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I-11. Setting Point of a Berd Seldered Ceramics-to-Matal Sesl

By Toru KISHII

I Purpcse of Experiment

Several kinds of ceramics are used for
the envelope of electromic tubes in which
coranic is sealed to metal by means of
hard solder, In ecase the thermal expan-—
alons of ceramic and metal does not mateh,
ezcess siresses would arise at the seal
and reduce its strength and reliability.

Stressea in such seals have no% beeh
panaured sc far owing to the lack of tech—
nigues for the measgurement. In estimat-
ing the mmount of streasee it is not
certain that whether plastic deformatiou
do take place in the solder below its
freezing point or not., Experiments were
carried out to measurs the setting point
of the solder for the purpose of aclving
the problem.

11 Method of Hrperiment

A3 direct measurement of stress seemed
impossible, indirect method was used,

Bara of alumins cersmic and Kovar metal
were sealed together by soldar (fressing
point: 780°C) under factory condition

(Fig. 1}.

Fig. 1 Cersmic-to-metal seal used
ag sample for measurament

Therwal expsnsion of these materials
was measured by fused silice differential
dilatometer, Result is shown in Fig. 2.

Beuding of sealed seamples by bi-metallic
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Fig. 2 b)

Fig. 2 u) Thermsl expansion curves.
b) Expansion difference.

action during heating or ccoling was ob=
served, The method waa &8 followa:
With fused silica a sample holder was

wnde (Fig. 3-a}. In the figure, F ia s

planely ground surfacs, A an arm and X
a needle point, A sanple was clamped
betwean & and F by elastic action of 4,
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facing the surface of cerssic to F.

The sample, embraced by the holder, was
inserted into a tubular electric furnace
{Fig. 3-b) with fused silica window.
Hydrogen was slowly introduced into the
furnace o prevent oxidation of metal
and soider.
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¥ig. 3 a} Sample holder.

b) Asgembly for measurement.

Temperature ¢f the sample was moasured
by Pt—Pﬂjﬂﬂ: thermecouple pretected by
fusad gilica tube. Deflection of free
end of the sample caused by bending wes
obeerved by telescope with ocular micro-
meter (¥10), referring to N, OCne mm of
deflection corresponded to B0 divieions
of the micrometer,

I1I1 Resulis
III,} & eample was heated from room
tepperaturs to Bl0°C and then cooled
down, Heating and cooling rates above
350°C were 5~7°C/min. Result is shown
in ®ig, 4. Deflection I was approxi-
mately represented by experimental
squation I = K & + conat, where K = 20cm
and 5 im expansion difference, although
some hysteresls phenomens were seen &t
Jhigh temperature. ibove 800°C, bending
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Fig. 4 Deflection curve of a seal
during heating and euccee—
sive eooling

IIL.2 A semple was heated up to 810°C
and then cocled or heated with the rate
of 2-39C/min following scheduls of 810°C
~720°C-6109C-585°C-810°C., Result is
shown in Fig, 5. Hyeteresis phenomens
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Pig. 5 Deflection during repeated
cooling and heating runs (I}
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Fig. 6 Deflection during repeated
cooling and heating runs

(II1). b} Time achedule for

measuraenent

wera again cbaerved,

11I.3 4 apople was ¢ooled or heasted
successively foliowing achedule shown
in Fig. 6=b, with the same rate noted

above. Deflection of the sample changed -

as is shown in Fig. 6=-a. Except the
first cooling run, hystereelis was hardly
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IV Discusaion
I¥.l Following the theory on bi-metals
deflection D of sample 1s represented by
equation: D= K5, where K = 25@11.1
{4mgumed Young's moduli are 2 X lG‘kg/m
for Kovar and 4 X 10'kg/m” for alumina.
As was shown in III,l, experimentsl wvalue
of K ia 20cm, Agreement between these
two ia rather satisfactory provided that
width or length vs thickness retio of
sample was conaiderably =mall. The equa~
tion D= K$ fits well with experimental
result eapecially at lovw temperature. It
asems to mean that samples deformed near-
1y elastically, although slight deviation
fror elasticity was observed at high

2y

temparature.
Iv.2 Pig. 5 akows following charges:

1. In temperature vs deflection dia-
grams, cooling curves (the lat and the
3rd runs} coutd Ye practically be regarded
as to go down along an master curve,

2, When sample, after cooling, furnmed
back to heating, hysteresis phenomena
were aeen. Hysteresis loope were the
more distinct the lowere the turning
temparature.

and from Fig. 6 it is seen that: 3.
Hysteresis phenomensa were hardly observed
after heating as long as sample was kept
in a temperature range not lower and not
a0 higher than the temperatnre from which
the sample was heated.

