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ABSTRACT 

A unique hermetic microminiature 
multisocket connector was 
designed at Sandia as a means 
of interfacing with a sealed 
component package in a weapon 
system to ensure a controlled 
environment. Such a capability 
had not previously been avail­
able on any existing connector 
of comparable size and contact 
density. The connector is char­
acterized by glass sealing of a 
high-density contact pattern, a 
weldable mounting flange, and 
by microminiature size. This 
glass-to-metal sealing method, 
using individual glass beads, 
requires 51 holes on 50-mil cen­
ters in the web portion of the 
shell. 

As an alternative to the glass­
to-metal method, the connector 
contacts and shell were 
redesigned for compatibility 
with ceramic-to-metal sealing 
Lechniques. In this pot@ntially 
lower cost, higher yield method, 
the me t al web of the shell is 
replaced with a ceramic web con­
taining 51 metallized holes on 
50-mil centers. 

*This work was supported by the 
US Department of Energy under 
contract DE-AC04-76DP00789. 

NOTICE 
PORTIONS Of THIS REPORT ARE ILLEGIBLE. 

This report 

• Presents the design require­
ments for the hermetic micro­
miniature multisocket con­
nector 

• Describes its physical and 
electrical characteristics 

• Traces the testing and evalu­
ation program as developed and 
evaluated by Sandia National 
Laboratories with the support 
of ITT Cannon Electric Divi­
sion of Phoenix, AZ 

• Describes the electrical and 
environmental test program 
performed by Bendix Corpora­
tion of Kansas City, MO 

DESIGN REQUIREMENTS 

Introduction 

The principal design objective 
for this connector was to devise 
a hermetically sealed system 
(1 x 10-8 cm3 j s helium) in a 
high-density, multisocket con­
nector. The inherent problems 
in achieving this objective stem 
from two sources: the physical 
and mechanical characteristics 
of the materials being joined, 
and the processing diff i culties 
of glass-sealing a high-density 
contact pattern in a smal l rec­
tangular boundary. The connec­
tors previously studied used 
concentric contact patterns and 
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sheif' configurations on larger 
center-to-center contact spac­
ings, or rectangular shell con~ 
figurations with low-density 
~ontact patterns. Also, most 
~ealing systems in the con­
centric forms incorporated a 
~tandard solid-glass web that 
provided a hermetic seal. Unfor­
~unately, the existing connector 
envelopes were too large for the 
number of contacts that were 
required for the application. 
Therefore, a new high-density, 
hermetically sealed microminia­
ture, multisocket connector 
needed to be designed and 
tested. 

Specific Problems 

The connector design was l::iased 
on the following physical, elec­
trical, and environmental cri­
teria: the connector must be 
capable of 

• Sealing helium in 
density contact 
(1 x lo-8 cm3js) 

a high­
pattern 

• Terminating 26 AWG wire in a 
high-density contact pattern 

• Restricting the entrance of 
moisture 

• Withstanding the thermal shock 
of cold water ( < 39°F) and hot 
water (>20l°F) 

• Withstanding the test voltage 
of 150 Vdc at ambient pressure 

·• Achieving long-term shelf life 

·• Fitting into limited space in 
the next assembly 

.• Interfacing with existing MDM 
series connector 

• Holding a weldable flaw~t:! by 
means of a test fixture 
construction 
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• Functioning after temperature· 
cycling 

• Functioning after sinusoidal 
and random vibration 

• Functioning after mechanical 
shock (1000 g, 6 ms sawtooth) 

• Functioning after acceleration 
of 5000 g's for 1 min 

• Withstanding handling abuse 

Description 

The connector (Figure 1) is 
characterized by hermetic seal­
ing of a high-density contact 
pattern without sacrificing the 
standard interface compatibility 
of Military Specification MIL-C-
83513. It is designed to termi­
nate #26 AWG stranded wire and 
to be installed in the next 
assembly by laser welding. 
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FIGl,JRE 1. Cross-Sectional View 
of Multisocket Connector 

Physical Characteristics 

As shown in Figure 1, the con­
nector is composed of a shell, 
insulator, interfacial seal, 
contact pins, a spacer, and soc­
ket contacts. 

