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APPARATUS AND METHOD FOR
DETERMINING A TEMPERATURE OF A
TEMPERATURE SENSING ELEMENT

FIELD OF THE INVENTION

[0001] The invention relates in general to temperature sen-
sors and more specifically to an apparatus, system, and
method for determining a temperature of a temperature sens-
ing element.

BACKGROUND OF THE INVENTION

[0002] Temperature sensing elements have electrical char-
acteristics that vary with temperature. By observing or mea-
suring an electrical characteristic, the temperature of the tem-
perature sensing element can be determined. For example,
where the temperature sensing element is a thermistor that
has a resistance that varies with temperature, temperature can
be measured by determining the resistance of the thermistor.
Conventional temperature sensing systems include any of
several techniques for measuring electrical characteristics. In
some conventional systems, the characteristic is directly mea-
sured. The resistance of the thermistor, for example, can be
determined by measuring a voltage drop across the thermistor
for an associated current flow. Such systems are limited,
however, since the components and reference levels used for
measuring must be accurate and reliable. In many devices
utilizing temperature measuring systems, the low tolerance
measuring components and additional components required
to maintain a reliable reference value, such as a voltage, are
prohibitively expensive. Other techniques include discharg-
ing or charging a capacitor through a reference resistor,
charging or discharging the capacitor through the thermistor,
and comparing the times to charge or discharge each compo-
nent to determine the resistance of the thermistor. This con-
ventional technique is limited in that the accuracy of the
measurement depends on the values used for the resistor and
capacitor. Accordingly, the accuracy of the temperature mea-
surements are degraded where the capacitor value or resistor
value vary over temperature, time, or between components. In
addition, the accuracy of the measurement depends on the
supply voltage used to charge the capacitor.

[0003] Accordingly, there is a need for an apparatus, sys-
tem, and method for determining a temperature of a tempera-
ture sensing element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 is ablock diagram of temperature measuring
apparatus in a capacitor charging configuration in accordance
with an exemplary embodiment of the invention.

[0005] FIG. 2 is a block diagram of the temperature mea-
suring apparatus in a reference discharge configuration in
accordance with the exemplary embodiment of the invention.
[0006] FIG. 3 is a block diagram of the temperature mea-
suring apparatus in a temperature evaluation discharge con-
figuration in accordance with the exemplary embodiment of
the invention.

[0007] FIG. 4 is an illustration of a discharge time ratio
information table in accordance with the exemplary embodi-
ment of the invention.

[0008] FIG.5 is a schematic representation of an equivalent
circuit of the temperature measuring apparatus in the tem-
perature evaluation configuration in accordance with the
exemplary embodiment of the invention.

Nov. 12, 2009

[0009] FIG. 6 is a block diagram of the temperature mea-
suring apparatus where the controller and the switches are
implemented as part of a microprocessor integrated circuit
I1o.

[0010] FIG. 7 is a flow chart of a method of measuring a
temperature of a temperature sensing element in accordance
with the exemplary embodiment of the invention.

[0011] FIG. 8 is a graphical illustration of temperature ver-
sus resistance relationships for an exemplary thermistor and
reference resistance.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] In accordance with an exemplary apparatus and
method, a temperature of a temperature sensing element hav-
ing a temperature dependent resistance is determined based
ona ratio of discharge times of a capacitor through a reference
resistance and through the combination of the reference resis-
tance in parallel with the temperature sensing element. A
reference discharge time is determining by measuring the
discharge time of the capacitor from a first voltage to a second
voltage through a reference resistance. A temperature evalu-
ation discharge time is determined by measuring the time to
discharge the capacitor from the first voltage to the second
voltage through the reference resistance in parallel with the
temperature sensing element. The ratio of the temperature
evaluation discharge time to the reference discharge time is
used to determine the temperature and produce a digital rep-
resentation of the temperature.

[0013] FIG. 1 is a block diagram of an apparatus 100 for
measuring temperature in accordance with the exemplary
embodiment of the invention in a charging configuration. The
various functional blocks of FIG. 1 may be implemented
using any combination of hardware, software, and/or firm-
ware. For example, although discrete components may be
used in some circumstances, the switches 108, 110, compara-
tor 118, controller 120, memory 116, and timer 114 are imple-
mented as part of a microprocessor in the exemplary embodi-
ment.

