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XAS - INSTRUMENTS INCORPORATED,
13500:N. Central Expressway; Dallas, Texas,
United States. .of  America, a corporation

ized ‘and . existing ‘ander the Laws of

of ‘Delaware, - United - States of

N ‘junction there-
d wires directly
. _ rstal’ so “that ‘a’ first

‘wire ' is- directly. bonded "to_ the ‘cfystal
. on’:one side-. of ‘said ‘junction” and a  second
Jead wire is_ directly bonded to the crystal on
the’ other..side "of said junction; and having
‘an enlarged. cross-gection at”its point of con-
tact; “with.. the iconductor ¢rystal,  sur-

igh :temperiture “mélting
he. glass-surrounded crys-
re. it ‘range sufficient

meérica,” do. hereby :declire the invention,

l-and 4 portion of each-

, 1C1, ICX, 2510, 2520, 4C, 4F8, 4F11, 4F22, 5)

. COMPLETE SPECIFICATION. - )
nductor Device and Method of Producing Sarie

to fuse the glass to cause the glass to be bon-
ded to the crystal and to the portions of the
lead wires adjacent and contacting the crys-
tal in a manner to completely encapsulate
the crystal. U s
Embodiments of the invention will -be des-
cribed, by way of exarple, with-reference to
the dccompanying drawing, in which: —
Fig. ‘1 ‘s 4 sectional view of a glass en-
capsulated’ sémiconductor crystal ‘diode ac-

cording to" oii¢ embodiment of this invention;'

Fig. 2 is ‘a sectional view of a glass en-
capsulated' miesa - type -semiconductor accord-
ing t0“the invention; and

"'Fig.'3 is an elevational view which is rep-

resentative - of ‘the complete outline of either

Fig. 1 or'Fig. 2. "~ . -
*‘Mote specifically; a slice ‘of silicon or ger-

- manitim: cfystal having a:diffused P-N junc-

tion is plated on each exposed siiface -with
nickel ‘and gold -or platinum using converi-
tional' techniques. ‘The slice is cut into dice
of ‘about' 0.016 inch in diameter. A dice is
then etched, cleaned and dried
a -serhiconductor” diode crystal element’ ac:
cording to conventional methods: It ‘should
beé ‘noted’ that though the “discussion rélates
to. a"diode, ‘the - procédure ‘would operate
equally: well for. triodes, tetrodes, etc. The
semiconductor element is then assembled to
two lead wires and--lieated to 350°C. for a
period .of 5 to 10 niinutes’ at-a pressure of
30,000 PSI at the semicotiductor -element-
lead wire interface. -The lead wires can be
almost any-Ni-Fe'alloy. The lead wires may
be plitinum oi silver plated to prevent any
oxide '‘being liberated during ~fabrication;
thereby” preventing contamination of 'the
junction, - This effects a thermo-compressiori
bond. A high temperature melting glass
sleeve. or body. such. as' Corning: 0120 lead
glass with 630°C. ‘softéning point is then
assembled’ to the leads and positioned . over

to produce .
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the semlconductor crystal element (“Corn-

- ing™ is a Registered Trade Mark). The as-
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sembly is heated in dry air or in an inert
atmosphere to 720°C. for about 6 minutes
to fuse the glass to the leads and the semi-

conductor element. This heating effectuates

a bond of the glass to the crystal and both

Jead wires. It should bé noted that the tem-

perature at which the bond of the gldss to

the crystal is effectuated can be anywhere -
in the range of 720°C. to 1000°C. with the

time required for this procedure decreasing
from -about six minutes. at 720°C to about
30 seconds at 1000°C.".. . :-

The bondmg of the glass and the electn-
cal lead wires can be done in_one operation
by holding the lead wires and glass in: one
jig and heating to the correct temperature
for the correct period of time.

Referring .now to Fig. 1 there is-shown a
typical end product of the above procedure_
Crystal 1 is shown bonded to lead wires 2
and ‘3 by a thermo-compression bond. High

tempetature melting glass 4, preferably Corn-

ing 0120 lead glass is' shown. bonded to both

crystallandleadsZand3 R
Referring now to Fig, 2, there 1s:.-_d l_osed
a mesa type diode 6 encapsulated in. glass 4*.

-The region 5 is an, oxide film . previously
formed. on the crystal by an: oxidation, pro-

cess. The oxide may. be left on. the diode to
protect the junction of the . device - except

be noted that the main purpose of encapsu-

'-latmg a-crystal in. glass is to:.protect the -

: Juncnons from an ambient atmosphere hav-.
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ing detrimental -effects. on. the  junctions, In
Fig. 2 such protection is not; ‘necessary. if ‘the
oxide is left on. This would be an_economi-

cal ‘and, rapid method of .encapsulating the.
... device. However, even greater protection will.
be provided by further enclosing this :device.

in glass, The oxide: film. may-remain on the

dlode and. the entire unit: then encapsulated. . 4.
in- glass. . ‘The:diode .can .be _oxidized: by.

several methods.,whrch are well known
art, such as heating to approximately. .8

- in.an oxidizing ‘atmosphere. Diode 6 of Flgi
2. may be bonded:-to lead wires 2! and 3! by

9 thermo-compresslve bond in the same man-

.~ ner as described relative to Fig. 1.

