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" the eol!lector is reverse-biased to increase the
effective isolation (as it conventionally is),
all’ the collector current must pass through
the narrow epitaxial ‘high-resistivity collector
regiony in ofder to reach the collector termi-

" nal normally placed on the top surface of
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the device. Current cannot flow into the sub-.
strate, as it could have if the device had had.
a substrate of the same conductivity type as
the collecter. It is not advisable to decrease
the collector resistivity because that decreases
the breakdown voltage of the device and .in-

creases the collector-base capacitance. There- .

fore, such & device has a high collector spread-
ing resistance and & concomitantly high
saturation voltage: A high. saturation voltage
is undesirable since an ideal switch has zero .
voltage drop across it when it is.in the “ON” .
state; also 'a high seturation voltage results
in increased power dissipation. Adding a
low resistivity region: bemeath the collector,
provides a low resistance path for this collec-
tor Current, tlwreby decreasing thé collector
spreading resistance and the saturation volt-
age without reducing the breakdown voltage.

The method of this invention and a few
of the many devices, particularly epitaxial
transistors and nsola,ted epitaxial transistors,
which are made by this method, will be better

_ understood from the following more detailed

60

description taken in conjunction with the ac-.
companying drawings, in which:

FIG 1 is = somewhat schematic, gwatly
enlarged plan view of a substrate having a
?attem of impurities prediffused into its sur-
face;

FIG 10 is 2 transverse section taken along
the line 16—10 of FIG 9;

FIG 11 is a greatly enlarged somewha-t
howing another

schematic transverse section s
device constructed in accordance with the in~
vention;

‘FIG 12 is a- grea‘tly enlarged somewhat -

schematic plan view showing an epitaxial
transistor constructed in accordance with the

invention having low mswnvuty stnps beneath: .

the collector; -and -

FIGS 13 and 14 are transverse sections.
taken along lines 13—13 and 14—14, res-

pectively, of FIG 12,
RefemngnowtaFIGS 1 and 2, a pattern
of impurities 1 is formed on substrate 2.

This is usually done by masking the surface-
of the substrate with a- matenal resistant to

diffusion. . 'When the substrate is silicon, sili-
con dmnde is the preferred mask. Holes are
etched in the mask where the pattern is re-
quired, by photoengraving processes known in
the art, The swrface: of the substrate is then
subjected to a gaseous atmosphere. containing
the desired impurities. These impurities dif-
fuse into the unmasked. portions of the surface
of substrate 2. The diffusion time and depth

depend upon the resistivity and depth of the

pattern. - desired. The use of this method
of forming the unpunty pattern, however, is
not essential to the invention. Alternatively,
the unpunty pattern may be deposited on the
substrate in afiy manner, as by painting or
spraying & slorry or mixture containing the
impurity element or its oxides. In the example
illustrated, the impurities used were P-type,
such: as galhum, aluminum, boron, or indium.
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offittkzssih fog penetidngi seme: diffusion will

- also“occur. at that -time. Therefore, where

complete: diffusion :does not occur during epi-
taxial  growth, it:'is sometimes completed
during: subsequent oxidation; if not, a separate

 diffusion step: is: requm'ed to complete the pat- .
© tern, -When region: 4 has been completely
: d:ﬁmed outwardly to the surface of the epi-

taxial layer 3, Tegion 5 is effectively isolated
by region 4. A transistor may be located in

i this isolated : region -5, if desired. It will be

35."..'

‘ theough the epit
. A second’ matching ;pattern of impurities:9 is .
- formed. on top of the
. alignment with the:first pattern 6. During
- diffusion; the first pastern 6 diffuses outwardly -

= eﬁecmvely rsolated from the portion 5a of the
2oL 5 a ol

Another method is: 111ustra.ted inFIGS5. A
first pattern of impurities 6 is: formed on sub-
© strate7 as described above. Epitaxial layer
L 8 s t!hen grown: on’ the -substrate 7 and im-

- In the method illustrated,
0. not  diffuse completely
ial layer during its growth.

7 to: meet the second pattern 9 which diffuses

inwardly. :  The itwo: diffusing regions meet,

- forming the same Jsolatmg region 4 shown

in. FIG 4:

-FIG:6 slwws amther _impurity pattern. 10.

- which:has been formed in an epitaxial layer.