[0014] During operation, the switches 108, 110 are opened
and closed to charge and discharge the capacitor 106 through
the reference resistance 104 and through the temperature
sensing element (TSE) 102 in parallel with the reference
resistance 104. A reference discharge time (T4z) is deter-
mined by measuring the time to discharge the capacitor 106
from a first voltage to a second voltage through the reference
resistance 104. A temperature evaluation discharge time
(T 75p) 1s determined by measuring the time to discharge the
capacitor 106 through the parallel combination of the refer-
ence resistance 104 and the TSE 102 from the first voltage to
the second voltage. The discharges times are measured by the
controller 120 using the timer 114 by measuring the time for
the capacitor voltage (V) to decline from the first voltage to
the second voltage. In the exemplary embodiment, the first
voltage is the supply 112 voltage (V) and the second volt-
age is areference voltage (V). The ratio of the temperature
evaluation discharge time (T ;) to the reference discharge
time (T zzz) is analyzed by the controller 120 to determine the
temperature. In the exemplary embodiment, a table contain-
ing a plurality of T,/Trz- ratio values with associated
temperatures is stored in the memory 116 and is used to
determine the temperature. Any value derived from the dis-
charge time ratio may be used to determine temperature
depending on the particular implementation. For example,
the discharge time ratio values are scaled by multiplying the
ratios by 1000 in order to manage integer values in the exem-
plary embodiment. Accordingly, as referred to herein, the
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discharge time ratio applies to any value derived from the
relationship between the reference discharge time and the
temperature evaluation discharge time. In some cases, an
algorithm can be used to calculate the temperature based on
the discharge time ratio.

[0015] The TSE 102 is a thermistor in the exemplary
embodiment that has a resistance that depends on tempera-
ture. Accordingly, the combined resistance of the TSE 102 in
parallel with the reference resistance 104 changes with tem-
perature. As explained below in further detail, the reference
resistance 104 is a “linearizer” when in parallel with the TSE
102 thereby making the resistance vs. temperature curve of
the parallel combination less exponential and more linear
than the resistance vs. temperature curve the TSE 102 alone.
[0016] In the exemplary embodiment, the controller 120
controls the switches 108, 110 in accordance with the tem-
perature sensing procedure. The controller 120 is any portion
or combination of a computer, processor, MmiCroprocessor,
processor arrangement, logic circuit, gate array, or other com-
bination of hardware, software and/or firmware that performs
the functions described herein. In the exemplary, embodiment
the functions of the controller are performed by a micropro-
cessor such as the PIC10F206 microprocessor available from
the Microchip Corporation.

[0017] The values of the capacitor 106, TSE 102, and ref-
erence resistor 104 are selected to maximize resolution and
dynamic range of the temperature measurement while mini-
mizing measuring times. The selected value of the capacitor
106 depends on the reference resistance 104 value, the TSE
102 value, the desired temperature value resolution, and the
desired maximum discharge time. The time constant of the
three components in parallel is chosen to have a minimum
value that results in an adequate number of clock cycles to
provide the desired temperature resolution at high tempera-
tures and a maximum value that results in a maximum dis-
charge time at low temperatures to minimize errors due to
changes in conditions such as supply voltage variations. The
values are selected based on the lowest anticipated supply
voltage and highest temperature that will be measured.

[0018] A first switch 108 is closed and the second switch
110 is opened to charge the capacitor 106. The supply 116
charges the capacitor 106 until the voltage (V) across the
capacitor 106 reaches the voltage (V) of the supply 116. In
the exemplary embodiment, the controller 120 allows an
adequate charge time for the capacitor 106 to reach the supply
112 voltage (V) before changing the switches 108, 110 to
the reference configuration of the temperature evaluation
configuration. As explained below in further detail, the func-
tion of the switches 108, 110 are performed using general
purpose input/output (GPIO) lines in the exemplary embodi-
ment.

