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COMPLETE SPECIFICATION.

: Improved Semiconduétor Devices.

- We, RapI0 CORPORATION OF AMERICA, a
Corporation organized under the laws of the
State of Delaware, United States of America,
of 30, Rockefeller Plaza, City and State of

“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 which it is to be performed, to
be particularly described in and by the follow-
ing statement:—

"This invention relates to semiconductor
devices and has particular application to
-fransistor devices which are adapted to

handle high power at high frequencies.

. According to one aspect, the present in-

vention provides a semiconductor device

comprising a 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 substan-
tially unifoim. o

" According to another aspect, the present
invention - provides a transistor device in-
‘cluding a collector region of one conduc-

-tivity type, a base region of opposite conduc-

tivity type and an emitter region of con-

‘ductivity type opposite to that of said base
region defining p-n junction between said
tegions, a.conducting emitter contact spaced
from said emitter region, a lead connected to
said emitter contact for conducting current to
“said emitter région, and a distributed resistive

‘layer positioned between said lead and said
‘emitter region, such as to maintain the cur-

‘rent density across the emitter junction sub-

“stantially uniform, wherein a portion of the
resistive layer. extends over. said emitter

‘contact so’ that the emitter current passes
inwardly from the emitter contact through the
Tesistive layer to the emifter région. The dis-

. {ributed resistive means is 8o positioned that

[Price4s.6d.]

the current density remains substantially
equal at high emitter current densities in
incremental areas across the emitter junction.
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
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
the other incremental areas. Thus, the
current-voltage threshold for breakdown is
increased, for a particular device geometry,
thereby imparting to the device a higher
power handling capability. Alternatively,
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
threshold for breakdown and smaller units
may be provided.

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

Figure 1 is a sectional view of a first
embodiment 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,

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
vapour deposited layer between the emitter
.contact and thé emitter. bus or lead, and -

Figures 3A and 3B are respectively plan
and sectional views of a, third embodiment of
the invention in which the resistive means is
n the form of a multiplicity of discrete
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. vapour deposited layers between a corre-

sponding multrphcrty of discrete emitter
regions and thé emitter contact.

Similar reference numerals are used: for
similar elements throughout the several
Figures.

.Figure 1 1llustrates a first embodlment ofa
transistor of the invention comprising a semi-
conductor body 21. The body 21 has therein

an emitter region 23 of one conductivity. type,

for example, p type; a base region 25 of the
other conductivity type, for example, n type;
and a collector region 27 of the one conduc-

. tivity type, for example, p type. The emitter

region 23 and the base region 25 are adjacent
to one another and define an emitter p-n
junction 29 therebetween. The collector
region 27 and the base region 25 are adjacent

to one another and define a collector p-n-

Junctron 31 therebetween. The emitter junc-

~ tion 29 and the collector - junction' 31 are
- preferably uniform and closely spaced from
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one another by the base region 25. The

transistor may be- of the p-n-p type or of the -
.n-p-n type and; in general, may be any of the
homo_]unctlon or heterOJunctron structures

known in ‘the semiconductor - art. ~ The

* collector region 27 is attached to a support 33
as with solder 35: The support 33 may'bean -

electrically conducting metal plate and may be
the header of the enclosure for:the transistor.
Both the support 33 and the solder 35 are

selected to provide a heat-smk for conductmg_

away heat generated in the transistor, in-a

‘manner known in the art.. I Figure 1, the
support 33 functrons as the contact to the -
" collector region 27.  If ‘desired, a ~separate

collector contact to the collector region 27
may be provided. . In that case; the support

