
..... 

:~ ·. 

PATENT SPECIFICATION 1,097,413 
DRAWINGS ATIACHED; . 

· .. Date of Applicq.tion and filing Complete Specification: 
Jan. 19~ 1965. No. 2357/65. 

Application made in United States of America (No. 341,558) on 
Jan. 31, 1964. 

Complete SpeciflcatiOn Pr#'lished: Jan. 3, 1968. 

· © Crown Copyright 1968. 

lhdexatAcceptan¢e:-::~UK(1Cl, lCX, 2SlB, 2S2P, 2820, 3E1M, 4C9A, 4Cll, 4C21, 4C23, 
.. . .. . . . . 4F1A, 4F7, 4F8, 4F11G, 4F17, 4Fl8, 4GX, SCS). 
lilt~ Cl.:~H Ol 11/14. 

COMPLETE SPEClFICATION. 

· Improved Semiconductor Devices. 

•We, RAo10 CoRPORATION OF AMERICA, a 
Gorporation organized under the laws of the 
S~te ofDelaw~. United States of America, 
of" 30,. RockefeUer. fh\za, City and State of 

5 New ·votk~ ··Uriited S~tes of America, do 
:hereby,<ieclaie the in:yention, for which we 
:pray ~at a patent may be;: granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow-

10 iµg $,tement:-.-
. •' · This invention relates to semiconductor 
. clevi~s and · has particular application to 
trati.sistor devices which are · adapted to 
handle high power at high frequencies. 

· 15 . According to one aspect, the· present in­
yention provides a semiconductor device 
·comprising a semiconductor body· having a 
p-n junction in which a distributed resistive 
layer js positioned between a contact and the 

20 p or n region and is such as to maintain the 
;:current den~itY. across the junction substan-
:µally ui;llf otm. · . 

· .·.: According to another aspect, the present 
j_nvention · provides a transistor device in-

25 • ~uding a co]]ector region of one conduC­
tivity type. a base region of opposite conduc­
pvity type and an emitter region of con­
·puctivity type opposite _to that of said :base 
region defining p-n junction, between said 

30 regions, a ,conducting emitter contact spaced 
from said emitter region, a lead connected to 
said emitter contact for conducting current to 
said emitter region, and a distributed resistive 

·layer positioned between saiq lead and said 
35 'e'.mitter region, such as to maintain the cur­

rent density across the emitter junction sub­
. ~!antially uni(orm, wherein a portion of. the 
tesistiv~ lay~t:. extends over. ~id emi~r 
'contact so that the: emitter current passes 

40 inwardly fronfthe emitteicoiltact:thrcmgh the 
i'esistive layer .to the eil:iitter region. .The dis­
Jiibuted resistive mean~: .iS so po~itioned that 

tPrice 48. 6d.] • ' ' 

the current density remains substantially 
equal at high emitter current densities in 
incremental areas across the emitter junction. 45 
The distributed resistive means may be in the 
form of a thin layer of metal or of semicon .. 
ductor material having a high sheet resis­
tance. 

The distributed resistive means essentially 50 
provides a distributed ballast resistor in 
series with each incremental area of the 
emitter junction. The ballast resistor limits 
the current density in the incremental areas of 
the emitter junction to a value close to that of · 55 
the other incremental areas. Thus, the 
current-voltage threshold for breakdown is 
increased1 f()r a particular device geometry, 
thereby impa.rtjng to the device a higher 
power handli,ng capability. Alternativ~ly, 60 
smaller sized units may be made for a like 
power rating since essentially all of the 
emitter area _(not just the periphery) is 
carrying current to the same degree. Alterna­
tively again,· a combination of increased 65 
threshold for breakdown and smaller uriits 
may be provided .. 