[0019] FIG. 2 is a block diagram of the apparatus 100 for
measuring temperature in accordance with the exemplary
embodiment of the invention in a reference configuration.
The reference discharge time (t, ) is measured by opening
all of the switches 108, 110 and allowing the capacitor 106 to
discharge through the reference resistance 104. The reference
resistance 104 is a single resistor having a tolerance of +/-1%
in the exemplary embodiment. Other reference resistances
104 may be used in some circumstances. For example, par-
allel and/or serial combinations of multiple resistors may be
used. The selection of the tolerance and temperature coeffi-
cient characteristics of the reference resistance 104 are
guided by the desired accuracy ofthe final temperature result.
The initial value of the reference resistor is guided by the
effective linearization of the thermistor curve as a result of the
parallel combination with the thermistor 102 in addition to
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the resulting ratios over the expected measurement range
such that the desired measurement resolution may be
achieved. In the exemplary embodiment, the reference dis-
charge time (tz ) is measured by counting a number of clock
cycles from the time the switch 108 is opened until the capaci-
tor 106 voltage (V) reaches the reference voltage (Vzzz)-
Accordingly, the timer 114 is a counter in the exemplary
embodiment. The comparator 118 determines when the
capacitor voltage (V) is equal to the reference voltage
(Vzzr), The comparator 118 is a standard comparator circuit
within the microprocessor in the exemplary embodiment.
Other devices or methods may be used to determine when the
capacitor voltage (V) has reached the reference voltage,
however. For example, a logic threshold of a GPIO may be
used to perform the functions of the comparator 118 in some
circumstances.

[0020] The reference discharge time (tzzz) is stored in
memory 116. In the exemplary embodiment, the reference
discharge time (tzzz) is multiplied by the scaling factor and
stored in random access memory (RAM) of the microproces-
sor as an unsigned 32 bit integer, a direct representation of the
number of clock cycles elapsed from the start of the discharge
to the end of the discharge. Other techniques may be used to
measure and store the reference discharge time (tzz5)-

[0021] FIG. 3 is a block diagram of the apparatus 100 for
measuring temperature in accordance with the exemplary
embodiment of the invention in a temperature evaluation
configuration. After the reference discharge time (tzzr) is
determined, the capacitor 106 is charged to the supply voltage
(Vpp) as described above. The temperature evaluation dis-
charge time (t,5,) is determined by closing the second switch
110 and opening the first switch 108. The resulting configu-
ration places the TSE 102 in parallel with the reference resis-
tance 104 and the capacitor 106. In the exemplary embodi-
ment, the timer 114 determines a number of clock cycles for
the capacitor voltage (V) to decline from the supply voltage
(Vpp) to the reference voltage (V) to determine the tem-
perature evaluation discharge time (t;5,). In the exemplary
embodiment, t,, is stored in RAM of the microprocessor as
a second unsigned 32 bit integer. The controller 120 calcu-
lates the value of the t;/tzzr ratio from the two time dis-
charge values stored in memory 116. The controller 120
determines the temperature using the value of the t ., /tzzr
ratio and stored discharge time ratio information. In the exem-
plary embodiment, the discharge time ratio is compared to
values in a discharge time ratio table to identify a correspond-
ing temperature or interpolated temperature value.

[0022] FIG. 4 is an illustration of a table 400 representing
the discharge time ratio information stored in the memory 116
in accordance with the exemplary embodiment of the inven-
tion. The data representing the relationship between tempera-
ture 402 and the discharge time ratios 404 may be stored in
memory 116 in any of several formats or arrangements
including known techniques for storing information. The data
storage discussed with reference to the table 400 can be
applied to any type of data storage system or technique
although the actual values and storage locations within the
memory 116 may vary.

[0023] The discharge time ratio information 400 includes a
plurality of temperature values 402 associated with a plurality
of'scaled discharge time ratios 404. The controller 120 scales
the calculated discharge time ratio for a current sample and
compares the scaled value to the scaled discharge time ratio
values 404 in memory. Interpolation techniques may be used
to identify temperatures values not included in the table 400.
In the exemplary embodiment, discharge time ratios 404 rep-
resenting 8 data points from minus 16 degrees Celsius to 96
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degrees Celsius are store in an indexed table, with each suc-
cessive index representing a temperature 402 equal to the
previous index plus sixteen degrees. The ratios are scaled in
order to represent decimal values within the range of zero to
one using unsigned integers for optimal manipulation within
the controller 120. The controller 120 uses interpolation to
calculate the actual temperature of TSE 102 in the desired
units of measurement (degrees Celsius in the exemplary
embodiment). Selection of the end point values and quantity
of intervening temperature data points in the table 400 are
determined by the desired range of the measurement and the
fit to the ideal temperature curve. Other values, ranges, and
scaling factors are used in some situations and the actual
values stored depend on the particular requirements of the
temperature sensor. The discharge time ratio therefore may be
raw, inverted, scaled or otherwise manipulated value related
to the ratio of the discharge times. The values of the reference
resistance 104 and the TSE 102 are selected such that a scaled
ratio of 0.500 corresponds to 25° C. The reference resistance
104 is, therefore, equal to the TSE 102 resistance at 25° C. in
the exemplary embodiment.