It should be: noted -that the coeﬁuent ef
expansmn of the glass and.the lead wires are.
matched and . that the slight difference i
pansion coefficients of the. glass and

" is ,of no consequence due to the small sizes: a
" involved. The leads _ =

-2 and 2* are enlarged
at.their ends that come into direct contact

© with. their. respecuve crystals 1 and 6, in tbe'

marnner- shown m Figs. .1 and 2.

. Referring again to Fig. 1 it is. noted that.

in the - specific embodiment set forth . the
diameter of wafer 1 is 0.016 inch, the largest
cross-sectional diameter across the glass en-

capsulatmg the wafer is 0040 mch and the

cand a high_ meltmg point - glas:
where the mesa top joins Jead 3% It should: .

approxrmately 4 -to- 1.6.

'drameter of the lead wires is 0010 inch.
With Ni-Fe alloy leads of 0.010 inch diame-
ter, the standard “bend” test"" be-.

formed without breakmg

verse bend -of 180°. The rati
sectional ~diameter of . th
dlameter of the wafer to _the d
lead is therefore about 4 to
about 1, =
. Referring again to Fig. 2 1
in this embodiment the diameter of the bot-. -

tom portion : of thé mesa type: .wafer 6 is .- .

0.016 inch. The diameter of the top.portion

or mesa of the wafer is 0.007 inch; The total *

-wafer. thickness is about 005 inch. The lead
wires are 0.010 inch in diameter. The length
of the glass member: encapsulating the diode
is 0.060 inches. The same bendtest: be

performed as md1cated supra, -

 WHAT WE CLAIM I§:— n
1. A semiconductor device compnsmg a:
semiconductor : crystal havmg at least: one .

-

: junction_therein, at least two leads -directly. 90

bonded to- the surface’ of  the erystal, one of -
the two leads being bonded’ on .one side of
‘said junction-and the second of.the two leads_

being bonded on the other side-of said junc-- - o

tion an oxide film covermg said; . junction, -

said crystal over_its: surface- not: having :the
leads’ connected  thereto: and: to a’ portion of
each. of said leads adjacent the surface .of:

the: crystal thereby encapsulating said crystal'f""-lo_l):- -

and said portions of said leads. .
.2. A semiconductor device accordmg to', '
claim -1, wherein the leads dre connected -t

said crystal by a- . thermo-compression bond.. L
3. A seminconductor device according.to' 105~

claim 1 or 2; wherein each lead has a’ dlame-_
ter - of approxunately 0.010 inches. '

diameter of . said crystal to the diameter: of "
said leads is approximately: 1.6 to 1, '

- 5. -A semiconductor device - accordmg to .
: clann 4 wherein. the encapsulatmg glass.is of - .
crrcular séction ‘and the ratio of the largest -ll)_.

cross-sectional -diameter. of said glass. encap-
sulatlon to the- dlameter of sald crystal is-

;6. - A semiconductor devrce accordm to
any preceding claims, wherein at least one of, ‘120
the: leads includes-an enlarged area where o
is bonded to the- semiconductor erystal

7. A-method of producmg a semrconduc-
tor device including the steps - of providing -

a_semiconductor. crystal with .at least one. P- 12’ _

N junction therein, bonding at least two lead . =~
‘wires directly to the surface of the crystal -
so that a first lead wire is directly bonded: - -

to the crygta‘l on one slde Of Sald )unct;on_'___ | ._ e T

o 175
that - -~ '

85 -

. A semiconductor device accordm'gwto..'
~any of claims-1 to 3, wherein the. crysta

> of circular section and the ratio. of 110
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the semiconductor crystal élement (“Corn-
ing” is a Registered Trade Mark). The as-
sembly is heated in dry air or in an inert
atmosphere to 720°C. for about 6 minutes
to fuse the glass to the leads and the semi-
conductor elemenr. This heating effectuates
a bond of the glass to the crystal and both
lead wires. It should be noted that the tem-
perature at which the bond of the glass to
the crystal is effectuated can be anywhere
in the range of 720°C. to 1000°C. with the
time required for this procedure decreasing
from about six minutes at 720°C. to about
30 seconds at 1000°C.

The bonding of the glass and the electri-
cal lead wires can be done in one operation
by holding the lead wires and glass in one
jig and heating to the correct temperature
for the correct period of time. :

Referring now to Fig. 1 there is shown a
typical end product of the above procedure.
Crystal 1 is shown bonded to lead wires 2
and 3 by a thermo-compression bond. High
temperature melting glass 4, preferably Com-
ing 0120 lead glass is shown bonded to both
crystal 1 and leads 2 and 3.

