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We, GENERAL ELECTRIC  like to within 2 ppm over a temperature COMPANY, a
corporation organised and  range of [err] to [err].              50
existing under the laws of the State of New    Temperature  compensators
using York, United States of America, of 1 River  temperature  sensitive
resistors (or 5  Road, Schenectady, 12305, State of New  thermistors) have
been provided in the past. York, United States of America, do hereby
Generally, these thermistors cannot be declare the invention for which we
pray that  adjusted or trimmed, so that additional and  55 a patent may be
granted to us, and the  fairly complex circuits must be provided to method
by which it is to be performed, to be  adjust the compensator for any
differences 10  particularly described in and by the  between the
thermistors. following statement:-                    Accordingly, another
feature of the This invention relates to a temperature  invention is to
provide a temperature  60 compensator for an oscillator having a
compensator that does not require voltage sensitive capacitor or varactor,
and  thermistors. 15  particularly to a temperature compensator    The
present invention is a temperature for controlling the voltage applied to
such a  compensator for use with a crystal oscillator voltage sensitive
capacitor, and hence for  operating in a cold range, a middle range,  65
providing improved oscillator frequency  and a hot range of temperature,
said stability over a wide range of temperatures. oscillator having at
least one voltage 20    In radio communication and electronic  sensitive
capacitor associated therewith, equipment piezoelectric crystals are used
said temperature compensator comprising: almost exclusively as the
frequency  a. voltage source terminals; b.  70 determining element. As the
technology in  compensating voltage output terminals for this field has
expanded, the desired  connection to said voltage sensitive 25  frequency
stability of the piezoelectric  capacitor; c. a middle temperature range
crystals with respect to temperature has  compensating circuit comprising a
current steadily increased. Thus, in oscillators using  source circuit
having a first path and a load  75 piezoelectric crystals, it is now fairly
path both in series therewith connected common to have a frequency
stability of  between said voltage source terminals, and 30  plus or minus
five parts per million (5  temperature sensitive diode means ppm) over a
temperature range between  connected to said first path for increasing
[err] and [err]. (As used herein,  the current through said load path in
80 frequency stability stated in parts per  response to warmer temperatures
and for million indicates the maximum frequency  decreasing the current
through said load 35  variation from a crystal's centre frequency  path in
response to cooler temperatures; d. over a given temperature range. Thus,
if a  a cold temperature range compensating crystal is specified to have a
centre  circuit comprising a current source circuit  85 frequency of 8
megahertz and a stability of having a first path and a load path both in 2
ppm for a given temperature range, this  series therewith connected between
said 40  means that the crystal frequency will not  voltage source
terminals, and temperature vary more than 2/1,000,000 times &,000,000
sensitive diode means connected to said Hertz, or + 16 Hertz over that
temperature  current source circuit for increasing the  90 range).
current through said load path in response Accordingly, this invention
provides a  to colder temperatures and for decreasing 45  temperature
compensator for an oscillator.  the current through said load path in The
invention  also provides a  response to warmer temperatures; e. a hot
temperature compensator that can maintain  temperature range compensating
circuit  95 the frequency stability of an oscillator or the  comprising a
current source circuit having a    1,599,600
2 first path and a load path both in series   The present invention is
further a circuit therewith connected between said voltage  for supplying
compensating voltages to a source terminals, and temperature sensitive
voltage sensitive capacitor for determining diode means connected to said
current the resonant frequency of an oscillator. or source circuit for
decreasing the current the like over cold, middle and hot  70 



through said load path in reponse to hotter temperature ranges, said
circuit comprising: temperaturesand for increasing the current a; voltage
source terminals for said circuit; through said load path in response to
cooler  b. output terminals for said circuit; c. a temperatures ; f. and
means connected to  middle temperature range circuit connected 10 - each of
said load paths for deriving middle, between said source terminals and
including  75 cold, and hot signals therefrom, one of said  adjustable
resistors and temperature output terminals being connected with said
sensitive diodes connected to. produce a means.
middle range voltage that varies linearly in a The present invention is
also a circuit for first direction with increasing temperature 1:5
supplying compensating voltages .:to a  and that varies linearly in a
second direction  80 voltage sensitive capacitor for determining  opposite
said first direction with decreasing the. resonant frequency of an.
