
1,047,388                                       5 lowing comparative
examples are presented:    The essential difference between the charac-
teristics of the two devices was in their 65 EXAMPLE 1
saturation resistances. The conventional de- Two identical isolated
epitaxial transistors  vices having the gold doping had a satura- of the
type shown in FIGS 9 and 10 were  tion resistance of about 800 ohms; the
device 5  prepared. Each had the conventional emitter, having the
low-resistivity region of the in- base, and collector regions of N, P, and
N-  vention, and no gold, had a saturation re-  70 type conductivity,
respectively.  Each tran-  sistance of only 40 ohms. This higher satura-
sister was isolated from the surrounding semi-  tion resistance of the
conventional device conductor material by an isolating region of  causes an
undesirably high collector-emitter- 10  P-type conductivity.  This
isolating region  saturation voltage. 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 more perfect
switch because it can be was that only  one  of them  had  the  switched to
a lower voltage; yet it still has low-resistivity  region  of  N-type  con-
the improved switching speed previously ob- 15  ductivity  between  the
collector  region  tained only with gold, doping. and  the  isolating
region   (as  shown in  FIGS  9  and  10).  The other one    WHAT WE CLAIM
IS:-                          80 did not.  Both had their isolation regions
1. A method of forming epitaxial semi- grounded to form the reverse-biased
junction  conductor devices having a monocrystalline 20  beneath the
collectors.                    substrate of semiconductor material with an
The switching time of the two transistors  epitaxial layer disposed thereon
comprising was measured on a Tektronix type-R switch-  the steps of
depositing a pattern of impurity  85 ing time tester.  The device without
the  upon a surface of the substrate, forming the additional
low-resistivity region of the inven-  epitaxial layer upon -the same
substrate sur- 



25  tion had switching time of 80-95 nano-  face, thereby diffusing the
impurity into the seconds; the device with the additional low  epitaxial
layer and, if necessary, heating the resistivity region had a switching
time of  substrate to complete the diffusion of the  90 14-16 nanoseconds.
Thus, at least a five-  impurity into the epitaxial layer. fold reduction
in switching time was achieved    2. The method as claimed in claim  1, 30
with the device constructed in accordance with  wherein said impurity is
disposed on the the invention.                            substrate by
diffusion into the substrate. Additionally, the saturation voltages of the
3. The method as claimed in claim 1, where-  95 two devices were measured,
using a 5 ma.  in said impurity is diffused completely through collector
current and a 1 ma. base current.  the epitaxial layer. 35  With the device
lacking the low-resistivity    4. The method as claimed in claim 1, 2 or
region, the collector-emitter saturation volt-  3 wherein the same type of
impurity is ad- age was 1.5-5.0 volts. With the device con-  ditionally
diffused into an exposed surface 100 structed in accordance with the
invention, it  of the epitaxial layer in the same pattern and was 0.18-0.20
volts. This lower saturation  in alignment with the impurity pattern at the
40  voltage is desired in switching application.  substrate-epitaxial layer
interface until the Furthermore, in the "ON" position, the power  impurity
is diffused together through the epi- loss (which is proportional to the
saturation  taxial layer.                         105 voltage) is
substantially reduced in the de-    5. The method as claimed in claim 1,2,
3, vice constructed in accordance with the in-  or 4, wherein the substrate
is of one con- 45  vention.                                   ductivity
type and an impurity is deposited with the epitaxial layer to make the
layer of EXAMPLE II                 the opposite conductivity type from the
con- 110 This example compares a transistor as  ductivity type of the
substrate shown in FIGS 9 and 10 with a conventional    6. The method as
claimed in claim 5 and transistor which does not have the additional
including the step of forming the impurity 



50  low-resistivity region of the invention. How-  pattern as a closed
figure and limiting the ever, the conventional transistor has been
impurity to one producing the same con- 115 doped with a compensating
element (gold) to  ductivity type as the substrate and diffusing improve
its switching characteristics.     the impurity completely through the
epitaxial The switching time of the two transistors  layer to form at least
one isolation zone sur- 55  was measured on a Tektronix type-R switch-
rounding an isolated zone of opposite con- ing-time tester, with the
isolation regions  ductivity type.                          120 connected
to ground. The switching times    7. The method as claimed in claim  1 or
for both devices were comparable: the device  2 and including the step of
forming upon having the extra low-resistivity region of the  the substrate
a pattern of impurities which 60  invention had a switching time of about
18  form a first conductivity type in said semi- nanoseconds; the prior art
gold-doped de-  conductor material, depositing upon the sub- 125 vice had a
switching time about 14 nano,  strate and aforesaid impurities an epitaxial
seconds.                                   layer of the same conductivity
type as that    1047,388 lowing comparative examples are presented:    The
essential difference between the charac teristics of the two devices was in
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doping had a satura- of the type shown in FIGS 9 and 10 were  tion
resistance of about 800 ohms; the device 5  prepared. Each had the
conventional emitter, having the low-resistivity region of the in- base,
and collector regions of N, P, and N-  vention, and no gold, had a
saturation re-  70 type conductivity, respectively.  Each tran-  sistanceof
only 40 ohms. Thishighersatura- 