Referring now to Fig. 2, there is disclosed
a mesa type diode 6 encapsulated in glass 4'.
The region 5 is an oxide film previously
formed on the crystal by an oxidation pro-
cess. The oxide may be left on the diode to
protect the junction of the deyice except
where the mesa top joins lead 3'. Tt should

he noted that the main purpose of encapsu-~

lating a crystal in glass is to protect the
junctions from an ambient atmosphere hav-
ing detrimental effects on the junctions. In
Fig. 2 such protection is not necessary if the
oxide is left on. This would be an economi-
cal and rapid method of encapsulating the
device. However, even greater protection will
be provided by further enclosing this device
in glass. The oxide film may remain on the
diode and the entire unit then encapsulated
in glass. The diode can be oxidized by
several methods which are well known in the
art, such as heating to approximately 800°C.
in an oxidizing atmosphere. Diode 6 of Fig.
2 may be bonded to lead wires 2* and 3! by
a thermo-compressive bond in the same man-
ner as described relative to Fig. 1.

It should be noted that the coefficient cf
expansion of the glass and the lead wires are
matched and that the slight difference in ex-
pansion coefficients of the glass and silicon
is of no consequence due to the small sizes
involved. The feads 2 and 2' are enlarged
at their ends that come into direct contact
with. their respective crystals 1 and 6, in the
manner shown in Figs. 1 and 2.

Referring again to Fig. 1 it is noted that
in the specific embodiment set forth the
diameter of wafer 1 is 0.016 inch, the largest
cross-sectional dlameter across the glass en-
capsulating the wafer is 0040 inch and the

- sectional diaméter of the - glass .to ,_fhe

With Ni-Fe' alloy- -leads of 0.010 Jnch diame-
ter, the standard “bend” test can .be:per-
formed without breaking .the leads. "The
standard ;bend” test consists of. ‘bending -the
lead at @-90° angle and theh making a;
verse berid of '180°. The “ratio of .the ' crd

0.016 m "'The diameter of the top portion

wafer thickness is about .005 inch. The lead
wires are:0:010 inch in diameter. The length
of the glass miember encapsulating the diode
is 0.060inches. The same bend test can be
performed as_mdlcated supra

1. A semiconductor device compnsmg a
semiconductor crystal having at least one
junction “therein, at least two leads directly
bonded to:‘the surface of the crystal, one of
the two' leads being bonded on one side of

said junction and the second of the two leads

e wafer is 0.007 inch. The total =

o %
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being bonded -on the other side of said junc- -

tion an’ oxide film covering said junction,
and a - high' meltmg point glass bonded .to
said crystal over its surface not having the
léads connected thereto and to a portion of
each of:said leads adjacent the surface of
the crystal’ .thereby encapsulating said crystal
and said:portions of said leads.

2. A “seémiconductor device according to

claim 1; wherein the leads are connected to.

said crysml by a_thermo-compression bond.
3. A séminconductor device according to
claim T or 2; wherein each lead has a diame-
ter of approximately 0.01Q inches.
4, A ‘semiconductor device according o

any of claims 1 to 3, wherein the crystal is,

of circular :section and the ratio of the

diameter: of said crystal to the diameter of

said leads is approximately 1.6 to 1.

5. A. semiconductor device according to
claim 4 wherein the encapsu]atmg glass is of
circular: section and the ratio of the largest
cross-sectional -diameter of said glass encap-
sulation to the diameter of said crystal is
approxxmaﬁely 4 to 1.6.

6. A semiconductor device according to
any precedmg «claims, wherein at least one of
the leads’includes an enlarged area where it
is bonded to the semiconductor crystal.

7. ‘A method of producing a semiconduc-
tor .device including the steps of providing
a semiconductor crystal with at least one P-
N junctmn ‘therein, bonding at least two_lead
wires  directly to the surface of the " crystal
so that a first lead wire is directly bonded
to the'icrystal on one side of sa1d junction
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d.wxre is dn'ectly bonded
ot_her side of said _junc-

gh tempera-
lass, and heanng' .the glass-
ided‘crystal to a “temperature in the

] “‘be ‘bonded to the crystal and to the
rtions of .the lead’ wires: -adjacent and con-
ystal:ifia- manner o completely
‘orystal.
according to claim 6, wherein
. ‘are- bonded to the - crystal by
‘presstire: of substannally 30,000
‘crystal lead wire interfaces and

nge sufficient to' fuse the glass to cause the

9. A semiconductor device substantially as
hereinbefore descnbed with reference to and
as jllustrated in Figs. 1 and 3 of the accom-
panymg drawing.

10. A semiconductor device substantially
as hereinbefore described with reference to
and as illustrated in Figs. 2 and 3 of the ac-

: companymg drawing.

; 11. A method of producing a semiconduc-

‘tor device substantially as hereinbefore des-

cribed with reference to the accompanying
drawmg

H. D. FITZPATRICK & CO.,
Chartered Patent Agents,.
3, Gray’s Inn Square, _London, W.C.1.
and

94, Hope Street, Glasgow.

pas nnted-for Her Ma;estys Stationery Office by the Courier Press.—1965.
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