A more detailed description of the inven­
tion follows in conjunction with the accom-
panying drawings, in which: 70 

'.Figure 1 is a sectional view of a first 
embQdiment of the invention in which the 
resistive means is in the form of a discrete, 
epitaxially-grown layer between the emitter 
region and the emitter contact, 75 

Figure 2 is a sectional view of a second 
embodiment of the invention in which the 
resistive means is· in the form of a discrete 
_vapoµr deposited: layer between. the emitter 
.contact andthe e111itter bus or lead, and 80 
.. Figtires 3A. and 3B are respectiv.ely plan 

!ind sectional views. of a. third embodiment of 
. the invention in whic,h the resistive means is 
. j]i the form· of a multiplicity of discrete 
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vapour deposited layers between a corre:- whi~h the normal operating current density is -.. , -. ; 
sponding multiplicity of discrete emitter 1000 amperes/cm11, a typical_:.,~ue ior the,_). L~ 
regions and the emitter contact. resistance (measured across the- t\iicbeis of ,T!Jt[:~· 

Similar reference numerals are used for the> layer) of one sq11are centim,eter of the ' -- ·· · 
5 similar elements throughout the several layer is 10'-4 ohms. · A resistive layer _ 45~ of 7.0- -

Figures. 0.03 ohm-cm material · approXimately .· 30 . 
Figure 1 illustrates a first embodiment of a microns thick may be appropriate in: this . · 

transistor of the invention comprising a semi- typical transistor, giving a sheet re$istance in 
conductor body 21. The body 21 has therein the resistive layer 45 of approximately 10 

.. 10 anemitterregion23 of one conductivity type, ohms/square .. The sheet resisti;i.nce of the·· 75: 
for example, p type; a ba8e region 25 of the emitter region 23 should be approximately · 
other conductivity type, for example, n type; the same value or higher to prevent excessive 
and a collector region 27 of the one conduc- lateral current fl.c:>w in the emitter region. 
tivity type, for example, p type. The emitter The thin· distrib"!ited resistive layer .45 acts. 

15 region 23 and the base region 25 are adjacent as a multiplicity of small brulast resistors 80 ·· · 
to one another and de:fuiti an emitter p-n which tends· to keep the current density 
junction 29 therebetween. The collector through the thickness of. the resistive layer .· 
region 27 and the base region 25 are adjacent 45 substantially equal across its major dim.en- · 
to . one another and define a collect~r p•n · sions. · The sheet resistance (resistance in the 

20 junction 31 therebetween. The emitter junc- direction of tbe major dimensions of the resis;. 85 . · 
tion 29 and the oollector junction 31 are tive -layer 45) should be high enough to. 
preferably uniform and ck>sely spaced from · preven~ any substantial lateral current·· fl.ow· 
one another by the base region 25. The (~t flow in th.e direction of the major 
transistor may be of the p-n-p type or of the · dilliensi6ns ofth~-tesistive-layer 45)~ .·· . -

25 n-p-n type and; "in general; may be any of the The emitter contact 41 neec:l not_cover all of- 90 · .• 
homojunctiori . or heterojunction structures the emitter region 23 a11d there is considerable .· 
known in ·the semiconductor. art. . the :flexibµity in deSigmng the emitter contacf4L · 
c0llector region 27 i$atta.Chect fo a suppor(33 Whettrthere is -all emitter confuct _ 41 which 
as with solder 35; '.['he support 33 may'be an cavers substantially all the emitter region 23, 

30 electrically con4ucting metal plate and may be as in the transistor illustrated in Figure l, it 95 
the header of the enclosl.ire for the transistor. is preferred: that the resistive _layer 45 have a 
Both the support 33 and the· solder 35 are high si,.eet resistance and that the emitter: · · - ·. · · 
selected to provide a heat-siilk for conducting region 23 have a sheet resistance of about the 
away heat generated in the transistor, in ·a same value . or ·higher. Where the emitter . ·. . 