33 may be electrically insulating,

‘A base. contact 37 and a base lead 39 are
connected in series to the base region25'in a
manner known in-‘the transistor art. - An
emitter contact 41 and-an emitter lead 43 are
connected in series with one another in ‘a
manner known in the transistor art. However,

unlike prior devices, the emitter contact 41 is -

spaced from the emitter region 23 by a thin

distributed resistive layer 45." As shown in

Figure 1, the resistive layer 45 is a semicon-
ductor matenal which has been depos1ted epi-

taxially on the surface of the emitter region 23 -
by processes known “in ‘the art.’ However, ’

other ‘methods of forming said’ regron also

‘may be used; such-as out-diffusion, vapour

deposmon, of recrystallization. - -
- The res1st1v1ty and thickness of the resrstlve

layer 45 is such that a voltage drop of at least
- kT/q volts, and preferably a few times kT/q
volts is created at a normal’ operatmg current
: densrty In the expression kT/q, k is ‘Boltz-
man’s constant, T is the absolute temperature-
of the layer durmg the operation ‘of the
- transistor, and ¢ is the electrostatic charge_

on an electron. For a typical transistor in

“layer is 10~ ohms. - A- resistive layer 45 of -

_as a multiplicity’ of small ballast resistors
.sions. ~ The sheet resistance (resistance in the
'theemltterregron23 and there is. considerable .. | 7
flexibility in designing the emitter contact4l:- -~

‘is preferred that the resistive layer 45 have a - .
high sheet resistance and that the emitter- .-

“emitter region 23 each should have a high

wh1ch the normal operatmg current density is __,
1000 amperesfcm?, a typical walue for the..
resistance (measured across the thicknéss of -
the - layer) of one square- -centimeter of the -

0.03 ohm-cm material -approximately 30

microns thick may be .appropriate in. this .-~ .-,

typical transistor, giving a sheet resistance it -

the resistive layer 45 of approximately 10 T

ohms/square.. The sheet resistance of the’ 75

_emitter region 23 should be approxrmately S
" the same value or higher to prevent excessive - -

lateral current flow in the emitter region. . :
"The thin- distributed resistive layer 45 acts. -

45 substantially equal across its major dimien-

direction of the major dimensions of the resis~ 85 .-

-tive -layer: 45) should be high enough to. " - i
~ prevént any substantial lateral current flow -
_(current-flow in the direction of. the major

dimensions of the resistive layer 45).
The emitter contact 41 need not cover all of -

Where -there is an emitter contact 41 which ~
covers substantlally all the emitter region 23,
as in the transistor illustrated in Figure 1, it

region 23 have a sheet resistance of about the = . -
same value or- hrgher Where the emitter =
contact” 41" does not cover-a substantial 100
portion’ of the emitter region, it is preferred

_that ‘the resistive- layer 45 has. a low sheet ~: -~ - . -
. resistance and that the emitter junction 29- bel' PPRE
divided into discrete sub-areas:or islands, as’ =

in the transistors flustrated in Figures 2 and 1
A Drvrdmg the emiiter’ junction 23 effec-
tively increases the sheet resistance of the -

emitter region’ '23 and it also.increases. the_ . B -
-‘emitter perimeter -to emitter area ratio, a
desirable feature for silicon transistors.

..110-
' The metal layer 42 (Figure 2) is positioned = -
in’ contact with and between the emitter - -
region 23. and the resistive layer 45. The.
resistive layer 45 is located between a pair of-
emitter contacts 41.. Thus, the emitter
cutrent: -passes.. inwardly from the emitter

- contacts ‘41 ‘through the resistive. layer 45 -
“where it is distributed and ] passes through the

metal layer 42 to the emitter 23. In this
embodiment, the metal contact 42 and the.

sheet resistance to minimize latéral current . -
flow; that is, ‘the. conduction “of current
parallel to the major surfaces of the contact. .
The metal layer 42 is optional and may be

contact to the emitter region 23. .