oscillator or temperature; d. a cold temperature  range the like, over
cold, middle' and hot circuit connected  between said source temperature
ranges, said circuit comprising: terminals and including adjustable
resistors' 20  a. voltage. source terminals for said circuit; and
temperature sensitive diodes connected  85 b. output terminals for said
circuit; c. a  to produce a cold voltage that varies middle. temperature
range  compensating  linearly in said second direction with circuit
comprising a variable current path  increasing temperature and that varies
and a load path connected in parallel and linearly in. said first direction
with 25 further connected.between said voltage  decreasing  temperature; e.
a.hot  90 source terminals, said variable current path  temperature range
circuit connected including temperature sensitive diodes that between said
source terminals and including *   cause said variable current path to draw
adjustable resistors and temperature more current and decrease the current
sensitive diodes connected to produce a hot 30  through said load path in
response to  voltage that varies linearly in said second  95 decreasing
temperatures, and that' cause  direction with'increasing temperature and
said variable current path to draw less that varies linearly in said first
direction current and increase the current through  with decreasing
temperature; f. and means said load path in response to increasing
connected to said circuits for deriving said 35  temperatures; d. a cold
temperature range  middle, cold, and hot voltages, said cold 100
.compensating circuit comprising a variable  circuit voltage blocking said.
middle circuit current path and a load path connected in  voltage below a
first temperature, and said series and further connected. between said  hot
circuit voltage blocking said middle voltage source terminals, said
variable  circuit voltage above a second temperature 40  current path
including temperature  higher than said first temperature, and one 105
sensitive diodes that cause said variable  of said output terminals being
connected  - current path to draw more current and  with said means.
increase the current through said load path    An. embodiment of the
present invention in response to decreasing temperature and  will now be
described, by way of example, 45  that cause said variable current path to
with reference to the accompanying 110 draw less current and decrease the
current drawings, in which:- through said load path in response to    Fig..
I shows a simplified diagram of a increasing temperature; e. a hot
preferred embodiment of a temperature temperature range compensating
circuit compensator in' accordance 'with the 50  comprising a. variable
current path and a  invention;                      -     115 load path
connected in series and further   'Fig. 2 shows a more detailed circuit
connected. between said voltage source  diagram of the temperature
compensator of terminals, said variable current path  Fig.. 1; and.
including temperature sensitive diodes that   Fig. 3 shows curves
illustrating the 55  cause said: variable current path to draw  operation
of the' compensator over a 120 more current and increase the current
temperature range. through said load path in response to    Persons skilled
in the crystal oscillator art decreasing temperature and that cause said
are all too familiar with the variations in variable current path to draw
less current natural frequency which a piezoelectric 60  and decrease the
current through said load  crystal undergoes as the temperature ofthe 125
path in response to increasing temperature; crystal changes. An example is
shown by the and means connected to said load paths  curve 10 of Fig. I in
United StatesP atent for deriving voltage signals therefrom, one  3,831,111
granted August- 20, 1.974. That of said output terminals being connected
curve .10 shows that for a wide range of 65  with said means.
temperatures, as is common for much 130    3
1,599,600                                    3 electronic equipment today,
the frequency  connected (shown functionally by dashed stability of the
crystal varies over rather  lines) to the current source circuit so that as
wide extremes. And where the crystal  the temperature of the diode Dl
decreases frequency stability determines the overall  more current is
provided and passes 5  frequency stability of the electronic  through the
load path resistor RCL; and so  70 



equipment, it will be seen that such  that as the temperature of the diode
Dl electronic equipment may have a wide  increases less current passes
through the frequency variation. One solution which has  load path resistor
RCL. The hot circuit 21 been provided by persons skilled in the art is
functions in a similar manner, so that as the 10  to shift or rotate the'
crystal frequency  temperature of the diode D4 increases less  75 stability
characteristic about the stability  current passes through the load path
pivot point. With respect to the curve 10 of  resistor RHL; and so that as
the U. S. Patent 3,831,111 this means rotating  temperature of the diode D4
decreases the curve 10 in a. counterclockwise direction  more current
passes through the load path 15  so that the crystal stability takes the
form  resistor RHL.                     80 shown by the: curve 11 in that
patent. The    The compensating voltage from the cold curve 11 is fairly
flat or fixed near the  circuit 20 is derived from a buffer transistor
stability pivot point. However, this rotation  Q7 and applied to a
differential amplifier. requires the use of an inverse temperature  The
compensating voltage from  the hot 20  sensitive capacitor connected into
the  circuit 21 is derived from a buffer transistor  85 oscillator circuit.