35 manner known iii the art. Jti Figilre 1, the contact'· 41 doeir" nc:>t · cover ~ subs~tial. 10() 
support 33 functions as the contact to the porti6n oftlie emitter region, it is preferied 

· collector. region ·27. If desired,. a ·separate that. •the resistive• ~yer· 45.· ha:s. a· low sheet .. _ , . 
. collector contact to the Collector region 21·. resistance and thatthe eniittei:j11ncti(m 29 be 

may be provided. In that case; the support diVided into discrete Sub-areas orisla11ds, as . . . . 
40 33 may }le electrically insulating. · , .. · · iii the transistors illustrated in Figures 2 lill.dJOI?_ ., : · 

A base contact 37 and a -base lead 39 are 3A; .. :Dividing _the emitterjunctie>n 23 eff~ - _ -•.. 
connected in series to the base region·25.in a tively increases the sheet resistance .of ·the·. · 
manner known in the transistor art. An emitter region 23 . and it also increases the 
emittercontact-41 and an "emitter lead 43 are emitter periD:ieter to emitter area ratio, 'a . . 

45 connected in Series with one another ·in a desirable feature for silicon transisfors. 110 
manner known in the fransisfor art. However, Th_e metal layer· 42 (Figure 2) is positioned 
unlike prior devices, the emitter contact 41 is in contact with and between the emitter , 
spaced from the emitter region 23 by a thin region ~ and th.e -resistive layer 45. The · 
distributed resistive layer 45. · As shown iti. tesistiv:elayer 45is lOcated between: a pair of .. 

50 Figure 1, the resistive layer 45 is a seinicori- einitter contacts 41. Thus, the emitter 115 · 
ductor materW which has been deposited epi;.. cliirent . passes _ inwardly from the emitter · 
taxially on the surl'aee of-the emitter region 23 ·. contacts ·41 ·. through the resiStive_ layer. 45 
by processes known in ·the art· However, where itis distributed and passes throµgh the 
other methods <:>f fotmirig said region also metal Jayer 42 to the emitter 23. In this 

55 may be uSed; such as· out-diffusi()Ii, vapinfr einbodiment, the meW contact 42 and the 120 
deposition, or recrystallization. - · · emitter region 23 each should have a high 
.. · The resistivity and thickne8s of the resistive sheet resistance to minimize lateral current 
layer 45 is ~uch that a voltage dl'()p of at least ffow ; that is, the coridtiction of cur~n:t 
kT/q :volts, and-preferably a few times kT/q ·paraJiel to the ina.Jc>i surl'ace"s of the _contact. 

60 volts is created at a noilWll. opefatirig current · · The metal layer _42 i$ optional and may be 125 
denSity. In: the expressfon kT/q, k is ;Boltz:- present. to provide a ~011-tectifying or ohmic ... · 
man's c0nstant, T is the abso~lite temperature conW.91: to tb,e emittet'- region 23; · . ··. . . : . -
of the layer- during the operation of the , In Figure Z base co~ta¢ts 37 are metallized 

. transistor, and q is the electrostatic charge areas which" rest on the 1'8.Se region 25.- An 
65 on an electron. For a typical transistor in inswator layer 4Toverlays the base oonta.Cts 13() 
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"j-

•J. 

·.,. 

. . ·~ ~ 



., ~- ·.· .. ~..-.::..·:. -

3 

---'~:~~11::.li ;~~~~~~ 70 
< / the nietal1ayer 42; the. emitt¢r <;:ontactS 41' · entii:e s'utface is coated with an insulatorJiiyer 

/and the dnsulator layer 47~:>,The resistive. 4Tand fl?.e :mask removed; The insula.tor 47 
. layer 45. has a• sheet resistance of approxi• • Jl1ay be· pf any convenient insulator material. 

:(zri.ately- l ohm/square.:·· ·This caµ :be achieved O:tie suitable material is: silicon :oxide:·of the 

--·. 

.. ---: ..... , .'. 

