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[ ABSTRACT]

getic multilayer nanofilms were prepared with microfabrication technique, respectively. An investigation for the influence of

Two types of energetic semiconductor bridges (ESCBs) embedded with 3 pm and 6 pm Al/MoO, ener-

Al/MoO; film thickness on ignition performance of ESCBs was performed. Results show that the critical ignition time and
critical ignition energy of ESCBs have insignificant change. Total ignition time, total ignition energy and energy utilization

efficiency decrease along with the increase of film thickness. However, the energy output efficiency increases along with the

increase of film thickness.
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Fig.5 Schematic drawing of the discharge circuit



2017 -8 H

AV/MoO, TBURIERS & e FUM & JAFHERO RN E 2 % 3

PRAG YA L T BT R I 4% (Le Croy 44
Xs) 10 5% % K3t A vp e, He 0 ERL i il s 1] (% 725 4k
2 v B (HG-100K ) id i & KEA%.

2 #R5iHe

2.1 SCB & NHAESEHEN

T A A AT B R AR B R KRR B
JoT EE R KFES AL, LA SCB R ], 47
WF BH RO R, SR L R R 40.0 'V B, HLRL (Y
Kk mnE 6 Fis

UV T/A
RIQ

0 10 20 30 40 50 60 70 80 90
t/us
Bl 6 FELI LA R AR BEL R S [ 1) A8 4
Fig. 6 Curves of current, voliage and resistance

varied with time

SCB W& Kt R 43 N FHIR (1, 2 ) JE 1R
(t, B1y) FACHEE (1, 2 1y) M TRM(, 2=
1) 4 ANBET ) RKERE SR A AR R I
Fg k] ¢ (BRI 6 H gy 3oy 2], FhR« e 03
“critical”) |G St & KEEER E,  FRAAEH]T SCB 1R
FHESE] ¢ CEREEL 6 1 gy 2 oy, TAR“t” ALK “ to-
tall”) , RAVER T SCB G RE &= £, Horb e AR
SCB M\l L FF 1y 2 75 XK AkFEL B8 TE B 46 85 1 1) B
] 3¢, 13 SCB MG HL ¥ IR 2 K K 25 SRATR IX 5% 4= W
TR ] £, AR o, I E Y LS AR T SCB Y RE
i E ACRAE St E Y B A AE T SCB Y B

[SI=E=N

HEHE o
2.2 IR & KEHEFIGE R % NEEE ST

SCB SCB-Al/Mo0, (3 pm) il SCB-Al/MoO, (6
) (A1 S KB T] | & K RE i i e Fi fEL R 1) A2 Ak
KRWME 7 &8 i,

HI & 7 (& 8 I, =2 [ B %z K sk 1] A A
Ivi], L0 it 5 98 L S 1 T o 2 e pR SR B 34 i
T K e s Bt Tl L R B 3 R O TE B B AR A,
T—FaEE, P, Y SCB i X HE R R~ #5820
WS SENE G, MR IX A AV MoO, ,

30
 SCRARS
251 a A SCB- 0%5{6pum,
— SCB-Al/MoQ, (3um
L — SCB-Al/MoO’(6pum
20 —_3CB 32 ] 3
25t
10+
5 L
0

15 20 25 30 35 40 45
U
BT O L Sl 5 e K B ] 4 56 %
Fig. 7 Relationship between critical voltage

and critical firing time

. SCB-A]/MOOSEZ&umg
» SCB-A1/MoO;(6pum
4l = SCB
- 3r
&
=
2 s ,artpgtoent
1 ' . 2 o s =
1_
0

K8 Wk R RS K K BER I E R
Fig. 8 Relationship between critical voltage

and critical firing energy
e F kK RE i T —E (., ImA A Kk fga: Rk
T SCB X B AT, H SCHR[ 12 ] AT, HL 2T
LR ] H 2L 7 = RC, RS T — B AE 37 ~ 57 Hif ]
A5, HLAS T H T A B AR RE LIS R
BN IS A] A T SCB A7 IX 9 BE S48 K, i lfs 57
KGR RE ; IR, & K RSt [0 ot 5 38 P P %) 38 s i
/N
2.3 BRMBEEARMEMERREESHT