• The Hastel.lny 'C' ehell is 
designed to facilitate glass 
or ceramic sealing of the 



contact pins and laser welding 
in the next assembly. The 
cable end contains a cavity 
that secures the wire termi­
nations with encapsulation. 

I. The brass socket contacts are· 
I 

plated with gold over nickel 
to ensure low resistance at 
the mating interface and cable 
terminations. 

·• The alloy 52 contact pins are 
nickel-plated to ensure a 
stable low-resistance joint 
when the socket contacts are 
installed. 

• The glass bead hermetic seals 
are formed by surrounding the 
contact pins with glass beads 
in the shell (51 PL). 

• The plastic spacer is used to 
eliminate air gaps and locates 
the socket contacts during the 
press-fit assembly operation. 

• The silicone rubber inter­
facial seal prevents moisture 
from entering the electrical 
creepage paths and is a 
dielectric seal between socket 
contacts. 

Electrical Creepage Paths 

·The connector was designed to 
provide adequate isolation of 
electrical circuits to withstand 
a rated voltag~ (150 Vdc) at 
ambient pressure. The interface 
creepage paths are symmetrical 
-between the socket contact 
(50-mil centers) pattern and 
shell. In the mated condition, 
the interfacial seal contacts a 
.diallyl phthalate insulator in 
'the mating connector to form an 
:interface dielectric seal. The 
:internal creepage path within 
the connector extends from the 

.pin to the web of the shell. 
The air gap between the socket 
~ontact at the cable end is also 
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filled with encapsulation·:·· Thes-e 
creepage paths are illustrated 
in Figure 2. 

FIGURE 2. 
Paths 

Electrical Creepage 

Cable Assembly Operations 

The cable wires are attached to 
the connector by first crimping 
and/or soldering a male contact 
to each wire. Then the male 
contact is inserted into the 
socket contact at the cable end. 
After all wires are terminated, 
the shell cavity is filled with 
encapsulation, which also acts 
as a moisture seal. 

DEVELOPMENT TEST AND EVALUATION 
PROGRAM 

The development test and eval­
uation program for this connec­
tor consisted of (1) inspection 
of product to demonstrate its 
interchangeability with the MDM 
f<~mily, per MlL'-C-83513; ( 2) 
insulation resistance to ensure 
isolation of the socket contacts 
to each other and the shell; (3) 
dielectric withstanding voltage 
and high-potential ground level 
to show low-voltage capabilities 
at ambient pressure; (4) helium 
leak rate to verify the glass 
sealing of the socket contacts 
and shell; (5) environmental 
tests to include temperature, 
sinusoidal und random vibra­
tions, acceleration and mech­
anical shock to evaluate the 
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hermetic seal, moisture seal, 
dielectric seal, material com­
patibility, cable assembly tech­
niques, and mechanical design 

lof the connectors; (6) mechani­
cal strength tests to demon­
strate the physical properties 
of the connector under extreme 

!
handling conditions. A descrip­
tion of each test and the 
results follow. Figure 3 illus­
trates a typical test specimen. 

FIGURE 3. Cable Prepared for 
Electrical and Mechanical Tests 

DESCRIPTIONS OF TEST PLAN 

This plan covered the incpoction 
and testing of microminiature 
hermetic rectangular electrical 
connector with polarized shells. 

