
COMPLETE  SPECIFICATION                     We, TEXAS INSTRUMENTS
INCORPORATED,  junction temperature changes, which affect
of 6000 Lemnon Avenue, Dallas, Texas,  all transistors and particularly
power tran-                  United States of America, a corporation
sistors, remain uncompensated. The present                  organized and
existing under the laws of  invention, in  order  to  overcome  this
5 the State of Delaware, United States of  deficiency, provides a diode
element for use 50 America, do hereby declare the invention,  in
temperature compensation of transistor                  for which we pray
that a patent may be  circuits which is part of the transistor itself
granted to us, and the method by which it  and which, consequently, is
sensitive to the        is to  be performed, to be particularly  unit
temperature as well as ambient tem-               10 described in and by
the following state-  perature. The  element has the further 55
ment:-                                     advantage  of  possessing  a
resistance-                    This invention relates to means for exten-
temperature characteristic almost identical                  ding the
temperature range of satisfactory  to the transistor unit to be
compensated.                  operation of transistor circuits in such a
way    An object of the invention is to provide               15 that the
power handling  capabilities of  a temperature compensated transistor
circuit 60                  the transistor are also  increased. More  which
includes a non-ohmic rectifying junc- particularly, 'the present invention
relates to  tion  which  has a  resistance-temperature
means for compensating temperature  in-  characteristic substantially
identical with                  duced shifts of transistor d-c bias
currents  that of the transistor.               20  from optimum operating
levels.             The invention will now be described by 65
It is well-known that nearly every para-  way of example with reference to
the                  meter of semi-conductor amplifier devices,
accompanying drawings, in which:-                  called transistors, is
temperature sensitive.    Figure 1 is a schematic diagram illustra-
Thus, increases in the operating temperature  ting a common method for
applying d-c               25 of a transistor will effect a decrease in the
bias currents to one type of transistor 70                  internal
impedances of the unit resulting in  circuit;                  bas  current
increases, impedance  mis-   Figure 2 illustrates the preferred embodi-
matches in the external circuit, lower gain  ment of the semiconductor
device of the                  and lower power handling capabilities of
present invention ; and               30 the unit. Also, a transistor unit
may be    Figure 3 is a schematic diagram illustrat- 75
permanently damaged if the circuit in which  ing the use of the device of
the present                  it is used is so critical as to allow  a
invention in a circuit to provide tempera-                  cummulative
action wherein the increase in  ture compensation of the d-c bias currents
bias current produces further heating of the  in a transistor amplifier; 35
bar resulting in an even greater increase in.   Although the n - p - n
transistor configur- 80                  the bias current and more heating
until the  ation  is used   throughout the following  unit has exceeded its
maximum temperature  description in the specific examples of the
causing permanent parameter changes.       several embodiments of the
present inven-                    Many temperature compensation schemes
tion, it is to be understood that the present               40 have  been
evolved  using  temperature  invention is in no way limited to the 85
sensitive elements  in the external circuit.   n- p-n  configuration,  for
the principles                  However, such schemes provide a counter-
disclosed herein may be applied as well to        action  for   ambient
temperature  changes  p - n - p transistor configurations.
only and the effects of temperature changes    With reference now to Figure
1 there is               45 in the semiconductor material itself, i.e. the
shown schematically a grounded emitter 90    



2                                          846,711            transistor
circuit illustrating a typical bias-  element of the device.  This
triode-diode           ing arrangement for an n-p -n junction  transistor
provides an excellent temperature           transistor. Circuits of this
type commonly   compensated amplifier when connected as           use a
single bias battery 1 with its positive  shown in Figure 3.       5
terminal connected to the collector of the    In the circuit of Figure 3,
the collector of 70           transisttor 2 and  the negative terminal  the
transistor triode-diode 16 is connected           connected to the emitter.
The base bias  to B + voltage and the emitter, which is also
voltage is obtained from a voltage divider  the cathode of the diode
element, is con-           network of series resistors 3 and 4 between
nected to ground exactly as in the circuit        B+ voltage and ground.
The resistor 3 is  of Figure 1. However, in the voltage divider 75
normally of a much lower value than the  network of resistors 12, 13 and
14, the           resistor 4  Therefore, changes in the base  resistors 12
and 13 providing the base bias           bias current flowing through
resistor 3 have  voltage are shunted by the diode element           very
little effect on the voltage at the base  of the triode-diode. In such an
arrange-        15 of the transistor and this voltage remains  ment. the
voltage developed  across the 80           substantially constant.