Furthermore, the  Q25 and applied to the same differential resultant
rotation reduces the frequency  amplifier. The compensating voltage from
stability at temperatures below about [ERR]  the middle circuit 22 is
applied directly to and above about [ERR]. The embodiment  the
differential amplifier. The 25  of the present invention provides
compensation from these three circuits 20,  90 compensation  for a crystal
without  21, 22 is provided to a large extent by the requiring that the
crystal stability be rotated  voltage drop across their respective diodes.
with an inverse temperature sensitive  This voltage drop decreases linearly
as the capacitor, and without requiring a  temperature of the diode rises,
typically at a 30  temperature sensitive resistor or thermistor.  rate of 2
millivolts per degree centigrade. The  95 Fig. I shows a simplified diagram
of the  slopes of the compensating voltages and present compensator which
will be briefly  their respective points of. intersection explained. Then,
the compensator shown in  between the temperature ranges is obtained the
detailed circuit diagram of Figure 2 will  through adjustment or trimming
of the.. 35  be explained. With reference to Figure 1,  various resistors.
100 this compensator comprises a cold    Figure 2 shows a more detailed
circuit temperature range compensating circuit 20,  diagram of the
compensator of Figure 1. In a hot temperature range compensating  Figure 2,
parts corresponding to those of circuit 21 and a middle temperature range
Figure I have been given the same 40  compensating circuit 22 shown
enclosed in  reference numeral or designation. Thus, 105 'dashed lines. The
compensator utilizes a  Figure 2 includes The three circuits 20, 21, source
of direct current voltage B+  22 enclosed in dashed lines. Figure 2 also
provided at a terminal I with respect to  includes the voltage source
terminal 1, the ground or reference potential at terminal  output terminal
7, and the ground terminal 45  16 Compensating output voltages are  16. As
mentioned, the compensator can be 110 derived at an output terminal 7 with
respect  constructed  in integrated  circuit form. to ground. In the middle
circuit 22, a  However, adjustment or trimming of certain current source
circuit including a voltage  resistors is desirable or necessary, so that
adjusting resistor RVA  is connected in  these resistors are made external
to the 50  series with a first path including a slope  integrated circuit.
Hence, the circuit of 115 'resistor RMS and a load path including a  Figure
2 includes an additional number of resistor RML. A  temperature sensitive
terminals indicated by the squares diode'D9 is connected (shown
functionally  containing  a .reference numeral. The by dashed lines) to the
first'path so that as  resistors indicated by letters are provided 55  the
temperature of the diode D9 increases,  externally to the integrated
circuit and 120 more current passes through the load path  connected to
these terminals so that they resistor RML; and. so that as the  can be
adjusted to give the compensator the temperature of the diode D9 decreases,
less  desired characteristics. In this regard, current passes. through the
load path  bypass capacitors may be connected 60  resistor RML. In the cold
circuit 20, a  between selected ones of the terminals and 125 current
source circuit including a source  the ground terminal to eliminate
circulating resistor RCS is. provided and connected in  currents and to
facilitate adjustment and series with a first path having a resistor RCI
testing. These bypass capacitors are not and. a load path having a resistor
RCL. A  shown 'so as to keep Figure 2 as simple and 65  temperature
sensitive diode  D1 is  clear as possible.                          130
4                                   1,599,600 This compensator includes a
plurality of  collector-emitter path of the transistor Q17 current source
circuits. The magnitudes of  is determined by the voltage drop across many
of these current source circuits are  two temperature sensing diodes D8, D9
determined  by the current through a  connected to its base. These diodes
D8, D9 5   current control resistor RCC, the collector-  are supplied with
a fixed current from the  70 



emitter path of a transistor Q1, and an  transistor Q15. The voltage drop
of one emitter-resistor R1. Setting the collector-  diode D8 is offset by
the base-emitter emitter current of the transistor QI also sets  voltage
drop across the transistor Q17, o the base-emitter voltage of the
transistor  that the middle slope resistor RMS has a net 10  Q1, and this
in turn sets the base-emitter  voltage substantially equal to the voltage
75 voltge for current source transistors Q5,  drop of the second diode D9.