sistor was isolated from the surrounding semi-  tion resistance of the
conventional device conductor material by an isolating region of  causes an
undesirably high collector-emitter 10  P-type conductivity.  This isolating
region  saturation voltage. 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 more perfect switch because
it can be was that only  one  of them   had  the  switched to a lower
voltage; yet it still has low-resistivity  region  of  N-type  con-  the
improved switching speed previously ob- 15  ductivity  between  the
collector  region  tained only with gold doping. and the  isolating  region
(as  shown in FIGS  9  and  10).  The other one    WHAT WE CLAIM  IS:
80 did not. Both had their isolation regions    1. A method of forming
epitaxial semi- grounded to form the reverse-biased junction  conductor
devices having a monocrystalline 20  beneath the collectors.
substrate of semiconductor material with an The switching time of the two
transistors  epitaxial layer disposed thereon comprising was measured on a
Tektronix type-R switch-  the steps of depositing a pattern of impurity  85
ing time tester.  The device without the  upon a surface of the substrate,
forming the additional low-resistivity region of the inven-  epitaxial
layer upon the ,same substrate sur- 25  tion had switching time of 80-95
nano-  face, thereby diffusing the impurity into the seconds; the device
with the additional low  epitaxial layer and, if necessary, heating the
resistivity region had a switching time of  substrate to complete the
diffusion of the  90 14-16 nanoseconds. Thus, at least a five-  impurity
into the epitaxial layer. fold reduction in switching time was achieved
2. The method as claimed in claim 1, 30  with the device constructed in
accordance with  wherein said impurity is disposed on the the invention,
substrate by diffusion into the substrate. Additionally, the saturation
voltages of the    3. The method asclaimed in claim 1, where- 95 two
devices were measured, using a 5 ma.  in said impurity is diffused
completely through 



collector current and a 1 ma. base current.  the epitaxial layer. 35  With
the device lacking the low-resistivity    4. The method as claimed in claim
1, 2 or region, the collector-emitter saturation volt-  3 wherein the same
type of impurity is ad- age was 1.5-5.0 volts. With the device con-
ditionally diffused into an exposed surface 100 structed in accordance with
the invention, it  of the epitaxial layer in the same pattern and was
0.18-0.20 volts. This lower saturation  in alignment with the impurity
pattern at the 40  voltage is desired in switching application.
substrate-epitaxial layer interface until the Furthermore, in the "ON"
position, the power  impurity is diffused together through the epi- loss
(which is proportional to the saturation  taxial layer
105 voltage) is substantially reduced in the de-    5. The method as
claimed in claim 1,2, 3, vice constructed in accordance with the in-  or 4,
wherein the substrate is of one con- 45  vention.
ductivity type and an impurity is deposited with the epitaxial layer to
make the layer of EXAMPLE II                 the opposite conductivity type
from the con- 110 This example compares a transistor as  ductivity type of
the substrate. shown in FIGS 9 and 10 with a conventional    6. The method
as claimed in claim 5 and transistor which does not have the additional
including the step of forming the impurity 50  low-resistivity region of
the invention. How-  pattern as a closed figure and limiting the ever, the
conventional transistor has been  impurity to one producing the same con-
115 doped with a compensating element (gold) to  ductivity type as the
substrate and diffusing improve  its switching characteristics.   the
impurity completely through the epitaxiail The switching time of the two
transistors  layer to form at least one isolation zone sur- 55  twas
measured on a Tektronix type-R switch-  rounding an isolated zone of
opposite con- ing-time tester, with the isolation regions  ductivity type.
120 connected to ground.  The switching times    7. The method as claimed
in claim 1 or for both devices were comparable: the device  2 and including
the step of forming upon 



having the extra low-resistivity region of the  the substrate a pattern of
impurities which 60  invention had a switching time of about 18  form a
first conductivity type in said semi- nanoseconds; the prior art gold-doped
de-  conductor material, depositing upon the sub- 125 vice bad a switching
time about 14 nano-  strate and aforesaid impurities an epitaxial seconds.
layer of the same conductivity type as that    6
1,047 388 formed by said impurities, diffusing the im-  for a sufficient
period of time to diffuse the  35 purities into the substrate to form  a
zone  second impurity completely through the epi- of lower resistivity than
the remainder of the taxial layer while the first impurity diffuses
epitaxial layer, and diffusing into the epi-  only slightly into the
epitaxial layer. 5  taxial layer impurities forming a transistor    10. An
epitaxial transistors manufactured base zone above said low-resistance zone
and  in accordance with the method claimed in any  40 an emitter zone in
the base zone.           of the preceding claims, wherein emitter, base 8.
The method as claimed in claim  1 or  and collector regions are formed in
the epi- 2 and including the step of disposing upon  taxial layer with the
collector lowermost there- 10  a surface of the substrate of a first
conducti-  in, and a fourth region of the same conduc- vity type a first
impurity of opposite con-  tivity type as the collector but having a lower
45 ductivity-forming type to that of the substrate,  resistivity than the
collector is disposed on and a second impurity of the same conduc-  the
substrate side of the collector in contact tivity-forming type as that of
.the substrate,  with the substrate. 15  the second impurity being disposed
in a    11. The transistor as claimed in claim 10, pattern surrounding the
first impurity and  wherein the fourth region is separated into  50 out of
contact therewith depositing the epi-  a plurality of individual
unconnected zones. 



taxial layer upon the substrate and impurities    12. The transistor 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. a 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 substantially 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 drawings.
and emitter zones into the collector zone in 30  said epitaxial layer. 9.
The method as claimed in claim  8,         POLLAK, MERCER  & TENCH, wherein
said second impurity has a faster            Chartered Patent Agents,
diffusion rate than the first impurity, and        5 Castle Street,
Liverpool 2. the substrate and epitaxial layer are heated        Agents for
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