945, 736 3 which a
junction is desired. circuit with two inputs of four or nore,
_Returning now to Figure 1, three input rather than only three as shown in _
FENUrES . | eads 26, 28, and 30, an output l-ead 32 1 and 2, or
guit which does not utilize and a bias lead 34 are attached to F

«aate the output d d ' e 70 - 5 10.
“as ¥ ead 34 passes beneRESERvacQPtyuti l.izing the,
pri ndi'pl es of thi PATENT SPEGHFIGATIONonductor strip 12,

and “J nventi on gns variations are wthin

) ch™y o 45 Aigeed in
;héﬁ%@féfﬂf%‘g‘foﬁ%%%g%?g"ewﬁ‘?;spe of HQJ!' Pﬂﬁtlon.

o :

sol der 2./ SpefidaionaMay 6, f9g0.descr i besl 1gspepedi ment  of
t hi- 5 §PerfeAk . connect.ed ween their copr.eshonding tion
pr o) d% g N s‘g’r’ﬁ%rsgﬁﬁé:cml i el Sl f%' el"ﬁ“p@f‘, g{nlcelﬁ urhpiut | eads
26,488 30, eyl t which functians, as.a di gde JAND' <75 % °

and’ Ulgt A S c%%ﬁ@c‘fpgd | pm'ﬁki'"?b '&%?‘e{a"%'?’ ?hﬁl% fabricated froma
bodyMof sem 9 © C"’WQF"QH&‘?‘Z??“-res.pect ively. The'l ef t-hand por -

com@ct or & cont ai ni ng a~prorattty—of . tion-of strip
B shidpest Acepdakd: Ad1K (B, $CH2510P2320] 3B1cY, 3H8). wher ei nal |- conpanent s of
R oM §auhsi@nd casindafoh:Lat ¥£4. Which in one the diode gate-are conpletely

"l cat ed .30 . 15 errbogi nent of che i rcuit. of the present wthin
®ody of sem conductor nmat 'i’IaErT,E SBECIFICATION - “invention may be 16
K, i@t ween the point and whi pRAWINGSOATRACHED! Y smaller, nore com
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We, TEXAs INSTRUMENTS INCORPORATED,
of 6000 Lemmon Avenue, Dallas, Texas,
United States of America, & corporation
organized and existing under the laws of the
State of Delaware, United States of America,
do hereby declare the invention, for which
we pray that a lﬁat,ent may be granted to
us, and the method by which it is to be
petformed, to be particularly described in
and by the following statement:— .

This invention relates broadly to. semi-
conductor circuits and more _
a diode AND gate semiconductor circuit.
. Many methods and techniques for
miniaturizing electronic circuits have been
proposed in the past. At first, most of the
effort was spent upon reducing the size of
the components and packing them miore
closely together. Work directed toward

reducing component size is still poing o, -

but has nearly reached a limit. Othet efforts
have been made to reduce the size of
electronic circuits, such as by eliminating
the protective coverings from coinponents,
by wusing. more or less conventional
techniques to form components of a com-

‘plete circuit on a single substrate, and by

providing the components with a uniform
size and shape to permit closer spacings in
the circuit packaging therefor,

All of these methods and techniques re-
quire a very large number and variety of
operations in fabricating a complete circuit.
For example, of all circuit components,

resistors are usually considered the most

simple to form, but when adapted for
miniaturization by conventional techniques,
fabrication requires at least the following
steps:
a. Formation of the substrate
b. Pieparation of the substrate
c. Application of terminations . -

d. Preparation of resistor material

[Price 4s. 64.]

rtictilarly to -

e.. Application of the tesistor material
f. '~ Heat treatment of the resistor material 45
8. Protection or stabilization of the
resistor ' ' _
- Capacitors, transistors, and diodes when

~-adapted for miniaturization each require at

feast as many steps in the fabrication thereof. 50
Unfortunately, many of the steps required