As the middle Q9, QI1, Q16, Q22, Q23. The emitters of  range temperature
of. the diodes D8, D9 these  last-mentioned  transistors  are  falls this
voltage drop increases. This causes connected through resistors R3, R4,
R10,  more current to flow through the first path 15  R8, R12, R13 to the
ground terminal 16.  comprised of the collector-emitter of the  80 These
resistors determine the respective  transistor Q17 and the middle slope
resistor collector-emitter currents for the transistors  RMS. Hence, less
current is available to Q5, Q9, QI 1, Q16, Q22, Q23. The base  flow through
the load resistor RML, so that currents, for these transistors are provided
the voltage across the resistor RML falls 20  by a transistor Q2. The
collector of the  with falling temperature. Conversely, as the  85
transistor Q5 is connected to a current  temperature of the diodes D8, D9
increases mirror 'circuit comprising transistors Q3,  the voltage drop
across the diodes falls. Less Q4, and a resistor R2. These transistors Q3,
current flows through the slope resistor Q4 set the emitter-base 'voltages
for the  RMS and more current is available to 'flow 25  transistors Q24,
Q13, Q15, Q18 and these  through the load resistor RML. Hence, for  90
emitter-base voltages also set the emitter-  warmer temperatures, the
voltage across collector currents. The emitter resistors R5,  the load
resistor RML increases. This is R6, R7, R9 ensure that the
emitter-collector  shown by the dashed and dotted curve 30 in currents of
the transistors Q24, Q13, Q15,  Figure 3. The slope of the curve 30 can be
30  Q18 are approximately equal to the emitter-  varied by adjusting the
magnitudes of the   95 collector current of the transistor Q3.    slope
resistor RMS and the load resistor The differential amplifier of Figure I
is  RML, The midpointof the curve 30(i.e. provided by transistors Q19, Q20
The  where the compensator output voltage emitter-collector current in the
transistor  causes no variation in oscillator frequency) 35  Q18 is
adjusted to be one-half of the current  can be varied by adjusting the
magnitudes 100 through the transistor Q22, so that the  of the resistors
RMR, RVA. The voltage currents through the differential amplifier  from the
middle range circuit 22 is present transistors Q19, Q20 are equal. Thus,
the  at the terminal 15, and is applied to the base voltage of the
transistor Q20 (applied  output terminal 7 through the differential 40  to
the output terminal 7) follows the base  amplifier transistors Q19, Q20.
105 voltage of the transistor Q19. The source In the cold circuit 20, a
current source transistors Q21, Q23 permit current to be  circuit is
provided by a current slope supplied from the compensator to a load, or
resistor RCS and a transistor Q6. 'This from the load back into the
compensator as  circuit is connected in series with a first 45  the output
voltage varies up and down.     path comprised of a transistor Q8 and  110
In the middle temperature range circuit  intercept resistor RCI, and in
series with a 22, a reference voltage is set by a middle  load path
comprised of the resistor RCL. range reference resistor RMR, a diode D7,
Current through the transistor Q8 is fixed by the transistor Q16, and the
resistor R8. This  its base voltage which in turn is fixed by the 50
reference voltage is applied to the baseof a  transistor Q24 and' a current
reference  115 transistor Q14 which, with a voltage  resistor RCR. The
magnitude of this source adjusting resistor RVA, provides a current
current is set or determined by the voltage source circuit. This current
source circuit is  drop across two temperature sensitive connected  in
series with a first path  diodes D1, D2 connected to the baseof the 55
comprised of a transistor Q17 and' middle  transistor Q6, and provided with