5

A .device may be placed in each of the N-
type._spaces 11. of the checkerbeard so that

- each device is electrically isolated from the

5 rwt by the P-type grid pattern 10, Of course,

the ‘conductivity types may be reversed.
+Isolating - Tegions wused to -isolate separate

* devices-on the  same: body of semicenductor -
- are just.oné impurity pattern which may be
formed by the method of the invention. An-,
_othersuchpattem, shown in FIGS 7 and 8&,,
_ These
| transistors, have an extra low-resistivity. region,

is used to: make epitaxial transistors.

-epitaxial layer 8 -in

region 15 and N-type emitter region 16 are
theti - formed. in “the "N-type' epitaxial ' layer
14 by methods well known in the art. -

Iris um'lerswod that by an- N region, what.

is meant is a region of N-type conductivity :

having & concentration of ‘N-type imipurities

of from: aboue 10'* to 7X 10" atoms per cc. -

An Ni+ region has 2 doping level from about’
7X 10" up to the solubility limit ‘of the im- -
purity ‘used, which in practice may be about
2X 10" with arsenic, for example,

There are substantial advantages to having -
substrate 13 of the’ opposite conductivity type '

from region 12. If they are of opposite’ con-:
ductivity type, there is a PN junctionr be--

tween themy, When this jinction is reverse- -
biased, there is force upon the stored minority :
carriers in the collector, causing ‘them to be .
swept through region 12 and across this re- .

verse-biased junction. Regxon 12 acts as a’

sink for these minority carriers which pass-

from: the base region 15 (in which they are

majority ca.mers) into the collector region of -

the transistor. The high conceritration of
impurities in low resistivity region 12 traps
these minority carriers,
chances of recombination ® with carriers- of

the opposne ‘type. Addmomlly, many are .

swept across the PN junction and removed
that way. This decreases the switching time
when  the transistor is used for _switching.
Am evenr greater reduction in switching

timie can be obtained if the transistor is also
deped
gold, particularly in the region near the base-
collector jumction. Such: compensating ele-
ments serve as minority; carrier traps to de-

crease carrier lifetime in the same way as.

does region 12. However; there are disad-
vantages associated with the use of a2 com:

pemsating ‘element. The resistivity in both
the: base and collector regions is raised by
the presence of the gold, causing a high satura-

improving their"

with a compensating element, eg.,
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sistor was isolated fromthe surrounding sem -
mat eri al

tion resistance of the

by an isolating region of causes an
conduetivi-ty. — Fhi-s—-solatd ng
reg| on saturation vol tage. Therefore, the device con- formed a PN junction
with the collector. The structed in accordance with this invention is 75
only difference between the two transistors a nore perfect switch because

conventional device conduct or
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< axi al

el shind

latin 3reg
F et er it gl
UsdionJ2A y
wuth the impurities fonmng
region '17. - They may then be diffused ‘to
form . region 22 at the same ftlme as region
17.is formed.
Region 17 should: be @ thm layer or epi-
taxial layer 20 would have to be undesirably

. thick in order to leave room to diffuse in the
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base and. emitter regions 18 and 19 above

- Therefore, care must be taken if regions:
17 and 22 are to be diffused simultaneously,

that region 22 diffuses all the way through

the epitaxial layer while region 17 diffuses-

only a relatively short distance. One way
of achieving this is to diffuse region 22 ‘both
from above and below, as described. earlner,

in order to shorten the required diffusion time. -

Another way is to use impurities for region
17 which are much slower-diffusing than the

impurities for region 22. Stll a third way

is to prediffuse the impurities for region 17

into the substrate before the region 22 im-~-

purities are deposited, This decreases the

concentration of the region 17. impurities at.

the substrate surface.. Since diffusion rate
of these jmpurities into the ep1tax1a.1 layer

is proportional to their concentration at the

substrate surface, their diffusion rate into the
epitaxial layer is slowed. Any of these methods,
as well as a combination, may be used. Spec1-
fically, where phosphorus is the region 17
impurity, pre-diffusion into the substrate’ is
highly desirable.” Where antimony- is used,

diffusion is slower and hence pre-diffusion of

region 17 is not always required, depending,
of course, on- the diffusion rate of the im-
puntxes used  for isolating Tegion 22. - ‘Isolat-
ing region 22 isolates the portion 23 of the
epitaxial layer 20 in which the transistor is

