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' ·. S~iriici>nduC.tor Device •nd Method ·of Pl-oducirig S¢e .. ,'.. . ,'·'· ... , . . . ' ...... ': 

We~- TJii:As;}Ns.TR.uM~. I~c6:RPORATED, to fuse· the glass· to cause the glass to be bon-13500 ·N, CentralExpressway;•Dallas, Texas, ded to the crystal and to the portions of the 45 United States ,of . Am~rica, a corporation lead wires adjacent and contacting the crys­
orgariized 'and· eJiisthjg µDder the Laws of tal in .a manner to completely encapsulate 5 the ·State-:· ~of ·netaw,a're, <United ·states of the crystal. · ·. · · Ailleri¢8.;;',.do "hereby, :~ecfare the, invention,. Embodinients of the invention will ·be des.:. 

;-i for· which ,we ptay t1¥t~ a~ patent ·may be cribed, PY way of-example, wiih·refetence to so 

10 ,~~1~toi:t'tF~~iloa:=!~~~ :~:~1~~~i:~;r~~~~i:f~s: :: 
This -jnvenriori?relates · to' a: semiconducror cording to' Qiie embodiment ·of this invention~ 

·~.=~:t~:.=~ :r~ey:ti:'lr:~:~~= 55 
15 having ·at l~~foritfJiJDtji<ri!' therein, at least · Fig.· 3- is an eleyatiot;tal view which is ~p-
', two leads. 'dil'e¢i:l:f ·bonded ·to the surface of resentarive · of 'the c0.tilplete outline of either .. the ctjrs~ttl,; ori¢_.:p'f-'ihe tW0 ~leacls being bon-· Fig. 1 or: Fig. ·2_: · . 60 . ' .... ded ·on· one sid~( !of' said· junction arid the . ·Mote specificallyr a slice of silicon or ger• 

s~Cl of' the tWc:{]eacls , being bonded on maitlum: cfysta:I having a: diffused P:-N juQc-20 thC'.' other· ~de of said_ ju1,1.¢tion, an . oxide' :f:Uin tion is pl~ted on each exposed.· siriface ·with ooverfug . ~aid 'ju#(::t~o~· ail.er' a· high melting nickel'. and gold'--or platin~ using coiiVeri"' · ., poiilf gla$s-'.b~4etf:to .. s8,id cry8tal over :its ti~naF techniques. The slice is cut into ·dice 65 surface rth(haV:ingjheJ~ds cdnnected there:.. of.about' 0.016 inch in diameter. A dice is to.:an<f to .a :POrti(>l(of ea¢h ~of said leads ad- then . etched, cleaneQ. and .dried-. to prod.uc~ 2? jacent the s111iace'· 9£.tJie 'crystal thereby en- a :sem.ic:Qnducfor.· diode cfystaF clemen(·ac.:. • capsllJatiiig sa~~- c;:cystal,;~nd: said portions of c0rding to conventional methoos:. It should .. ·. said.leads ... · ··· '" ·.· . . ... , · . .. . be ;·nqt¢d: that though the"'diseu.ssiOri i'Clates 7& ·. 'J:1ie:.p~C11,t·hi~enti~ii is· also a.m~c;>Q Qf to'..ir·._diooe:,: 'the· pt0¢Cdure ·would operate produang •a,. semi~o~du<:to-r; deviee including equally~ well. 'for triode.s, tetrodes, etc. The :' ;30 : tJie;:_steps · _'of_:_pi-Oviding·:):· :semiconductor seri:ticoriductor element is then assembled· to 
czystRl with atle.ast:one:P::.N 'junction there.- two lead wires and·'heated to 350°0. for a 

. ~:!i1:~~ ~~8~d~~ ~r~t d.!~~~ ~~~~: 0~s5r r:t 1~ero::\::Ju~!rr~i:~~~ 75 

· · lead .• wire :is .di~eCt'ly bQilded.· to the '.crystal lead Wire intmaee; ·The "lead wire8 can be 
.·.: ·,~ _f!J0~~!i~edr~i~~:r~~ :: ~: h1:;5JJ1t~rii N~;f~~:1:ypia~d t:a~X:~ ':~ 