- I¥.3 The awthor attributes the hystere-
ais phencuena mainly to plasticity of
solder, although some other factors might
contribute to a little extent. Foasible
causes of analastic behaviour of ssala
are, Tor example, aa follows:

1. As polder has finite thickness, plas-
tic deformation of the solder glvee rise
anelaaticity of the peal. )

2. Solder, having fairly high expanaion
coefficient than both metal and ceramic,
solidifies under sevear stress caused by

axpansion difference with them. Thias
arouss anelastic effects on the solder
and the seal.

3, 4n freesing and melting of solder,
there sppesr mauy mechanisma such as
change of olastic limit with tempera-
ture, plastie flow or deformation,
crystal growth, work hardening, annsal—
ing, appearance and disappearance of
lattice defecis and so on. Theae
mechanisme interfers with each other
and again give rise of anelasticity.

At any rate it seems ressonable to
assume that anelastic effects de-
seribed sbove act aa to diminish elas—
tic stress and deformation of seals.
It is also rational to assume that the
effacta are the less diatinct the
lower the temparature.

IV.4 Hesults of experiment can be
sxplained by the assumption noted
above as follows:

When a seal 18 cooled down, solder

_ freezen at melting point M. (¥ig. 7).
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Fig. 7 Schematic representation
of tempersture-deflection
i agrams

If ths aolidifisd sclder deforms per-
fectly elastically, deflection I is
represented by I' = K%+ €, vhere C, i
a consatant, and is shown by curve 1 in
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the figurs, In fact however, the

" solder deforms plastically releasing
part of stress in the seal. Thua 1D}
is somewhat smaller than [K6 + G.| and
is shown by curve 2, Curve 2 1a a
master curve for cooling runs noted in
I¥.2. At temperatures lower than T ,
anelastic effecta are no more seen ex—
perimentally and the seal deforms
alastically and reversibly. Hera D im
represented by D = K5 + C: (curve 1v),
If extrapolated to higher temperature,
ourve 1° crosses with line D« O at S.
5 iz effectively a setting point of the
ssnl (or a equivalent setting point of
the meal’ ) and is slightly lover than
K.

IV.5 Consider that & sample was cooled
to, for example, temperaturs T, and is
then heated. Deformation of aclder is
going to decresse and plastic affects
do not come cut at least in temperature

range not exceedingly higher than T .

D i represented by D = K5+ (3, except
at temperatures very near M, whare
solder flows quickly and I} approaches to
0 {curve 3). Simllarly, when a sawple
is hegted from T;, D changes along curve
4. These curvas correspond to what are
moen in Fig. 4 and 5.

IV,6 4= described in the preceding
section, D goes slong, for example,

on curve 4 almoat elastically and re—
versibly at least near point B, This
1a just what was ssen in Pig. & experi-
*mentally.

IV.7 If the above discussions are
right, setting point of the cersmmic—
to-metal sesl can be estimated. Com=—
paring Fig, 4, 5 and € with Fig. T 1%
is concluded thet the setting poiat is
effectively lower then freezing or
melting point of sclder, but the dif-
ferance between these twd seoms not

to axceed about 20°C,

1v.8 Thia difference, however, must
depend oo meny factors, nsmely; shape

S

and dimesston of seal, thicknesa of
solder layer, plastic propertiea of
solder, thermal and elastic proper-
tion of cermmics and metal, rates of
cooling or heating and sc on. Effects
of these factors seem to be difficult
10 calcilate thecretically and more
detailed atudies are needed,
¥ Concluaion
The effects of the flow of hard

solder were inveatigated in relation

to the atresa in alumina-to-fovar

seal used in the envelopes of elect-
ronic tubes., The ceramics and the ,
metal were aealed together with aolder
to fort a bi-metsllic atrip to measure
the dending during heating and cooling.

Detailed exsminstion on tsmperature
vs banding relation during repsated
cooling or heating showed some kind
of hyyteresis phencmens near the
melting point of the solder.

Asmuming that these were caumed by
tha flow of the solder, by which some
of the atress in the seal is released,
the hyesteresis phenomena could be
sxplained quantitatively with a result
that the equivalent setting point of
the seal was found to be about 20°C
lower than the melting point of the
golder.

The author wishes to expresa his
gincere thatks to Profeeeer R. Hirata,
Faculty of Science, Tokyo University,
for his kind advise and encouragement
for preparing this paper.
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