' We; :RADIO- CORPORATION . o §
Corporation organized:under thelaws of the

- State of:Delaware; United States-of America,
..+ of 30; Rockefeller - Plaza, ‘City- and State:-of
5 New' York, United :States. of - America;, :do
hereby - declare :the:invention; for:which we
pray : that a- patent; may:: be : granted ' to-:us;
and -the method :by : whichijt:is to. be: pei-
- formed, to’be:particularly .described -in: and:
* 10 by, the following statement:=~ - i et
-“This- inventioi: relates; 1o - semiconductor

devices .have: been :made
ialayer:: of::an; electrically:
atérial:on-at least -a -portion -of
g scrystalling: semiconductive
insulating:layer inay. consist Of &
material- suchi:as, 'for ~examples
oxide, silicon-dioxide, magnesium:
‘maghesium ‘oxide; The dielectric

be: deposit

aduictive : wafer’by’ ‘evaporation, 7By
the - wafef: in :an -oxidizing. bath, by
idation; by:thermal::decomposition:
xane ccompound, - by heating the
wafer, if ‘a silicon wafer,
atmosphere -which. inicludes - water vapour.
:-The insulating film is usually applied over:
ortions.-of .the wafér:surface where-a:
ing - barrier . such as::a: .p-n sjunction:
its: the: suiface {of ithe. wafer.: Since:
barriers ‘at:the. suiface of a ‘semis:
afer-afe sensitive to the effects,
e; - témiperature, . :atmospheric . im-:
; and: > surface: “selectric.: fields;: ‘the:
insulating film:serves 1o seal-and protect :the:
rectifying : barriérs::from: - these' undesirable:
. stresses. However, “it. ‘has: been:-found » that:

»+ - during the:operationrof: such: devices;:-stray-

40 ions within the dielectric :film:-and: .
surface tend :to: collect in:the: Vicinity: of ithe
p-i: junction :surface intefcepts; thus:biasing:

s surface: potential of the
: [l’rice4.6d.] DI TR M

in an.’oxidizing:

on-itst

wafer.::; and alter--

ing -thex at-which' charge .carriers sof
oppositef‘-polgﬁty:-f;e-coiiibiné'f.6n’a:the'r-.-.wafer- 43
surface: - Such-changes: i’ the: surface::re<
combination’ rates: tend -to: vary heuréverse “ .
satufation‘cucrent: across the:pn.: junction;
and - hence ‘introducé undesirable variations
in-the electrical characteristics:of the:device: 50
T some :devices - of: this . type: having:a: dis
electric: film: over-ithe ‘surface "intercepts:of -
the: p:n-junctions; it ‘has been found ‘that the
operation -of | the:-device: :fends:‘to alter: the
conductivity ‘type: of ‘a thi

thiri ssurface’ portion 55
of the : semiconductive swafer, and: thus: ex-
tends.i.a-‘-pen;junctioﬁ-'avsiay~ffr0m?the':pi'otectiv'e; .
dielectric film to the unprotected edge of the
semiconductive: wafer;:where the: junction is
subject;to-contamination. This: surface layer 60
inversion: condition’ is-known..as’ channeling;
and ‘tends .to; increase the leakage ‘eurrent i
across the’ p-n junction and .thus-degrade the
electrical parameters of: the:device. -Another
serious problem?of prior art junction devices: 65
of . this . -type:.is : that: the “accumulation .-of
charges: near:’to:ithe -surface :of “the: semi~ "~
conductor: wafer acts in:the ‘same:mannér as.