·. · ~.tlj.e otter. side ·of s~idJtillction, and. ha:viiig oxide: 'b'eiiig liberated dnring fabi;icafion, 80 · an , C11,large9,. ch>$s.:.~ectiori ilf' i# point of· con:. thereby' ·. preventing contamination :of · the 

' ;40 · ~;;!~~~~ ~~~~u}0~o~~~. !a~- b~~C:.onA1J;i~· ~~~:ai!:rn:w~:re~~! 
lead· wire::wi,th, a:·::high ·tem,perature n:iclting sleeve. or bOi:iy. ·s:uch as C.Oming· 0120: lead •.8-lass,:;an<:L:heating-:tbe gla~;;.siJ.rrotind¢d. ctys- glass wittj· '630°C. softening p9iht 'is then. 85 
~l t() .a't:e11J.peiatl1i:e .. in .. the ~range sµfficient assemble~· to, . the l~a9s and positioned· ov~r ... •. -;tJwe1:.f~;}d.j >:" ·· • ·:·: ... · · · .. 

:,: '. . . .. ·: -~ j . . . ~ .. ·. ·; . : ' . . ·.' 
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the semiconductor crystal el~ent ("Com­
- iilg"· 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 

diameter of the lead wires is 0.010 inch. -:"'- -:.. 

5 to fuse the glass to the leads and th~ semi­
conductor _ element. This heating effectuates 
a bond of the glass to the crystal and both 
·Jead wires: It should be noted that the tem­
perature at which the bond of the glass to 

10 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. ••·- . 

15 The bondfng 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 heatjng to the <;Orr~ temperature 
for the correct period of time. 

20 _Referri11g.now Jo_ Fig. 1 there is shown a 

With Ni-Fe alloy leads of 0.010 _ini;.b diame- _:, •},,,,/' 
ter, the standard "bend" -test:'~1ilf-t~~Et;,,P~- -·-
formed without breaking_ ,:flie• leadS>~~{J_)~ 
standard bend test con11iirts:--:of:~l?¢n9.iD,g:~~\ 70·• 

~:!e a~l~ ;;5~~ n! e~o:F~i.~~rJ-; -
sectional -diameter -of the . ' - 1:0-;' 't'ii~ 
diameter· of the wafer to.-. th~ : · - --_~61!1;heX-
Iead is therefore about·-~ ·-to •_:£6/--t~:i-- 75 ----

- about 1. -:,_ - -:;( #' -
_ Referring again to Fig. 2 1 _ ': _.._. that_ 

in this embodiment the diameter of the bot- -
tom portion : of the mesa t}'pe<-waf~: 6 .is -- -- --
0.016 inch. The diameter of the top. pprtit».t __ 8~ __ ; 
or mesa of the wafer is 0.007- inch/Tiie-tOtal ' · · -- · 
wafer -thickness is about .005 inch. The -Iead 
wires are 0.010 inch in diameter. The length 
of the glass merilb~ encapsuJating the diOde 
is 0.060 inches; The saiPe ~bend, ... test'.:.Qln be 85 
performed as indicated st!pra. - - · -- ··-·:''Yrf.f:'< __ _ typical end _produ_ct of· the above_ ~cedure. _ 

Crystal 1 is shown _bon4ed to. l~d wire11 2 
and3 -by a thermo-comp~ssion :bond. High WHAT WE C'LAIM.:ts:- - -- -
temperanire meltfug glass 4, pref~ply-Com-· __ - 1. -A- semicond.l!ctor_- dey!(;e-comp.tjsing _-a-

25 ing 9120 l~d glass is shown-_ b9µded t4) both sem.i,conductQr · Cl':ytl~l haviµg at I*t;:• oll,e 
crys¢_ 1 ~d_leads_ 2 .and _3; -_' . : •• --- - - jqnction th~~ at .ieast ~~ lea,ds -d~y~ ?O 

