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We, TEXAS INSTRUMENTS INCORPORATED
of 6000 Lemmon Avenue, Dallas, Texas,
United States of America, a corporation or-
ganized 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 patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statément:;—

This invention relates to semiconductor
devices. More particularly, this invention
relates to a method of fabricating high-cur-
rent transistors. :

- The requirement of high-current carrying

_ capability in power transistors has led to

increased experimentation and research in
the semiconductor fabrication ficld in an
effort to develop devices which can carry

“high currents and which display improved

emitter injection. efficiency and lower col-
lector-saturation resistance. Recent investi-
gations have demonstrated that the electronic
characteristics of semiconductor devices are
very strongly dependent upon conditions
existing at the surface of the semiconductor
material. In junction devices, the protection
of the exposed portion of the rectifying bar-
rier where it intersects the surface of the
wafer is especially important. o

.- It.is now understood ‘that the base-emitter
junction at its infersection with the wafer
surface is rather critically related to the per-
formance of a transistor device, and par-
ticularly to the current-carrying and inter-
nal-power dissipation characteristics dis-
played by such devices. Thus, the current-
carrying capacity of a transistor is related
to the length of this junction at its intersec-
tion with the surface in that the junction
length effects the injection of minority car-
riers from the emitter into the base region.

[Price 4s. 6d.] ' '

The present invention is a semiconduc-
tor device comprising a semiconductor
wafer having a diffused zone of conductivity
type opposite to that of the semiconductor
material adjacent it with the P—N junction
therebetween terminating at one major
wafer -face and there defining an enclosed
area, said wafer further having a plurality
of diffused elongated portions on said one
major wafer face within said enclosed area,
each elongated portion having a conduc-
tivity - type opposite to that of the semi-
conductor material immediately underlying
it with the P—N junction therebetween term-
inating at said one major wafer face, and

conductive - material ohmically interconnect- -

ing said elongated portions.

The present invention is also a transistor
comprising a semiconductor wafer having a
diffused collector zone and a base zone of
opposite conductivity types with the collec-
tor-base P—N junction therebetween term-
inating at one major wafer face and there

defining an enclosed area, the emitter of

said transistor including a plurality of dif-
fused elongated portions of said wafer on
said one major wafer face within said en-
closed area and each having a conductivity
type opposite to that of said base zone, con-
ductive material ohmically interconnecting
said clongated portions and ohmic contacts
connected- to said collector and base zones.
The present invention is also a method of
fabricating a semiconductor device, compris-
ing the steps of forming two zoénes of oppo-
site conductivity types in a semiconductor
wafer with the P—N junction therebetween
terminating at one major wafer face and
there defining an enclosed area, including the
step of diffusing a conductivity type deter-
mining impurity into said wafer, forming, in
said ‘wafer, a plurality of elongated portions
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ductivity determining impurity into said area
and applying an ohmic contact on said area
and an ohmic contact on said enclosed area
outside said area. -

- The method of the. present mventlon may
tesult in -the fabrication of a_high-current
transistor having a- dlﬁused oollector region
and a diffused emitter region.” By the selec-
tion of an appropriate geometrical configura-
tion for the emitter, a long base-emitter
junction can be obtained from a relatively
small emitter area. . As hereinbefore ex-
plained, the long base-emitter junction im-
parts to the transistor a greater current-
carrying capacity, and the base-emitter junc-
tion capacity .is_low because of the small
emitter area.: The small emitter area also
allows a device of small physical size to be
constructed. '

'An embodiment of the invention will now
be described by way of example, with refer-
ence to  the accompanying drawmgs in
which: —

Figs. la, 1b, and 1c depxct in sequence a
flow or operatlonal diagram illustrating . a
method according to the invention of fab-
ricating a. hlgh current: transistor; :

. Figure 2 is a view; in transverse, honzontal
section, of a semiconductor wafer as it ap-
pears at step 3 of the fabrication process
following the initial lapping, polishing, and
the diffusion .of conductivity-determining im-
puntles into all the surfaces of the wafer;

the upper surface of the wafer;

Figure 10 is a_section through the wafer
deprcted in Flgure 9 -taken along lme
10—10;

Figure 11.is a plan view of a mask or
stencil -employed . in cenjunction with a
photosensxtlve resist- to. form - protective
bands of resist. over the base-emltter and
base-collector junctions; - -

Figure 12 is.a transverse, vertxcal section

taken through the.centre of a wafer which
has been coated with a llphotosensmve
material and: having the stencil of Figure:11
overlying the photosensitive material; -
. Figure 13 is a top perspective view of the
wafer .as it appears following the formation
of ‘the protective band: of developed photo-
sensitive - resist over the. base-em1tte1 and-
base-collector junctions; ...