an . incréase ! in. electron:or hole ‘density; i.e;;
acts. like. an increase-in: the:doping:level of 70
the: semiconductor; ‘and * thus + undesirably
lowers the rever breakdown: voltage:of :the. -~
device . p-n::junction. -All these -undesirable
effects combine to-reduce the ‘operating - life
of the compléted: device; to:réduce the ability: 75
of i-thé: device:-to. withstand - high ‘reverse.
voltages; alsoto.reduce the uniformity of:the’ -
electrical characteristics .of: the:‘completed:
:“According to-a further example:of-a: semi-: 80
conductor transistor device of the prior ‘arty’
there is provided. a*body ‘of crystalline semi- -
conductive material: -having: three: “regions;*

one: region" being: a base: region of -a. given

oo_nduc_tivityl;'_:_;:;_t_yp'e ”dlsposedbetw ween --an- 85
emitter and a collector region of opposite con-
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: ductivuy t¥e pe to said one region in said body,
' gion extending to one major face
of the body; two p-n junctions in said body
“Between said three regions;: with both junc-

5 {ions intercepting said major face; an insulat-
ing film on portions of said one ‘major wafer -

face and covering the surface intercepts’ of
said junctions; electibdes in- ohmic- contact

with each of said wafer regions; and a gate.

10 or control electrode extending upon.a portion
of said insulating film, and with said gate or
. conitrol éléctrode being insulated from said
first mentioned electrodes and said body of
crystalline semiconductive material by said

15 insulating film, and with said gate or control
electrode being coated on Yo said insulating
film immediately over the surface intercept of
the p-n junction which is between the eémitter
and base regions,

20 We have found, however, that in the

manufacture of devices having three zones
with p-n. junctions bétween . the said zones,
and an. insulating -film - upori. portions of a
major face: of the semiconductor body and
25 covering .one_or more. surface inteércepts .of
said p-n_junctions, it is advantageous to form
a metallic membei which overlies at least
~* oneé of saitl surface intercepts as an extension
or. integral portion  of one . of -the -metallic
30 électrodes. ‘which is . in . ohmic . contact with
otie of the said zones. Further, a second: oné
‘of the metallic. electrodes.which is in ohmic
- contact with anothiér of ‘the said zones ay,
advantageously, be caused to éxtend - over
35 the surface mtercept of the second p-n
juftction: -
Aecmdmg to the prment invention there
is provided a-3émiconductor. device: .coin-
prising:. a wafer of crystalliné semxconducuve

40 material - having ‘two opposing' major faces

and three fegiotis; one of said regions being
of givén . conductivity -type ~betwéen two
regions of the. opposité conductivity type in
gaid wafér and each said- refion extending
45 to a-one of said niajor wafer faces; two p-h
junctions: in. said wafér between said -three
regions; both -junctions intefcepting the sur-:

" facé of said oné major wafer face; a dielectric

film on portions of said one major: face and
S0 completely " covering the- surface intercepts
of said. junctions; and a- metallic :electrode

in direct contact with one of. said wafer

regiohs, said electrode extending upon at

least the entife portion of said dieléctric filin.

55 which covers one of sald surface mtereepts
of the p-n-junctios. -

réference to’ the aecompanymg drawmgs,
which;~= - -

60 Figure:1.is a cross-sectmnal v1ew of one
embod1ment of the invention; .

other :embodiments .of the :invention: .

In the: several Figures  like - referenee:

65 numerals refer to corresponding pazts, unless

“comprises a wafer 10. of crystallifi

opposing .
-major faces 11 and 12. In this example, the 7(1""
_semiconductive wafer matefial is a :

e

otherwise stated. A
Figure 1 illustrates a tnodeﬂtan‘sns&or It ;

conductive material haying: ‘two

crystalline germanjum-silicon alloy. Waf
mcludes a region 23 of .giveil conduttivity %
betiveen two fegions (fegion. 25 and the .-