1() :!Wi.th a· layer ofpartially.redµ(:ed tin o:Xide,, typewhichisproducedbythermaldeposition 75 
, ·. ;;ipproximately 1 mil thick. Films of resis- from the vapour of a sili<;on compound. ' · · 

··.ti've:.metals .or.•other: resistive. materials can Then; the ins~tor layer 47'. and.;1:hemetal 
:. ·aiso :be:used-for the liyer 45~;i-:/ ·. layer 42::are'.):>;1aske(J.;1¥:rid.th~:eJllitter C()ntacts 
. · · The trap.sistor illusti:at~~Un•Pi~ 2 may be 4l are:. pri:>dµced' by evaporating-~ a ielatively 

15 (made;·,ris:in,g ·conve:titiorial<fa,biiCa.tion tech- thick l1,t.yer· ofmeta:I;.such as a).uminium, on 80 
.· \tiiques; One technique·will·iiow~ de~ibed the -insulator 1ayei 41.·· · The emitter contacts 

.·•·for prepar~g .~ transistor '~yi,rig·:finger-like 41 are in the shape· of •stripes ·and::extend 
:_c ei:Iiitter:;regi011s '23; ·interdigitat¢.d.,w•th finger- parallel to and al()ng< both sides. of the emitter 

·_ ·• Ji,ke b~~e;C.ontactS··37,_Jui4 fl#v~g the cross region 23. The emitter contact mask is then 
20 :·s~ondllustrated in :Figuiet2.:tJirough each removed. ·. ,, · 85 

•; }finger4ike emitte.r·tegionJ';Statl:With a wafer · Then,_ the exposed surfaee- of the emitter 
· :: of ,::n-type . silicon · ~pproXitri~teJY- 45 1llils contacts 41, the metal layers:42, :and the fosu­

;:.square and .6 mils ihjck a!:t<J?M'ving a resis- latotlayer 47 are eoated·with a t~sistive_layer 
·: ti'vity of approximately ·l')lhrii~m. Mask 45. Th~ resistive.layer 45:Js ·of a metal ·.ot 

25 Y: onemajor·surface ofthe.wa,fe:(ari,d then heat alloy,·suchas nichrome, _ormaybe:of-a com• 90 
;,, : the~wafer and tna$k atappro@ately 1000° C. pound;·.such· as partially reduced· tin oxide. 

:'>for,approximatel:)'"25_ll;tinutes::1n•'an ambient Metals{.:alloys, f1hd :some .cheilµcal, com-
_·: .. of nitrogen c®taining a -b.orQD;'comp01µ1d, p0utids may be evaporated and c~ndez,ii:;edjn 
•::: suchas.boron .. oXide (B203}'vi:tp6ub A boron- place as a•layet .monitored to• pfo'vide the 

30 ·::diffused p-type regfon 25 'is,:;Jorm.ed in a desired· thickness. Other: chemicar com- 95· 
~, ' j surface region . of the wafer ·,~~pa.rated by a pounds· µui.y be produced by ·r~qn::or de-

, · p-n junction 31 from the U:tidiffused n-'type composition of reagents in the: vaJ>Our pha8e 
: region 27,.which is to be.the collector region and the: reaction productdepositedjn:·a layer 
·.:. 27~ .. · . . . . . >.< ; of the desired thickness. ·As· pointed out 

35 :~ The external surface :Of. the boron-diffused above, the ;desired tlµc~ess is •Siich that, at 100 
·> · :; region ;25. is etched ~t9. reni.oy~Jiistilrbed por- the rated. current·· (amperes per cm):· of the 

, tions · and then masked/'leaV:iiig exposed device~:· the current d.¢nsity : :through the 
'• finger-like areas approxin:iately=:;4~~ mils wide . junction is substantially equal across tpe ,area 
! and 20 Illils long which aie ·(:tiifn.e:c~d to one of the emitterjunctitjn, and .the: voltage. i:Jrop 

40; another· at· one end, and, \vhfoff !define the between the emitter: lead and :the: emitter 105 
_ · · :': extent of the emitter tegion ;;z3'.iii 'the finished region 23 is a few· times k'.f fq volts. The 

; de'vice. The masked wafer is •reheated at :finished transistor is then . soldered to a 
. approximately :1200° c. for approximately 5 header or other support as with solder. 35. 