Temperature difficul-  resistors 12 and 13 to ground is always
ties arise in such a circuit because the  identical to the voltage
developed across           collector current and  the  amplification  the
diode element shunting them. If the           characteristics of this
circuit are a function  resistance of resistor 14 is high compared to
10 of the base-emitter current which, with a  that of the resistors 12 and
13 and the diode 85           constant voltage applied, depends solely on
element, the current in the circuit will be           the emitter-base
resistance of the transistor  determined almost solely by resistor 14 and
unit. Each change in the junction tempera-  will remain  substantially
constant. The           ture of the transistor, then, causes a change
voltage developed across the resistors 12       25 In the resistance of the
junction and results  and 13 and across the diode element will  90
in a shift of the base-emitter bias current  be a function of the
resistance of the          form  optimum  value and a corresponding  diode
and  therefore a function  of the          change in the characteristics of
the circuit.  temperature of the semi-conductor material          Succesful
temperature compensation there-  of the unit. Thus, the base bias voltage
30 fore must provide  a means of maintaining a  developed across the
resistor 12 is an inverse 95           constant bias current through an
emitter-  function of the temperature of the material           base
resistance varying with temperature.   and the tendency of the base-emitter
current             One method of decreasing the effects of  to increase
with temperature is counteracted           temperatute on the bias current
would be  by a decrease in the base bias voltage.       35 to shunt or
replace the resistor 4 with a    The circuit illustrated in Figure 3
presents 100           rectifying diode whose forward resistance  merely
one example of temperature com-           temperature  characteristic  is
similar or  pensation in transistor circuits using the           identical
to that of the base-emitter junction  device of the present invention.
However,           of the transistor. However, if such an  the triode-diode
transistor disclosed herein       40 arrangement is to compensate for
changes  can be used to improve the performance of 105           in the
temperature of the semiconductor  many other well-known temperature com-
material of the transistor itself, the diode  pensated transistor circuits
by merely sub-           element must be maintained at the same  stituting
the triode-diode transistor of the           temperature as that material.
The device  present invention in the circuit and using the        45 of the
present invention provides a means  diode portion of the device as the
tempera- 110                4           of maintaining a diode element and
a  ture sensitive element of the  circuit. In           transistor element
at exactly the same tem-  the manufacture of the device of the present
perature.                                   invention, the rectifying
contact may be             Such a device is shown in Figure 2  produced by
any of the several methods        50 illustrating a grown junction
transistor of  now  well-known in the art. By way of 115           the
conventional type having two relatively  specific example, a rectifying
contact to           thick layers 5 and 6 of one conductivity  n-type
conductivity semiconductor material           type semi-conductor material
separated by a  can be produced by placing a 99%  gold-
relatively thin layer 7 of an opposite type  1%  gallium  alloy wire
against the n-type           conductivity  semiconductor  material.  In
material and heating the material until the 120           addition to the
usual ohmic contacts 8, 9  tip of the wire melts and combines with the
and 10 for the  collector, base  and emitter  adjacent semiconductor
material. Such is           layer leads repscetively, a fourth contact 11
the preferred method when the semicon-           is provided to one of the
layers, in this case  ductor material is germanium. For n-type        60
the emitter. The contact 11 is formed as  a  silicon, the preferred
technique is the same, 125           rectifying contact by any of the
several  substituting an aluminum wire for the gold-           means to be
described below and produces  gallium  wire.  It is to be understood that 



a   diode  whose  temperature-resistance  the present invention is by no
means limited           characteristic is nearly identical to that of  to
the above described techniques but con-        65 the emitter-base diode of
the transistor  templates providing a transistor with an 130
846,711                       additional junction or junctions acting as a
ductivity types, a first ohmic connection to                      diode
element of the  types generally  a zone of one type conductivity to provide
referred  to as grown junctions, alloyed  an emitter electrode, a second
ohmic con-                      junctions, diffused junctions, point
contacts,  nection to another zone of said one type 5 and others.
conductivity to provide a collector electrode, 55                        It
is to be realized that the diode element  a third ohmic connection to a
zone inter-                      of the triode-diode transistor of the
present  mediate  said  last. mentioned  zones to
invention may be formed as a part of the  provide a base electrode, a
non-ohmic                      collector layer instead of as a part of the
rectifying electrical connection to a zone                  10 emitter
layer. The applicable methods of  other than said intermediate zone at a 60
forming the contact are exactly the same in  spacing rmote enough therefrom
to produce                either case.                             a diode
which responds to temperature                        A  further
modification  of the present  variation  substantially in accordance with
invention provides a dual  diode-triode  tran-    the   emitter-base
resistance-temperature.                      15 sistor wherein two diode
elements  may be  characteristic of  the transistor and  which 65
formed as part of the amplifier device by the   produces diode action
electrically unaffected.                      same methods described above.
