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Structure of SCB chip and its packaging schematic
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Fig.2 Structure and connection diagram of electrostatic discharge (ESD) protected integrated SCB chip and planar TVS diode
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Table 1 Parameters of planar TVS diode
code name size / um breakdown voltage / V
AT7 6.7-7.3
1200600
AT14 13.9-15.1
R2 FEARRE

Table 2 Sample types

identification
sample status

number

S unprotected Lr-type SCB initiators

S77 parallelanLr-type SCB initiator withtwo AT7 TVS diodes
S7 parallelanLr-type SCB initiatorwithan AT7 TVS diode
S14 parallelanLr-type SCB initiatorwithan AT14 TVSdiode
S1414 parallelanLr-type SCB initiator withtwo AT14 TVSdiodes

SCB SCB
Iq | TVS
TVS
TVS
a. S7 andS14 b. S77 and S1414

B3 TVS M 5 SCB Tl R Bk 45 4 e el
Fig.3 Circuit diagram of the equivalent parallel connection
of TVS diode and SCB initiator device
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Table 3 Burst time (t,) and energy (E,) for S, S7 and S77
samples
charging voltage / V sample code ¢t / s E /m)

S 22.50 1.74
15 S7 / /

S77 / /

S 12.55 1.62
18 S7 / /

S77 / /

S 9.41 1.74
21 S7 19.85 2.05

S77 / /

S 8.10 1.71
24 S7 13.23 2.02

S77 24.36 2.15

Note: The “/” indicates that the SCB initiator item had either ignited prior to
this point or had not ignited throughout the entire discharge period;

the same applies to subsequent occurrences.
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Fig.7 Time dependent curves of total energy (E) flowing through type AT7 TVS diode
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Table 4 Test results of burst time (t,) and energy (E,) for S14 and S1414 samples

charging voltage / V sample code t, /s o,/ us tvalue for ¢, E /m) ./ m) tvalue for E,
S14 23.96 0.01 1.69 0.01
15 0.651 0.644
S1414 24.46 1.33 1.72 0.08
S14 13.66 0.54 1.66 0.08
18 0.019 0.215
S1414 13.67 0.75 1.64 0.14
S14 9.78 0.33 1.67 0.05
21 1.265 0.879
S1414 10.45 0.86 1.73 0.12
S14 8.34 0.14 1.75 0.04
24 2.076 1.822
S1414 9.09 0.61 1.94 0.18
Note: o, represents the standard deviation of . o represents the standard deviation of F.
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Fig.9 Time dependent curves of total energy (E) flowing through type AT14 TVS diode
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Table 5 Experimental results of electrostatic discharge

average average
sample number ) )
resistance before resistance after
code of samples

experiment / Q) experiment /

S 3 1.053 2.559
without 7 3 1.045 0.944
explosive S77 3 1.045 1.037
materials 514 3 1.047 0.947
S1414 3 1.045 0.931

CHINESE JOURNAL OF ENERGETIC MATERIALS

$1414=514=587>S77,

Xof A i i VR S 00 B X R AT S O 2%, e il
R 1 iR BB T R WA T S TVS
W B 47T B S YA S i FL AR RS A X A T R R PR B
ARBE T, 58 ok BT O DX H M B AR, BRI 0t S LA S
LA G B S R, DR A S TVS R e
S7.S77 F1 S14714 BUKE & i v A F S M X8 A AT AT 4id
15, S14 BURE S e AR G AR DX A R /s iR b il
SCB K T fify 4 BE T 14 B [X e ol A 5 [ A, i Fla 1 5 4
PETE G54 3R 5 T RE S 0 FL BE AR fb AT 0 A AT
P F) GG N S77>S7=S1414>S14, n] Il ,SCB k
T it 49 8 T 1) 5 R T A B T T A B TVS T i
P, . F16) A A S T 4 A TV'S W 48 O 396 A Sk ) 498 i i
P

FEECPR AT 2 AT R 7V I TVS il & ]
fd SCB K T i 4 BB o0 # LS5 B X JC 440, (H S5 il R /R
JE S K SCB 2k T i 48 R G 114 48 & I () RAR & BB &, )
FLZ I K i 2 Bl T T 2 U R 7V I TVS R A 5k
St A 8 i 4 K IR A s 2 AN LR 14 VI
TVS — W45 A £ %t SCB ok T e i JT 1 48 & it 1] Al