· =. minutes in: a•nitrogen, atmosp;b.CJ.'e containing . Figures 3Aand 3B;•ill:U.strate a trari.Sistor· of 
45 !~ phosphorus pentois:ide. '(l>aOJ"~/ Poqions of the irivep.tion c()mprising ;:a,, ~eniiconductor no 

• · . the p '.type region. 25 are 'cortver:ted. to n.type wafer: :21:: lj:a'viJ,lg)}:ler.ebi a.Ii· n~type 'collector 
~: by .the, diffusion . therein = :Qf"<pb.qsphorus, tegioiC27, a !HYP~: base region 25', ai:tn,.t:YPe 
' thereby :foimin:g·an-e:i:riitter region23;:and ·mi · emitter:'.region .23 divided· into· a plurality of 
.. emitter p-n junction 29 beit{een:rthe emitter discrete sub~areaS or islands; a cortes1ionding 

50; region 23 an_d the bas~ :regkin.25, . The mask plurality· of separate .portions ofthe e:in.itter ll5 
on the bototi~diffu.sed 'region\" 25_, is re.moved junction 29-, and a single ex>llectot jliilction 31. . 
and the surface is etched to t¢Di6ve disturbed This portion ·Qf ·the 'transistor may :be .·pro­
portions. A ·mas~ :i~: rioV(~'.i;ipplied to. the duced by. a masking and:ditfusion.technique 
boron-diffused side ofthe:'wafer:and the base known· in. the .art; In a, particular· embodi-

55 contacts 37 are produced};'fjy.. evaporating. meht 'the wafer:i$:ofele#i.ental silicon:.and is 120 
:: aluminium nietal thereon: Jo: a :thickness of• .. 225 niil~ lt:i:iig:by apptoxitjiately ~59 niils wide 
·• : appr.oximately 0.5 :mil;·> An:qth.et' mask is •riow · : by appi.OXim.a:tely .1() :riril.1Ltbick, an<f includes 
:. substituted ~d-the metall~y<;r 14.~·i~:prodqced.: . 88 sepil,Iate .-~~iij'tl,Iar: i8lari(i$ constituting 
•.·by evaporating gold metal the.i;C.<:>rito a· thick;;. · the· emitter-·· regiofr · ~~ 'E;ach. island is 

60; ness of approximately . OS• .. micron. The approxiril.ately 4 .niils wide by 8 mils:,long by 125 
. t metal layer 42 is thin and has. ~ high sheet . approxiriiately 1 mil thick. The islands of the 
· · :. resistance, for example W pljijis/square, to eJ;D.itter region 23 are arranged in eight rows 

·~ :: reduce current conduction in: tjl.¢: direction of spaced approxima~ly 26 mils ceiltre-to­
. t· the major &ll:ct'aces. Th~~ Jl1¢ful layer 42 is cen~, each row : ·having eleven 'iSlaµ.ds 
65- used to make ohmic contaet:-:to· the emitter spaced .a~out eight mils centre:-to~centre. 130 
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The entire upper surface of the wafer 21 is 
overlayed with an insulating layer 47 of 
thermally-grown silicon oxide approximately 
8000 A thick, except for the portions 

5 occupied by the base leads 37, the base bus 38 
and the emitter region 23. . The islands con;. 
stituting the emitter region 23 are partially 
overlayed at the edges thereof by the insu­
lating layer 47 so that the emitter junction 29 

10 is covered where it intersects the surface of the 
wafer 21. . 

A plurality of base contacts 37 of alu­
minium in the shape of fingers approximately 
4 mils. wide and 0· l mil thick spaces each of 

15 the rows. A pair of emitter contactS 41 of 
aluminium in the shape of :fingers approxi-. 
mately 3 mils wide and O· l mil thick overlay 
the insulator layer 47 on opposite sides of each 
column. As illustrated, each base contact 37 

20 is spaced approximately 2 mils from one 
emitter contact 41 in each adjacent row. All 
of the base contacts 37·are connected together 
at one end by a wide base bus 38; and all of 
the emitter contacts 41 are connected to-

25 gether at one end by an emitter bus 44, so 
that the base contacts 37 and the emitter · 
contacts 41 form an interdigitated structure. 