" In'Figure 2, base contacts 37 are metalllzed

area$ which rest on the base region 25. An

-msulatcr layer 47 overlays the base contacts 130_

8
‘which' tends- to keep the current demsity <. . .. -
‘through the thickness of the resistive layer- . '

o5 -
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. "85 contacts 37 are produ'___

: _ 'fhe resistive
- . layer 45 has a:sheet tesistance of approxi-'
ately. 1 ohm/square. This can be achieved

. for preparing a transistor :
+ emitter-regions 23, interdigita thh finger-
ke b_aser-contacts 37, and ha_ g the cross

finger-like emltter region.
. “of . n-type . silicon :approxin

--;T-square and .6 mils thick and:
; tivity of - approximately
i one major surface of the .w
-the-wafer and mask at.appro
-for. approximately 25 minute:
_of nitrogen. containing. a-boro compound
- such as boron 6zide (Bz()s) V]
-diffused p-type region 25 _
"< surface region of the wafer :séparated by a

: p-n_junction 31 from the" undlﬂ'used n-type
T 12'egnon 27, -which-is- to be the collector region

ately 1000° C.

i+, Tegion 25is etched ‘to: remo ¢ disturbed por-
;_'.tlons and then masked.-' itig ‘exposed

¢ and 20 mils long whlch are
another at one end, and- W
.--% extent of the emitter region 23
i device. The masked wafer is ‘reheated at
T approxxmately :1200°:C.- for; approxnnately 5
© ¢ minites in’ a nitrogen: atmosphe : containing:
455 phosphorus pentoxlde (PO I
" the ptype region 25 are conve_ d to n.type
i by the. diffusion therein : of: '
: thereby: formmg an-emitter:
- emitter p-n junction 29 be
50 region 23 and the base region 25.
; on the boron-dlﬂ‘used ‘région:25.is removed
- and the surface is etched to:rémiove disturbed
{ portions. A -mask 15 1 plied to the
i boron-diffused side of th and the base _

+ aluminium metal ther
i approximately0.5 mi
;| substituted and the metallaye
;. by evaporating gold metal th'

60 ness of approximately 0.5 micron. The
- metal layer 42 is thin and has a high sheet
. resistance, for example 10 ohms/square, to
¢ reduce current conduction in’the direction of

% the major surfaces. The meétal layer 42 is

65.- used to make ohmxc contact to.the ‘emitter

s, Tegio

188 ‘separate ‘fectal $
-~ ' the emittéf region’ ‘23. -Each island is

ion.. reglon 23.. Where it; 's_;-not necessary to
" make ohmic contadct, the metal layer 42 may

be-omitted; -for: example, as lllustrated m

) Fxgures 3Aand 3B.

“Next; the metal layer: 42 is masked and the 70

; entire surface is coated with an insulator:layer -

4T-and ‘the mask removed: : The insulator 47
may be of any convenient insulator material.
One siiitable material is: silicon “oxide 'of: the

le, type which is produced by thérmal deposition 75

from the vapour of a silicon compound.: -
‘Then; the insulator layer 47 and. the metal
layer 42 ‘aré:masked and . the:emitter contacts
AT ate produced:b vaporatmg a.felatively
thick layer of metal; such as aluminium, on 80
the insulator Tayer 47 The emitter contacts
41 are in the shape’ of :stripes and: extend
parallel to and along both sides of the emitter
region 23. The emitter contact mask is then
removed. 85
Then, the exposed surface of the elmtter
contacts 41, the metal layers:42, and the insa-
lator layer ¢ 47 are coated with a fesistive. layer
45. - The resistive layer 45:is-of 4 mietal or
alloy, such-as nichromé, or may be-of'a com- 90
pound,-such as-partially. reduced tin oxide.

- Metals;* alons, ‘and. :50me .cheémical. com-

pounds may ‘be evaporated and condensed.in
place ds ‘a.layer monitored ‘to: provxde the
desired- -thickness. Other: chemical:-com- 95
pounds. may be- produced by reaction:or de-
composition of redgents in the: vapour phase:
and the reaction product: depos1ted in‘a-layer
of the desired thickness. ~As:pointed out
above, the desired thickress is such ‘that, at 100
the rated . current- (amperes per ¢m):of the
device, - _the current density :through the

- junction is substantially equal across the area

of the emitter: junction, and the. voltage dtop
between the emitter - lead and ithé: emitter 105
region 23 is a few: timés kT/q volts, . The
finished transistor is then -soldered to a
header or other support as with solder 35.