[0024] The values for the discharge time ratio information
table 400 are calculated based on the reference resistance
value and the TSE resistance vs. temperature relationship.
The resistance of the TSE 102 is provided by the manufac-
turer and used to calculate the discharge time ratios for each
temperature provided in the table 400. In the exemplary
embodiment, manufacturer provided data points of the ther-
mistor resistance and corresponding temperatures are used to
generate a table that includes interpolated values for each
degree Celsius. Using the nominal resistance value of the
reference resistance and the interpolated thermistor resis-
tance values, a parallel combination resistance value is deter-
mined. The resulting discharge time ratio values are used to
provide the selected discharge time ratios stored ton the table
400.

[0025] For each of the selected data points for the exem-
plary embodiment, the following equation is computed for
the corresponding ratio 404 to be stored in memory 116:

Ra‘tioTemp(n):((l (1/RTSETemp(n)+ URgzr) Y/ Rrer)%
32768

M

restated:
RatioTemp(n):((RTSETemp(n)"RREF)/RREF)X32768 (2)
[0026] where Ratio,,,,,,,, is the stored discharge time ratio

404 and R ;57,0 18 the thermistor resistance for each n.
The scaling factor 832768) is selected to optimize the com-
putational performance of the controller 120.

[0027] FIG. 5 is a schematic illustration of an equivalent
circuit 500 formed when the apparatus 100 is in the tempera-
ture evaluation discharge configuration. By approximating
the relationships of the values at various conditions, the
operation of the equivalent circuit 500 and the relationship to
the discharge time ratios can be observed. At low tempera-
tures, the TSE 102 resistance (R;;,) becomes very large and
can be approximated as open circuit relative to the reference
resistance (R zr). As the temperature is decreased, therefore,
the equivalent circuit approaches the circuit formed when the
apparatus is in the reference configuration. Accordingly, as
the temperature is decreased, the value of the discharge time
ratio (T 72/ Trzr) approaches one.

[0028] In the exemplary embodiment, the TSE 102 resis-
tance is equal to the reference resistance 104 at 25° C. At this
temperature, the ratio of the discharge times is equal to 0.5
since the effective resistance of the parallel combination is
half of the reference resistance 104. As the temperature
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increases, the TSE 102 resistance (R ) decreases and at high
temperatures has a resistance much lower than the reference
resistance 104. As the temperature increases, therefore, the
contribution of the reference resistance 104 to the parallel
combination of a relatively low TSE 102 resistance dimin-
ishes. Accordingly, at high temperatures, the equivalent cir-
cuit 500 can be approximated as a parallel combination of the
TSE 102 with the capacitor. The relatively low resistance of
the TSE 102 forms an RC time constant that provides a
relatively fast discharge time. It follows, therefore, that as
temperature increases, the temperature evaluation discharge
time approaches zero and the discharge time ratio (T 5,/
Txzr) also approaches zero.

[0029] FIG. 6 is block diagram of apparatus 100 in accor-
dance with the exemplary embodiment where the switches,
controller, timer, memory, and comparator are implemented
as part of a microprocessor integrated circuit (IC). Any of
numerous microprocessor ICs may be used to perform the
functions described herein. An example of a suitable IC is the
PIC10F206 microprocessor available from the Microchip
Corporation. Two of the General Purpose Input Output
(GPIO) lines are used to perform the functions of the switches
108, 110. Each GPIO line is modeled as a data bus latch and
level translator to control pairs of switches with one switch
connected to the supply voltage and one switch connected to
ground. Therefore, the GPIO line, GP0, is modeled as a latch
604 controlling the supply switch (first switch) 108 and a
ground switch 608 where the supply switch 108 forms a
connection to the supply voltage when closed and the ground
switch 608 forms a connection to ground when closed. The
GP2 line is modeled as a latch 602 controlling another ground
switch (second switch) 110 and another supply switch 606.