SCB-Al/Mo0, (3 pm) il SCB-Al/MoO, (6 pm)
F14) B 50 EL A LRSI (o) FIVE L BLBE I (B, ) 85
SCB &4 T I ARk, FL Bl 7t A L 14 28 fb R
wiE 9 & 10 FiR,

HIE 9 (&l 10 RI 0, OR LR AE 15.0 ~27.5 V
RIS, =3 1) R 2 R P AR FH B o] A A g o
TCHA WRAE b H R FE IR RS T DY,
Tk BE R H AT /N | SCB #F X & K I i 25 85 1A
AE A B, FRL i )4, ASRE AT S8 SR 4K R &
JINE , DT (R ASAE B IR [ R0 A FH B R i G 1 3 1
E5,

Bk R 7E27.5 ~45.0 Vil

U [l B}, SCB-Al/
MoO, (6 wm) FVE BB ] AR B RE

T SCB-



5546 B4 4 )

* SCB-AI/MoO,(3pm)
90f 4 SCB-AI/MoO(6pm)

ol * SCB

—SCB-AI/MoO (3pm)
70 f — SCB-AI/MoO.(6pm)
6oL —SCB

15 20 25 30 35 40 45
[0/A"
(IR V- RS (PSRN N B
Fig. 9 Relationship between critical voltage

and total firing time

. SCB-Al/MoOsg3 umg

25+ + SCB-Al/MoO;(6pm
- SCB
| — SCB-AI/MoO,(3um
20F — SCB-Al/MoO;(6pm
.
£ 15k —SCB
=
10

15 20 25 30 35 40 45
U
10 kB ESEHERRERER
Fig. 10  Relationship between critical voltage

and total firing energy

Al/MoO; (3 pm) , A T8 SCB, AT A, & 7E
AHAT 8 K B RE I & R, SCB M IX I8 & A ol v v s
JH A0 A B A YA B TR RE B AR ) Ik B A
EI, 3% 7 5% T H LYK AV/MoO, FEER, &
FIE RS S W i R R 1) AR A IX, ik
TR DX B I DT R 4 T VR BT TR], SCB-
Al/MoO, (6 wm) "1 19 7 fig 18 i )5 FE K F SCB-Al/
MoO, (3 pm) H 5 fE Vi S JEE B JEE R 5 K I 7 B T
JEEAE A 5 B AR R B, L2 R K Tl TR
BRI S BE IR, #0fT SCB-AL/MoO, (6 pm) I1EH
S BS) [E) FE L BE & R T SCB-AL/MoO, (3 pwm)
2.4 REEFAMNEMBESHMHBEITLE
FEH SRR E, ST A ERERE Q. Z I
FE ORI RE A HRCE 0, , T8
E, J‘:U(t)[(t)dt

M =0, " o (1)

%CU@

Bk et £, 530 A BB ERE Q.
ZHE SO A BE A L RCR ), , RN

noul = 1 = o (2)

K. C A U, MR E;U(e) (1) AW
P Ao R P L 3 P R A8 A ) PR 1, M
FRUGEF 2 52, 38 FEL AR IR R 2

XT3 SCB, it RE & E,, 5 U5 TH AR
T IX SReh E, (IR ICRERR , FLBE 100% %%
bR SCB Hi B ) ; X T SCB-AL/MoO, , i 75 il
T EA R N R RE R, T AR R A
TR RE 12 45 VR X, i 45 5 i 8 26 75 4 4l i Pk
(DSC 41 ) AR HICEI A > e 9o % K s G 8 2 T
AT R R

E, (SCB-Al/Mo0,) =E, +S-d -p-Q, (3)
K .S HYK AL/ MoO, JHEJIEA % TR, B3 1o i)
K S it 2% T R ORI 7 488 2 T AR AR A, AN ]
11 Ji7R 5 d SRR BE  p Ry AR5 32 (80 % 4 A
L) 5 Q R DSC A5 Y R A

(a) HLHHIT

(b) HUIRI5
SCB-Al/MoO, (6m) % K Fij J& I 55
Fig. 11

Bl 11
Optical images of non-fire and fired

SCB-Al/MoO, (6um)