The following military and 
Department of Energy (DOE) 
specifications formed a part of 
these tests to the extent 
stated: 

9958001-03 Instrumentation and 
Equipment, Steady­
State Acceleration 
Test 
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9958002-03 

9958003-4 

9958004-02 

Instrumentation and 
Equipment, Sinusoi­
dal Vibration Test 

Instrumentation and 
Equipment, Mechani­
cal Shock Test 

Instrumentation and 
Equipment, Complex­
Vibration Test 

MIL-STD-202E Test Methods for 
Electronic 
Electrical 
nent Parts 

and 
Compo-

MIL-C-83513 General Specifica­
tion for Micromini­
ature Rectangular 
Plug Electrical 
Connector with 
Polarized Shell 

Testing Requirements 

General--Connector dimensions, 
contact arrangement, materials, 
electrical ratings, and service 
conditions were as specified on 
the applicable product defini­
tion and acceptance specifi­
cation. 

Marking--Each connector was 
marked on the body with the 
manufacturer's name or trad~mark 
and part number, and Sandia 
National Laboratories 800,000-
xxx drawing number. 

Tests--All specimens were sub­
jected to all tests as specified 
below. In addition, Tests 2 
through 10 were performed in the 
mated condition and as indicated 
in Section 5. 

1. Inspection of Product--The 
connector was inspected for 
conformance to the detail 
definition as described in 
MIL-C-83513 and the appli­
cable Sandia definition. 



2. Insulation Resistance--An 
insulation resistance test 
was applied in accordance 
with MIL-STD-202E, Method 
302, Condition A for 1 min. 
The voltage was applied from 
each contact to all other 
contacts and shells tied in 
common. The insulation 
resistance was to be at 
least 1000 Mr2. 

3. Dielectric Withstanding 
Voltage--A dielectric with­
standing voltage test was 
applied in accordance with 
MIL-STD-202E, Method 301. 
A potential of 150 Vdc was 
applied for at least 5 s. 
The voltage was applied from 
each contact to all other 
contacts and shells tied in 
common. There was to be no 
evidence of flashover or 
insulation breakdown. 

4. Helium Leak Rate--With the 
MDMH connectors mounted on 
a gasket plate to prevent 
leakage around the weldable 
mounting flange, a differen­
tial pressure of 1 atm was 
applied across the connec­
tor, with the lower pressure 
at the mating end. Using 
helium per 4526005 as a 
tra~er gas the total leakage 
through the interior of the 
connector was not to exceed 
1 x lo-8cm3js as determined 
by a helium leak detector. 

5. Contact--

a. Contact Resistance--The 
contact resistance on 
voltage drop was mea­
sured per MIL-STD-202E, 
Method 307. The con­
tact resistance did not 
exceed 8 mr2 pius the 
de resistance of the 
wire, if applic~hle. 
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b. Contact Durability--The. 
connectors were mated 
and unmated to a com­
patible mating connec­
tor 500 times. Rate of 
mating did not exceed 
500/h. The test was 
performed to simulate 
motions encountered in 
service. There was to 
be no cracking, break­
ing, or loosening of 
parts. After the test, 
the connector should 
meet the requirements of 
Contact Resistance while 
fully mated. 

c. Mating Forces--The axial 
force required to fully 
mate the plug and recep­
tacle did not exceed the 
product of number of 
contacts x 8 oz. The 
minimum withdrawal force 
was equal to the product 
of the number of con­
tacts x 0.5 oz. The 
axial force was measured 
by applying the force 
uniformly at 1 lb/s. 

d. Contact Retention--The 
connectors were tested 
for contact retention 
by using loose pins or 
sockets as test probes. 
Pins were of 0.0215-in.­
dia. steel and were 
inserted into the bottom 
of the socket contacts. 
Socket ~onLacts were 
loose standard MOM con­
tact-mated to the con­
nector pin contacts. 
The contacts were to 
withstand at least a 
3-lb load without evi­
dence of damage or con­
tact dislodging. 

6. High-Potential 
For this test, 
150 Vdc from 
limited (5 mA) 

Ground Level­
a voltage of 
a current­

power supply 
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was applied for at least 5 s 
between each contact to all 
other contacts and shell. 
(Any leakage current > 5 /).A 
constitutes a failure.) 