.bulk of wafer 10) of opposite oonductmty 175

type. Two rectifying barriers or p-n junctions
24 and 26 aré thus formed dt the bounidaries - -
of region: 23" with-the opposite conductivity
type regions of the wafer. The different wafer -
regions and the two rectifying barriers all g0
extend to the same major wafer face 11.
Face 11 is covered with a dielectric film 18, .
which . may,  for example, be magnesium
fluoride, magnesium chloride, or silicon

oXide, A portion of the dielectric film 18 is 85

removed to expose a part of wafer face 11
within region 25; another portion of dielettfic
film 18 is removed to. expose an annular patt

of wafer face 11 ‘within Tegion 23; An elec-
trode 27 to regioh 25.4ad an -annular élet= 90
trode 29:to tegion 23 ate formed by deposit-
ing a metallic filmi on the exposed portions

of the wafer. In this example; the electrodes

27 and 29 consist of aluminum.. The elec-
trode ‘may be-. -deposited in the desired 95
locations by evaporation. through a mask.
Alternativély; a single ritetallic layer may be
deposited over the entire wafer by any con-
venient ‘technique, such: as evaporation or -
electroplating; and the undesired portions of 100

-inetallic layer theh removed by grinding or <

lappmg or etching: T this example; electrode
27 is deéposited: in diréct cortact with wafer
region 235, “but .entirely: within the area -of
region 25; and herice. doés not overlap aiiy 105
junction intercepts:of the wafer. In contrast, .
electrode 29 is: hot -only. in - direct contatt
with region 23 of wafer 10, but also includes-
portions 29a . which extend upon a portion
of dielectric film 18 50 as to cover the éhtire |1y
sutface intercepts. of the two p-n ]unctmns
24 and 26. .

Electrical lead wirés 15 and 30 are attached
to electrodes 27 and 29 respectively; and an
electrical - connection - (not shown) -.which 115
serves. as a.collector lead is subsequently
made to wafer face 12. The device is then

 potted and cased by-standard methods. The

unit then can be operated with lead wiré 15: _
as the emitter lead, electrodé 27 as the émittér 120

. electrode; wafer region 25 .as: the enditter
The invention will now be descnbed with.

region, lead wire 30 as the base lead, élec-
trode 29 as the baseelectrode;. wafer iegion.
23 as the base reglon, luncuon 26 as .the
emitter-base junction, - and 1unct10n 24 as the. 125

L . base-collector: juhction. -
Figures 2 to-6-are. cross-secuonal v1ews of-

- Transistors fablicated . m accordance with
tlns embodiinent; with a metallic eléctrode. in-
direct contact with the semiconductor wafet.
surface and extending over the dielectric film 130
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sutfatye «ilntercepts_of ’the dewcz 1
/. improved. > fesistance

ges ‘scross: the: jUBctions,

ot electncal paramete

. bi’lcated 45 - desc bed in th:s exam;)le &%
.07 hibited an. -average feverse~jlinction bicak:
0 down voltage of about:225 volts; Ti. contrast
. up. of corfesponding silicon NPN: tran-
_ sistors fabricated ‘according to theé prior’ a
exhxbxted all average reverse- Junctmn ‘bi€a

f §
% fo low_ wialues of surfaoe
1‘1' ‘séeén - that_ whefi sufﬁcwnt »

. dowi voltage of about 150 volts:: i plotertia
15 .- The: deyice. of: Figure 28 riotle posmve ‘or ticgative 'bias; i§ applied to’ ithé 80
' nd is similar (o, the device mietal’ il over the x1de layer, whith bias

tained from & devme
¢ surface potential is
o leither -positive: OF

; '"'_’.".f'_'. 83
ibioe Yo"

phiee vith 1 : may for example-
: ;- The wafeér’ 10 consists of  électrode, theén thi
-+ erystalline ¢ iviin, and the dielectiic filiii gl Extred
_.-,_2_0 18 consisting of silicon: oxide S forméd- by
thernially decomipositi iloxahieé. compound
and forcing the decoin position - products
_ theréoi to nnpmge gamst wafer face 11. ,
i The, eléctrode-19- 8 deposited i ditect which 15U
fo 25 contagt with wafer region - ‘4lso ex- recombifiationt
o0 tends upon & portion’ of dislectric filin I8 50  Moreover, devn_ =
entife’ sutface intercépt of the of negauve su
fhich - surrounds the peri-
gioh 25 “Electrode 39 8
coittact with' wafer region
i of dielectric filin 18