= RE A AR RE i R ACR MR
JERARAESE R A 12 - 13 FioR,

Hy €] 12 AT %1, SCB-AL/MoO, (6 pm) FISCB-AL/
MoO, (3 pm) A fE LA AR IR TSCB, H 5 F 78
TSCB 1) HL 25 L /R B BB B . T SCB-AL/MoO,
(6 pm) [ HE AR E T SCB-AL/MoO, (3 wm) ,
T2 RN JE B AR R AL Mo O, 5225 B8 IR 2 It T



ek S URM A AP % °5-

2017 48 A Al/MoO; 5 B %t 5
1.0 + SCB-A/MoO,(3um
0.9r a ggB-Al/MoO3 6pum

L - B
0.8 SCB-AI/MoO,(3um
0.7} —— SCB-AI/MoO;(6pm
0.6f —SCB
< 0.5¢
0.4} . s
0.3f .
0.2}
0.1+
0

15 20 25 30 35 40 45
unv
Bl 12 REEAHACR SRR SEA
Fig. 12 Relationship between energy utilization

efficiency and voltage

2.0
[« SCB-AI/MoO, (3um
18 SCB-Al/MoO§E6pm; .
1.6f -« SCB
1.4 — SCB-AI/M0O, (3um)
|5l — SCB-AUMoO; (6um)
S12F _scB -
S 1.0}
0.8' A °
0.6/
0.4 .\N._r//‘——’_-'
0.2}
0

15 20 25 30 35 40 45
unv

BI13 fEdt AR SRR

Fig. 13 Relationship between energy utilization

efficiency and voltage

MATE 5 T BE A RO

H & 13 7] %1, SCB-AL/MoO, (6 pm) %A 6 wm
JEEE) AL/MoO, , i 5 19 iz 1 #4d [ SCB-AL/MoO,
(3 pm) AT 1 4%, Bfdf SCB-AL/MoO, (6 pm) AYHE
T AR B T SCB-AL/MoO, (3 wm) F1 SCB,
PR L R 45,0 VOB, LI = BE i H SOR IR
170% , i SCB-AL/MoO, (3 wm) 4 95% , @ SCB
HA50% ,
2.5 RAGEMEERBEEZESG

i FH e B RO = H S TR K kot
T2, B R R AE R 50 000 Wi/#b, R FH 40.0 V
LI & B & st AR A o B R R, I E] 14
JF7R o

& 14 A1 7E 40.0 V HLEOR I, SCB i %
J& B X2 LA E I IR FHR S AL, 20 ps BT AR
F14) A5 B - RS i B 8 38 e KL, B B ok 55 5
F 80 ps BF, &k BEARLR, Xt T SCB-Al/
MoO, (3 wm) Fl SCB-AL/MoO, (6 um) , 7E 20 ps B
U S 458 TR RT RS i 5 SCB AH Y, bR AL/
MoO, A KA N 520 ws LLJE SCB #F X 22 i fik i,

B R AR AR I SR AL/ MoO, VAR, AL AN
MoO, & A RIZL A ER I , I BE S5 B8 7 Rl 5 R
TR KA, SCB-AL/Mo0, (3 pum) Fl1 SCB-Al/MoO,
(6 wm) [ HLERRE AL R 20 4R 22 1 300 ps 1 540
pso XF LA R BE AL/MoO, TR 1Y & KGR, Al
MoO, (6 wm) T AL/MoO, (3 pm) S i FE 8 Ky
WA IS R B B R 2

(¢)SCB-Al/Mo0O; (6 pm)
Fig. 14 40.0 V BUE HURRE & Koo F o s i K 14
Fig. 14 High speed images of firing process
discharged by the voltage of 40.0 V

3 Fig

EIX AL/MoO, T8 15 J5 B X6 45 8 21 AR M & 2k
REPE 2 7 FH R 8RR A0 R T 5 R ISR T
SCB .SCB-Al/Mo0, (3 wum) il SCB-AL/MoO, (6 pm)
3 P BETC I A& KRR

A AR .