.are not compatible. A treatment that is

desirable for the protection of a resistor
may damage another eclement formed on
the same substrate, such as a capacitor or 55
transistor, and ‘as the size of the complete
circuit is reduced, such comflicting treat-
ments, or interactions, become of increasing
importance. Interactions may be minimized
by forming the components separately and 60
then assetibling them into a complete
package, but the very act of assembly may
cause damage to the more semsitive com-
ponents, _ ’

Because of the large number of opera- 65
tions required, control over miniaturized
circiiit fabrication becomes very difficult.
To illustrate, many raw materiais must be
evaluated and controlled, even though they
imay not be well understood. Further, many 7¢
testing operations are required and, even

‘though a high yield may be obtained for

each operation, -so many operations are
required that the over-all yield is often quite
low. In service, the reliability of a circuit 75
produced by methods of such complexity -
may also be quite low due to the tremendous
number of controls required. Additionally,
the separate formation of individual com-
ponients tequires individual terminations for gg
each component. These 'terminations may
eventually become as small as a dot of con-
ductive paint. However, they still account
for a large fraction of the usable area or
volume of the circuit, and may become an g5
additional cause of circuit failure or rejec-
o .
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of ohm c contact by bias |ead 34 and the pact, and sinpler than circuit

packages here- . juncture with the anode of the junction
t of ore devel oped usi ng known techni ques. diode Dierr]. The
enphasi ze ere that only s

‘R0 acconplished by etching or other- neans to one preferred embodi ment jof
llhgs~4 rtventi on 85 provide a required length and cross sgc-
#as been described above and that other ' ti onal area of the
“Pef t - hand2 porti on of the variations9&#6nodifications thereof my be '5'

4 }1“ P oon fiori d o misalignment. h ]l_\'DCI‘!L I:'&de }M B aep’aqr&t'{;‘lg o whi

@he scope qfion due to misatignment. 1 he regui r edREsEsHaRe ot IVED SRR on- Kk his R
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Joterial of ﬁreﬁ:ﬂﬂd@ tich MhdTFesulted from a new ways. These variou®)Ways include actual re- .' and

rip 12.. SA:\rpbgta_tly diﬁcrput%pbﬂﬁabvlr vniatuwika- ¢ hmoval IW-W]?IMES @tAh%/l Sem@élhdugér 7 § 5 llngh
py be, f.or Ugk F@“’ef!}hén 'I°t"§e°‘1“'é“‘d73§i é’ﬁte"a fuc ass@Fﬁ’ Gl {5 apefr cui tffor

: 277 in"accordancé with this copcept aré the sgb- - “U”-shapged,. efc. d £ : 15 |

o oV d- ject matter of our dingc_‘%%ﬁficmn . tiﬁkiﬁii%lc@ﬁ@éigﬁﬁﬂm ieﬂ'ié)l?sidnng a sol

Jut put fronBe3a/qol (Séral NbY94S734). Pl tproposed  of impurities mittedmo ado. Provide kot achell to 4

#he subst Mhinesald) co-gendina |pstentnapplication] dhat o rogistivitya nathgi &ox| cerepnt - flow, and 75 3010 ™

et
freat 0 chomininn i de e ety Sty gren gt o SREt o
| MR o b R
aganner,’ nodisdosad thaeiml yheodltimate inypiecuid§ :Feldnjloction viherghy formed acts as a

_ al §
& ode anotﬁé@iw' tufizatig " M aq\.tﬁ?wgd‘“ Asing ?di(ﬁnp e _. bapriey ite gr.renwﬂowo q«y 1 gyent, : 80 :
aterial for all circuit e emeﬁé tt h: Ti é ﬁﬁ%ﬁ §€§Pﬁ5} ;é,l to J?:%C and {or co?cp i