A separate resistive layer 45 approximately 
5 mils wide and approximately 18 mils long 

30 contactS each· island of the emitter region 23 
and extends over the adjacent insulator layer 
47 into contact with the emitter contact41 on 
each side of the island. The resistive layer 45 
may be a chromium-gold alloy produced by 

35 co-evaporation of chromium metal and gold 
metal to a thickness monitored to provide the 
desired sheet resistivity. In this embodiment, 
it is preferred that each resistive layer 45 have 
a sheet resistivity of approximately 2 ohms/ 

40 squate, although useful devices may be pre­
pared with sheet resistivities between 0· 1 and 
10 ohms/square. 

WHAT WE CLAIM IS:-
1. A semiconductor device comprising a 

45 semiconductor body having a p-n junction· in 
which a distributed resistive layer is positioned 
between a contact and the p or n region and 
is such as to maintaip. the current density 
across the junction substantially uniform. 

50 2. A device according to Claim 1, wherein: 
the device is a transistor having a base region 
of one conductivity type and an emitter region· 
of the other conductivity type adjacent to the 
base region and the p-n junction is defined as 

an emitter p,.n jlinction and the resistive "'.:. · · .. 
means. are between the emitter C<)ntact and·.~~{:, 
essentially all of the emitter regid:O..- .,,, :<' · . 

3. A device according to Claim 2; further · · 
including a collector region of said other con- . 
ductivity type adjacent said base region and 60 
defining a collector p-n junction there- . 
between; said emitter p-n junction and said 
collector p-n junction being in substantially 
parallel spaced positions with respect to one 
another. c;:·· .· . 65 

4. A device according to Claim 2 or Qaim 
3~ wherein at least ·a· portion of the resistive 
layer extends over the emitter contact. 

5. A transistor device including a collec-
tor region of one conductivity type, a base 70 · · . 
region of opposite conductivity type and an 
emitter region. of conductivity type opposite 
to ·that of said base region defining p".'n 
junctions between said regions, a conducting 
emitter contact spaced from said. emitter 75 
region, a lead connected to said emitter con-
tact for conducting current to said emitter 
region,· and a distributed resistive layer 
positioned between said lead and said emitter 
region, such as to maintain the current 8~ 
density across the emitter junction substan-
tially uniform, wherein a portion of the 
resistive layer extends over said emitter con-
tact so that the emitter current passes in­
wardly from the emitter contact· through the 85 
resistive layer to the emitter region. 

6. · · A device according to Claim 4 or Claim 
5, wherein the resistive layer is located 
between a pair of said emitter contacts. 

7. A device according to· Claim 4 or Claim 90 -· 
5, wherein the emitter region is divided into a 

. plurality. of discrete sub;.areas. . . 
8. A device according to any one of the 

preceding claims; wherein the resistive layer 
consists of semiconductor material or a 95 : -
metal. · 

9. A device according to any one of the 
preceding claims, ·wherein the resistive layer 
has a high sheet resistance. 

10. A semiconductor device as herein 100 
described with reference to Figure 1, or 
Figure 2, or Figures 3A and 3B of the accom­
panying drawings. 

A. M. & WM. CLARK, 
Chartered Patent Agents, . .st, 

5 Stone Buildings, ~ 
Lincoln's Inn, 

London, W.C.2. 

Abingdon: Printed for Her Majesty's Stationery Office; by Burgess & Son (Abingdon), Lt<t-1968. 
Published at Th~ :f;ltent Office, 25 Southampton BuildingS; London, W.C.2, 

from which copies may be obtained. 
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The entire upper surface of the wafer 21 is 
overlayed with an insulating layer 47 of 
thermally-grown silicon oxide approximately 
8000 A thick, except for the portions. 