[0030] To connect the apparatus 100 in the charging con-
figuration, the software code running on the controller 120
places the latch 604 active “high” to set GP0 in a “high” state
resulting in the supply voltage (V) being applied at the
GPIO output. The apparatus 100 remains in this state for
period sufficiently long to minimize effects of any voltage
drop due to the impedances of the IC 600. To place the
apparatus 100 in the reference discharge configuration, the
controller 120 sets the latch 604 inactive resulting in a high
impedance at the output and an open circuit at the GPIO line.
Accordingly, the capacitor discharges through the reference
resistance to ground. The timer in the controller counts the
number of clock cycles until the capacitor voltage V . declines
to the reference voltage V- which is equal to about 0.6 volts
in the exemplary embodiment.

[0031] Thecapacitoris again charged by placing the GP0 to
high state. The apparatus 100 is placed in the temperature
evaluation configuration by turning off the GP0 and placing
GP2 in a logic “low” state. Accordingly the TSE is grounded
in parallel to the reference resistance and the capacitor. The
controller 120 determines the discharge time (t,z,,) through
the parallel combination of the reference resistance and the
TSE using the timer (counter) 114. The discharge time ratio
ten/trer 15 €valuating using the stored discharge time ratio
information to determine the temperature as describe above.

[0032] FIG. 7 is a flow chart of a method of measuring a
temperature of a temperature sensing element having a resis-
tance dependent on temperature in accordance with the exem-
plary embodiment of the invention. The method may be per-
formed with various combinations of integrated circuits
(ICs), controllers, microprocessors, external components and
other combination of hardware, software and/or firmware. In
the exemplar embodiment, the temperature measuring proce-
dure is performed by executing software code on the control-
ler 120 to charge and discharge the external capacitor 106
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through a reference resistor and the TSE to determine a dis-
charge time ratio that is compared to discharge time informa-
tion.

[0033] At step 702, the capacitor 106 is charged. In the
exemplary embodiment, the GP2 GPIO port is set high to
provide the supply voltage to the capacitor 106. The supply
voltage is provided for a time period sufficient to charge the
capacitor to V.

[0034] At step 704, the reference discharge time (tz5) is
determined. The apparatus is configured to connect the ref-
erence resistance in parallel to the capacitor by turning off the
GPIO lines to establish a high impedance at GP0 and GP2.
The controller 120 determines the time for discharging the
capacitor through the reference resistance using the timer
114. In the exemplary embodiment, the controller counts the
number of clock cycles that accrue from the time the GPIO
lines are turned off to the time comparator detects the capaci-
tor voltage (V) has declined to the reference voltage (V).
The reference discharge time (tz ) is stored in the memory
116.

[0035] After the capacitor is charged at step 706, the tem-
perature evaluation discharge time (tTED) is determined as
step 708. The apparatus 100 is configured to connect the
reference resistance in parallel with the TSE 102 and the
capacitor 106. In the exemplary embodiment, the GP0 line is
set “low” to ground the TSE 102. The controller 120 measures
the time to discharge the capacitor 106 through the parallel
combination by counting the number of clock cycles that
accrue before the comparator 118 detects the capacitor volt-
age (V) has declined to the reference voltage (Vzr).

[0036] Atstep 710, the temperature is determined based on
the discharge time ratio, t;x/tzz In the exemplary embodi-
ment, the controller 120 divides the temperature evaluation
reference time (t,z,,) by the reference discharge time (tzzz)
and compares the value to the ratios 404 of the discharge time
ratio information stored in the memory 116 as discussed
above. Interpolation is used in some circumstances to com-
pute a temperature value that is between values contained in
the table 400. Other techniques may be used to determine the
temperature based on the discharge time ratio in some situa-
tions. For example, an algorithm may be applied to discharge
time ratio to calculate the temperature.