onduct i vit ! :
_- . ' - humber, of compatible proc t floW 2l pétmitiing he
gaterial i npﬁiﬂﬁ(ﬁkoﬂ\@?egbf.?o'pm Ng tWO SpacaRe fabrication of circuits whiemg:&ﬂmmos:a in
rip 12 of skHwiaboveds adcomplisteed chyiutiftzing p urethervise bti m@dgn &)Fies'?tgﬁfpé
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* i
ortion of, gl-%[g 4 ed therein a diffused  forhl) @ ss|1 to BHape 't Wilé ive
A rip 25. ebigfoR oAbk g)rqi_rmtcbmualvitgr dme piotessngondatopraluce by diffusion

gl ternati vehye te mfm%m:rﬁe -rex;[lgfn .c ome adgg)wigatgongnt dements it exﬁﬁ"ﬁ'hf‘“df 8{{
lecei vi ng? Fsﬁg“ o dcmﬁﬁ' , as the case mdy be; P Ap:rembodi_menf of the present invention

between diffused regions. It is, of course, will now be described, by way of example
-understood that the P-N junction may be with reference to the accompanying draw
formed by other well known methods, even ing in which:— , o
30 though diffused junctions are utilized in the jgure 1 is a plan view of a semicon: 95
prefetred embodiment of this invention. ductor circuit according to this invention;
According to this invention, all components Figure 2 is a schematic diagram of the
of a semivonductor citcuit are fabricated circuit illustrated in Figure 1; and
within the body so charactetized by adapt- - Figure 3 is a gectional view taken along
35 ing the techniques-described in said pend- lines 3-3 of Figure 1. ' 100
ing application, together with certain new Referring now to the drawings, a pre-
techniques. It is to be noted that ail comi- ferred embodiment of the present invention
porients of the circuit are integtated into = will be described in detail in order to pro-
the body of semiconductor mateiial and vide a better understanding of the invention. .
40 constitute portions thereof. ) With referenice to Figure 1, there is shown 105 .
The present invéntion is a semiconductor a ceramic substrate 10. A strip 12 of semi-
circuit for providing an output from a conductor material, preferably a silicon or ‘
plurality of input signals in accordance with  germanium wafer of P-type conductivity is |
a logical function, comprising a wafer of attached to the substrate 10. Regions 14,
3 semiconductor material mainly of one type 16, 18, and 20 of N-type semiconductor 110 . -
of conductivity, regions of opposite type material have been produced in the right-
cotiductivity material in said wafer forming hand portion of strip 12 to form integral
two spa aratt. P-N junction diodes in P-N junction diodes D;,, D,, D;,, and D,
one portion of said wafer, another pottion These regions 14, 16, 18, and 20 may be
. - &g of said wafer displaying the electrical = produced, for example, by the method dis- 115 . 50
properties of a bias resistor, a terminal for closed in the above-mentioned ‘pending -
receiving - input signals connected to the application. Ohmic contacts 15, 17, 19, and
opposite conductivity type regions of each 21, which may be plated or alloyed con-
_ oF said diodes, and a terminal connected iacts, are provided on each of the N-type
55 to the portion of said wafer displaying the regions. In Figure 3, there is illustrated a 120 55
properties of a bias resistor, away from said cross sectional view of the typical junction
diodes, to receive a voltage to bias said diode D, to show the various layers.
~ diodes in one direction except when input . forming these junctions, the semiconductor
signals of the proper magnitude and polarity str{&; may be first subjected to diffusion of
60 received. The concept of shapin_g, described a N-type significant impurity material ovet 125 ' 60
in detail in our said co-pending patent its entire surface. Then, the N-type semi- ’
application, makes it possible in a circuit conductor material may be etched away ex- -
to obtain the necessary isolatioh between cept in the regions in which the junctions
components and to define the components " ate reqiired. This process forms a raised
65 or,' stated  differently, to fimit the area mesa 24 on each area of the strip 12 in 130 - 85
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d by formng.a suitable region of con- connected to the opposite

pli's

conglyet ievi ty ducting material on the |ower side of strip

type fegions of each of said diodes agsly 40 12, using wgl

kno met-hods _ - __termnpal : ' id 105
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circigit opedpat iand obtputClRAYLETS; 28, 30, amd SENicirEUMdWRICH funelions Uista dicd:OTAINDY) 75 O
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di 0d¢ in Sa,Chadfs & desSREGSY e, WHER Sflidie the diode pate are EdinpWétély Ghbtlcated | Ogi cal