Depending   by the transistor action of said material.
on the requirements of the circuit in which   2.  A temperature compensated
transistor                      the unit is to  be used, both of the diode
circuit as defined in Claim 1 wherein said 20  elements  may be formed on
the emitter layer  rectifying connection is positioned  inter- 70
of the bar of both on  the collector layer or  medate two  of said ohmic
connections.                     one on the emitter layer and one on the
3. A temperature compensated transistor       collector layer.
circuit  as defined in Claim 1, wherein said                 The use of the
diode-triode transistor of  rectifying connection is a point contact 25
the present invention  in the circuit specifi-  bearing against one of said
zones of one 75                     cally described above and, of course,
in a  conductivity type.                     great many others is
advantageous in that    4. A temperature compensated transistor
the same circuit  performance  is achieved at circuit as defined in Claim
1, wherein said                     a lower cost than is possible using
separate  rectifying connection is produced by alloy- 30 diode and amplifer
devices.  For  example,  ing into said zone other than said inter- 80
the combined unit uses less semiconductor  mediate zone a wire containing
material                     material than the two separate units and,
producing a conductivity opposite to that of                     since
only a single can or enclosure is    said zone.                     used,
other material requirements are also    5. A temperature compensated
transistor 35 reduced. Further, only one item  of two  circuit
substantially as described and  as  85                     need be stocked
by equipment manufac-  shown in Figures 2 and 3 of the accom-
turers.                                  panying drawings.
Thus, there has been disclosed a new                     transitor device
combining in a single unit 40 the functions which previously required two
or more separate units and in addition                     provides a new
function of temperature    For the Applicants,
compensation in transistor circuits accord-                     ing to the
temperature of the semiconductor  F.J.  CLEVELAND & COMPANY, 45 material of
the transistor itself.               Chartered Patent Agents
WHAT WE CLAIM  IS:-                              29 Southampton Buildings,
1. A temperature compensated transistor            Chancery Lane,
circuit which comprises a body of semi-              London, W.C.2.
conductive material having a plurality of                 50  adjacent
layers of alternating opposite con-                           Sheerness:
Printed  for Her Majesty's  Stationery  Office, by Smiths, Printers and
Duplicators. -  1960                         Published at the   Patent
Office, 25 Southampton Buildings, London  W.C. 2, from which copies
may be   obtained.    



846,711                                        3                 additional
junction or junctions acting as a  ductivity types, a first ohmic
connection to diode  element of the  types generally  a zone of one type
conductivity to provide                referred to as grown junctions,
alloyed  an emitter electrode, a second ohmic con-
junctions, diffused junctions, point contacts, nection to another zone of
said one type              5 and others.
conductivity to provide a collector electrode, 55                  It is to
be realized that the diode element a third ohmic connection to a zone
inter-                of the triode-diode transistor of the present
mediate  said  last mentioned  zones to                invention may be
formed as a part of the  provide a base electrode, a non-ohmic
collector layer instead of as a part of the  rectifying electrical
connection to a zone             10 emitter layer. The applicable methods
of  other than said intermediate zone at a 60         forming the contact
are exactly the same in  spacing remote enough therefrom to produce
either case.                               a diode which responds to
temperature          A  further modification of the present  variation
substantially in accordance with                invention provides a dual
diode-triode tran-  the  emitter-base  resistance-tempetature
15 sistor wherein two diode elements may be  characteristic of the
transistor and which 65                formed as part of the amplifier
device by the  produces diode action electrically unaffected
same methods described above. Depending  by the transistor action of said
material.                on the requirements of the circuit in which    2.
A temperature compensated transistor                the unit is to be used,
both of the diode  circuit as defined in Claim 1, wherein said         20
elements may be formed on the emitter layer  rectifying connection is
positioned inter-  70                of the bar of both on the collector
layer or  medate two of said ohmic connections.                one on the
emitter layer and one on the    3. A temperature compensated transistor
collector layer.                           circuit as defined in Claim 1,
wherein said                  The use of the diode-triode transistor of
rectifying connection is a point contact             25 the present
invention in the circuit specifi-  bearing against one of said zones of one
75           cally described above and, of course, in a  conductivity type.
great many others is advantageous in that   4. A temperature compensated
transistor                the same circuit performance is achieved at
circuit as defined in Claim 1, wherein said                a lower cost
than is possible using separate  rectifying connection is produced by
alloy-             30 diode and amplifier devices. For example, ing into
said zone other than said inter- 80                the combined unit uses
less semiconductor  mediate zone a wire containing material
material than the two separate units and, producing a conductivity opposite
to that of                since only a single can or enclosure is  said
zone.                used, other material requirements are also   5. A
temperature compensated transistor             35 reduced. Further, only
one item  of two  circuit substantially as described and as 85
need be stocked by equipment manufac-  shown in Figures 2 and 3 of the
accom-                turers.                                    panying
drawings.                  Thus, there has been disclosed a new
transistor device combining in a single unit             40 the functions
which previously required two                or more separate units and in
addition                provides a new function of temperature
For the Applicants,                compensation in transistor circuits
accord-                ing to the temperature of the semiconductor   F. J.
CLEVELAND & COMPANY,             45 material of the transistor itself.
Chartered Patent Agents,                WHAT WE CLAIM  IS
29 Southampton Buildings,                   1. A temperature compensated
transistor           Chancery Lane,                circuit which comprises
a body of semi-             London, W.C.2.                conductive
material having a plurality of             50 adjacent layers of
alternating opposite con-                   Sheerness: Printed for  Her
Majesty's Stationery Office. by Smiths. Printers and Duplicators.-1960.
Published at the Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies                                                   may  be
obtained.    