égmﬁﬁa

iu

1 Ating" m“ EP@ad§5
msﬁd‘ity%g:l iy @0% yléaéige @s

transconductance: of the isolation region.
Another device constructed - in accordance
with the invention is shown in FIGS 12, 13,
and 14.' This embodiment illustrates'a rect- -
angular - configuration: of a. transistor, rather .
thanr circular.. The pamcular 'shape chosen':
is ‘mot essemtial to the invention; it may be
left as a matter of choice by the practitioner.
This embodiment is similar to that  shown
in FIGS 9 and 10, except that there are
a plurality of spaoed low-resistivity regions
30 which are formeéd by ‘the method of this
invention, The advantage of havmg a plurality
of spaced low-resistivity regions rather than
When the
junction between the. substrate 31 (P-type in
the ‘illustration) and: the colector 32 of the-
opposite conductivity type from the substrate
is reverse-biased, the minority carriers in the
base which are not caused to recombine in
the low-resistivity regions 30 are swept into
the substrate across the PN junction, as ex-
plained above.. This transfer of carriers
furnishes an alternate way of removing stored
carries to reduce sw1tchnng time. The. re-

one solid region is as ‘folows:

.moval, however, is more effective across.a

PN junction than across a PN+ junction:
Therefore, in -this embodnment, the spaced:
N+ 10w-res1st1v1ty regions 30 provide a sink
to cause minority carriers to recombine while
the spaces between themy provide a path for
removal of those carriers which do not so
recombine.: A: geometnoal configuration such-
as the ‘one illustrated in FIGS 12;.13, and
14, makes-optimum use of these two com—
plementary effects, - :
In order to° demonstrate the substannal ad-
vantages provided by the ‘invention, the fol-
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- Additionally, the saturation voltages of the
two devices were measured, using a 5 ma.
collector current and a 1 ma. base currént.
With the device lacking the low-resistivity
region, the collector-emitter saturation volt-
age was 1.5—5.0 volts. With the device con-
structed in accordance with the invention, it
was 0,18-—0.20 volts, This lower saturation
voltage is desired in switching application.

Furthermore, in the “ON” position, the power

loss {which is proportional to the saturation
voltage) is substantially reduced in the de-
vice constructed in accordance with the in-
vention. )

Examrre II

This example compares a transistor as
shown in FIGS 9 and 10 with a conventional
transistor which does not have the additional
low-resistivity region of the invention. How-
ever, the conventional transistor has been
doped with a compensating element (gold) to
improve its switching characteristics.

The switching time of the two transistors
was measured on a Tektronix type-R switch-
ing-time tester, with the isolation reg}ons
connected to ground. The switching times
for both devices were comparable: the device
having the extra low-resistivity region of the
invention had a switching time of about 18
nanoseconds; the prior art gold-doped de-
vice had a switching time about 14 nano-
seconds.
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wherein said impurity is disposed on the
substrate by diffusion into the substrate.

3. The method as claimed in claim 1, where-
in said impurity is diffused completely thwugh
the epitaxial layer.

4. The method as claimed in claim 1, 2 or

35— MR
4. The nethod as clained in claim
3 wherein the sane
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3 wherein the same type of impurity is ad-" '.

ditionally diffused into an exposed surface
of the epitaxial layer in the same pattern and
in alignment with the impurity pattem at the
substrate-epitaxial layer interface until the

impurity is diffused together through the epa— .

taxial layer,
5. The method as claimed i in claim 1,2, 3,

‘or 4, wherein the substrate is of one con-

ducnvxty type and an impurity is deposited
with the epitaxial layer to make the layer of
the opposite conductivity type from the con-
ductivity type of the substrate.

6. The method as claimed in claim 5 and

“including the step of forming the impurity

pattern as a closed £ and limiting the
impurity to one producing the same con-
ductivity type as the substrate and diffusing
the impurity completely through the epitaxial
layer to form at least one isolation zone sur-
rounding an isolated zone of opposite com-
ductivity type.

