Hermetic
Sealing with
Epoxy

sealed pins, and simplify installation. Characteristics include leak rates comparable
to glass, good temperature performance, and low outgassing.
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cess could be used tg
seal insulated cable as
SinceWorld Warll, high-performance well as solid copper or
electrical bulkheads have been sealed kyainless steel pins. Thg
surrounding low-expansion alloy metal pingpoxy seal is normally
in a glass or ceramic-filled metal housingfused at a much lower
Both glass and ceramic seals offer extremetgmperature than is a
low leak rates over a wide range of temperafass or ceramic seal
tures and pressures. Despite their fragilithereby not harming
due to low tensile strength and brittlenesgven low-temperature
such seals have been successfully used fasulations such as
pressures well over 1000 psi. polyvinyl chloride
The main objective of the seal is tqPVC). High Powered . These PAVE epoxy seals used in military infrared
pass electrically conductive copper wire Today, epoxy seal systems provide complex, color-coded cable seals of a wide variety of
through the bulkhead with no leakage. ThEBChnoIogy offers high Teflon-insulated cables rated up to 7.5 kV.
only way to do this has been to attach theeal reliability in metal-
wire to a pin sealed in glass or ceramic. Thencapsulated versions using a wide varietyf coaxial cables and temperature reading
development of epoxy sealing technologwyf metal shell material such as stainless steatcuracy of thermocouple wire. Only in high
has eliminated the need for sealed pins. Thgass, aluminum, or titanium. Howeyall- frequency applications does impedance con-
uninterrupted passage of the cable simplepoxy molded versions can be designed thbl break down with the epoxy seal because
fies installation and lowers its cost. Electrioffer significant cost savings for high vol-of dielectric constant differences between
cal reliability is increased because the conimes and thermal shock resistance for usable insulations and eppx
ductor through the seal remains continuougetween - 65and 150C. Leak Testing
having no solder terminations as there are  Using such insulations ageflon, At first glance, an epoxy-sealed cable
with a glass pin seal. The cable is perm#@VC, polyamide, and even foil or braidecpassthrough would appear to have several
nently sealed in place within the egpand  shields, the design engineer has a mughgnificant leak paths: the stranded conduc-
the cable “pull test” specification typically wider range of options with a true hermetitor, insulation (especiallyeflon), any shield-
exceeds the tensile strength of most wirescable passthrough seal on virtually aning, and the epoxy bond between the cable
During the early 1980s, Pavechnol- cable. The epoxy seal blocks the cable coand any metal housing. Hermetic seal per-
ogy experimented with proprietary formula-ducta, which can be stranded or solid, alongprmance for vacuum or pressure applica-
tions and processes to develop electricalith any shielding and insulation. The origitions is typically defined by a leak-rate speci-
connectors based on epoxy sealing. Sealal electrical characteristics of the cable rdication. Such specifications may be defined
ing to various metal housings with differeninain unaffected. This factor can be espéy: a hydrostatic test at a given pressure; a
coefficients of expansion over a temperatureially critical for proper impedance controlbubble test with an inert gas such as nitro-
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rate of less than 1 x 2@c/sec

at vacuum. Because of the
cleanliness of epoxy seals, ma-
jor semiconductor companies
are beginning to use them in the
vacuum wafer-handling sys-
tems. For critical satellite and
components testing, most ma-
jor space simulation chambers
operated by aerospace contrac-
tors now have complicated ep-
oxy sealed passthroughs-some
of which may have well over 100
conductors and 100-ft cables-
for their bulkhead electrical
connectionsTen years ago, all
have leak rates typically be-| such seals were made of glass
tween the 10to 10 std y or ceramic requiring costly cable
cc/sec. This means that the ] ] ] ] ] harnessing to the pins.

leak rates of epoxy seals as [0P Seal Desred for e few Biopian o enitie, e 2 fies 8 Se0eSS ! Epoxies offer igh chem-
measured by the helium nitrogen, temperatures of -6%0 390 F, severe vibration, and a 50-Ib pull test Cal resistance to gasolines and
test are as low or lower than load on individual wires. oils, acids, and alkaline solu-
those of glass or ceramic tions. Epoxy passthroughs are
seals._ Because itis a the_rmoset plastic, epze epoxy seals was in providing electricgXtensively usgd in mass flowmete_rs to seal
oxy will not melt or otherwise deform at el-go415 in nuclear glove boxes, which argffthe el_ectronlcs anq see avery W|d_e range
evated temperatures of 2Q0NASA has de- shielded, mechanical arm- or gloveport9f chemicals. The elimination of a pin con-

gen with a bubble solution
of water or Freon at a given
pressure; a Freon leak tes
using a halogen leak detec
tor; or a helium leak test us-
ing a mass spectrometer a
vacuum or a given pres-
sure. The most widely ac-
cepted leak test is the he
lium leak test with a cali-
brated leak rate. Most
high-performance glass or
ceramic seals have leak
rates of less than 1x%8td
cc/sec at 1 atmosphere dif
ferential. Pave epoxy seals

termined the Pave-seal 150 to have an a@qUipped sealed enclosures for handling haQection at the bulkhead is considered a ma-
ceptable low outgassing rate of 0.20 perceQt yous materials. Both the cabldOf improvementin mass flowmeter reliabil-
TML and 0.01 percent CVCM as determi”e?)assthrough as well as epoxy-sealed multipm" Epoxy seals are also being extensively
by tests in accordance with ASTM E-595
84.