Figure 14 is a-view similar to Flgure 13
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illustrating . the appearance of -the - wafer -

after a coating of mckel has been formed
upon the: wafer; . -

section.of the wafer depicted in Flgure 14
taken along lmes 15——15 and =

Figure 16 is a view. in elevation of a semi-
conductor element according to the present
invention. mounted u lE)cn a header by the use
of a sandwich-type bond.

Referring now to the- ﬁgures, the steps of

the fabrication process. of the present in-
vention are graphically ﬂlustrated m the
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‘Figure 15 is a view.in transverse, vertlcal S
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of the wafer on the header simnultaneously. wherein said one major wafer
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and lower surfaces of the wafer are optically
polished. The collector region of the semi-
conductor device to be fabricated is then
formed by the diffusion of N-type impuri-
ties' into the silicon wafer at each of its sur-
facés. The diffusion is controlled so that
the conductivity-determining  impurities
reach a depth of about 2 to 4 mils in the
silicon body. At this ﬂ-%)omt in the process,
the - semiconductor wafer appéars as it is
shown in Figure 2. There, the P-type sili-
con which is to form the base region of the
final semiconductor device is depicted at 1.
The collector region formed by diffusion of
N-type impurities into the silicon is depicted
at 2 in the form of a diffused surface layer
which completely surrounds the remaining
P-type material.

Following the formation of the collector
region, the upper surface of the wafer is
again lapped, thereby reducing the thickness
of the wafer to the extent that approxi-
mately 1 mil of P-type silicon remains be-
tween the upper surface of the wafer and
the P—N diffused junction formed between
the base and collector regions. A view in
section of the wafer, as it appears following
thls lapping step, is depicted in Figure 3.

At this stage of. the process, the collector
and base regions of the semi conductor device
have been formed in substantially the ar-
rangement which will assume in the final
device. The exposed portion of the base-
collector junction is in the upper surface,
rather than the side of the wafer. ' The next
steps of the process are therefore directed
to the location and formation of the multi-
armed emitter region of the semi-conductor
device. First, the side of the wafer which
was lapped in step 4 of the process, as dia-
grammed in Figure 1, is polished to optical
smoothness. Extreme care should be exer-

“cised in all phases of the polishing and lap-

ping to avoid scratching the surface.
After the polishing has been completed,
an oxide film is formed on all surfaces of

¢fcis next coated @n its

Th w
e?&ﬁﬁé’?ﬁ?@mﬁeﬁ%mr wat e

(Registered Trade Mark) Photographic Re-
sist (KPR) manufactured by Eastman Kodak
Company. After coating the surface with
the resist and allowing it to dry, a ‘mask or
stencil, as shown in Figure 5, is applied to
the upper surface of the semiconductor
wafer over the resist. In the preferred em-
bodiment of the invention being described
for purposes of illustration, stencil 4 carries
in_a centrally located position an opaque
“E”-shaped indicia 5. - The remaining por-
tion of the mask 4 is a clear, transparent 95
material 6. When the resist and stencil have
been superimposed upon the wafer, the as-
sembly appears as shown in Figure 6 where

the thin uniform coating of resist is desig-
nated by the numeral 7. It will be perceived 100
that the darkly coloured “E”-shaped: indicia

5 is-located on the upper surface of the
wafer and overlies, and is centrally disposed
upon the base region of the wafer. This
may perhaps best be observed by reference 105
to Figure 7 which is a view in section
through the wafer depicted in Figure 6 taken
along the line 7—7. The section line has
been taken through the centre arm of the
“E”-shaped indicia so that the relative 110
location of the “E”-shaped indicia 5 to the
base region 1 may be clearly seen. -

The upper surface of the stencil is now
subjected to appropriate lighting so that the
photographxc resist is exposed throughout,
except for- that portion which underlies the
dark “E” of the mask or stericil. Care
should be exercised, if Eastman (Registered
Trade Mark) KPR resist is employed, to
avoid pre-exposing the layer of resist to day-
light, since this material is"highly sensitive
to ultraviolet radiation.