"AND} op@$s atbodimentt afotheli adxd@is ofirthe reisamt Mwithin dié body cfhseanicondiuctor material, 80

si fHeRtionemRIcbe YK, between (i poi _aafw;"@mss stanally SPeier. SIFCLomt oyt
2 ont ot by vt ekt S ot o R (1

S corisgetBd The $Haging[upOgsiftér RONEIUCT ItVinuyt By Piphasized here that only Dl err] .
], amdlg ehsh]ed &y etcbig)bi gt!iett %eam@t lone: refengg iet_;hgdinl)’cntton@it hlivmit:ldiS de.
1 S = S en adesort H
! ead%o aqm?ll:gﬁé -ﬂkdfmn ifa fnf!"a vari tiun3 n mﬁ&ﬁagg’&%{m a %ECUI t
di NG ts@ip 12 necessary for that bthi G0 kMBIt 0GRLJ erithOR Supstting YiomDBb ¢ V+
M. 1. onhe requirkddresistpnees ataking Gnton cott- Aithis invention which is3 Befingb lin dpAr ough

r esS tSjsieraripn theresistinity efthe material b gaded claims. /pe conduct ity of
R L T Bl e o

di 0odego aleae SRLIA Ithih | tripp NG Geidicting ing an output fronV-a \PRIcAIBRL |ifiput hen
t gnabirial 23 it ajtached-to the ewstrate AD pigndntin aboerdance with a logical funcnar d bi as

appl { ed 23 it o : . .
; thi ct 12, which A ti i a C .
't ahd pab IRy cenicmer 12 which oncommitge 2o L meontac A8ng ¢ o
alt diode anodes are maintained at approxi- regions of - opposite type conductivity ’
mately the same potential inasmuch as the material in said wafer forming two spaced
resistance in the strip 12 of semiconductor apart P-N junction diodes in one portion:
5 material befeath the diodes is eltectiv;l! of said wafer, another portion of said wafer
shorted out by the conductive strip displaying the electrical properties of a bias

100 -

50 When simultaneous

35 ap

60 e

Alternatively, the same result may be accom-
plished by forming a suitable region of con-
ducting material on the lower side of strip

40 12, using well known methods.

The miniature semiconductor circuit of
Figure 1 is represented schematically by the
circuit diagram shown in Figure 2. Corres-

ggnding elements in Figures 1 and 2 have
45

en designated with the same reference
numerals. The circuit operation is conven-
tional, and may be easily understood by
teference to Figure 2. The circuit functions
to perform a logical “AND” operation.
gositive pulses of

sufficient amplitude to back bias the diodes
D, D,, and D; are applied to the three
input leads in opposition to the forward
bias provided by the positive potential V +
rlied through bias resistor R,, cutrent
will no longer flow through R,. The full
V4 voltage is then a glied to D, to for-
ward bias it and provide a positive pulse
to out “v.lt‘ileadngz,H indicating cqinc;denc:d of
b ED, En sl). rgmal%t g?uﬁrgfbtiae_ : .:':
do not receive a pogsitive pulse from their
inputs, current continues to flow through R,
to suppress the bias voltage applied to D,.

65 It is, of course, to be understood that a

resistor, a terminal for receiving input signals
connected to the opposite conductivity

type regions of each of said diodes and a

terminal connected to the portion of said
wafer displaying the properties of a bias
resistor, away from said diodes, to receive
a voltage to bias said diodes in one direc-
tion except when input signals of the proper
magnitude and polarity are received.

2. A semiconductor circuit according to
claim 1 further including a third P-N junc-
tion diode in said wafer, spaced from said
two diodes and a terminal at which an out-
put signal from said circuit may be obtained
connected to the opposite conductivity type
regions of the third diode. . _

3. A semiconductor circuit according to
claim 1 or 2 including means to maintain
the regions of said one type conductivity of

105
110
115

120

all of said diodes at essentially the same -

electrical potential.

