
4                                        1,021,206      and the heat fed
back to the transistor 30,  conductor wafer having a plurality of elec-
The circuit will tend to  stabilize at an   trical, circuit elements
adjacent one surface     operating  point, perhaps 125[err]C., where the
of said wafer,  electrically isolated from one     temperature of the wafer
50 is at some value  another in the semiconductor material, and   5 such
that the transistor  30  is biased slightly  thermally coupled to one
another through 70     into the conducting region and the transistor  said
semiconductor wafer, said circuit ele-     40 is conducting fairly heavily.
ments being electrically coupled to one an-        A diode 51 is also
provided in the wafer  other in  said  electrical circuit, one of said
50 so that the stable temperature of the  electrical circuit elements
generating heat in  10 substrate may  be used to  provide a stable
response to  an electrical signal in said 75      voltage reference. The
diode 51 may be  electrical circuit, and another of said elec-
connected  externally to a current source and  trical circuit elements
being responsive to      biased in the reverse direction past the  said
heat generated  through  said semicon-      Zener breakdown point. The
voltage across  ductor wafer for  controlling said  electrical  15 the
diode will be constant, since the tem-  signal.
80      perature  of the  semiconductor  material    2  An  electrical
circuit according  to      making up the diode is   relatively constant.
claim  1, wherein said electrical circuit is an      Of course other
components could be used  amplifier having an input and output, said
as the reference element, a Zener diode be one of said electrical circuit
elements  is  in   20  ing  shown as an example.                   the
output of said amplifier and said an- 85        With  reference to Fig. 4,
and the sectional  other one of said electrical circuit elements      views
thereof  in Figs.  5 and 6, the entire  is in the input of said amplifier
and low      temperature  stabilization circuit may be fab-  frequency
negative  feedback  is provided      ricated in planar form by using
conventional  through said thermal coupling in order to   35 procedures
with oxide masking. The tran-    DC stabilize  said  amplifier.
sistors 30 and  40 are  of the triple-diffused    3.  An  electrical
circuit according  to      N-P-N type, with  the  collectors, bases  and
claim  1, wherein the electrical output of 



emitters being formed  by successive  dif-  said another of said electrial
circuit ele-      fusion steps into the P-type wafer 50 in the  ments
controls said electrical signal and   30  named order.   The Zener diode 51
would  be  maintains the temperature  throughout  said 95      of the same
configuration as a transistor, semiconductor wafer substantially constant.
but only the base  and  emitter regions would    4. An electrical circuit
utilizing thermal-      be  used  as the active portion, what would
electrical  interactions for controlling  electri-      be  a  collector
in a  transistor  serving here        cal or thermal  quantities comprising
a semi-      to  electrically  isolate  the  diode from  the  conductor
wafer having a  plurality of elec-  100      remainder of the circuit. The
resistors are  trical circuit elements  adjacent one surface      shown  to
be fabricated  in the same water   of said wafer, electrically isolated
from one      50 as the  transistors and diode, but could  another  in the
semiconductor material and      be in a separate wafer.  The resistors are
thermally coupled to one  another through   40 elongated  P-type diffused
regions, formed   said semiconductor  wafter said circuit ele-  105
simultaneously with the base regions of the  ments being electrically
coupled to one an-       transistors. The resistors are isolated  from
other in  said  electrical  circuit, one  of said       one another and
from the remainder of the  electrical circuit elements comprising  an
circuit  by N-type regions  formed at the  elongated portion  of  said
semiconductor    45 same  time as  the collectors of the transis-  wafer
bounded by a PN junction and gener- 110       tors. Interconnections
between various, ele-  ating heat in response to an electrical   signal
ments  of the circuit can be made as shown  in said electrical circuit, and
another of said       by  leads  which  are  thermocompression  electrical
circuit elements comprising  at       bonded  to deposited contacts on the
ap-  least one PN junction in said semiconductor    50  propriate  regions
of the  semiconductor  wafer terminating at said one surface of 115
material. Obviously, connections could be  said semiconductor  wafer and
being respon-       made by evaporating appropriate patterns  sive to said
heaf  generated through said       of aluminum  on top of the  silicon
oxide  semiconductor wafer for controlling said       coating which is left
on, the wafer after the  electrical signal.     55 diffusions.  The  water
50 is mounted by a    5. An  electrical circuit according  to 120
cement such  as solder glass onto a heat-  claim 4, wherein said electrical
circuit is an        insulating plate 52 which may  be a ceramic  amplifier
having an input and output, said        wafer. This serves  to hold the
power re-  one of said electrical elements is in the out-        quired
for operation of the circuit to a   put of said amplifier and said another
one     60 minimum.  The assembly would be packaged  of said electrical
circuit elements is in the 125 



