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Abstract

Miniaturization of hermetic packages has provided the incen-
tive to develop a new family of hermetic microminiature connec-
tors. Microminiature connectors, with a pin spacing of 1.27 mm,
have previously been available only in the non-hermetic form. New
microminiature connectors with compression seal materials, 304
Stainless Steel housings, Alloy 52 pins, and TM-9 Glass* insula-
tors, were examined because compression seals are currently used
in larger hermetic connectors and are typically designed to create a
residual compressive stress state in the insulator during manufac-
ture. The new microminiature connectors with compression seals
were evaluated analytically with two- and three-dimensional finite
element models and experimentally by fabrication of prototype
connectors. The finite element analyses predicted the develop-
ment of undesirable tensile stress in the insulator during manufac-
ture and identified the mechanism responsible for the generation
of tensile stress in the glass. The experimental investigation con-
firmed the existence of undesirable tensile stress in the glass with
the observation of crack development during msmufacture. Since
the design requirements would not allow the geometric modifica-
tions needed to manufacture crack-free connectors with compres-
sion seals, insulator materials that generate a matched seal with
304 Stainless Steel housings were developed. Connectors with
these matched seals were sucessfully manufactured.

Introduction

Sensitive electronic components are protected from the out-
side environment for extended periods of time by hermetically
sealing them in metal containers. Connectors with glass-to-metal
seals are often used to provide electrical contact to the isolated
components. The manufacture of glass-to-metal seals is discussed
in a number of references (Kohl, 1967 and Rulon, 1972). Fabrica-
tion of connectors with glass-to-metal seals includes several steps.

* Kimble Glass, Toledo, Ohio.
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First, a solid glass preform is placed inside a metal housing and
metal conductor pins are inserted through holes in the preform.
Then, the assembly is heated in a controlled atmosphere furnace
until the glass flows and fuses to both the metal pins and the metal
housing. The assembly is then cooled to room temperature.

Stresses are generated in the glass, pins and housing during
the glassing operation due to differential thermal contraction of
the glass and metal. Two different design approaches are used to
control the tensile stresses generated in the glass (Rulon, 1972).
One approach is to use glass and metal materials that have nearly
the same thermal expansion properties. When this approach is
taken the seal is referred to as a matched seal. Matched seals
usually produce a stress free state in the glass after manufacture.
The second approach is to use a glass that has a thermal expan-
sion coefficient that is less than the thermal expansion coefficient
of the housing. This is referred to as a compression seal because
glass near the housing is compressed during cooling. Design guide-
lines for coaxial compression pin seals have been developed (Miller
and Burchett, 1982). A properly designed connector with either a
stress free or compressive stress state in the glass at room temper-
ature is essential if the connector is to survive subsequent assembly
and operational environments.

New connectors were developed to provide electrical contact
to small components that are isolated from the environment. Con-
nectors in this family have two parallel rows of conductor pins and
a total of between 7 and 51 pins. A 15-pin connector is shown in
Figure 1. All connectors have a uniform pin spacing of 1.27 mm;
thus, the overall length of the connector increases as the number
of pins is increased. Parallel rows of pins were used to provide pin
access which facilitated the soldering of cables to the pins. Also,
the connector geometry was chosen to meet space requirements
and allow for assembly to standard design non-hermetic mating
connectors. The baseline design used materials that have been
shown to generate good compression seals: a 304 Stainless Steel
housing, a TM-9 glass insulator, and Alloy 52 conductor pins.
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F'K- 1 Hermetic Microminiature Connector

This paper describes analytic and experimental evaluations
of the new microminiature connector designs. A series of two and
three-dimensional finite element analyses characterized the stress
state generated during manufacture and identified the deforma-
tion mechanism responsible for the generation of tensile stress in
the glass insulator. Results from the manufacture of prototype
connectors is also presented and compared with the finite element
results.

