technology.
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