in any suitable manner.                input of said amplifier and low
frequency        WHAT  WE CLAIM IS:-                  negative feedback is
provided through said           1. An   electrical circuit utilizing
thermal-  thermal coupling in order  to DC stabilize        electrical
interactions for controlling electri-  said amplifier.     65 cal or
thermal quantities comprising a semi-    6. An electrical circuit utilizing
thermal  130          4                                         1,021,206
and the heat fed back to the transistor 30. conductor wafer having a
plurality of elec-     The circuit will tend to stabilize at  an  trical
circuit elements adjacent one surface     operating point, perhaps
125[err]C., where the  of said wafer, electrically isolated from one
temperature of the wafer 50 is at some value  another in the semiconductor
material,  and   5 such that the transistor 30 is biased slightly
thermally coupled to one another through  70     into the conducting region
and the transistor  said semiconductor wafer,  said circuit ele-     40 is
conducting fairly heavily.            ments being electrically coupled to
one an-       A diode 51 is also provided in the wafer  other in said
electrical circuit, one of said     50 so that the stable temperature of
the  electrical circuit elements generating heat in  10 substrate may be
used to provide a stable  response to an electrical signa1 in said 75
voltage reference. The diode 51 may be  electrical circuit, and another of
said elec-     connected externally to a current source and  trical circuit
elements being responsive to     biased in the reverse direction past the
said heat generated through said semicon-     Zener breakdown point. The
voltage across  ductor wafer for controlling said electrical  15 the diode
will be constant, since the tem-  signal.
80     perature  of the semiconductor material    2. An  electrical circuit
according  to     making up the diode is relatively constant.  claim 1
wherein said electrical circuit is an 



Of course, other components could be used  amplifier having an input and
output, said     as the reference element, a Zener diode be-  one of said
electrical circuit elements is in 20 ing shown as an example.
the output of said amplifier and said an-  85       With reference to Fig.
4, and the sectional  other one of said electrical circuit elements
views thereof in Figs. 5 and 6, the entire  is in the input of said
amplifier and low     temperature stabilization circuit may be fab-
frequency negative feedback is provided     ricated in planar form by using
conventional  through said thermal coupling in order to 25 procedures with
oxide masking. The tran-  DC stabilize said amplifier.              90
sistors 30 and 40 are of the triple-diffused    3. An  electrical circuit
according to     N-P-N type, with the collectors, bases and  claim  1,
wherein the electrical output of     emitters being formed by successive
dif-  said another of said electrical circuit ele-     fusion steps into
the P-type wafer 50 in the  ments controls said electrical signal and 30
named order. The Zener diode 51 would be  maintains the temperature
throughout said 95     of the same configuration as a transistor,
semiconductor wafer substantially constant.     but only  the base and
emitter regions would    4. An electrical circuit utilizing thermal-     be
used as the active portion, what would  electrical interactions for
controlling electri-     be a collector in a transistor serving here  cal
or thermal quantities comprising a semi- 35 to electrically isolate the
diode from  the  conductor wafer having a plurality of elec-  . 100
remainder of the circuit. The resistors are  trical circuit elements
adjacent ode surface    shown to be fabricated in the same wafer  of said
wafer, electrically isolated from one    50 as the transistors and diode,
but could  another in the semiconductor material and    be in a separate
wafer. The resistors are   thermally coupled  to one another through 40
elongated P-type diffused regions formed  said semiconductor wafer, said
circuit ele- 105    simultaneously with the base regions of the  ments
being electrically coupled to one an-    transistors. The resistors are
isolated from   other in said electrical circuit, one of said    one
another and from the remainder of the  electrical circuit elements
comprising an    circuit by N-type regions formed at the  elongated portion
of said semiconductor 45 same time as the collectors of the transis-  wafer
bounded by a PN junction and gener- l10     tors. Interconnections between
various ele-  ating heat in response to an electrical signal     ments of
the circuit can be made as shown  in said electrical circuit, and another
of said     by  leads which  are  thermocompression  electrical circuit
elements comprising at     bonded to deposited contacts on the ap-  least
one PN junction in said semiconductor 50 propriate regions of the
semiconductor wafer terminating at said one surface of 115 