Finite Element Analyses

Residual stress states generated in the connector during man-
ufacture were computed using a series of finite element models
and the structural computer codes JAC (Biffle,1984) and JAC-3D
(Biffle,1989). In these analyses, the materials were assumed to be
stress free at the set point temperature for the glass, specifically,
445 C for TM-9 glass. The finite element models were subse-
quently cooled to room temperature, and the resulting residual
stresses were computed. The effects of residual tensile stress in
the glass were evaluated using design guidelines from Miller and
Burchett (1982). Tensile stress in excess of 35 MPa was expected
to generate cracks in TM-9 glass and tensile stress in excess of 7
MPa was undesirable.

Material properties used in these analyses are given in Table
1. The glass was assumed to remain linear elastic below its set
point temperature. The metals were modelled as strain harden-
ing elastic-plastic materials. Two connector geometries were ana-
lyzed. The first geometry used a single glass preform to isolate the
conductor pins from the housing, and the second geometry used
sin individual glass bead to isolate each pin from the housing.

Table 1 Material Propertiea

Material Young’s Poisson’s  Yield Thermal
Modulus ~ Ratio  Strength Expansion

GPa MPa 1/°C
TM-9 Glass 67.6 0.21 — 10.2E-06
Alloy 52 206.9 0.30 344.8 10.2E-06
304 SS 193.1 0.30 2414 18.4E-06

Connectors with Single Glass Preforms

Two-dimensional Finite Element Analyses. Initial gen-
eralized plane strain analyses used the two-dimensional finite el-
ement model shown in Figure 2. This model was generated from
cross section A-A of an actual connector and represents the sym-
metry plane of a long connector. The conductor pins were not
included in the model. Nevertheless, this initial model is appro-
priate for estimating stress levels in the glass and housing near
cross section A-A.

Fig. 2 Two-dimensional Generalized Plane Strain Finite Ele-
ment Model of the Connector Symmetry Plane

The first analysis was completed using a 2.54 mm thick (di-
mension t in Figure 2) glass insulator. Results from this analysis
indicated that a very small section of the 304SS housing is plas-
tically deformed as the connector is cooled to room temperature.
However, a large portion of the glass insulator is in tension. A
contour plot of maximum principal stress in the glass (Figure 3)
indicates that the maximum tensile stress is 71.8 MPa located
near the bottom surface of the glass and oriented in a direction
parallel to the bottom surface of the glass. This tensile stress is
caused by the mismatch in thermal expansion between the 304SS
housing and the TM-9 glass. The 304SS contracts more than the
TM-9 glass in the vertical direction and tends to stretch the top
and bottom surfaces of the glass which generates tensile stress
near the surfaces of the glass. The next analysis was completed
using a 1.27 mm thick glass insulator. Results from this analysis
indicate that the maximum tensile stress in the glass will decrease
to 47.6 MPa as the thickness of the glass is decreased.



Stresses that are generated near the ends of an actual con-
nector were then estimated with an urisymmetric finite element
analysis that used the same model as the initial analysis (Fig-
ure 2). In this analysis, the model represents a connector that
has a 2.54 mm thick circular disk of glass surrounded by a ring
of housing material and should provide reasonable estimates of
stress levels generated near the ends of an actual connector. This
sinalysis indicated that a maximum tensile stress of 17.5 MPa was
generated near the center of the glass (Figure 4) and that the top
and bottom surfaces of the glass were in compression. A similar
axisymmetric analysis was completed for a 1.27 mm thick glass
insulator. This analysis indicated that a maximum tensile stress
of 17.6 MPa was generated near the center of the glass.
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Fig. 3 Maximum Principal Stresses (MPa) in the Glass Re-
sulting from the Two-dimensional Generalized Plane Strain

Analysis

Housing

STRESS (MPa)

5.0

10.00
0- 15.00
®* -170<

Fig. * Maximum Principal Stresses (MPa) in the Glass Re-
sulting from the Axisymmetric Analysis

The two-dimensional generalized plane strain and axisym-
metric analyses indicated that the largest tensile stress in the glass
is generated near the surface of the connector’s symmetry plane.
The magnitude of this tensile stress can be significantly reduced
by reducing the thickness of the glass insulator.

