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We, TEXAS INSTRUMl!NtS IMtoltttoRAtBD, Fig. l JUustrates a top plan view of a semi-
of 13500 No.tth Cen.tral Expressway. Dallas. · conducior device embodying th_e invention; 
Texas, United States of Amerk:a. a corpora- Figs. 2A-2C illu&tra.fe the circuit diagram 
·tion organized and eidEting under the laws of the semic0nductor device of Fig. 1 and 

S of the State of Deiaware, Uni~ed States of variatiotie thereof whidh ate described •n 50 
America. do hereby declare the invention. ·d•U in said pa.rent British Patent Appti-
for which we pray that a patent may be. cation No.- ·16071/60; (Serial No. 958,242) 
gramed to us, and the method by which it is and 
to be pert'otnted, to be particularly described Figs. 3---', inclusive; show cross sectlotta·I 

10 in and by the fo11owing statement: view~ of some of the circuit elements illus- SS 
This inventiott relates- to .semiconductor trated itt. Fig. 1. which citcuit elements are 

devkes and more parUcutarty to semicon- described in detail in said ~rent British 
d.uotor devices contalriing a plurality of semi- . Patent Application No. 16071 /60 (Serial No. 
conductor wafers or iayets m or on one sur- 958.242). · . . . 

15 face or a .relatively high . i~pedance suhstrate With -reference to the drawin&s. embodi· 60 
for electracalty isolating sa1(1 wafets or layers- ments of the Invention wif.J now be dereribed 
from one another through said substrate. . in detail in order to provide a better under­

The ~~Bt invention is a semlc<>nductor s.tandiilg of the principles of the invention 
device c~prising a . plurality of ~icon- and va.rious forms and embodiments thereof. 

20 doctor wafers or layers ht M oti one surf ace With reference to Fig. l, there is ilius- 65 
Of a subs:trate which has a relativety high . tra~ remicond.uctor wafers or layers 12 and 
impedance ·for electrically iso1atittg sa.fd 14 of. single crystal semiconductor matei'Jal. 
wafer.s or. Jiyets ftom one another ·through moun.ted or secured on substrate 10, for ex­
said rubstrate, each of said waters or layers ainple, by solcter glasl!·. the substrate 10 has 

25 including one or more disctote r~gions there• a relatively high impedance for isolating the 70 
in or therton adapted Jo pro\l'tde the etec- wafers or layers 12 and 14 from one another . 
tdcal properties of at least part of one or through said .substrate and !!aid substrate 10 
lbore clrcuh element~ and an electrical Inter- may be Intrinsic semiconductor material 
c:onnectio~ between two of !Bid circuit ele- havhtg a relatively high order of resistivity. 

30 inents Including an eleotticatly conductive the wafers or layer! may be secured on the 75 
lead secured to one or more wafer or fayer . .substrate or disposed hi the subskate. Ac· 
surfaces remote from said subrtrate. · cording to the latter, t~e entire unit ·could 

Each wafer or lay~r which is in or on the be formed from a block· of intrinsic remi· 
s~m:trate may Include one or more circuit conductor material Into which doping im-

35 eleme.nts formed therein or thereon all des- purities are diffused In the regions occupied 80 
cribed in parent British Patent Application ~ the wafers or layers t2 and 14, wherein 

. No. 16071 /60 (Serial No. 958242) from tlie wafers or layers and the rnbstrate are 
which. the ptesent application Is divided. or part of the sa~ physicaa piece .of semicon-
British Patent Appfication No. 3633/60 doctor material. . . 

40 (Seria' No. 945.134) and/or any of the divi~ . A 'description of the circuit etements in- 85 
rional applka.tions therefrom. eluded iii· or on the wafers or layer! 12 and 

An embodiment of the invention will how 14 wiU not be.given herein siilco these waf~rs 
be described. by-way of example. wi.th ref er· or layers and elements are described in de· 
ence to the actompanying drawings, hi · tail in said parent btitiE'h Patent Application 

45 which :- and are illustrated iti Figs. 2/\ to 6 herein~ 90 

(Price, 41. 6J.) . • . I . · . 
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However, in ·this embodiment, the wafer or 
,flyer 12 indUd~ multi-emitter transistors 
TR2 and TR3, diffufed resistors RI and R3, 

... . . bulk resistors R2 and R4, transistor TRI 
S and diode DJ. The circuit elements included 

in wafer or fayer 14 are capacitors Cl and 
C2. and diodes 02 and 07. 