A semiconductor circuit according to
claim 2 or claim 3 when appendent to claim
2 fit, which ah “AND” Ib‘ié'al f 'eti?'n i
provided, wheeehy, when input signala ol
the proper magnitude and polarity are sup-
plied simultaneously to both of said input
terminals to bias said two diodes in the
direction opposite to that in which they were

125

130




to output lead 32, indicating coincidence of claim2 or claim3 when
appendent to claim 60 three inputs. If one or nore of the

di — . ajn wicib.an "AND" logical function is 125

‘Diegr], Derr] and Dlerr] remain forward biased, i.e, provided, whereby,
whel input signhal of : do not receive a positive pulse from
t gefgr * the proper magnitude and polarity are sup ' I nput s,

o

lent- continues to flow through Bisms]

Sbyprxmm.,gﬁ.d pahcisal
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c ondug Pleedcin ohmicico hetewith, as by
Oy e TR R T

but -

are co tperite., 4

input and output leads 26, 28, 30, and 32
and junction diode ohmic comtdcts 15, 17,
19, and 21, respectively. The left-hand por-
tion of strip 12 is shaped to define.n resistor
R, havihg a desited - value, which in one
embodititeit of the circuit of the present
invention may be 16 K, betweer the _iil:t
the

juncture with the anode of the junction

diode D,. The ,sh'a'ging of resistor R, is -

accomplished by etching or other means to
provide a required length and cross sec-
tiontal area of the left-hand portion of the
strip 12 necessary for that strip to exhibit
the required tesistance, taking into con--
sideration the resistivity of the niaterial of
the strip 12. A positive potential V.
may be, for example, 12 volis, is applied
to lead 34. A thin strip of conductin
material 25 it attached to the substrate §
besteath the semicopductor strip 12, which
is itt ohmic contact therewith. In this mannet, .
all diode anodes are maintained at approxi-
mately the same potential inasmiuch as the
resistance in the strip 12 of semiconductor
material beheath the diodes is effectivel
shorted out by the conductive sttip 25.
Alternatively, the same result may be accom--
plished by forming a suitable region of coun-
ducting tnaterial on the lower side of sirip -
12, using well known imethods. '

The miniature sesiconductor circuit’ of
Figure 1 is represented schematically by the

_circuit diagram shown in Figure 2. Corres-

'gtemding elements it Figures 1 and 2 have
en designated with the same reference
numerals. The circuit operation is conven-
tional, and may be easily understood by
reference to Figure 2. The circuit functions
to perform a logical “AND” operation.
When simultaneotis sitive pulses of
sufficient amplitude to back bias the diodes
D, D, and D, are _agined to the three
input leads Ji opposition to the Forward.
bias provided by the positive: potential V4
'apr'li@d through bias vesistor. R,, current
will no_longer flow through R, The fufl
V4 voltage is then .Qggﬂed to B; to for-
ward bius it and provide a posiitve pulse
to o'utru_t lead 32, inaiml_n[% colircidenice of
gi‘ ngu&s.. 1f ahe OF e 'st 6 giedes

. P, and B, tsmain farward blased, Lo,

do not receive a positive pulse from their

itiputs, curtent contindes to flow through R,

to suppress the bias voltage spplied to D,. -
It is, of course, to be understood that a

h?hQIl;lf"“‘ml‘Et
ajiékP provides

V4, which

“electricil pot L
A4 A sémicﬁngucwf

2 i Whieh i “AND” {ojiéal fiirl

e describ

CataRodle Tl S
iatcrized! semicon
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&lcte Nal .

circuit which functions as a diode “AND” 75 '

conductor ‘material containing a plurality of
P-N junctions wherein all componerts of

_the diode gate are completely fabricated
of semiconductor material, 80

within the: bod
and which is substantially smaller, mote com-

 pact,-and simpler than circuit-packages here-

tofore developed using known techniques.
. It.must be emphpsized here that only

‘gate, which is fabricated from a body of semi-

one preferred embodiment of this ihvention 85

has described above and that other
variations and modifications thereof may be

- thade without departing from the scope of

this invention which is defined in. the ap-
pended claims. .