current by  120 slope resistor RMS, and in series with a load a transistor
Q9 and resistor R4. The diodes path comprised of the resistor RML. Once
Dl, D2 also produce a voltage drop which the resistors RMR, RVA, RMS are
adjusted  linearly decreases as temperature rises, and or trimmed, the
magnitude of current  which linearly increases as temperature 60  through
the source circuit (namely the  falls. The base-emitter voltage drop across
125 emitter-collector path of the transistor Q14)  the transistor Q6 is
offset by the voltage becomes fixed. This current divides  drop across the
diode D2, so that the slope between the collector-emitter path of the
resistor RCS has a net voltage drop of the transistor Q17 and the load
resistor RML.  diode D1 across it. As the temperature gets 65  The amount
of current through the  colder, this voltage drop increases which  130
1,599,600                                    5 means that the transistor Q6
supplies more  Resistor R1]         500 ohms       65 current. The current
through the transistor  Resistor R12         2000 ohms Q8 is fixed by the
transistor Q24 and resistor  Resistor R13      2000 ohms R5, so this
additional current flows through  Resistor RCC adjusted to 80,000 ohms 5
the load resistor RCL. Thus, the voltage at 



the terminal 10 increases as the temperature  Middle Circuit 22: gets
colder. Conversely, as the temperature    Reference resistor RMR  adjusted
to  70 gets warmer, the voltage drop across the    20,000 ohms slope
resistor RCS decreases and less    Voltage adjust resistor RVA adjusted to
10  current flows. This produces less current    particular crystal through
the load resistor RCL so that the    Slope resistor RMS adjusted to
particular voltage at the terminal 10 falls with rising  crystal
75 temperature. This is shown by the dashed    Load resistor RML adjusted
to 100,000 and dotted curve 31 in Figure 3. The slope  ohms 15  of the
curve 31 can be varied by adjusting the magnitudes of the slope resistor
RCS  Cold circuit 20: and the load resistor RCL. The intercept of    Slope
resistor RCS adjusted to particular the curve 31 with the voltage where the
crystal                              80 compensator output voltage causes
no    Intercept resistor  RCI  adjusted  to 20  variation in oscillator
frequency or with the  particular crystal voltage of the curve 30 can be
varied by    Reference resistor RCR  adjusted to adjusting the magnitude of
the intercept    20,000 ohms resistor RCI. The voltage from  the cold
Load resistor RCL adjusted to 100,000  85 range circuit 20 is present at
the terminal 10.  ohms 25  The voltage is applied to the base of a buffer
transistor Q7 whose emitter is connected to  Hot circuit 21: the
differential amplifier transistor Q19.    Slope resistor RHS adjusted to
particular This cold range voltage prevails when it    crystal exceeds the
middle range voltage provided    Intercept resistor RHI adjusted  to  90 30
by the middle range circuit 22.              particular crystal In the hot
circuit 21, operation is similar    Reference resistor RHR  adjusted to to
the cold circuit 20 except that the hot  20,000 ohms circuit 21 is adjusted
for the hotter    Load resistor RHL adjusted to 100,000 temperatures. The
current source circuit    ohms                                 95 35
comprises the transistor Q10 and its hot -slope resistor RHS. The current
provided    These  adjustments  are  aided  with by this circuit is
determined by the voltage  computer techniques which are familiar to drop
and temperature of the diodes D4, D5.  persons skilled in the art. After
these With the current through the transistor Q12  adjustments were made,
the compensator 40  fixed by the reference resistor RHR, the  output
voltage followed the dashed and  100 current of the load resistor RHL
varies with  dotted line curves 31, 30, and 32 shown in temperature.