Referring now to Fig. 2, there, 1s.<J~losed b_0nded to the surface Qf 1;he•crystal; one <if 
a mesa type diode 6 C!l~aps~tep ~n glas,s 41

• the tWo leads being bondetf.-otl. :On.e $ide of 
The region· -5 is an - oxide .film -prevfoJJSly said_ junction and the seeond· of the tWo leads 

30 formed on the ~ci.i-by'. Ml Ol(ida:ti~, _pr~ bdng ~onded OQ the other- Slde; ·()f sa.id-jw).~.:. - _ 
cess. The oxide ~ay be left.o~_the dio_de to tion an oxide_ film covCtjilg _si\id; :;~~ori, __ 95 
protect the- junct.ion _of_ the_ 4eyice --except and _a_ high melting poi~t gla_s!_;~OO,d~-rto · • 

b:e=r:~e#i1!~~:o~;n~0=e3~f I~~~: ::!i~!~dertt~,~~~--~o~··~~~~f'.- _ i;,-
35 !a'1l.~~-· a.;ceys~_t in,.g~ .. s~ is to: prot~ th(: - each- of said_ leads: a9ja_cent the sqrface ,Qf; --

JUllctlOns from an- ~bient ~tmO,Sphere_hav- the_ crystal _th_ereby encapsulating_._said crystal- --JOO 
ing det:riµiental .~ec:ts, Qn _ me Jtm,ci;ions. In a,nd said portions of saidJeads. -_ - -. -
Fig . .2 !IU~ pro~~tfon.i11:no.tn~siiry.-if'fu.e -.2. A semicond:u~r device accC>rding ~ -
oxide .is left on. This wo_uld be an_econom1- claim 1, wherein the leads ;are cOmiected-to. f'-

40 cat.~4: ;n..picf in~$9d:. of_ ellcapsula~g '~e sai( erystai by -- a -~erµi~iii~on -bOnd~ 
,. . _ 4~y1ce~ Haw~ver, even g!'C8ter pro~on will 3. _ A _ se.triincondu_ctot dev.i~ -•ecoidjng _ to: 105 

be pr()Vided by furt:Jter en!=l.osin_g this_ devire. claim 1 _or 2; wherein each lead.has a:diame.,._ 
in_ glass, The o~de :fi.lm :inay ~ent!lin on: _-the ter_-of appro]cnnately 0;010 ·.fudi~. -- - : ,.: ,­
diooe aild- the .entire unit< then encapsula,ted _ _ 4. -A _ semicond_uctor deVice Jlc~ing; .JQ-

45 iµ :gliss •. -Tlie_.,-_Ci~tide .'.ciii -be o,qdiz~~L-~, _ any of claims 1 to 3, wherein the._~tj!l.~ __ _ 
s.ev.~~ ~ethods,;whicb '11'C,we1l _kri0W1_1-jµ:_tllc:: of circular section and - the ratio_ -of ~' llO 
~rt,)11ch as h@ting to approximat~y ~OQ~C~i dian:i~er .of _said crystal )o the diameter, of _ · 
i11.an o~d~zillg_ afuiqsphere. Piode 6 of P~g._ said leads i~oitpproximately:l:6 tQ 1~ -- _ _ 
l; ritay 1'C:.~d~>tO :lead wire& 21 and 31 by ·: $, A, SC11licon4Uct:or devi~e aceording to _ _ _ 

50 ~- thermo-com~sive J>on~ in the same tnm.'." claint-4 wl1erein- the encapsu_la~g :glass.is of. 
ner -as. d~t:rlbed_ telativ:e .to Fig. 1. _ _ -._ cltcular. section and the ratio of the largest 115 