sa uratl ‘n_ current
iy surface
) : 90

" 'as fo cover the,_
26

ce of “al the omde layer

tface:; The ‘electric: ‘fields associ-

junction” and their sutface

1 jons to move
105

L upoti:8 portion 0
" 40 as'to, extend over the ent:re surface mtercept
“of thé pi junction’ 26 wh_1c is the exte
penphery of .the ype wafet regxon
i anid - another - me Pl it el_ectrode 39 in
i dxteCt cotitact with-&' giver snductivity type
45, wafer fegion 23 “and ‘covering ’ ' ‘portion ‘of
© " the dielectric film 18 so as to extend - over
" the -entire-surface inte étcept ¢ of: the p )unc-
tion 24, which the €3 Hery, of

cteagal “Jui resPectlvely 1¢-is known that |
proved resxsmncé on both sides of a - , junction
channéling when: com’ ' ¥
45 thahsistors acco“ ing

- 0ot ha‘?in th '

D et e ¢
: imduddr de\h'
B '60 is_ a5 follows. F
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the film tends to decrease the effective. N face, and the collector electfode ektending .~
dpping,‘-waijnc_l-liencg--rais_es.thg. junction break. upon the dielectric film so0 g5 to CRver the =" _
down voltage, .. L sntire surface intercept of the base-collector
_In. Figure 3 the device is Similar to that of junction as_in this example, but: having an

-8 Figure 2, except that the emitter electrode 47  emitter electrode and a’ age. electrode which 70 -
does not extend upon the dielectric film 18, dor-po_t.'emnd._upon.thesdie.l.e.c.t.riq.-_ﬁlm. R o
The emitter-base junction 26 is not covered -An ad!q._ntage -of - the . semi, onductor -de- _ s
by an electrode in this embodiment. = yjceg described jis the reduction of that com-

10 similar (o that of Figure 2. o, Sreally proportional to" signal frequericy, wen"s, 7s

extend ' upon the " dielectric fiim’ 18. Base Of the metal film. over.. the. entire - junction
electrode 49 extends upon the dielectric film ‘ '

18:50 as to cover the entire. surface intercept reduce the total. device noise, particularly at .
45 of the emitter-base junction 26, The ‘base- the low signal frequencies where the 1/1 noise 80
collector junction 24 is N0t covered by an  dominates,. . o X o =

electrode in this embodiment

electrode in this embod ent. vices: such as transistors used 1 L h radia- ‘
. In the  above _.described . examples, ' the tion intensity environments. tend to .exhibit
electrical’ connection to the-collector region Sporadic: and. unpredictabje failures .due . to e
of the transistor was made at the'major wafer. fadiation-generat " ionization : withip: - the

30 face opposite the wafer face. bearing the device enclosure, - This :{onization. produces 95
emitter and base connections. In the device, electric _charges: in’, the exposed * oxide _sur-
of Figure 6, the electrical connections to the faces of: the ‘device,-and - cay i
emitter, base and- collector regions -are.all surface sensitive device characteristics. such

35 The device of ] 18u18.6. is the, same, as, ths voltage. The presetice. of 4 imetal fio. on'the 0o

of Figure 5, exvept that jn addition to the oxide layer over the.entire junction intercept
m:tﬁﬂic:._-.;__electmd.esr19'and-_.5.9.; formed on of /& Semiconductor deyice tends to_ shield

' describﬁd.;lin;;cgnneqﬁon-wi_th Figure 2, The - The above. examples: are, preferred forms T
electrode 60 makes direct connection to the of the invention, However, they have been -
body of the wafer 10, that is to. the collector- set forth by way of illustration only, and, for
region, and a collector lead 16.is.attached to example, other ..crystalline Semiconductive