EAIGN

ool
7

N\

e. S1414

B 11 i S SCB K T i A X I 3 iR
Fig.11

static discharge

Micrograph of SCB initiator bridge area after electro-

N XK 2025 4% %334 #1484 (73-81)



80

P A, & A, £

BAERE AR EN W HRNGEFEEE 14V
TVS R AL R B RE I A AN L WS
SCB k T.ih ¥ fig o i X & 7= Ak be il o PRk, JF 16
A 2 HL R BEAIE T 14V 80 B A o o L R = T
7 VI TVS 24 e 0% 78 O/ i SCB kT &b 4t fig JT
R AT SR MR B T 4R R, RS2 SCB ok T e fiE T 1Y 8
KIERE

3 & it

(1) 25 3 Jih ik ff 2 SF 1 4 B TV'S AR 45 B3
R ) W% A A i e 2 3 L 1 BR A, B840 O 3K S 1 4 A
TVS % A4 Y B 25 JiE 1 SCB ok T 46 i T Y 8 2 1)
], He 50 SCB Kk T fE M IE WA . RZ 4
PO BE 1 AN 2 DA SRS P TR G TV'S AR A4S 557 B [
W AT 1 i e 422 30 L B, ) SCB K T i 46 BB e 4 % 1
fiE A 23 B IF B OF 10 45 A TVS M A Y B i A Ak
Ak

(2) Y 3% il H R R T A B TVS A A8 1 i 2
ML IRF, TVS AR 48 a5 28 v R Ik, SCB ok Tl i BE U
) A% e o T ARG R K g o A, b R 1 o 2 PR PT B
S350 SCB K T i e i TCIE H MR K o

(3) AR T T 2 1% TV'S — W 45 1 o 28 Wi 6 S im
FFBKF- T AR B TVS —H 48 50 4 RE 8 4 /& SCB K L
il 36 BE T 1Y) i L AT HE PR RE

(4) F A IX R SF A 350 wm (W) X100 pm (L)
X2 wm (H) (50 L AR B S R TR 008 e 4R W A
FHEKRKT 14 VIl — DB ERGE T 7 VR TVS
TR REAE RS2 SCB K TS R & M fE A TR T 42
PEB 1Y el AT FE T

S E Ak

(1] LR AR, BRVTI, 45 2 S0 K T s dE e ()], Je
T.4:42,2003,24(1):106-110
ZHU Feng-chun, XU Zhen-xiang, CHEN Xi-wu, et al. Recent
Advances in the Study of Semiconductor Bridge Pyrotechnics
[J]. Acta Armamentarii, 2003, 24(1): 106—110.

[2] WI&145, 350 . R SR THE DT BAT S ()], TR, 2008, 14
(2):77-79.
HU Jian-shu, JIAO Qing-jie. Study on the heating equation of
semiconductor bridges [J].
(2):77-79.

[3] WRTE. SCB kT i f FiL S 451 458 13 ML 2L B K o [ 52 R A B0F 5
[D]. fat: pat BT K%, 2012
CHEN Fei. Study on the Electrostatic and Radio Frequency

Engineering Blasting, 2008, 14

Damage Mechanism of SCB Pyrotechnic Devices and Their Re-

inforcement Technology [D]. Nanjing: Nanjing University of

Chinese Journal of Energetic Materials, Vol.33, No.1, 2025 (73-81)

[10]

[12]

Sttt

Science and Technology, 2012.

XU, % W A 2 v B O o B A A Bt e e X SR L) ). [ By
BH%,2007(11):71-76.

LIU Wei, LUO Peng-cheng. The impact of complex electro-
magnetic environments on modern warfare and countermea-
sures [J]. National Defense Science and Technology, 2007
(11): 71-76.

RARUE T R A O S Ak R BRI X 2R A TR R Y R e B
FE[C /58 = i v Tl 30 B2 280 17 5 Bl 7 R 2 AR BRI 2098 SO
2011:171-173,197.

WU Wei-yi, GU Ping, GAO Lu, et al. tudy on the Impact of
Complex Electromagnetic Environments on Equipment Support
in the Battlefield [C]//Proceedings of the 2nd Symposium on
Electromagnetic Environmental Effects and Protection Technol-
ogy.2011: 171-173, 197.