Three-Dimensional Finite Element Analysis. The ef-
fect of pins on the residual stress state in the glass was investigated
using a three-dimensional finite element model of a 15-pin connec-
tor (Figure 5). Due to symmetry, only one half of the connector
was modeled and appropriate symmetry boundary conditions were
applied to the left face in Figure 5.

A maximum tensile stress of 70.9 MPa is generated in the
glass when the connector is cooled to room temperature after
the glassing operation. This maximum stress is located on the
symmetry plane and near a conductor pin as shown in Figure 6.

Alloy 52 Pm

304 SS Housing

Fig. 5 Finite Element Model of = 15-Pin Connector with
Single Preform

TM-9 Glass
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sulting from the Three-dimensional Analysis of a 15-Pin Con-
nector with Single Glass Preform



This result and the stress distribution generated on the symme-
try plane compare reasonably well with the results from the two-
dimensional generalized plane strain analysis. The large tensile
stress predicted by these analyses indicates that the generation of
cracles in the glass during manufacture is likely.

Experimental Investigation. To evaluate the analytic re-
sults, a few prototype 15-pin connectors each using a single, 2.54
mm thick, TM-9 glass preform were tested. As predicted by the
three-dimensional model, glass in the 15-pin connector cracked
near the pins during manufacture as shown in Figure 7. The
observed crack was oriented in a direction perpendicular to the
maximum tensile stress and ran the length of the connector.

Fig. 7 Crack Generated in Connector with Single Glass Pre-
form

Deformation Mechanisms. There are two mechanisms
that affect the stress state generated in the glass during the glass-
ing operation. Both mechanisms are driven by the mismatch in
thermal expansion between the housing and the glass. The first
mechanism is differential in-plane contraction where the connector
plane is defined as the plane whose normal is the z-axis in Figure
5. As the connector is cooled to room temperature, the hous-
ing tries to contract more in-plane than the glass and generates
a compressive stress in the glass. This mechanism produces good
compression seals. The second mechanism is differential vertical
contraction. As the connector is cooled to room temperature the
housing tries to contract more than the glass in a direction normal
to the connector plane. This mechanism stretches the surfaces of
the glass and generates tensile stress near the top and bottom
surfaces of the glass.

If the compressive stress generated by differential in-plane
contraction is larger than the tensile stress generated by differen-
tial vertical contraction then a net compressive stress is generated.
However, when the housing is designed such that the compressive
stress generated by differential in-plane contraction is smaller than

the tensile stress generated by differential vertical contraction a
net tensile stress on the surfaces of the glass is generated. The
new microminiature connector housing does provides an adequate
amount of in-plane compression in a direction parallel to the con-
nector axis (x-direction in Figure 5) but does not provide enough
in-plane compression in a direction perpendicular to the connector
axis (y-direction in Figure 5).

Connectors with Individual Glass Insulators

Results from the previous section indicated that unaccept-
able stress levels are generated in the 15-pin connector when a
solid glass preform is used. In this section, the effects of using
1.27 mm thick individual glass insulators in place of the solid
glass preform were investigated.

Review of Design Guidelines for Compression Pin
Seals. Design guidelines for compression pin seals constructed
from Alloy 52 pins, TM-9 glass and 304 Stainless Steel housings
were developed by Miller and Burchett in 1982. These guide-
lines indicate that the ratio of glass bead wall thickness-to-height
ratio should be greater than 0.25 and less than 0.33 (Figure 8).
The individual glass beads used in the microminiature connector
design have a wall thickness-to-height ratio of 0.24. Also, the de-
sign guidelines recommend that a minimum spacing equal to 0.75
times the glass bead diameter should be used between any two
glass beads. The minimum glass bead spacing in the microminia-
ture connector design is equal to 0.254 mm which is only 0.25
times the glass bead diameter. Thus, the original microminiature
connector design seriously violates the minimum insulator spacing
guideline.
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Fig. 8 Design Guidelines for Coaxial Compression Pin Seals
(Miller and Burchett, 1962)

Finite Element Analysis. A three-dimensional finite ele-
ment analysis characterized stress levels that are generated during
the glassing operation using the model shown in Figure 9. Due
to symmetry, only one half of the connector was modelled and
appropriate boundary conditions were applied to the cut surface.