45 collector electrode 60. Thus, in. this cxample, materials and. other doping agents. may be 110

- 1 base-electrode 59 does- not.extend upon utilized, .~ TR T
the dielectric film_18. The emitter electrody - WHAT WE CLAIM IS;— " "~
19 ‘extends upon the dieleciric film 18 so as " 1.- A semiconductor device comprising:. g
{0 cover the. entire surface intercept of the. wafer, of crystall_ine_-:semiconductive material

50 emitter-base junction 26, The Collector elec-  having; two. opposing: major, faces and three 115

~ trode 60 extends Upon dielectric fitm 18 g as' regions,.one of said’ :ggipns,being‘oﬁ;_.ﬁgiyen '

t0.cover the entire surface intercept of base-  conductivity type between two regions:of the

collector junction 24, - V-be fabricated. <. ;... °PROSite conductivity type. in said:wafer and - i

.- Simj ar transistors may. be.fabricated; as jn- each said. region- extending to a one of :said
35 thiis. example, with ‘electrical connections, t0: major wafer faces; two P-n. juncti 120
~ all three . Tegions of the device on one major: wafer between said three region
wafer face, but having the base electrode 59  tions. intercepting the . surface
instead of the emitter electrode as in Figure. major wafer. face; a dielectric

6 extending upon thie diclectrical film 13 50 ag of said one major wafer face mpletely
60 to cover the.entire. surface intercept of the: covering the surface intercepis of said junc, 125 -
emitter-bise junction 26, In such an arrange. tion.sz.ands_a;metaﬂic-electrodeain
mment; the . emitter electrode uay.not extend. -tact . with one of said wafer regions, saj
upon th.’c,'dielﬁc'tr?ic-.fﬁlm.*'_Alt_'ematively,-}a- eléctrode extending upon at least. the ‘ent;

transis__to_r_;m_afy-.bé..fab_ri_jcéted with all three- ‘portion ,qf-;sai;i.diel_ectr__ic_ film, whi
65 electrical connections. on one major wafer. one of ‘said, surface. intercepts
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the film tends to decrease the effective N
doping, and hence raises the junction break-
down voltage. :

" In Figure 3 the-device is similar to that of

-3 Figure 2, except:that the emitter electrode 47

does not extend upon the dielectric film 183,

The emitter-base: junction 26 is not covered

by an electrode in this embodiment.

In Figure 4, the device is again generally

12 similar to that of Figure 2.. However, as in

Figure 3, the emitter electrode 47 does not

exitend upon the dielectric film 18. Base

electrode 49 extends upon the dielectric film
18 so as to cover'the entire surface intercept

15 of the emitter-base ]uncuon 26. The base-
collector ]uneuon ‘24 is.not covered by an
electrode in this embodunent _

In Figure 5, the device is again generally
similar to that of Figure 2. However, unlike

20 Figure 2, the base electrode 59 does not ex-
tend upon the dielectric film 18. Emitter
electrode 19 extends upon the dielectric film
18 so as to cover the entire surface intercept
of the emitter-base ]uncuon 26. The base

25 collector junctlon 24 is not covered by an
electrode in this embodiment.

In the above described examples, the
electrical connection to the collector region
of the transistor was made at the major wafer

30 face opposite the wafer face bearing the
emitter and base, connections. In the device
of Figure 6, the ‘electrical connections to the
emitter, base and . collector regions are all
made on the same major wafer face.