Specifically, the voltage at the  Figure 3. These curves have been plotted
terminal 13 increases with decreasing  for Figure 3 with respect to the
frequency temperature and decreases with increasing  stability provided
rather than the actual 45  temperature. These variations are shown by
voltage. A typical uncompensated crystal 105 the dashed and dotted curve 32
of Figure 3.  characteristic is shown by the dashed line The slope of the
curve 32 can be varied by  curve 40 in Figure 3. The net compensation
adjusting the magnitudes of the slope  followed the solid line curve 50 of
Figure 3. resistor RHS and the load resistor RHL.  The curve 50 represents
the difference 50  The intercept of the curve 32 can be varied  between the
curve 40 and the curves 30, 31, 110 by adjusting the magnitude of the
intercept  32. An examination of the curve 50 will resistor RHI. The
voltage from the hot  show that a stability of 2 ppm can be range circuit
21 is present at the terminal 13.  obtained over a temperature range
between This voltage is applied to the base of a  [ERR] and [ERR]. Such
compensation is 55  buffer transistor Q25 whose emitter is  satisfactory in
many applications, and is 115 connected to the differential amplifier
easily provided through the compensator. transistor Q19. This hot range
voltage prevails  This compensator is relatively easy to over the middle
range voltage when it falls  construct and because it utilitizes modern
below the middle range voltage.         integrated circuit techniques and
trimming. 60    A circuit was constructed according to  While  only  one
embodiment of the  120 Figure 2 with the following values:     invention
has been shown, persons skilled in the art will appreciate the
modifications Voltage Source           5.4 volts      which can be made. In
particular, this Resistors RI through RIO  4000 ohms     circuit is not
intended to be limited to any inclusive
particular temperature ranges, voltages, or 125    6
1,599,600 slopes. While this compensator functions  the middle signal in
response to. a colder  65 well without thermistors, thermistors can be
temperature that. raises the current through used to replace either or both
load resistors  said cold circuit load path above a'selected RCL, RHL  and
provide  a  different  magnitude, and include means for causing' 5
cornpensation voltage. This compensator  the hot signal to prevail over the
middle 



can be switched on and off by opening and  signal in response to a hotter
temperature  70 closing the lead to the current resistor RCC. that lowers
the current through said hot When open, the compensator draws no  circuit
load  path  below  a  selected current. When closed; the compensator
magnitude. 10  functions at once. Such a feature - is   3. A compensator as
claimed in claim 1 or desirable  where only  one  of several  claim 2,
wherein said first path and said load: 75 oscillators is turned on at any
one time.   path of each  ompe               are WHAT WE CLAIM IS-
respectively, connected in a parallel circuit, WHAT WE CLAIM IS:-  and each
parallel circuit is connected in 1. A temperature compensator for use.
serieswith its respective current source 15  with a crystal oscillator
operating in a cold  circuut. range, a middle range, and a hot range of
circuit. temperature, said oscillator having at least   4. A circuit for
supplying compensating one voltage sensitive capacitor associated  voltages
to a voltage sensitive capacitorfor therewith, said temperature compensator
determining. the resonant frequency of an 20  comprising:
oscillator or the like, over cold, middle, and a. voltage source terminals;
hot  temperature  ranges,  said . circuit  85 b. compensating voltage
output terminals  comprising: for connection to said voltage sensitive
a. voltage source terminals for said capacitor;
circuit; 25    c.  a  middle  temperature  range    b. output terminals for
said circuit; compensating circuit comprising a current    c. a middle
temperature range  90 source circuit having a first path and a load
compensating circuit comprising a variable path both in series therewith
connected  current path and a load path connected in between, said voltage
source terminals, and  parallel and further connected between said 30
temperature  sensitive  diode  means  voltage source terminals, said
variable connected to said first path for increasing  current  path
including  temperature  95 the current through said load path 'in
sensitive diodes that cause said- variable response to warmer temperatures
and for  current path to draw more current and decreasing the current
through said load  decrease the current through said load path 35  path in
response to cooler temperatures;   in response to. decreasing temperatures,
and d.  a  cold  temperature  range  that cause saidvariable current path
todraw  100 compensating circuit comprising a current  less current and
increase the current source circuit having a first path and a load  through
said load path in response to path both in series therewith connected
'increasing temperatures; 40  between said voltage source terminals, and-
d.  a  cold  temperature  range temperature  sensitive  diode  means
compensating circuit comprising a variable 105 connected to said current
source circuit for  current path and a load path connected. in increasing
the current through said load  series and further connected between said
path in response to colder temperatures and  voltage source terminals, said
variable 45  for decreasing  the current through said load  current  path
including  temperature path in-response to warmer temperatures;  sensitive
diodes that cause: said variable 110 e. a hot temperature range
compensating  current path to draw more current. and circuit comprising a
current source circuit  increase the current through said load path having
a first path and a load path both in  in response to decreasing temperature
and 50  series therewith connected between said  that cause said variable
current path to draw voltage source terminals, and temperature  less
current and decrease the current 115 sensitive diode means connected to
said  through said load path in response-: to current source circuit for
decreasing the  increasing temperature; current through said load path in
response -  e. a hot temperature range compensating 55  to hotter
temperatures and  for increasing  circuit comprising a variable current
path the current through said load path in  and a load path connected in
series and 120 response to cooler temperatures;   .    further connected
between said voltage f. and means connected to each of said  source
terminals, said variable current path load paths for deriving middle, cold,
and hot  including temperature sensitive diodes that 60  signals therefrom,
one of said output  cause said variable current path to draw terminals
being connected with said means.  more current and increase the current 125
2. A compensator as claimed in claim 1, through said load path in response
to wherein said deriving means include means  decreasing temperature and
that cause said for causing the cold signal to prevail over  variable
current path to draw less current    *  C  L  M  S  * 6
1 j599,600                                   6 slopes. While this
compensator functions  the middle signal in response to a colder  65 well
without thermistors, thermistors can be  temperature that raises the
current through used to replace either or both load resistors  said cold
circuit load path above a selected RCL, RHL  and  provide  a  different
magnitude, and include means for causing 



5  compensation voltage. This compensator  the hot signal to prevail over
the middle can be switched on and off by opening and  signal in response to
a hotter temperature  70 closing the lead to the current resistor RCC.