- . -It shoUld be: noted that the cQeflicient: cf c,r.QS8'.'$.e¢orial di!lineter. of. said_ glass. e~~!lP.. 
t:xi'ai:iSiOn Qf ,th,e-gfass 8!14- th~ l~d Wiip ar~ ~tion to the d~meter of --said crystal i.,_ _ 
matched -and that the slight difference 1n .ex':'. ~ppr~ximatdy 4 -to: J.6. _ _ _ _ __ _ _ __ _ , __ 

55 p11-iis_ion eoeiilcients: of the_ glass" an(! ~~i?># - : 6. A semicondµctO!* -device 3c~rdiDg;-io: -·- -_ 
is ,Q:f ijo :c:Onsequen<:e due to the Sllajl -~e,s - any ~ding claims, whe:rein ~tleast ~e of; 120 
involved. The_ leads __ 2 and 21 are enlllrg<# the leads in<;ludes an enlarged area- whe~ J!: 
at.their _eliclS -that-ci>me into direct cOrita:ci: is, bonded to the semicon~uctor crystal. ;·_;.•' - --
with.-tlieh- respeciive (:rystals 1 and 6, ii1 the , 7_. A method of prqduclng a semicor,idu~'.°' -- •-, 

60 mail.Iler shown in Figs. 1 and 2. ._ ~ _ < tor- device including the steps of pr~yi_cijtig - - ___ _ 
- Refenirig again to Fig. 1 it i& notc:d m..t a ~e~icoµcluctor_ cryt1tal lVith,-a~ least Qne. P;:. 125, 
iQ _the.- l'PC!=i.fic emb~ent: set_ f~ 'l;he N junction- therein, bonding atleast twoJead - _- :--­
diameter of wafer 1 1s 0.016 mch, the largest wires _ directly to- the -surface o:f the-- cijstal 
cross~sectional diameter across the glass en- so that a first lead wire is directly bonded: __ _ -

ii5 capsulating the wafer is 0.040 inch and the to the crystal on one side of said junction 
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the semiconductor crystal element ("Com­
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 

5 to fuse the glass to the leads and the semi­
conductor element. This heating e.ffectuates 
a bond of the glass to the crystal and bOth 
lead wires. It should be noted that the tem­
perature at whic:;h the bond of the glass to 

10 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 aoout 
30 seconds at 1000°C. 

15 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. 

20 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 
temperanire melting glass 4, preferably Com-

25 ing 0120 lead glass is shown oonded 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 41

• 

The region 5 is an oxide film previously 
3;) formed on the crystal by an oxidation pr~ 

cess. The oxide may be left on the diode to 
protect the junction of the device except 
where the mesa top joins lead 31• It should 
be noted that the main purpose of encapsu- · 

35 lacing 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-

40 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 ~ain on the 
diode and the entire unit then encapsulated 

45 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. 
l may be bonded to lead wires 21 and 31 by 

50 ~ thermo-compressive bond in the same man­
ner ·as described relative to Fig. 1. 

It showd be noted that the coefficient cf 
expansion of the glass and the lead wires are 
matched and that the slight difference in ex-

55 pansion coefficients of the glass and silicon 
is of no consequence due to: the small sizes 
involved. The leads 2 and· 21 are enlarged 
at their ends that come into direct contact 
with. their respective crystals · 1 and 6, in the 

t-0 manner shown in Figs. 1 and 2. 
Referring again to Fig. l it is noted that 

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

55 capsulating the wafer is O.O;f.O inch and the 

diameter 'of. tlie J¢ad wires is 0.010 inch. ~ 
With Ni-F~:aJIOSi''teads of 0.010 inch diame- $~~}..i 
ter, the srartd~id "bend" test aut .be .:.-per- ·"~:, 
formed wi,J1ont breaking 'the leads. ' Th~ ·.'. ~-' 
standard l)end· test consi$tS of...bending :~~)/:'7 .. " -
lead at 1i 90° angle and theft making a r,"6-f· .. ;· ··· , ;· · 
verse bend of·no0