WHAT WE CLAIM IS:—

1. A semiconductor circuit for provid-

ing an output trom a plurality of input

signals in accordance with a logical func-
tion, comprising a wafer of semiconductor
material mainly of one type of conductivity,
tegions  of - opposite type conductivity
material i said wafer forming two spaced

art P-N junction diodes in one portion
?if ' k : kfo w

said wafer; another ror'ti'on of said wafer
displaying the electrical properties of a bias
tesistor, a terninal for receivitig input signals

connected to the opposite conductivity

‘type te'%ions of each of shid diodes and 4

terminal connected to the portion of said
wafer displaying the properties of a bias
resistor, away from said diodes, to receive
a voltage to bias said diodes in otie direc-
tion except when input signals of the proper

-i‘nazgni'tude and polarity are received.:

A senticonductor citcuit dccording to
claim 1 further including a third P-N junc-
tion diode in said wafer, spaced from said
two diodes and a terminal at which an-out-
put signal from said circuit may be obtained

"connected to the opposite conductivity type

regions of the third diode. o

3. A seiniconduétor circuit sccording to
claifit 1 or 2 including means o Mmaiitail
the tegions of said one type conductivity of

95

100 -
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120

all of said 'diot'l:i at essentially the same

citcult accotding to
when appeadent to claim
_ fittiéh ii
pravided, whershy, when hput signalt @
the proper magtitude and polarity are sup-
lieg simultaneously to both of said input
termirials to bias said two diodes in the

tlait 2 or claim

-direction opposite to that in which they were

25
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5 sem conductor wafer is nmounted on an in- 7 A sem conductor circuit
substantial l'y sul ati ng substrate. as

erei nbefore_descrihed with reference tp . _ 6, A.sem conductor )
i TGkl 3800 R ~FO=Fivgs . Tahid 3" 6T t he accorﬂpanyl ng dr awi ng. '

&l aim2 and any of claims 3 to 5 in which . . H. D. FITZPATRI CK & ©O.,
@ crevative | ow standing forward bias vol tage '. - Chartered Patent}
“fgent s;- 10 is applied to all -of - said diodes through said - 3
Pay's i Square bi as re5945.t73§r and the input signals are o
g ondon \WC.1 : SR ..agmLuueﬂggarﬁngc;lpptylat%!awe?t hib & 15
&i mul tane | isidht bigen vblmgeadh MP!ISa 48

T tef i %ﬁﬁgﬁﬁﬁﬂr bvided \asrsaid ayipat b N%ﬂs to said third diode to cause e aatagﬂw c

t
Ber wi tk-4p oﬁ- gclﬁgg n%ﬂt: Joé%xcﬁaﬁd h_voltage to appear @& saidl
wa

S Statlonery O‘fl by Tige
o weeddai ounted &l ins hedl at\ @h'ew "l‘ﬁ[h ﬁtﬁe
Sout harrp ; chL\SBsmgs London, WC. 2. Pﬁlgsﬁfa t{f wﬁ%t a| ned.

6. mlconductor circuit according to
.claim gas:d any of claims 3 to 5 in which FITZPATRICK &. 0.,

' ed Patent Agents,
tive low standing forward bias voltage Chatter
10 ?sl:l;lll:i to all of said diodes through. sa%d 3, gto:% :nIm{v tiare,
R bla;l resistor, snd th: mp;nt :;gntaillsat"fh 35 . Londod t R
: agnitude & ati _
::‘r:mlt;?\e%us applicatlonp?o each of said in- | 94 Hope Street,

put termmals will reverse bias said two- Glasgow. C.2.
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