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"30 the input 10 to the output 20 at full gain
. since the thermal inertia- or capacity of the
resistors 19 and 22 will not allow the tem-
perature to follow the AC signal. The maxi-
. mum in feedback results when the change
3§ in’ temperature- of the resistors per wunit
change in power is high. :
In semiconductor network or integrated
circuit applications, the resistors 19 and 22
may well. take the form of elongated bars of
40 monocrystalline silicon, or elongated paths
in silicon wafers defined by P-N junctions.
In Fig. 2, in order better to understand the
_present invention, the tramsistor 11 is
_ mounted on the semiconductor bar which
45 forms the resistor 19. This transistor com-
“prises a wafer 25 of silicon, the major bulk
of which provides the collector region. The
wafer is. mounted om, but electrically in-
sulated from, the resistor bar 19 by means
30 of a cemeni such as solder glass. The wafer
25 may provide a mesa-type transistor, as
illustrated, and base and emitter leads are
attached to base and emitter stripes 26 and
27 on the top surface of the mesa. A collec-
55 tor contact 28 is also made on the top sur-
face of the wafer 25, spaced from the mesa.
The transistor 21 also would be physically
mounted on.the resistor 22 by cementing the
* semiconductor wafer which forms this tran-
60 sistor to the semiconductor bar which
. -forms the resistor in a manner similar to
" Fig. 2. However, in accordance with the
present invention. a resistor and its . as-
sociated transistor are formed in the same
%65 wafer of monocrystalline silicon, electrically
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further connected by a conductor 39 to the®

base of second transistor 40. This transis-
tor likewise includes a base 41, an emitter
42 and a collector 43, with the collector and
emitter being ‘directly connected to thé posi-
tive and negative lines 36 and 37 by con-
ductors 44 and 45, -vespectively. ‘Thermal
feedback is provided between the region
adjacent the collector of the transistor 40
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and the body of the transistor 30 by fabri-

cating both transistors in' a single silicon*
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wafer 50 as seen in Fig. 4 and des_cribc?‘d m

more detail below.

In operation, the second transistor in_ the -

circuit of Fig. 3 will ‘be initially biased for.

heavy conduction with base-emitter current
“flowing through the resistor.38 and the con-
ductor 39. Conduction of this tramsistor 40

will tend 10 heat the silicon wafer 50 in the

110

‘region of the collector 43: due to.power .

dissipation, primarily near the collector-base
junction. Heat in the area of the collector
43 will be transmitted through the silicon

1§

wafer to the transistor 30, and .will cause a -

‘Teduction in the base-emitter voltage neces-
sary to switch on the transistor 30." The"

-voltage on the base 31 is maintained con-
stant by the voltage divider, so when the
temperature of the transistor 30 reaches a
point where the fixed base voltage is ade-
quate to turn it on, collector curtent will
begin to flow. This will reduce. the voltage
on the line .39, decreasing the base-emitter
" bias current for the transistor 40. Collector

current will therefore decrease in the tran-lso

sistor 40, reducing its collector dissipation
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remainder of the circuit. The resistors are
shown to be fabricated in the same wafer
50 as the transistors anid diode, but could
be in a separate wafer. The Tegistors are
40 clongated P-type diffused regions formed
simultaneously with the base regions of the
transistors. The resistors are isolated from
one another and from the Temainder of the
circuit by N-type regions formed at the
45 same time as the collectors of the fransis-
tors. Imterconnections between various ele-
ments of the circuit can be made as shown
by leads which are thermocompression
bonded to deposited contacts on the ap-
50 propriate regions of the semiconductor
material. Obviously, connections could be
made by evaporating appropriate patterns
of aluminum on top of the silicon oxide
coating which is left on, the wafer after the
§5 diffusions. The wafer 50 is mounted by a
cement such as solder glass onto a heat-
msulatmg plate 52 which may be a ceramic
wafer. This serves to hold the power re-
quired for operation of the cifcuit to a
60 minimum. The assembly would be packaged
in any suitable manner.
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of said wafer, electrically isolated from one -
another in thé semiconductor material and
thermally coupled to one another through :
said semiconductor wafer, said circuit ele- .105
ments being electrically coupled to one an-
othér in said electrical circuit, one of said
electrical circuit eleinents comprisiig #n
elongated portion of said semiconductor
wafer bounded by a PN junction and genéf-
-ating heat in response to an electrical signal
in said electrical circuit, and another of said
electrical _circuit elements comprising at
least one PN junction in said semiconductor
wafer terminating at said one surfice of 115
said semiconductor wafer and being respon-
sive to said heat generated through said
semiconductor wafer for controlling said
electrical signal.

5. An electrical circuit according to
claim 4, wherein said electrical circuit is an
amphﬁer having an input and output, said
one of said electrical elements is in the out-
put of said amplifier and said another one
of said electrical circuit elements is in the
input of said amplifier and low frequency
negative feedback is provided through said -
thermal coiipling in order to DC .stabilize
said amplifier,
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