Elect-rical interconnection! are made be· 
tween two circuit elements included in or 

10 on one wafer or layer and between two cir­
cuit elements includ.ed in different wafers or 
! Jycrs by e-lectrical leads secured to the 
wafer or layer surfaces remote ·from the rub. 
strate sur~ai:e. This is illustrated by the 

15 electrkal lead interconnecting the base re­
gion 20 of multi-emitter tran~istor TR.2 to· 
the emitler region- 48 of transi5tor TllJ or 
diode DI and the electrical interconnection 
between lhe emiMer region 24 of multi-

20 emiuer transistor TR2 and the emitter region 
of muli-emiller TR3 or the electrical lead 
interconnecting the emitter region 22 or 
multi-emitter t.ransistor TR2 and the capa­
citor Cl. Further illustrations are the elec· 

25 trical lead in•terconnecting the emitter .reginn 
of multi-emitter tran!istor TR3 and one 
region of the diode DJ; and the electrical 
lead interconnecting the other region of the 
diode D3 and the capacitor C2. Also, ex-

30 tern.JI connections to tho device are made by 
.a coplanar arrangement of relatively ftat 
leads 33, 40, 68, 38, 76, 74, 72 and 70 which 
coplanar array is parat1el to the sur-race ·of 
the substrate 10. The rda.tively ftat electri· 

35 cally conductive leads 33, etc. are elect.rically 
connected to va.rious circuit elements in­
cluded in or on the wafers or tayers 12 and 
14 as rldust.rated by the el-ectrical interoon­
nection between lead 72 and ·the· base region 

40 20 of multi-emitter tranri9tor TR2. 
More specifically, ohmic metal contacts 

26, 28. 30, 56 and 60 are plated or evapor· 
a-ted onto desired regions of the wafer or 
I.ayer surface and then the electricalty con-

45 ductive leads secured thereto. Also, s-ub-
sta ntially Rat conductive leads 33. etc. may 
be .90ldered or alloyed ·to substrate 10 to 
provide the aforementioned coplanar 
arrangement of leads· whereby cerlain sub-

50 stantially flat leads 68, 70, 72, 74 and 76 ter­
minJte at a spaced position from the wafers 
or ;layers 12 and t4 and certain .substan­
tially flat leadr- 33, 40 and 38 contact the . 
underside of wafor or fayer 12. 

5S In the above manner. an assembly of a 
plural~ty of semi·co.nductor wafers or layers 
i.s dispo~ed in or on a substrate with inter­
connections between circuit elements in the 
same waifer or layer and iinterconnections 

60 between circuit elements in different wafers 
or layerr and furthermore •eads 33, etc. are 
provided for external connedion (Jo the 
device. 

It must be emphasized that only one em-
6S bodiment of 4he invention 6as been described 

·=···· 

and that other variations and modifications 
thereof may be made withou.t departing from 
the scope of •he i.nvention ·as defined in· the 
appended cJaimE· . 

Reference is additionally made to our co- 70 
pending patent applications nos. 23279/63; 
46086/63; 46087 /63; 46088/63; and 46090/ 
63 (Serial Nos. 958244, 958245, 958246, 
958241 and 958249), also divided from said 
parent pate.nt application. 75 

Terms indkat1ve of position, such ar- "on" 
and .. overlying", are used in the foUowing 
claims IJO define relationship or parts in a 
form convenient for the purpose, but e-uch 
terms are not to be construed in any restric- 80 
-tive ·sense and· ft will be manifest that ihe 
semiconductor device could be U!ed in any 
desired positi<>na.l orientation. 

WHAT WE CLAIM IS: 85 
1. A semkonduotor device comprising a 

plurality of aemiconductor wafers ~r lay!"rs 
in or on one !'urface of a substrate whtch 
has a reiatively high imPecfance for electri­
cally isolating said wafers or layers from one 90 
another through sa.id substrate, each of mid 
wafers or layers including one or more dis­
crete regions therein or thereon adapted to 
provide the cJectrical propef.ties of at Jea!t 
part of one or !?19-te circuit elements, and ail 95 
electrical interco1:nection between two or 
said circuit elementS including an electric~ly 
conduotive le:id secured to one or more wafer 
or layer surfaces remote r~om said rnbstrate. 