• The''ratio. oLthe .Q"&i4 ~f:/~~!:'.'.L 
sectioiiaL : diameter of the . glass . to "· t)ie ' ,;1,.:· ·· · · 

diametei':of .. the wafer to the diameter of 'the; 
lead is · therefore about 4 to about 1.6 .. to' 75 .. 
about 1. ··;:::-.. ·.: ::. : .. . .... ~ ·. ~ ~ .. ·'; 

Ref errijjg again to Fig. 2 it is noted that 
in this eiri.bddllnent the diameter of the bot-
tom pot#Oii of the mesa type wafer 6 is .,. ''··· 
0.016 mc=fkThe diameter of the top portion 80 
or mesa of .the wafer is 0.007 inch. The total .. 
wafer $ickiiess :is about .005 inch. The lead 
wires are:_o.o~o inch in diameter. The length 
of the glass member encapswating the diode 
is 0.060 inche8. The same bend test can be 85 
perfomie~·as.indicated supra. 

.. ' -~ . ::_ ~ 

WHAT,. WE CLAIM IS:-
1. A : ~efuiconductor device comprising a {~ 

semicond,tici:or crystal having at least one 
junction ":therein, at least two leads directly 90 
bonded ~o 'the surface of the crystal, one of 
the tw<fJeads being bonded on one side of 
said junci:i°*1 ~d the second of the two leads . 
being bonc1~ on the other side of said junc-
tion a1( oxid~ film covering said junction, 95 
and a · bigh . melting point glass bonded . to 
said ~tal aver its surface not having the 
leads c:onn~~d thereto and to a portion of , _ 
each of •said leads adjacent the surface of 
the crystal thereby encapsulating said crystal 100 
and said :portions of said leads. 

.2. A · semiconductor device according to 
claim 1; ·wherein the leads are connected .to. 
said · cry8tal by a thermo-compression bond. 

3. A. seminconductor device according to 105 
clai111 l' or 2; wherein each lead has a diame-
ter of approximately 0.010 inches. 

4. A :·: seniiconductor device according to 
any of c:Jailiis 1 to 3, wherein the crystal .is. 
of circular section and the ratio of the 110 
diameter·· of · said crystal to the diameter of . 
said 1¢lld~ .is approximately L6 to 1. 

5. A semiconductor device according to 
claim. '4. wherein the encapsulating glass is of 
circular section and the ratio of the largest 11 j 
cross-sectional-diameter of said glass encap­
sulation: to· :the diameter of said crystal is 
appro:ic:imately 4 to 1.6. 

6. A semiconductor device according to 
any preceding .claims, wherein at least one of 120 
the leads ; includes an enlarged area where it 
is bonded •• to. the semiconductor crystal. 

7. ~; method of producing a semiconduc­
tor •dmce including the steps of providing 
a semicondu¢tor . crystal with at least one P- 12' 
N jU1lci:ion therein, oonding at least two. lead 
wires : direct1y to the surface of the · ciystll 
so that a ·first lead wire is directly bonded 
to ~h~) crystal on one side of said junction 
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. 9. A semiconductor device substantially as 
hereinbc:fore described with reference to and 20 
as. illustrated in Figs. 1 and 3 of the accom­
panying drawing. 

10. A semiconductor device substantially 
as hereinbef ore described with reference to 
and· as illustrated in Figs. 2 and 3 of the ac-
companying drawing. . 

, 11. A method of producing a semiconduc-
. tor device substantially as hereinbefore des­
cribed with reference to the accompanying 
d_rawing. 
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Chartered Patent Agents, 
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and 

94, Hope Street, Glasgow. 

30 

·'.'t.'~ton Spa(Printed "f.o~ .Her Majesty's $tationery Office by the Courier Press.-1965. ·,;published ·at. n.e ,P:a~ent Office,, 25, Southampton Buildings, London, W.c.2, from which copies may be obtained • 

. ::;·:' 

· .. 
• ... 

. ... .- -~ . : 

HlllllHlllll lllll lllll ll llll . 
* C L M S * 

-~~:. 

;.::,··:· 