1)3 Ffffe 8T 1 & K s ] 0 % 2K R £ TG I 3
Z0, 5 Al/MoO, HiREIE B JC G, H 5 SCB HLE I
DX 114 1A T R O 5

2) SCB-AL/Mo0O, (3 pm) Fl SCB-AL/MoO; (6
pm ) [ FEL A R ] | B £ R R 1 ) FH A% /)N
T SCB;

3)SCB-Al/Mo0, (6 wm) Y BE & iy 1 3R T
SCB-AL/MoO, (3 pum) , AL/MoO, 14 JE A7 F| T 4% = 4
AETT I Al f i %

Ja S A5 TAEJEHF SCB-AL/MoO, (6 pm) 5%



R S )

5546 B4 4 )

REAA R B K T WFFE K SRR RE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

2 % X #f

ZHOU X, TORABI M, LU J, et al. Nanostructured ener-
getic composites: synthesis, ignition/combustion mode-
ling, and applications [ J]. ACS Applied Materials &
Interfaces, 2014, 6(5) :3058-3074.

DREIZIN E L. Metal-based reactive nanomaterials [ J].
Progress in Energy and Combustion Science, 2009, 35
(2).141-167.

ROGACHEV A S. Exothermic reaction waves in multilayer
nanofilms[ J]. Russian Chemical Reviews, 2008, 77(1) :
21-37.

WEIHS T P. Fabrication and characterization of reactive
multilayer films and foils[ M ]//Metallic Films for Elec-
tronic, Optical and Magnetic Applications. Swaston;
Woodhead, 2014 160-243.

FISCHER S H, GRUBELICH M C. Theoretical energy
release of thermites, and combustible
metals: SAND98-1176C [ R ]//Office of Scientific &
Technical Information Technical Reports. Sandia National
Labs, Albuquerque, NM (US), 1998.

fH0h, R JA, A 4 AL/MoO, I Al/Fe,0, 40K %
REME IR ] % S PERERAE [J]. DIBEMF KL, 2013, 44
(15) :2213-2216.

FU S, ZHU P, YE Y H, et al. Synthesis and characte-
rization of Al/MoO; and Al/Fe,0; nano-energetic films
[J]. Journal of Functional Materials, 2013,44 (15):
2213-2216

A AR T, AR S T AL/ MoO, 94 K 52 45 7 it
(5 BEF SAARIITE [T ]. JRAEAR BT, 2013, 42(6) :1-
6.

FU S, ZHU P, YE Y H, et al. Characterization of ener-

intermetallics ,

getic semiconductor bridge realized by integrating Al/
MoO, nano multilayer films [ J]. Explosive Materials,
2013, 42(6) :1-6.

ZHU P, JIAO J S,SHEN R Q, et al. Energetic semicon-

(9]

[10]

(11]

[12]

[13]

[14]

[15]

ductor bridge device incorporating Al/MoO, multilayer
nanofilms and negative temperature coefficient thermistor
chip[ J]. Journal of Applied Physics, 2014, 115 (19):
194502.
ot AL AT R R S K LRSS D).
A RUEL TR, 2010.
YANG G L. Study on energy conversion and firing regu-
larity of micro-semiconductor bridge[ D]. Nanjing: Nan-
jing University of Science and Technology,2010.
JiM, b, BRI PSR TE O & Aok
REAYSZ IR [ )], M B0 B TR 222 4l ( AR BH 2 i) |
2009, 33(2):235-237.
ZHOU B, QIN Z C, MAO G Q. Influence of ratio of
length to width of semiconductor bridge on its firing per-
formance[ J|. Journal of Nanjing University of Science
and Technology ( Natural Science) , 2009, 33(2) .235-
237.
ThaB RS IR0, 45, TiO,-Al 5 BB SO
AR PERTIE [T ]. SRR A ,2017,46(3) :6-11.
MA Z P,SHI Q R,CHI Q,et al. Laser blation characte-
ristics of Ti0,-Al energetic multilayer films[ J]. Explo-
sive Materials 2017 ,46(3) :6-11.
R T3 e A W A AR L PR R RS BE ST [ D ).
AL AU TR, 2014,
ZHU P. Non-linear electro-explosive devices based on
energetic multilayer films[ D]. Nanjing:Nanjing Univer-
sity of Science and Technology,2014.
0. 42K AL/MoO, H7 [ 1) 1l 5 R AE K HLAE 5 fiE
SCB [ D]. FER.FE s FE T2 ,2013.
FU S. Preparation and characterization of nano-Al/MoO,
films and its application in energetic SCB[ D]. Nan-
jing: Nanjing University of Science and Technology,
2013.
S L T T 5 2 NI L O e P = 7 A8
2014.
S, K T b BT E [ M. bt Bl TR
H AL, 1999.



