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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

®2 FEMERAH

Table 2 Introduction to 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

I q | 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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Fig.4 Schematic diagram of the capacitor discharge unit
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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 ¢, and energy E, for S14 and S1414 samples

charging voltage / V Sample code t,/ s g,/ us value of t for t, E, /m) o,/ m) value of t 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
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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
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Micrograph of SCB initiator bridge area after electro-
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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.
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This study investigated the breakdown voltage of planar integrated TVS diodes and the impact of the number of parallel
connections on the electrical explosion performance and electrostatic safety performance of antistatic integrated semiconductor
bridge initiator transducers. The results provide a certain reference for the optimization design of antistatic integrated

semiconductor bridge chips and offer a method for improving the electrostatic protection performance of SCB initiators.
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