' After exposing the resist, the undeveloped
resist is removed by dissolving it in a ap-
propriate solvent which does not attack or 125
dissolve the exposed portion of the resist. In
the case of KPR, a solvent called KPR de-
vel r ‘which is supplied by the Bastman

ak Company may be used. In this
manner, when the -wafer is subjected to 130
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diffusion into.the base region to form the
emitter must be of .N-type material, and
must be a diffusant which will not penerate
the oxide film, Phosphorus has been found

. to be an especially appropriate material for

60

this purpose. In this preferred example, the

emitter is .formed by diffusing- phosphorus:

froma phosphorous pentoxide source into the
exposed base region at a temperature of ap-
proximately 1200° C. for a sufficient time to
permit " its penetration to a depth of- ap-

proximately 0.1 mil. The wafer 1s then su

jected to an apprognate clean-up twatment
to remove. the oxide film from ail surfaces.
Following the clean-up, the wafer appears
as shown in Figure 9 wherein the base, col-
fector and emiiter regions are depicted at

1,2, and 8, respectwely A section through

the wafer of Figure 9, taken along the line
10—10, is shown in Figure 10.

In order io enhance the P-conductmty of
the base region and improve the ohmic con-
tact which is subsequently to be bonded
thereon, a follow-up diffusion of P-type gal-
lium into the entire base-eémitter surface of
the wafer is then carried out. The diffusion
of the gallium is carried out at 1200° C.
and during this step, the phosphorus which
was diffused into the base to form the emit-
ter. region - is diffused an additional 0.2 mil
to 0.3 mil into the sﬂlcon wafer. . The con-
centration of gallium in the emitter region

_ is not sufficient to alter its N-type conduc-

%P"olPl mit¢ dry
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will be ercewed that the ]unctlon lme sten-
cil cons:sts of an opaque sheet 10 having
a centrally located band 10a of clear trans-
parent. material. The band 10a forms. the
outline of a block “E” and conforms to the
junction betwen “E’-shaped -emitter region
8 and the base region 1. This band is ap-
proxxmately 5 mils wide, and when the mask
9 is superunposed .on the upper surface of
the semiconductor wafer, the transparent
band 10a overlies or straddles the base emit-
ter junction so that it extends a distance of
approximately 2.5 mils on either side of the

i}mctlon This relationship is ﬂlustrated in’

igure 12.

The mask 9 mcludes a second band 106
of clear transparent material. The band 103
is square. in shape and. conforms to the junc-
tion between the base region 1 and the:col-
lector region 2. Band 105 is approximately
15 mils wide, and when the mask 9 is super-
imposed upon the upper surface of the semi-
conductor wafer, the band 105 overlies. or
straddles the base-collector junction, as
shown in Figure 12. The band- 105 is con-
siderably wider than the band 10z. This is
desirable, as the base-collector junction is
not so precisely: located on the surface of
the wafer as the base-emitter junction.-

With . the KPR coating 23 -applied and
the ]unctlon line mask in lace (see Fig. 12),
the KPR is again exposed in 2 manner simi-
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. an etch-resistant wax. From

ter
: In “some mstances, SUch_ as W t‘lai
1208 not-of unifih Qze Wil 46 of
irregular shape, it will not be possible to mask
the base-collector junction with the photo-
resist. In this instance, the mask 9 will not

include the transparent band 10b, and the

thin layer of nickel will cover the base-col-
lector junction. It is therefore necessary to
free the base-collector junction from the
nickel plating 24 to prevent the short circuit-
" ing of this junction which would otherwise
result. To accomplish this, all of the lower
surface and upper surface except a five to
ten mil wide perimeter extending around
the edge of the upper surface is masked with
the geometry
of the collector region, as it has been de-
picted in Figures 3, 9 and 12, it will be
understood that the sides of the wafer and
that part of the upper surface containing the

. collector region-and the portion of the base

region which is adjacent the base-collector
junction will be free of the wax masking. A
suitable etchant; such as nitric acid, may then
be used to remove the thin layer of nickel
from the unmasked regions, including that
which overlies the base-collector junction.
After the nickel has been etched away
from the unmasked regions, the element is
cleaned up, utilizing a CP—4 etch. The wax
mask is then removed from both surfaces
using a suitable .solvent, such as trichloro-
ethylene, and the protective resist 11 is re-
moved t6 expose the base-emitter junction.
. As mentioned before, it is extremely dif-
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point of the Indalloy. The liquid Indalloy 100