NOVOTNEY D B, WELCH B M, EVICK D W. Semiconductor
bridge development for enhanced ESD ang RF immunity [R]
AIAA99-2417,1999.

TR 2 S T S B A ORI T D] M at . U T
K2£,2012.

REN Gang. Research on Electromagnetic Compatibility Tech-
nology of Semiconductor Bridge Pyrotechnic Devices [D].
Nanjing:
2012.
ke . RO B T SCB A T L @B M 5T (D . MRt
HHTR,2013.

DU Pei-kang. Research on the Electromagnetic Protection of

Nanjing University of Science and Technology,

Semiconductor Bridge Pyrotechnic Devices Using Varistors
[D]. Jiangsu: Nanjing University of Science and Technology,
2013.

TR R A RS R TR Xk AR e RO
PRFEVER W B BELL) ] A BE R RE, 2019,27(10):837-844.
WANG Jun, LI Yong, LU Bing, et al. Simulation of the influ-
ence of transient voltage suppression diode on the
electro-explosive performance of semiconductor bridge initia-
tor[J]. Chinese Journal of Energetic Materials (Hanneng Cail-
iao),2019, 27(10): 837-844.

IR . SCB K T i L Bl 47 5 SR T HE S (D . M At s
T R%,2019.

HUANG Yi-bing. Research on Electrostatic Protection and Inte-
grated Design of Semiconductor Bridge Pyrotechnic Devices
[D]. Nanjing: Nanjing University of Science and Technology,
2019.

MARX K, BICKES Jr R, WACKERBARTH D. Characterization
and electrical modeling of semiconductor bridges [J].
SAND97-8246, 1997.

FROGHE . 4 A R B 7 & 1 19 SCB J T i M RERF ST (D). M &
P BT R, 2019,

CHEN Guang-hai. Performance Study of Composite Electro-
magnetic Protective Devices for SCB Pyrotechnics [D]. Nan-
jing: Nanjing University of Science and Technology, 2019.

Il 5 2 B AR Tk 2% 52 2% . GIB5309.14. K Ty i il ey 1l
[S]. 2004.

State Defense Science and Technology Industry Committee.
GJB5309.14. Pyrotechnic Electrostatic Discharge Test [S].

2004.

www.energetic-materials.org.cn



S TG R TV'S A X A 5 AOBE ST s B T P RE B9 B M R 81

Impact Factors of Planar Integrated TVS diodes on the Performance of Semiconductor Bridge Initiator
Transducers

TAO Yu-ren, WANG Lei, ZHOU Bin, WANG Jun
(School of Chemistry and Chemical Engineering s Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to investigate the influence and regularities of planar integrated transient voltage suppressor diodes (TVS) on
the performance of anti-static integrated semiconductor bridge initiator transducers, capacitor discharge firing experiments were
carried out to study the effect of the parallel quantity of planar integrated TVS diodes and breakdown voltage on the electrical ex-
plosion performance. Its influence on the static electrostatic reliability performance of semiconductor bridge initiator transducers
were also investigated by 500 pF/500 /25 kV static discharge experiments. The results indicate that when the excitation energy
approaches the upper limit of the energy absorbed per unit time by a single planar integrated TVS diode, increasing the number
of parallel planar integrated TVS diodes will prolong the burst time of the SCB initiator transducer element, and may even affect
the normal bursting of the SCB initiator transducer element. Conversely, if the excitation energy is insufficient to bring the energy
absorbed per unit time by a single planar integrated TVS diode close to its upper limit, the bursting performance of the SCB initia-
tor transducer element will not change with the number of parallel planar integrated TVS diodes. When the excitation voltage ex-
ceeds the breakdown voltage of the planar integrated TVS diodes, the lower the breakdown voltage of the TVS diode, the longer
the burst time of the SCB initiator transducers, and the greater the burst energy, and potentially affecting the normal burst of the
SCB initiator transducer element. Reducing the breakdown voltage of the planar integrated TVS diodes and increasing the number
of parallel diodes can enhance the electrostatic reliability of the SCB initiator transducers. When designing an antistatic integrated
semiconductor bridge chip with dimensions of 350 um (W) X100 um(L)x2 pum(H), it is possible to integrate two TVS diodes
with breakdown voltages slightly below 14 V, or one with a breakdown voltage slightly above 7 V.

Key words: ESD integrated SCB chip;initiator device; TVS diode;electrical explosion performance
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