. Figures 3A and 3B:illustrate a transistor'of

the inv ition comprising :a- sémicoriductor 110

havmg ‘thefein” an: nstype ‘collector -

4. p-type, base. region 25, an:n-type
emitter tegion-23 divided into:a plurahty of
discrete sub-areas or islands, a correspondmg
plurality. of separate-portions of the emitter 115
junction 29, and a singlé collector junction 31. .
This portion of the trazsistor may::be pro-
duced by a masking and.diffusion techniqiie
known in the att: In a particular embodi-

‘ment ‘the wafer is: of :elemental silicon:and is 120
5225 m11s long b}; aliprox

mately 150 mils wide
ick, and iincludes
ands constituting

approxxmately 4 mils wide by 8 mils long by 125

. approximately 1 mil thick. - Theislands of the

emitter region 23 are arranged in eight rows
spaced approx1mate1y 26 mils centre-to-
centre, each row. having eleven 'islands
spaced about elght m11s centre-to-oentre 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
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
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
the rows. A pair of emitter contacts 41 of

aluminium in the shape of fingers approxi--

mately 3 mils wide and 0-1 mil thick overlay
the insulator layer 47 on opposite sides of each
column. As illustrated, each base contact 37
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 comnected to-
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
contacts each island of the emitter region 23
and extends over the adjacent insulator layér
47 into contact with the emitter contact 41 on’
each side of theistand. The resistive Iayer 45
may be a chromium-gold alloy produced by
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/
square, 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
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 {ype and an emitter region-

of the other conductivity type adjacent to the

base region and the p-n junctio_n- is defined as -

an emitter p-n junction and the resistive -
means_are between the emitter contact and:,

essentially all of the emitter regidn.”

3. A device according to Claim 2, fur_t'her. o

including 4 collector region of said other con-. . - "

ductivity type adjacent said base region and

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. U7 :

4. A device according to Claim 2 or Claim

layer extends over the emitter contact.

5. A transistor device including a collec-
tor region of ome conductivity type, a base
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

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
density across the emitter junction substan-

60

65

- 3, wherein at least a’ portion of the resistive

70
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tially uniform, wherein a portion of the -

resistive layer extends over said emitter con-
tact so that the emifter ‘current passes in-
wardly from the emitter contact through the
resistive layer to the emitter region. n

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
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 materidl or a
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
described with reference to Figure 1, or
Figure 2, or Figures 3A and 3B of the accom-
panying drawings.

A. M. & Wum. CLARK,
Chartered Patent Agents,

5 Stone Buildings, 'C_i\a’
Lincoln’s Inn,
Londc__)n, wW.C.2.
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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
occupied by the base leads 37, the base bus 38
and the emitter region 23. The islands con-
stituting the emitter reégion 23 are partially
overlayed at the edges thereof by the insu-
lating layer 47 so that the emitter junction 29
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 (-1 mil thick spaces each of
the rows. A pair of emitter contacts 41 of
aluminium in the shape of fingers approxi-
mately 3 mils wide and 0-1 mil thick overlay

the insulator layer 47 on opposite sides of each -

column. As illustrated, each base contact 37
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 connmected to-
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
contacts each island 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 chromiuim-gold alloy produced by
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/
square, 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’
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.

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
means are between the emitter contact and -
essentially all of the emitter regidn. >

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

“parallel spaced positions with respect to one

another.

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
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
emitfer- contact spaced from said emitter
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
density across the emitter junction substan-
tially uniform, wherein a portion of the
resistive layer extends over said emitter con-
taét so that the emitter current passes in-
wardly from the emitter contact through the
resistive layer to the emitter region.

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

7. A device according to Claim 4 or Claim
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
metal.

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

65

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. & Wu. CLARK,
Chartered Patent Agents,
5 Stone Buildings,
Lincoln’s Inn,
London, W.C.2.
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