[0037] FIG. 8 is a graphical illustration of temperature ver-
sus resistance relationships for an exemplary thermistor and
reference resistance. The temperature vs. resistance curves
802-808 shown in the graph 800 illustrate relationships
between the various curve approximations relative to the
temperature vs. resistance curve of an exemplary thermistor
having a nominal resistance of 10K Ohms at 25 degrees
Celsius. The graphical illustrations in FIG. 8 provide relative
comparisons of the relationships and may not necessarily be
to scale. A parallel combination curve 804 is the resistance vs.
temperature curve for a parallel combination of the thermistor
with 10K Ohm reference resistance. The parallel combination
curve 804 is more linear than the thermistor curve 802 due to
affect of the reference resistance. The reference resistance
behaves as a “linearizer” to the resistance vs. temperature
curve of the thermistor (TSE). Typical relationships between
the resistance and temperature of thermistors are exponential.
The parallel combination of the reference resistor with the
thermistor (TSE) results in a curve that is less exponential.
This concept is easily understood by observing that, at tem-
peratures near the center of the curve, changes in temperature
translate to smaller resistance changes of the parallel combi-
nation than resistance changes of the thermistor alone. By
selecting appropriate data points to store in the controller 120,
anapproximation of the relationship is maintained in memory
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116 for determining temperature in accordance with the
exemplary embodiment. A linear approximation curve 806
provides data for determining temperatures from -16 to 95
degrees Celsius Although only two data points need to be
stored in memory 114, some inaccuracy results. Curve fitting
techniques using a larger number of data points result in
approximation curves 808 providing increased accuracy at
the cost of more memory 114 space. Accordingly, the data
stored in memory 114 depends on the desired performance
and particular implementation.

[0038] Therefore, in the exemplary embodiment, the tem-
perature of the TSE 102 having a resistance dependent on
temperature is determined based on a discharge time ratio of
the discharge time of the capacitor 106 through a parallel
combination of the reference resistance 104 and the TSE 102
to the discharge time through the reference resistance 104.
The exemplary method and apparatus have several advan-
tages over conventional temperature measuring techniques.
For example, the absolute value of the supply voltage is not
critical to accuracy of the temperature. Only changes in the
supply voltage between the first and second measurements
affect the measurement accuracy. Since the procedure is rela-
tively fast, relatively slow changes in supply voltage, such as
those changes due to changing battery charge, do not affect
the accuracy of the measurement. Further, the measurement
accuracy degradation due to component value changes is
minimized. Since ratios of the discharge times are used to
determine temperature, characteristics of many components
that vary due to manufacturing, age, or temperature do not
result in degradation of performance. For example, if the
capacitance of the capacitor changes over temperature, the
accuracy of the temperature measurement will not be
affected. The change in the RC time constant due to the
change in capacitance does not affect the accuracy since the
time constant change will affect both of the discharge times
and the ratio will not reflect the change in capacitance (assum-
ing that any change in capacitance during the short measure-
ment procedure is slight). As discussed above, the reference
resistance behaves as “linearizer” to the resistance vs. tem-
perature curve of the TSE. Typical relationships between the
resistance and temperature of a thermistor are exponential.
The parallel combination of the reference resistor with the
thermistor (TSE) results in a curve that is less exponential.
Further advantages may be realized when a microprocessor
600 is used to implement the apparatus and method. For
example, only two GPIO lines are necessary to perform the
temperature measurement

[0039] Clearly, other embodiments and modifications of
this invention will occur readily to those of ordinary skill in
the art in view of these teachings. The above description is
illustrative and not restrictive. This invention is to be limited
only by the following claims, which include all such embodi-
ments and modifications when viewed in conjunction with
the above specification and accompanying drawings. The
scope of the invention should, therefore, be determined not
with reference to the above description, but instead should be
determined with reference to the appended claims along with
their full scope of equivalents.

1. A method, using at least a capacitor, a reference resis-
tance, and a temperature sensing element, of measuring a
temperature of the temperature sensing element having a
temperature dependent resistance, the method comprising:

determining the temperature of the temperature sensing

element based on a ratio of the reference discharge time
of a the capacitor discharge through the reference resis-
tance to a temperature evaluation discharge time of the
capacitor discharge through the reference resistance
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connected in parallel to the temperature sensing ele-
ment, the capacitor also connected in parallel with the
reference resistance and the temperature sensing ele-
ment.

2. The method of claim 1, wherein the determining the
temperature comprises comparing the discharge time ratio to
discharge time ratio information comprising a plurality of
discharge time ratios associated with a plurality of tempera-
ture values.