material. Obviously, connections could be  said semiconductor wafer and
being respon-     made by evaporating appropriate patterns  sive to said
heat generated through said     of aluminum  on top of the silicon oxide
semiconductor wafer for controlling said     coating which is left on the
wafer after the  electrical signal. 55 diffusions. The wafer 50 is mounted
by a    5. An  electrical circuit according  to 120     cement such as
solder glass onto a heat-  claim 4, wherein said electrical circuit is an
insulating plate 52 which may be a ceramic  amplifier having an input and
output, said     wafer. This serves to hold the power re-  one of said
electrical elements is in the out-     quired for operation of the circuit
to a  put of said amplifier and said another one  60 minimum. The assembly
would be packaged  of said electrical circuit elements is in the 125     in
any suitable manner.                     input of said amplifier and low
frequency     WHAT WE CLAIM  IS                           negative feedback
is provided  through said       1. An electrical circuit utilizing thermal-
thermal coupling in order to DC stabilize     electrical interactions for
controlling electri-  said amplifier.  65 cal or thermal quantities
comprising a semi-   6. An electrical circuit utilizing thermal- 130
1,021,206                  5                electrical interactions for
controlling electri-  face of said wafer, and electrically isolated 35
cal or thermal quantities comprising a semi-  from  one  another in the
semiconductor               conductor wafer  having a plurality of ele-
material, said electrical circuit elements in- trical circuit elements
adjacent one surface  cluding one or more transistors havings its
of said wafer, electrically isolated from one  or their PN junctions
terminating at said               another in the semiconductor material and
one surface of said semiconductor wafer and 40               thermally
coupled to one another through  one or more resistors comprising elongated
said semiconductor wafer, said circuit ele-  sections of said semiconductor
wafer, said               ments being electrically coupled to one an-
circuit elements being electrically coupled to            10 other in said
electrical circuit, one of said  one another to form  said DC  stabilized 



electrical circuit elements comprising  at  amplifier circuit, one of said
electrical cir- 45               least one PN junction in said
semiconductor  cuit elements generating heat in response to
wafer terminating at said one surface of  the electrical output signal of
said DC               said semiconductor wafer and generating  stabilized
amplifier circuit, and another of            15 heat in response to an
electrical signal in  said electrical circuit elements being ther-    said
electrical circuit, and another of said  mally coupled  to said one of said
electrical 50 electrical circuit elements comprising  at  circuit elements
through said semiconductor               least one PN junction in said
semiconductor  wafer and being responsive to said heat               wafer
terminating at said one surface of  generated through said semiconductor
wafer 20 said semiconductor wafer and being respon-  for controlling said
electrical output signal.               sive to said heat generated through
said    9. An electrical circuit according to any 55
semiconductor wafer for controlling said  preceding claim, including a
heat-insulating               electrical signal.
plate fastened to the opposite surface of                 7. An  electrical
circuit according  to  said semiconductor wafer.            25 claim  6,
wherein the electrical output of   10. An electrical circuit substantially
as               said another of said electrical circuit ele-  herein
described with references to Figures 60               ments controls said
electrical signal and  4-6 of the accompanying drawings.
maintains  the temperature throughout said               semiconductor
wafer substantially constant.     H. D. FITZPATRICK & CO.,     30   8. A
DC  stabilized  amplifier circuit           Chartered Patent Agents,
having low frequency negative feedback be-   3, Gray's Inn Square, London
W.C.1.               tween its  input and output comprising a
and               semiconductor wafer having a plurality of        5 Park
Gardens, Glasgow, C.3.               electrical circuit elements adjacent
one sur-             Berwick-upon-Tweed: Printed for Her Majesty's
Stationery Office by The Tweeddale Press Ltd.-1966            Published at
Tne Patent Office, 25 Southampton Buildings, London, W.C.2 from which
copies may                                                    be obtained