will wet the neckel surfaces and leave the
base-collector and base-emitter junctions
free and clean. ' '
Instead of first applying the Indalloy to
the wafer-and then bonding the wafer to the
header, the semiconductor ‘element may be
mounted upon a header by a sandwich-type
bond. The manner in which this bond is built
up may best be perceived by reference to
Figure 16 where the semiconductor element
is shown bonded collector side down to a
gold-plated header. A layer of flux 15 is
first applied to the layer 14 of gold plate
which covers the header 25. = Then, layers
of Indalloy 16, flux 17, nickel-plated molyb-
denum 18, flux 19, Indalloy 20, and flux 21
are positioned upon the gold-plated header
25. The nickel-plated wafer is then added
to the combination with the lower surface
abutting the layer 21 of flux. Layer 22 of
flux and 26 of Indalloy are placed on the
base-emitter surface. The entire assembly is
then placed in an inert atmosphere and
heated above the melting point of the Indal-
loy. In this manner, the bonding of the
Indalloy to the upper or emitter-base sur-
face of the wafer and the bonding of the
wafer to the header are simultaneously ac-
complished. The liquid Indalloy will wet the
nickel surfaces and leave the base-collector
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very low resistivity, -thus eﬁecuvely reducing
the- collector saturation resistance. ' In fact,
the collector saturation resistance - obtained
with the transistor of the present. invention
is sufficiently low that  it- approaches: the
value of saturation. resistance obtamed with
alloy-type transistors.

As all of the exposed portlons of both the
base-collector and the base-emitter. ]unctxons
are located in the relatively. protected up
surface of the water, there is consxdera
less ‘danger of shorting: one of the ]unctlons
and the leakage current of this transistor is
consxderably less than that of prior art tran-
sistors, as there is less contammatlon of -the
active junctions. = -

:The advantages accrumg from the use of
Indalloy to form the base, emitter and col-
lector contacts. have been previously. men-
tioned. The primary advantage in such use
of this material stems. from its property .of
wetting or adhering to. the nickel plating
without adherance to-the exposed. junction
areas of the wafer. This makes possible the

" formation of all contacts and- the mounting

50

of the wafer on the header simultaneously.:

Although ' this invention. has been - dis-
closed . by means of ‘an illustrative embodi-
ment thereof, the invention is not intended
to be limited to this embodiment and ‘modi-
fication may .be made.- Thus, for example,
the emitter ‘region, -instead of being “E”-
shaped as-described, might have an asterisk
or starfish-shaped conﬁguratlon, resulting in
a long base-emitter junction and a relatively
small emitter area. Also,-in those instances

- wherein the emitter. area. is not so critical,

other conﬁguratxons, such as-a clrcle, could
be used. . :

WHAT WE CLAIM IS — i
A semiconductor device compnsmg a
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uration.
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any preceding claim, - including an - ohmic

the_

lsonductlve naterla
najor mafer

mafer-

contact secured to said one major wafer face

inside said-enclosed’ area. and outside said
elongated ‘portions, said' ohmic contact and
said conductive material’ bemg mterleaved
with each other. -

5. A semiconductor device accordmg to
any preceding claim, wherein.said wafer 1s
rectangular ‘parailelepiped shaped. -

6. . A transistor' compfising a semlconduc-
tor wafer having a diffused - collector ‘zone
and a-base zone of opposite conductivity
types with. the collector-base P—N. . junction
therebetween terminating at one' major wafer
face and there defining an enclosed atea, the
emitter of said transistor’ including a_plur-
ality of diffused elongated portions of said
wafer on said oné major wafer face within
said enclosed ‘area. and each having a con-
ductivity type opposite to that of said base
zone, conductive material ohmically inter-

connecting said elongated portions, and

ohmic -contacts - connected to sa1d collcctor
and base zones: . . -

7. A ‘transistor accordmg to clalm 6,
wherem said one major wafer face is- plane

.
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8., ‘A method of fabncatmg a semicon- ..

ductor device, comprising the steps of form-

ing two zones of opposite conductivity types

in a semiconductor wafer with the P—N

]uncuon therebétween - terminating at  one.

major wafer face and there defining.an en-

closed: area; including the step of diffusing

a conductivity type determining impurity in-
to.said wafer, forming, in said wafer, a plur-
ality of elongated portions on said one major

120

wafer face within- said enclosed area, each .

elongated ‘portion having a conductivity type
opposite to .that of the : semiconductor

‘material lmmcdlately ‘underlying it with the

P—N- junction therebetween terminating. at
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Indalloy to form the base, emitter and col-
lector contacts have been -previously men-
tioned. The primary advantage in such use
of this material stems from its property of
wetting or_adhering to the nickel plating
without adherance to the exposed junction
areas of the wafer. This makes possible the
formation of all contacts and the mounting
of the wafer on the header simultaneously.