2. A semiconductor dewice according to 100 
claim I, including a co-planii{ array, parallel 
to .said one surf-.ce, of .subst~u\tially flat elec· 
trically conductive leads set~ed ones of 
which are electricaldy connected\to selected 
ones of said cireuit elements. \,. lOS 

3. A semiconductor device acccrrding to 
either preceding claiin, wherein one 'of !aid 
circuit e1ements is a transistor. '\ 

4. A semiconductor device accordin'r, to 
.any preceding claim, wherein one of 1

1
said 110 

circu:-t elements is a diode. 
S. A remiconductor. device accordin-H to 

claim 3, or claims 3 and 4, wherein ,said 
·transistor includes a base region anCI an 
emitter region contiguous therewith to \form 11 S 
a P-N junction extending to raid wa-fie.r or 
layer surface,· or one of said wafer or 1 tayer · 
surfaces. and there defining a first ena losed 
area, a collector region contiguous witfJ raid 
base· region to form therewith anothefr P-N 120 
junction . ex-tending to .said wafer orj layer . 
surface and there definmg an<>ther en1·.:Josed 
are1 surrounding said fint end<>sed u '8. 

6. A semiconductor device accord n~ to 
. claim 4 or claims 4 and 5, wherein said diode llS 

incliudes ·two ·regions of opp<>E-ite (:CJ·nduc· 
tivity types to form therobetween a P- junc-
tion extendin~.to said wafer or layer s rface, 
or one of said wafer or layer surfaceE . and 
theredeftoinrgan enclosed area. 130 
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However. 'in ·this embodiment, the wafer or ~~yer 12 inclUdes multi-emitter transist:ors TR2 and TR3, dilTufed resistors IU and JU, bulk resistors R2 and R4, ttansl.stor TRI 5 and diode 03. The circuit elements included in wafer or layer f 4 are capacitors Cl and C2, and diodes 02 and 07. . Elecl-rical interconnections are made be· tween two circuit elemen.t,s included in ot 10 on one wafer or layer and between two clt­ctlil elements included in different Wllfets or hycrs by electrical leads secured le> the wafer or layer surfaces remote .from the! rttb. strato surface. This is illustrat~ by the 

and that other variations and modJftcations thereQf may be made withou.t departing from· the scope of ihe il!vention·as defined in the appended claimr. · Reference is add-itionaUy made to our co· 70 pending patent applications nos. 23279 / 63: 46086/ 63: 46087 /63; 46088 /63; and 46090/ 63 (Serial Nos. 958244, 958245. 9S8246, 958247 and 958249), also divided from said parent patent application. · . 15 terms indicative of pos~tion, such ar "on" and "overlying", are used in the foMowing c1ai.tns fl() define relationship of .parts in a form convenient for the purpose. but !uch terttti a~ not to be constriled in any restric- 80 tive ·sense and· It witl be manifest that the .semiconductor device could be U!ed in any desired posltiQnal orientation. 

15 electri-cal lead i.nferconnecting the base te­gion 20 or multi-emitter tranristot 1'R2 to the e111itter region. 4S of transisto.r TRl or diode 01 and the electrical intorconttection between the emit.ter region 14 of multi· 20 emiuer .tran~islor Tlt2 and _the emitter .region WHAT WB CLAIM IS: of mul1-em11ter TR3 or the electtfcal lead t . A semiconduotor device comprising a interconnecting the emitter .region 22 of plurality of somiconductor wafers ·<!r Jay~rs multi-emitter t.ransi.stor TIU and the capa- m or on. one eurface of a .substrate which 