that lowers the current through said hot When open, the compensator draws
no  circuit  load  path  below   a  selected current. When closed, the
compensator  magnitude. 10  functions at once. Such  a feature is   3. A
compensator as claimed in claim I or desirable  where  only  one  of
several  claim 2, wherein said first path and said load  75 oscillators is
turned on at any one time.    path of each compensating circuit are
respectively connected in a parallel circuit, and each parallel circuit is
connected in 1. A temperature compensator for use  series with its
respective current source 15  with a crystal oscillator operating in a cold
circuit.                           80 range, a middle range, and a hot
range of temperature, said oscillator having at least   4. A circuit for
supplying compensating one voltage sensitive capacitor associated  voltages
to a voltage sensitive capacitor for therewith, said temperature
compensator  determining the resonant frequency of an 20  comprising:
oscillator or the like, over cold, middle, and a. voltage source terminals;
hot  temperature  ranges,  said  circuit  85 b. compensating voltage output
terminals  comprising: for connection to said voltage sensitive    a.
voltage source terminals for said capacitor;
circuit; 25    c.  a  middle  temperature  range    b. output terminals for
said circuit; compensating circuit comprising a current    c. a  middle
temperature  range, 90 source circuit having a first path and a load
compensating circuit comprising a variable path both in series therewith
connected  current path and a load path connected in between said voltage
source terminals, and  parallel and further connected between said 30
temperature  sensitive  diode  means  voltage source terminals, said
variable connected to said first path for increasing  current  path
including  temperature  95 the current through said load path in  sensitive
diodes that cause said variable response to warmer temperatures and for
current path to draw more current and decreasing the current through said
load  decrease the current through said load path 35  path in response to
cooler temperatures;   in response to decreasing temperatures, and d.  a
cold  temperature  range  that cause said variable current path to draw
100 compensating circuit comprising a current  less current and  increase
the current source circuit having a first path and a load  through said
load path in response to path both in series therewith connected
increasing temperatures; 40  between said voltage source terminals, and
d.  a  cold  temperature  range temperature  sensitive  diode  means
compensating circuit comprising a variable 105 connected to said current
source circuit for  current path and a load path connected in increasing
the current through said load  series and further connected between said
ath in response to colder temperatures and  voltage source terminals, said
variable 45  for decreasing the current through said load  current  path
including  temperature path in response to warmer temperatures;  sensitive
diodes that cause said variable 110 e. a hot temperature range compensating
current path to draw more current and circuit comprising a current source
circuit  increase the current through said load path having a first path
and a load path both in  in response to decreasing temperature and 50
series therewith connected between said  that cause said variable current
path to draw voltage source terminals, and temperature  less current and
decrease the current 115 sensitive diode means connected to said  through
said load path in response to current source circuit for decreasing the
increasing temperature: current through said load path in response    e. a
hot temperature range compensating 55  to hotter temperatures and for
increasing  circuit comprising a variable current path the current through
said load path in  and a load path connected in series and  120 response to
cooler temperatures;        further connected between said voltage f. and
means connected to each of said  source terminals, said variable current
path load paths for deriving middle, cold, and hot  including temperature
sensitive diodes that 60  signals therefrom, one  of said output  cause
said variable current path to draw terminals being connected with said
means.  more current and increase the current 125 2. A compensator as
claimed in claim 1,  through said load path in response to wherein said
deriving means include means  decreasing temperature and that cause said
for causing the cold signal to prevail over  variable current path to draw
less current    *  C  L  M  S  * 1,599,600
7 and decrease the current through said load  second  direction  opposite
said  first path in response to increasing temperature;  direction with
decreasing temperature; f. and means connected to said load paths    d. a
cold temperature  range circuit 



for deriving voltage signals therefrom, one  connected between said source
terminals 5  of said output terminals being connected   and  including
adjustable  resistors and   65 with said means.