The device of Figure 6 is the same as that
of Figure 5, except that.in addition to the
metallic electrodes 19 and 59 formed on
major. wafer face 11, a ‘third "metallic
electrode 60 is also formed ‘on that same

.40 major face 11 by techmques such as those

described in connection with Flgure 2. The
electrode 60 makes direct connection to the
body of the wafer 10, that is to the collector
region, and a collector lead 16 is attached to

45 collector electrode 60, Thus, in this example, -

the base electrode 59 does not extend upon

the dielectric film 18; The emitter electrode

19 extends upon the diclectric film 18 so as

to cover the entire surface intercept of the

50 emitter-base junction. 26.:The collector elec-

trode 60 extends upon dielectric film 18 so as

to cover the entire surface mtercept of base-
collector junction 24, - -

Similar transistors may be fabricated, as in

55 this example, with electrical connections to

all three regions’ of the device on one major

wafer face, but havmg the base electrode 59

instead ‘of the emitte; electrode as in Figure

6 extending upon the djelectric: I film 18 so as

60 to cover the en ercept of the

emitter-base j ]un__ on such an arrange-

ment, the emitter electrode’may-not extend

upon  the dielectric ' film: “Alternatively, a

transistor may be fabricated with all three

65 electrical connectxons on ong’ major wafer

face, and the collector electtode eitending &
upon the dielectric film so as to cover the
entire surface intercept of the base-collector.
junction as in this example, but having an
emitter electrode and a base electrode wlnch 70
do not extend upon the dielectric film.

An. advantage of the semiconductor de-
vices: described is the reduction of that com:
ponent of device noise which is inversely
proportional to signal frequency, and -.is 75
known as flicker or 1/f noise. The presence
of the metal film over the entire junction
intercept of a semiconductor device tends:to -
reduce the total device noise, particularly at
the low signal frequencies where the /£ no:se 80
dominates. 3

Any’ of the semiconductor devices de-'
scribed in these Examples may have the
conductivity types of the various regions
reversed, so that PNP transistors of the types 85
described can be fabricated with satlsfactory
electrical characteristics.

The semiconductor devices of these
Examples display an improvement in
resistance to radiation. Semiconductor de-.90
vices such as transistors used in high radia-
tion intensity environments tend to exhibit
sporadic and unpredictable failures due to
radiation-generated ionization within the
device enclosure. This -ionization produces 95
electric charges in the exposed oxide sur-
faces of the device, and causes changes in
surface sensitive device characteristics such
as noise, reverse current, .and  breakdown
voltage. The presence of a metal film on the 100
oxide layer over the entire junction intercept ™
of .a semiconductor device tends to shield
the oxide surface and minimize the de-
leterious effect of high radiation environ-
ments. 105

The above examples are preferred forms
of the invention. However, they have been
set forth by way of illustration only, and, for
example, other crystalline semiconductive
materials and other doping agents may be no
utilized. :

WHAT WE CLAIM 1S:— :

1. A semiconductor device comprising: a
wafer of ‘crystalline semiconductive material
havmg two opposing major faces and three 115
regions, one of said regions being of given
conducthty type between two regions of the
opposite conductw:ty type in said wafer and
each said region extending to a one of said
major wafer faces; two p-n junctions in said 120
wafer between said three regions, both junc-
tions intercepting the surface of said one
major wafer face; a dielectric film on portions
of said one major wafer face and completely
covering the surface intercepts of said junc- 125
tions; and a metallic electrode in direct con-
tact .with one of said wafer regions, said -
electrode extending upon at least the entire
portion of said dielectric film which covers
one of said surface intercepts of the p-n 130
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2. AsemiSonductor deyice according to

Claim 1, wherein said metallic electrode is in
- diréct contact with one of said opposite con-
3 ductivity type: regions and extends upon that
- portion-of said dielectric film ‘over the entire

. vis the external periphery of said one opposite
. condiictivity type region; and wherein a
10 second metallic electrode is in direct contact

- with said given conductivity type region and

“extends upon that portion of said dielectric

ace intercept of the pn junction which .

film over the entire surface intercept of the

p-n junction which is the external periphery

of said given conductivity type region. 15
3. A semiconiductor device substantially

as herein described with-reference to any one

of the embodiments illustrated in the accom-

panying drawings. .
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