85 

citor Cl. Further illustrations are the elec· has a rdatively high impedance for electri· lS trical lead in•teroonneetfng tho emitter .tegibn cally Isolating said wafers or l_ayers from one 90 of ·multi-emitter tranFlstor . TR3 and one another through said substrate. each of ea id region of tbe diode ll3; ~nd the electrical wafers or layers including one or more dis­lead interconnecting the other region of the crete regions therein· or thereon adapted to diode DJ and the Clipacitor Cl. Also ex- provide the electrical proper-ties of at least SO tern1t connections to the device &re made by· patt; of one or tn~re circuit elements, and an 95 · -a coplatutr artat1f.tttenit of relatively flat electrical intetcor~nection between two of leads 33, 40, 68, 3 , 16, 14, 12 at1d 70 which said circuit eJementS including an electrkally coplanar attay is P,araltel to the sur-face ·of cottductive le:id secured to one or more wafer the substrate 10. The rda-tively Rat electrl· or layet surfaces remote from said substrate. 35 cally conductive leads 33. etc. ate e1ectrfcalfy 2; A semiconductor d~ice according to 100 
connected to various circuit elements ht· claim 1, lnduding a oo-plaruif array, parallel eluded i!I or oil the wafers or layers 12 and to said one surface. of substiarttlally ftat elec· 14 as iJaustrated by the e1ectrical intertx>n- trfcally conductive leads sel~ted ones of nection· between ltad 72 and :ihe-base region which are electricaMy connected\J:o selected 40 20 of mufti-emitter tram-i!lltOir TRl. · ones of said circuit elements. \ 10.$ More spedflcally, ohmic metal contacts 3. A semiconductor device acccnding to 26, 28, 30, 56 and 60 are plated or evapor- either preceding cfai-in, wherein one.'of !aid a·ted onto desired .regions of the wafer or circuit ele~nts is a transistor. '\ layer sufface and then tbe electritafly coli· 4 .. A semi-conductor device aocordin) to 45 ductive teads secured thereto. Also. tub- any preceding claim, wherein one of 1·said l lO stantially flat cofKluctive leads 33, etc. may circu~t elements l.s a diode. be soldered or alloyed ·to substrate 10 to S. A remiconductor device ai:COrdin./g to prov'ide the af<>rementioned coplanar claim 3, or claims: 3 and 4, wherein ;said arrangement of leads· whereby certain sub- ·transistor ·includes a base r.egion anc.11 an 50 st!lntially ftat leads 68, 70. 72. 74 and 16 ter· emitter region contiguous therewith to ~orm HS· mina·te at a spaced position from. fhe wafers a P-N juriction ex.tending .to mid wa.fiet or or 4ayers 12 and 14 and certain .SUbstan·· layer surface. or one of said wafer o.qtayer · tiafly flat lead!' 33. 40 and 38 contact the - surfaces. and there defining a first enQ.loSed · underside of wafer or aayer 12. .area. a collector region contiguous witf1 £11.id SS Jn the above manner. an assembly of a base· region to form therewith anothetr ·P-N 120 

plurality of semiconductor wafers or layers junction ex0ten.ding to Sa.id wa·fet ori layer . : i.s dispofed in or on a substrate with inter· surface and there defining another e~loSed : 
connections between circuit elements itt the aret surrounding said firet enolosed ti :a. . · same waler or layet and tW'erconnections · 6. A semieoild.uctor devke accord n~ to . 

60 between- circuit elements in different wafm . dairn.4 orctaims4 and 5, wherein said diode 125 . or I.ayer!' and· furthermore leads 33, etc. are includes twOI ·.regions of oppodte oo:nduc· provided for external connection fO the tivity types to form tberobetween a P- · junc­device. . . . . tion :extendin~ .to said ~afer or Ja:yer s rface, ft must be emphasized that only one eni· or one of" said wafer or taye.r surface~ . and 6S bodiment of the invention fias been described there defioing an enclosed area. 130 
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. · · · 7. A semiconductor device according to :.s a-ny t>receding claim. wherein one of said · circuit elements is a .resittor induding an . elongated portion of semiconductor maotetial S of one C'Onductivity type bou~ed by a J>-N jun~tion. · _ 

1 ; . 8. A semiconductor device according to 
1 · any preceding claim, wherein a region _ · adf:I pted .. to provide t1_le eleotrlc!J ptoperties JO of part of a circuit demettt. is one. Pfate of a capacitor, an oxidt of sflfcon diehdric over­lie~ said plate and cbnductlve material over-lies said dielectric. . . . 9. A -semiconductor device according k,. ts· any preceding claim. wbetein said substrate 

it imrins-ic semiconductor •erial • 

. H. D. FITZPATR.Iek .t: CO .• 
Chartered Patent Agents. 3 O.ray's kin Square. London, W.C.t. - . and . 

94 Hope Street. Glasgow. C.~. 

Sheerneu: Printed for Iler Ma)eltJ'i Statlc.nery Qlllce, l;y Stnlths ltrlnNirt ind l>uplJcatort.-tffi. PubUlhed at the Patent t>IRce, 2J icilithmpton Buitdinp, 1.Clbdon. W.c.i., fraill frldda coPiee , ·" ·-· . .. mar· be obtahltd; . · . • . 
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