7. Temperature (Thermal Shock)­
The connector was subjected 
to 10 cycles of thermal 
shock in accordance with the 
following procedures: 

a. The connector was sus­
pended for 10 min in the 
approximate center of a 
cubic foot cold-water 
bath. Water temperature 
did not exceed 39"F. 
Container dimensions 
were not < 10 in, in any 
direction. 

b. Within 5 s after removal 
from the cold water, 
Step a. was repeated 
using hot water at a 
temperature of at least 
20l"F. 

c. Step a., then Step b. 
were repeated 9 times 
more, allowing no more 
than 5 s between cycles. 

d. At the end of the tenth 
cycle, excess moisture 
was removed from the 
connector and the con­
nector was dried in a 
forced-air oven at 
150"~'+5•F fur 15+1 min. 

e. The connector was sub­
jected to the require­
ments of the Helium Leak 
Rate. 

8. Sinusoidal Vibration--The 
provisions of DOE specifica­
tion 9958002 applied. The 
connectors were subjected 
to the following vibrations: 
10 g, a 20-2000-20-Hz cycle, 
sweep at 1/2 oct/min, cycle 
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twice in each of three mutu~ 
ally perpendicular planes. 
The connectors were held 
together with two #2-56 
screws. The connectors did 
not become disengaged, and. 
there was no cracking, 
breaking, or loosening of 
parts. After the test, the 
connectors were subjected· 
to the requirements of Tests 
2, 3, and 4. 

9. Random Vibration--The pro­
visions of DOE specification 
9958004 applied. The connec­
tors were subjected to the 
following random vibration: 
0.2g2/Hz 20-2000 Hz for 30 s 
in each of three mutually 
perpendicular planes. Atten­
uation outside specified 
bandwidth was at no less 
than 18 dB octave. The con­
nectors were held together 
with two #2-56 screws. The 
contacts were wired in 
series with a monitoring 
current flowing through the 
circuit during vibration, 
and instrumentation was used 
to indicate any discontinu­
ity > 1 iJ.S. The connectors 
did not become disengaged, 
and there was no cracking, 
breaking, or loosening of 
parts. After the test, the 
connectors were subjected 
to the requirements of Tests 
2, 3, and 4. 

10. Acceleration--The provisions 
of DOE specification 9958001 
applied. The connector was 
subjected to an acceleration 
of 5000 g' s for 1 min. The 
acceleration was applied in 
both directions in each of 
three mutually perpendicular 
planes. The connectors were 

·held together with two #2-56 
screws. The connectors did 
hOt. becuuu:! disengaged, and 



' ' 

there was no cracking, 
breaking, or loosening of 
parts. After the test, the 
connectors were subjected 
to the requirements of Tests 
2, 3, and 4. 

'11. Mechanical Shock--The pro­
visions of DOE specification 
9958003 applied. The connec­
tors were subjected to mech­
anical shock in accordance 
with MIL-STD-202, Method 
213, Condition I (1000 g, 
6 ms, sawtooth) in each of 
three mutually perpendicular 
planes. The connectors were 
held together with two #2-56 
screws. The connectors were 
not to become disengaged, 
and there was to be no 
cracking, breaking, or loos­
ening of parts. After this 
test, the connectors were 
subjected to the require­
ments of Tests 2, 3, and 4. 

TEST RESULTS 

At this time, complete test 
results are not available. How­
ever, preliminary test findings 
demonstrate that the glass-to­
metal seals withstand the envi­
ronmental teet requirements. 
Because of the limited isolation 
between contacts, failures of 
up to four contacts per connec­
tor were encountered during the 
electrical tests. The postmortem 
analysis indicates that contami­
nation was the breakdown mech­
anism. Final test results will 
be presented during the sympo­
sium. 

CONCLUSIONS 

The development evaluation tests 
indic:ate that the hermP.ti cally 
sealed microminiature multicon­
tact connector can fulfill a 
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reduced level of the specified 
design requirements. 

The tests have pointed out the 
need for a contamination-free 
assembly environment and piece­
part cleaning procedures. Final 
conclusions will be presented 
during the live presentation. 
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