Although this invention has been dis-
closed by means of an illustrative embodi-
ment thereof, the invention is not intended
to be limited to this embodiment and modi-
fication may be made. Thus, for example,
the emitter region, instead of being “E”-
shaped as described, might have an asterisk
or starfish-shaped configuration, resulting in
a long base-emitter junction and a relatively
small emitter area. Also, in those instances
wherein the emitter area is not so critical,
other configurations, such as a c:rcle, could
be used.

WHAT WE CLAIM IS: —
1. A semiconductor device comprising a
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ality of diffused elongated portlons of said
wafer on said one major wafer face within
said enclosed area and each having a con-
ductivity type opposite to that of said base
zone, conductive material ohmically inter-
connecting said clongated portions, and
ohmic contacts connected to said collector
and base zones.

7. A transistor according to claim 6,
wherein said one major wafer face is plane.

8. A method of fabricating a semicon-
ductor device, comprising the steps of form-
ing two zones of opposite conductivity types
in a semiconductor wafer with the P—N
]unctlon therebetween terminating at one
major wafer face and there defining an en-
closed area, including the step of diffusing
a conductivity type determmmg impurity in-
10 said wafer, forming, in said wafer, a plur-
ality of elongated portions on said one major
wafer face within said enclosed area, each
elongated portion having a conductivity type
opposite to that of the semiconductor
material immediately underlying it with the
P—N junction therebetween terminating at
said one major wafer face, including the

S

| \\!\\\\1\\\\\3\\\3\\\\\}\\ 0

of opposite conductivityNg- t he
medéI Jusctnoertm/ed °
| east
i ons

105
110
116
120

125



the step of masking said one surface where- 18. A nethod according to

claim16 or by the P-N junctions are covered and only 17,
wherein said . area on said ane. sirface ig the contact areas are

exposed. multi-armed in configuration. 95 40

13. A nethod accordlng‘to any of clains 19. A sem conductor device when
pr o- 8 to 11, wherein the step of applying con- duced by the
met hod of aﬁy of clainms 8 to gsd;ve material in ohmc contacy

with the 18. seni caonduct or . et pru-al |
A sem conduct or dewp ohnsklhgsaimtbneaiaioywafer faceto d ymethodsofi fabr@htmggaf
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from which copi es wmgemban dxhpl&immjdlﬁused into said
© 25 enclosed area prior to the application of said
conductive material which impurity is insuf-
ficient to alter the conductivity types of each
elongated portion and the semiconductor
material immediately underlying it.
12. A method according to any of claims
8 to 11, wherein the step of applying the
y conductive material interconnecting  the
s _ elongated portions and the step of apply-
" ing the conductive material in ohmic contact
- '35 with the semiconductor material immediately
LR underlying said ¢longated portions includes
the step of masking said one surface where-
by the P—N junctions are covered and only
the contact areas are exposed.
13. A method according to any of claims
8 to 11, wherein the step of applying con-
ductive material in ohmic contact with the
semiconductor material immediately under-
lying said elongated portions includes apply-
ing the conductive material on the P—N
junction defining said enclosed areca and
thereafter ~removing such conductive
material,
14. A method according to any of claims
8 to 13, including the step of applying a
solder to the conductive material intercon-
necting said elongated portions and the con-
: ductive material in ohmic contact with the
¥ semiconductor material immediately under-
65 lying said elongated portions and there after
attaching leads thereto.
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1posmg upon said photosensmve
materia] a stencil beanng a centrally
located, o anue indicia, developing portions
of said photosensitive material by exposing
it to light through said stencil, dissolving the
undeveloped portion of said photosensitive
material to expose an area of said silicon
oxide on said lapped surface, and dissolving
the silicon oxide from said area to expose
the area on said one surface.

17. A method according to claim 16,
wherein said silicon oxide is removed from
at least said one surface prior to said step of
applying the ohmic contacts.

18. A method according to claim 16 or
17, wherein said area on said one surface is
multi-armed in configuration.

19. A semiconductor device when pro-
dgced by the method of any of claims 8 to
18.

20. A semiconductor device substantially
as described herein with reference to the
accompanying drawings.

21. A method of fabricating a semicon-
ductor device substantially as described
herein with reference to the accompanying
drawings.
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