temperature sensitive diodes connected to 5. A  circuit as claimed in claim
4,  produce a cold voltage that varies linearly in wherein said cold
circuit includes means for  said  second  direction  with  increasing
causing the voltage across its load path to  temperature and that varies
linearly in said 10. rise above the voltage across said middle  first
direction with decreasing temperature;  70 range  circuit load  path  below
a first    e. a  hot temperature  range  circuit predetermined temperature,
wherein said  connected between said source terminals hot circuit includes
means for causing the  and  including  adjustable  resistors and voltage
across its load path to fall below the  temperature sensitive diodes
connected to 15  voltage across said middle range circuit load  produce a
hot voltage that varies linearly in  75 path  above  a  second
predetermined  said  second  direction  with  increasing temperature, and
wherein said deriving  temperature and that varies linearly in said means
respond only to said voltage across  first direction with decreasing
temperature; said  cold  load  path  below  said  first    f. and means
connected to said circuits 20  temperature, respond only to said voltage
for deriving said middle, cold, and hot  80 across said middle load path
between said  voltages, said cold circuit voltage blocking first and second
temperatures, and response  said middle circuit voltage below a first only
to said voltage across said hot load path  temperature, and said hot
circuit voltage above said second temperature.             blocking said
middle circuit voltage above a 25    6. A circuit as claimed in claim 4 or
claim   second temperature higher than said first  85 5, wherein said
variable current path of said  temperature   and  one of said output middle
range circuit comprises a series  terminals being connected with said
means. resistor and a transistor having its base    9. The circuit of claim
8, wherein said first connected to said temperature sensitive  direction
of  voltage  variation  is  an 30  diodes, wherein said variable- current
path  increasing voltage; wherein said second   90 of said cold range
circuit comprise a series  direction of voltage variation is a decreasing
resistor and  transistor having  its base  voltage; wherein an increasing
cold circuit connected to said temperature sensitive  voltage blocks a
decreasing middle circuit diodes, and wherein said variable current
voltage below said first temperature; and 35  path of said hot range
circuit comprise a  wherein a decreasing hot circuit voltage   95 series
resistor and transistor having its base  blocks an increasing middle
circuit voltage connected to said temperature sensitive  above said second
temperature. diodes.                                      10. The circuit
of claim 9, wherein said 7. A circuit as claimed in claim 6, and
adjustable  resistors  of  said  middle 40  further  comprising  a  buffer
transistor  temperature range circuit determine the  100 connected between
said cold load resistor  zero frequency compensation and slope of and said
deriving means, and a buffer  said middle range voltage; wherein said
transistor connected between said hot load  adjustable resistors of said
cold temperature resistor and said deriving means.          range circuit
determine the zero frequency 45    8. A circuit for supplying compensating
compensation and slope of said cold range  105 voltages to a voltage
sensitive capacitor for  voltage;  and  wherein  said - adjustable
determining the resonant frequency of an  resistors of said hot temperature
range oscillator or the like over cold, middle and  circuit determine  the
zero  frequency hot  temperature  ranges,  said  circuit  compensation and
slope of said hot range 50  comprising:
voltage.                                  110 a. voltage source terminals,
for said    I1. A circuit for supplying compensating circuit;
voltages  substantially  as  hereinbefore b. output terminals for said
circuit;    described with reference to, and as shown c. a middle
temperature range circuit  in, the accompanying drawings. 55  connected
between said source terminals and  including  adjustable  resistors  and
For the Applicant, temperature sensitive diodes connected to
GRAHAM  WATT & CO., produce a middle range voltage that varies
Chartered Patent Agents, inearly in a first direction with increasing
3, Gray's Inn Square, 60  temperature and that varies linearly in a
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