5 occupied by the base leads 37, the base bus 38 
and the emitter region 23. The islands con­
stituting the emitter region 23 are partially 
overlayed at the edges thereof by the insu­
lating layer 47 so that the emitter junction 29 

10 is covered where it intersects the surface of the 
wafer 21. . . 

A plurality of base contacts 37 of alu­
minium in the shape of :fingers approximately 
4 mils wide and 0· 1 mil thick spaces each of 

15 the rows. A pair of emitter contacts 41 of 
aluminium in the shape of :fingers approxi­
mately 3 mils wide. ~d O· l mil thick overlay 
the insulator layer 47 on opposite sides of each 
column. As illustrated, each base contact 37 

20 is spaced approxiinately 2 mils from one 
emitter contact 41 in each adjacent row. All 
of the base contacts 37 are connected together 
at one end by a wide base bus 38; and all of 
the emitter contacts 41 are connected to-

25 gether at one end by an emitter bus 44, so 
that the base contacts 37 and the emitter 
contacts 41 form an interdigitated structure. 

A separate resistive layer 45 approximately 
5 mils wide and approximately 18 mils long 

30 contacts each isl:;ind of the emitter region 23 
and extends over the adjacent insulator layer 
47 into contact with the emitter contact 41 on 
each side of the island. The resistive layer 45 
may be a chromium-gold alloy produced by 

35 co-evaporation of chromium metal and gold 
metal to a thickness monitored to provide the 
desired sheet resistivity. In this embodiment, 
it is preferred tha,t each resistive layer 45 have 
a sheet resistivity of approximately 2 ohms/ 

40 square, although useful devices may be pre­
pared with sheet resistivities between 0· l and 
10 ohms/square. 

WHAT WE CLAIM IS:-
1. A semiconductor device comprising a·· 

45 semiconductor body having a p-n junction in 
which a distributed resistive layer is positioned 
between a contact and the p or n region and 
is such as to maintain the current density 
across the junction substantially uniform. 

50 2. A device according to Claim 1; wherein 
the device is a transistor having a base region 
of one conductivity type and an emitter region 
of the other conductivity type adjacent to the 
base region and the p-n junction is defined as 

an emitter p-n junction and the resistive A 
means are between the emitter contttct and · 'W'; 
essentially all of the emitter regidn. "'· · 

3. A device according to aaim 2, further 
including a collector region of said other con­
ductivity type adjacent said base region and 60 
.defining a;: :collector p-n junction there­
between, said emitter p-n junction and said 
collector p-n junction being in substantially 

· parallel spaced positions with respect to one 
another. · · · 65 

4. A device according to Claim 2 or Claim 
3, wherein at least a portion of the resistive 
layer extends over the emitter contact. 

5. A transistor device including a collec-. 
tor region of one conductivity type, a base 70 · 
region of opposite conductivity type and an 
emitter region of conductivity type opposite 
to ·that of said base region defining p-n 
junctions between said regions, a conducting 
emitter contact spaced from said emitter 75 
region; a lead connected to said emitter con-
tact for conducting current to said emitter 
region; and a distributed resistive layer 
positioned between said lead and said emitter 
region, such as to maintain the current 80 
density across the emitter junction substan­
tially uniform, wherein a portion of the 
resistive·layer extends over said emitter con-
tact so that the emitter current passes in­
wardly from the emitter contact through the 85 
resistive layer to the emitter region. 

6. A device according to Claim 4 or Claim 
S, wherein the resistive layer· is located 
between a pair of said emitter contacts. 

7. A device according to Claim 4 or Claim 90 
5, wherein the emitter region is divided into a 
plurality of discrete sub-areas. 

8. A device according to any one of the 
preceding claims, wherein the resistive layer 
consists of semiconductor material or a 95 
metal. 

9. A, device according to any one of the 
pr~(ling claims, wherein the resistive layer 
has· a. high. sheet resistance. 
· Ht A semiconductor device as herein 100 

described wiPi reference to Figure 1, or 
Figure 2, or Figures 3A anq 3B of the accom­
panring drawings. 
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