Hsed in underground gasoline storage tanks

connector versions were used in the tritiu
supply system built by Monsanto Research® the sealed cable passthrough to the com-

_ Applications o Corp. for the Princeton Universifpkamak. puterized leak detection system recently
The first major product application for | epoxy seals had to pass a helium legihandated by Congress for all such tanks.

Pave epoxy seals are used in military
infrared systems, providing complex, color-
coded cable seals of a wide varietyfeflon-
insulated cables rated, in some cases, to 7.5
kV. Epoxy seals are also replacing traditional
glass seals in helicopter fuel connectors.
Among the specifications that Pave epoxy
seals comply with are: MIL-STD-810C for
altitude, mechanical shock, and humidity;
MIL-STD-810C Method 503.1, Procedure 1
for thermal shock; IEC 68-2-6 test FC, Proce-
dure B3 for vibration; and MIL-STD-202E
Method 107D for thermal shock.

An epoxy-molded version was devel-
oped for use in the F-15 fighter'hydrau-
lic engine controls. The “mini”-epoxy seal
must seal two #2®eflon wires in hydraulic
fluid at 10 psi. In addition, a very small di-
mensional seal package was made available
with a 3/8-in diameter and a 0.300-in molded
seal length. Even minimal pressure differen-
tials can normally require high performance

seals. AViton 0-ring gland seal is used to
Weight-sensitive application . This egg-shaped, thin-wall passthrough seal, which is seal to the bulkhead.
vacuum rated, protects a missile nozzle against submersion in shallow water. To date. most epoxy seal designs uti-




page 3 PAVE Technology

lize either an O-ring gland or face seal. Metapression bond as they “shrink” around theng either round or flat cable. A Pave-flex
to-metal NPT seals or metal-to-plastic sealsins, are able to have much shorter seaéaling of a combination d&flon-insulated
using a standard tube fitting have been sutength or thickness over a wider temperawire and a custom designed and fabricated
cessfully used. TIG or electron-beam weldetlire range. Where the overall seal length lyamid flex circuit is used in medical cen-
designs that minimize thermal-shock heatot especially critical, epoxy seals can re¥ifuges. Another example of high density is
transfer from the welding can also be apslace glass seals. Proof pressure testingad many as 400 #Z&flon-insulated wires
plied. one and a half to three times the normal ogealed in a 1.5-in diameter space for high
With a compressive strength of 948rating pressures is recommended to assseeed computers.
kg/cnt, Pave epoxy seals are being used meliability. Typical applications include un- Specially designed flex circuits with
pressures up to 20,000 psi. Fatigue factoderwater sonar systems and oil drilling.  densities as high as 100 conductors per inch
are critical as pressures increase, particularly ~ Unique designs are possible usingan also be offered in hermetic seals.
when also coupled with thermal cycling. epoxys moldabiliy. An egg-shaped, thin- PCBs also lend themselves to hermetic
The nature of any pressure and/or tenwall passthrough seals a missile nozzle froepoxy sealing technology through bulk-
perature cycling over a projected time factosubmersion in shallow wate The design heads.
must be given careful engineering considerlso has to seal for a vacuum. Hermetic electrical seals typically re-
ation in both the internal and external seal Being extremely weight sensitive, thequire special designs combining mechanical
design to properly avoid premature seal failwalls are only 0.010 to 0.020 inch thick. Seakngineering concepts with electrical and
ure. ing a 1-in diameter space, the egg shape ahemical engineering considerations.
Minimum conductor spacing and sealows for an even distribution of the stress The design flexibility and high per-
length must be determined based on fatiguaused by the pressures and prevents ctid¥rmance of todayg epoxy seal technology
factors. The minimum conductor seal lengtkapse of the extremely thin wall. Seal weighwill continue to find new applications as the
of 0.250 in for low pressures will increaseas only 2 grams. demand for high-performance seals grows
rapidly to over 1 in for 10,000 psi pressures. High density of electrical conductorsalong with the high growth in electronics for
Glass or ceramic seals with their high comis another advantage of an epoxy seal, useth large and small applications.