Results from this analysis indicated that the housing mate-
rial near the glass insulators yields and plastically deforms as the
assembly is cooled to room temperature. Also, a maximum tensile
stress of 64 MPa is generated in one glass seal near the symmetry
plane when the connector is cooled to room temperature (Figure
10). This tensile stress is oriented in a direction perpendicular to
the connector axis (y-direction in Figure 10). The tensile stress is
much higher in seals near the symmetry plane than in seals near
the ends of the connector. This occurs because the housing is not
able to provide the same amount of in-plane compression in all di-
rections. Additional finite element analyses indicated that tensile
stress in the glass can be significantly reduced by increasing the
conductor pin spacing.

Alloy 52 Pm

TM-9 Glass
304SS Housing

Fir 9 Finite Element Model of a 15-Pin Connector with
T.iat' 'Kulators
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Fig. 10 Maximum Principal Stresses (MPa) in the Glass Re-
sulting from the Three-dimensional Analysis of 15-Pin Con-
nector with Individual Glass Insulators

Experimental Investigation. To validate the analytic re-
sults a few prototype 15-pin connectors were manufactured using
individual TM-9 glass insulators. Results from this experimen-
tal investigation indicated that, as predicted by the finite element
analyses, glass beads near the connector’s symmetry plane cracked
during manufacture (Figure 11). As expected, the observed cracks
were oriented in a direction perpendicular to the maximum tensile
stress and ran across each insulator.

Fig. 11 Crack Generated in Connector with Individual Glass
Insulators

Connector with Matched Seals

Analytical and experimental results presented in the previ-
ous sections indicated that the housing geometry would have to
be modified to generate more in-plane compression in a direction
perpendicular to the connector axis. This could be accomplished
by either increasing the width of the connector with the single
glass preform or increasing the pin spacing in the connector with
individual glass insulators. Both of these modifications would re-
duce the conductor pin density. Since the original conductor pin
density was an essential design feature, future development was di-
rected towards developing a connector with matched seals. Since,
the 304 Stainless Steel housing material could be easily welded
to the various containers in which these connectors are used, a
new insulator material that had expansion properties similar to
304 Stainless Steel was needed. A new glass ceramic material that
has thermal expansion properties similar to 304 Stainless Steel was
recently developed at Sandia National Laboratories. Crack free
microminiature connectors with 304 Stainless Steel housings, the
new glass ceramic insulators and RA 330 pins have been sucess-
fully manufactured. The new connectors with matched seals have
also survived a series of thermal tests in which the environment
varied from -55 C to 75 C.



Concluding Remarks

There are two mechaneims that affect the itreac itate gen-
erated in the glass during the manufacture of a compression seal.
Differential in-plane contraction generates compressive stress in
the glass and differential vertical contraction generates tensile
stress near the top and bottom surfaces of the glass. Connec-
tors with compression pin seals must be designed such that the
compressive stress in the glass generated by differential in-plane
contraction exceeds the surface tensile stress generated by differ-

ential vertical contraction.

The mechanical design guidelines for coaxial compression pin
seals proposed by Miller and Burchett, 1982, accurately indicated
that the original individual glass insulator design was not adequate
smd that the insulator spacing should be increased to improve
the design. Because the original conductor pin density was an
essential feature of the new connectors, the insulator spacing could
not be changed. Consequently, a matched seal design was pursued
in place of the compression seal design. Insulator materials that
generate a matched seal with 304 Stainless Steel were recently
developed. Prototype microminiature connectors with matched
seals have been sucessfully manufactured.
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