3. The method of claim 1, further comprising:

determining the reference discharge time for discharging

the capacitor from a first voltage to a second voltage
through the reference resistance; and

determining the measuring discharge time for discharging

the capacitor from the first voltage to the second voltage
through the resistive sense element.

4. The method of claim 3, wherein the determining refer-
ence discharge time comprises counting a number of crock
cycles.

5. The method of claim 3, wherein the determining tem-
perature evaluation discharge time comprises counting a
number of clock cycles.

6. The method of claim 3, further comprising:

charging the capacitor to the first voltage before determin-

ing the reference discharge time and charging the
capacitor to the first voltage before determining the tem-
perature evaluation discharge time.
7. The method of claim 6, wherein charging the capacitor
comprises setting a general purpose input/output line con-
nected to the capacitor to a logic high.
8. The method of claim 6, wherein the determining the
reference discharge time comprises setting the GPIO line to
an off state.
9. The method of claim 6, wherein the determining the
temperature evaluation discharge time comprises setting
another GPIO line connected to the temperature sensing ele-
ment to a logic low.
10. A method of measuring a temperature of a temperature
sensing element having a temperature dependent resistance,
the method comprising:
charging a capacitor to a supply voltage;
determining a reference discharge time to discharge the
capacitor through a reference resistor in parallel with the
capacitor from the supply voltage to a reference voltage;

charging the capacitor to the supply voltage again;

determining a temperature evaluation discharge time to
discharge the capacitor from the supply voltage to the
reference voltage through the reference resistor and the
temperature sensing element in parallel with the refer-
ence resistor, the capacitor also connected in parallel
with the reference resistor and the temperature sensing
element;
calculating a discharge ratio value in accordance discharge
time ratio equal to the temperature evaluation discharge
time divided by the reference discharge time; and

comparing the discharge ratio value to a plurality of values
uniquely associated with temperatures to determine a
measured temperature.
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11. A microprocessor for measuring temperature, the
microprocessor comprising:

a first general purpose input-output (GPIO) port to connect

to a reference resistance, a capacitor, and a first port of a
temperature sensing element having a resistance depen-
dent on temperature;

a second GPIO port to connect to a second pod of the

temperature sensing element;

a voltage comparator to determine when a voltage across

the capacitor is equal to a reference voltage; and

a controller configured to:

set the second GPIO port to an off state to present a high
impedance greater than the reference resistance, set
the first GPIO port to a logic high voltage to charge the
capacitor to the logic high voltage before setting the
first GPIO port to the off state;

determine a reference discharge time for discharging the
capacitor from the logic high voltage to the reference
voltage through the reference resistance while the first
GPIO port and the second GPIO port are in the off
state;

set the second GPIO port to alogic low voltage to ground
the second port of the temperature sensing element,
set the first GPIO port to the logic high voltage before
setting the first GPIO port to the off state circuit state;

determine a temperature evaluation discharge time for
discharging the capacitor from the logic high voltage
to the reference voltage through a parallel combina-
tion resistance of the reference resistance connected
in parallel with the temperature sensing element, the
capacitor also connected in parallel with the reference
resistance and the temperature sensing element; and

determine a temperature of the temperature sensing ele-
ment based on a discharge time ratio of the reference
discharge time and the temperature evaluation time.

12. The microprocessor of claim 11, further comprising a
memory, wherein the controller is configured to determine the
temperature by comparing the discharge time ratio to dis-
charge time ratio information stored in the memory.

13. The microprocessor of claim 12, wherein the discharge
information comprises a plurality of stored discharge time
ratios associated with a plurality of temperature values.

14. The microprocessor of claim 13, wherein the plurality
of discharge time ratios is scaled.

15. The microprocessor of claim 12, further comprising a
timer configured to determine the reference discharge time by
counting a number of clock cycles required for discharging
the capacitor from the logic high voltage to the reference
voltage when the first GPIO port and the second GPIO port
are in the off state and configured to determine the tempera-
ture evaluation discharge time by counting another number of
clock cycles required for discharging the capacitor from the
logic high voltage to the reference voltage when the second
GPIO port is the logic low voltage and the first GPIO port is
in the off state.

16. The microprocessor of claim 15, wherein the tempera-
ture sensing element is a thermistor.
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