7. The method as claimed in claim 1 or
2 and including the step of forming upon
the substrate a pattern of impurities which
form a first conductivity in said semi-
conductor material, depositing upon the sub-
strate and aforesaid impurities an epitaxial
layer of the same conductivity type as that
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5 ' tioi had switching time of 80—95 nano-
~ secofids; the device with the additional low

resistivity region: had a switching time of
1416 nanoseconds Thus, at least a five-
.fold reduction in switching time was achieved
with the’ devme constructed in: accordance with
the invention, -

Addmonally, the saturation voltages of the
two devices Were measured, using a 5 ma.
collector current and a 1 ma. base current.
With. the -device lacking the low-resistivity.
region, the collector-emitter saturation volt-
age was 1.5—5.0 volts. With the device con-~
structed in accordance with the invention, it
was 0.18—0.20 volts, This lower saturation
voltage is desired in switching application.
Furthermore, in the “ON? position, the power
‘loss (which: is proportional to the saturation:
voltage)y is substantially reduced in the de-
vice constructed in accordance with the in-
vention.

ExampLE II

‘This example compares & transistor as
shown in FIGS 9 and 10 with a conventional
transistor which does not have the additional
low-resistivity region of the invention. How-
ever, the conventional transistor has been
doped with a compensating element (gold) to
improve its switching characteristics.

The switching time of the two transistors
was measured on a Tektronix type-R switch-
ing-time tester, with the dsolation regions
connected to ground. The switching times
for both devices were comparable: the device
having the extra low-resistivity region of the
invention had a switching time of about 18
nanoseconds; the prior art gold-doped de-
vice had a switching tithe about 14 nano-
seconds.
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face, thereby diffusing the impurity into the
epxtaxxa:l layer and, if necessary, heating the
substrate to comple'ne ‘the diffusion of the
impurity-into the epitaxial Iayer.

2. The method as cla.lmed in claim 1,7’

wherein :said - impurity is disposed o the
substrate by diffusion. into the substrate, .
3. The methed as claimed in claim 1, where-

-~ in said impurity is diffused. completely. thrwgh

the epitaxial layer.
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4. Themeﬂwdasclalmedmclmml 2or .

3 wherein the same type of impurity is ad-
ditionally diffused into an exposed surface
of the épitaxial layer in the same pattern and
in alignment with the impurity pattemn at the
substrate-epitixial layer interface until the
impurity is diffused together through the epi-
taxial layer,

5. The method as claimed in claim 1,2, 3,
or 4, wherein the substrate is of ome com-
ducruvxty type and an impurity. is deposited
with: the epitaxial layer to make the layer of
the opposite conductivity type from the con-
ductivity type of the substrate.

6. The method as claimed in claim § and
including the step of forming the impurity
pattern. as a closed figure and limiting the
impurity to onme producing the same con-
ductivity type as the substrate and diffusing
the impurity completely through the epitaxial
layer to form at least one isolation zone sur-
rounding an isolated zone of opposite con-
ductivity type

7. The method ag claimed in claim 1 or
2 and; including the step of forming upon
the substrate a pattern of impurities which
form a first conductivity type in saidi semi~
conductor material, depositing upon the sub-
strate. and aforesaid impurities an epitaxial
layer of the same conductivity type as that
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taxial layer upon the substrate and inpurities 12. The transistor as
claimed in claim10 with an inpurity there| n formng a layer or 11 wherein
an additio of
the of the same conductivity type as th ate, diffusing thed
first inmpurity into strate is provi ded; =and ext ends through the 55 the
epi taxi al layer and the second inpurity me t - of contact-
with the first through the epitaxial |ayer M”m four regions.
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out of contact therewith deposmng the epl- a plurality of individual unconnected Zones.
taxial layer upon the substrate and impurities . 12, The ransistor as claimed in claim 10
‘with an impurity therein forming a layer or 11 wherein an additional isolation: zone
20 of ‘opposite conductivity type to that of the . of the same conductivity type as the sub-
substrate, diffusing the- first impurity into strate is provided and extends through the .55
the epitaxial layer and the second impurity epitaxial layer out of contact with the first
through the epitaxial layer to thereby form four regions therein. -
& collector zone in the epitaxial layer with  13. The method of ‘forming epitaxial semi- -
25 a low resistance zone of the same conductivity . conductor devices substanually as described. : <
type contiguous therewith and separated from . 14. An - epitaxial transistor substantially 60 :
the rest of the layer by an isolation zone of as described with reference to.the accompany—
opposite conductivity type, and diffusing base ing dtawmgs
and emittey zones into the cdllector zone in
said epitaxial layer.

9. The method as claimed’ in claim 8,
wherein said second impurity has a faster
diffusion rate than the first impurity, and
the substrate. and eprtaxml layer -are theated
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