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ABSTRACT

We report on experimentswith prototypeBNCP detonators incorporatinga
semiconductorbridge,SCB. We testedtwodevicedesigns;one for DoD and
one for DOE applications.We reporttestswiththe DoD detonatorusing
differentfiringconditionsand two differentgrainsizesof BNCP. The DOE
detonatorutilizeda 50 pF CDU firingsetwith a 24 V all-firecondition.

I. Introduction

Customershave askedfor the developmentof smallsize, fastfunctioning
detonatorswith lowinputenergiesbuta 1 ampere no-fire. We have met those
requestswiththe developmentof semiconductorbridgedetonatorsutilizingthe
explosiveBNCP. These deflagration-to-detonationtransition(DDT) devicescan
functionina few tensof microsecondswith inputenergiesof lessthan 5 mJ.

BNCP_ is a yellowcrystallinepowderthat can be ignitedwitha hotwire. It is a
coordinationcompound(tetraamminebis[5-nitro-2H-tetrazolato-
N2]cobalt[llI]perchlorate)relatedto Cp2 (pentaammine[5-cyano-2H-tetrazolato-
N2]cobalt[lll]perchlorate).BNCP is currentlymanufacturedin 100 g batcheswith
scale up to 1 kgbatchesplanned. No knowncarcinogensor toxicgases are
used in its manufacture,and the processingmediais easy to disposeof withno
environmentalconcerns.The impactsensitivityof BNCP isapproximatelythe
same as RDX.

Experimentscomparingthe characteristicsof BNCP versusCP showthat BNCP
undergoesDDT in shorterdistancesthanCP undersimilarconfinement. At 80%
theoreticalmaximumdensity(TMD) BNCP producesa dentof 0.026" in a steel
witnessplate;CP at 76% TMD producesa dentof 0.018". VISAR3 (velocity
interferometersystemfor any reflector) indicatesdetonationvelocitiesof _ i_;.__t,__ ._.,,,,,,
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3.2 mm/psfor BNCP and2.7 mm/psfor CP at 80% and 76% TMD, respectively.
In contrastto CP, BNCP willDDT moderatelywellunderaluminumconfinement
and,to a lesserextent,underplasticconfinement.

The semiconductorbridge4,SCB, is a heavilydopedpolysiliconvolumeformed
on a siliconsubstrate.When a lowenergycurrentpulse ispassedthroughthe
one-ohmbridge it formsa plasmadischargewhichrapidlyignitesthe powder
pressedagainstthe bridge. Butbecausethe SCB isformed onthe thermally
conductivesiliconsubstrate,the no-firecurrentlevelsare as good or better than
conventionalhot-wireigniters.

We designedandtestedtwoBNCP devicedesigns. Bothunitswere assembled
with SCB chipsfurnishedbySCBTechnologies,Inc. The firstdetonatoris for a
DoD applicationandwas testedunderseveraldifferentfiringconditions.The
seconddevice isfor DOE applicationsandutilizesa capacitivedischargeunit
(CDU) firingsetwith a 50 pF capacitorand a 24 V all-firevoltage.

II. DoD Unit

This unit consistsof the body, bottomdisk (which holds the SCB), and a 0.005"
closure disk; all are 304 stainless steel. The SCB is epoxied to the bottom disk
and 1" long nickel ribbon leads are soldered to the SCB lands. The bottom disk
is then welded to the body and the unit loaded with 25 mg of BNCP consolidated
to 10,000 psi. This device is 0.187" long and 0.245" in diameter. Finally, the
closure disk is welded to the end. This unit can initiate PBXN-301 cord across a
0.050" air gap.

Ignition sensitivity tests were made at ambient conditions using two different
particle sizes of BNCP, 15 and 25 pm. Using a constant current firing set with a
current rise time of 15 ps, the time to ignition of the BNCP (as measured by the
formation of the SCB plasmadischarge) was approximately 100% longer for the
larger particle size BNCP at 3.5 A. In addition, in contrast to the 15 pm BNCP,
the large particle size material did not ignite at 1.5 A. Units assembled with the
15 pm material were also testedat -80 oF and functioned for current inputs from
3.5 A to 2.75 A.

The influence of currentrise timewas testedusingthe 15 IJmpowder.
Increasingthe currentrise timeto 50 ps resultedinonlya slightincreasein
ignitiontimescomparedto the 15 ps tests. We successfullyignitedthe BNCP
withthe slowrisetime firingset overthe temperaturerange of -65 oFto 160 oF.
Testswith the largeparticlesize materialat -80 oF,showedthat the BNCP was
too coarse for usewiththe 50 ps rise timefiring setsince two of five unitsfailed
to function. In contrast,experimentsat -80 oFwiththe 15 pm BNCP all
functionedproperly.



Ul. DOE Unit

In this design the SCB is epoxied to a standard hermetic transistor case which
serves as the device header. After aluminum wires are ultrasonically welded to
the SCB lands and the feedthroughs of the transistor header, a steel body is
welded to the header. The BNCP charge is 49 mg and consolidated to 20,000
psi. A 0.005" thick steel cup is welded over the end of this hermetic unit. This
unit is 0.377" long and 0.255" in diameter.

We first carried out VlSAR studies to determine if the output of this BNCP device
was equivalent to DOE components made using CP. The studies indicated flyer
velocities of 2.5 to 2.9 mm/ps, essentially the same as obtained from the CP
devices. A ten unit statistical up/down study (Neyer procedure using the
SENSlT routine) indicated a mean firing voltage using the 50 pF CDU of 17.6 V
+ 1.5 V; the 0.999 firing level with 95% confidence was 22.3 V. The minimum
firing voltage from the system is 24 V. While we have not yet carried out no-fire
experiments, previous data using CP shows a no fire greater than 1 A. We
observed function times for various firing set capacitances and firing voltages.
Function times ranged from 55.5 ps for a 470 pF capacitor with a 14 V charge, to
10.4 IJSfor a 20 IJF capacitor charged to 28 V. Units subjected to DOE and DoD
electrostatic discharge (ESD) pulses did not initiate and functioned properly
when fired with the 50 pF firing set.

IV. Summary

We built and tested BNCP detonators for DoD and DOE customers. The
devices meet our customers' needs in terms of performance and cost. BNCP
has been shown to be a satisfactory substitute for CP with equivalent or better
performance. The SCB igniter permits fast function at low energies, and the
SCB devices will meet the explosive safety demands required by our customers.
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