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METHOD AND APPARATUS FOR THE 
CALIBRATION AND COMPENSATION OF 

SENSORS 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates generally to sensing 
equipment and more particularly to an apparatus and a 
method of calibrating loW pressure sensors. 

[0003] 2. Description of Related Art 

[0004] Pressure transducers Which use strain gauges in a 
Wheatstone Bridge con?guration are Well knoWn in the art. 
Such pressure transducers may be con?gured to produce an 
output voltage or output current that is proportional to the 
pressure being sensed. The transducers Will also typically 
have a speci?c range Where the transducer can be used. For 
example, a transducer Will have a rated cold temperature and 
a rated hot temperature and the transducer Will be tested to 
ensure that it Works properly Within the rated temperature 
range. Asimilar situation occurs With respect to pressures, as 
a transducer Will be rated and tested to function Within a 
certain range of pressure. 

[0005] Such pressure transducers may be sensitive to 
various disturbances, such as temperature changes, Which, if 
uncompensated, Will cause errors in the pressure reading. 
Temperature induced errors may be observed as a change in 
the output of the transducer as temperature varies With Zero 
pressure applied, or as a change in the difference betWeen 
full-scale output and Zero pressure output as the temperature 
varies. These errors are knoWn as “thermal effect on Zero” 

(or “thermal effect on offset”) and “thermal effect on span,” 
respectively. 

[0006] Methods are knoWn in the art to compensate for 
such errors and typically require an initial characteriZation 
of the transducer to de?ne any errors. Typically, at least tWo 
points from the output signal of the transducer are recorded 
as ambient temperature is varied over a predetermined range 
both With Zero pressure applied and With a predetermined 
amount of pressure applied. The pressure applied is typi 
cally, but not necessarily, full-scale pressure, and the output 
is recorded at the same temperature points With Zero pres 
sure and With the applied pressure. Based on the output 
signals, the uncompensated thermal effects are calculated 
and used to derive the required amount of compensation. 

[0007] There are several methods available to provide 
error compensation in a pressure transducer. One common 
method is to add resistors in series With the bridge supply 
voltage, and in series With or parallel to the individual bridge 
resistors. The resistors are chosen based on the particular 
thermal properties necessary to negate the observed thermal 
effects, and their values are calculated based on the uncom 
pensated thermal measurements. Error compensation may 
also be accomplished by laser trimming resistors or ther 
mistors to force voltage changes at the sensor. Another 
method, knoWn as digital compensation, uses stored data to 
generate error-correction signals Which are added to or 
subtracted from the uncompensated output of the bridge. 

[0008] Error compensation to achieve accurate measure 
ments, hoWever, can be a costly and time-consuming pro 
cess. Frequently, the process of 
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[0009] There are several shortcomings to the above-de 
scribed process. The process is time consuming, as the 
transducer may have to be calibrated and re-calibrated 
several times to calibrate the sensor. In addition the calibra 
tion process may not be as precise as desired. For eXample, 
in order to properly calibrate a sensor, it may be necessary 
to adjust the resistance of a resistor to Within 0.1 ohms by 
use of laser trimming. HoWever, that degree of precision 
may not be possible because the mere measuring of the 
resistance may cause the resistance to change. 

[0010] Such errors can be compensated for and there are 
several knoWn methods for doing so. For example, US. Pat. 
No. 6,023,978, assigned to HoneyWell International, dis 
closes a pressure transducer that uses tWo sensors that are 
mechanically and electrically cross-coupled With each other 
such that errors associated With one sensor are compensated 
or substantially cancelled by errors associated With the other 
sensor. 

[0011] HoWever, such a transducer may still suffer from 
various errors. For eXample, a transducer is ideally cali 
brated such that the transducer produces a certain voltage at 
one pressure eXtreme (for eXample, 4.25 volts for maXimum 
pressure) and another voltage at another pressure extreme 
(for eXample, 0.25 volts for Zero pressure), possibly With a 
linear response betWeen the eXtremes. In addition, the output 
may change With respect to temperature: a sensor in a cold 
environment may have different outputs for a particular 
pressure than a sensor in a Warm environment at the same 

pressure. While a transducer such as that described in the 
’978 patent may adequately compensate for certain 
mechanical noise issues and gravity issues, such a trans 
ducer does not adequately address all of the issues respect 
ing the calibration of the sensor. 

[0012] Therefore, there is a need for a method and system 
for calibrating transducers system that results in a more 
precise calibration and that can be performed more quickly 
than traditional methods. 

SUMMARY OF THE INVENTION 

[0013] The present invention presents a system and 
method for meeting those needs. The system includes a 
circuit that is electrically coupled to a sensor. The circuit 
may be an application speci?c integrated circuit (ASIC) that 
may be programmable such that a desired result may be 
output by the ASIC based on readings of the sensor. 

[0014] A method for calibrating a transducer is also dis 
closed. The transducer includes a sensor coupled to an ASIC. 
The transducer is coupled to a computer and placed Within 
a testing chamber. The computer is further coupled to the 
testing chamber. Then various conditions can be set by the 
computer. The output of the sensor is evaluated to determine 
if the output is Within a certain tolerance of an ideal output. 
If not, it is then determined if the output can be corrected by 
the programming of the ASIC. If the output can be corrected, 
then the ASIC is programmed to produce a desired output. 
Thereafter, the above steps can be repeated for a variety of 
different conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention is illustrated by Way of 
eXample, and not limitation, in the accompanying ?gures, in 
Which like reference numbers indicate similar elements, and 
in Which: 
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[0016] FIG. 1 presents a prior art method for calibrating 
a transducer; 

[0017] FIG. 2 presents an exemplary schematic of an 
embodiment of the present invention; 

[0018] FIG. 3 presents an exemplary ?owchart illustrating 
the operation of an embodiment of the present invention; 

[0019] FIG. 4 presents an exemplary ?oWchart illustrating 
the operation of a computer program embodiment of the 
present invention; 

[0020] FIG. 5 presents the continuation of the ?oWchart of 
FIG. 4; and 

[0021] FIG. 6 illustrates a block diagram of an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0022] The present invention may be described herein in 
terms of various functional components and various pro 
cessing steps. It should be appreciated that such functional 
components may be realiZed by any number of hardWare or 
structural components con?gured to perform the speci?ed 
functions. For example, the present invention may employ 
various integrated components comprised of various elec 
trical devices, e.g., resistors, transistors, capacitors, diodes 
and the like, Whose values may be suitably con?gured for 
various intended purposes. In addition, the present invention 
may be practiced in any integrated circuit application Where 
a calibration is desired. Such general applications that may 
be appreciated by those skilled in the art in light of the 
present disclosure are not described in detail herein. HoW 
ever for purposes of illustration only, exemplary embodi 
ments of the present invention Will be described herein in 
connection With pressure sensors. Further, it should be noted 
that While various components may be suitably coupled or 
connected to other components Within exemplary circuits, 
such connections and couplings can be realiZed by direct 
connection betWeen components, or by connection through 
other components and devices located therebetWeen. 

[0023] Several companies manufacture an application spe 
ci?c integrated circuit that may be used to aid in the 
calibration of transducers. For example, Melexis makes a 
product called the MLX90308CAB, Which is a dedicated 
microcontroller Which performs signal conditioning. In such 
a product, compensation values are stored in EEPROM 
(electronically erasable programmable read only memory). 
Programming the MLX90308CAB or other similar ASIC 
involves the use of a computer With a specialiZed interface 
circuit. Through programming of the EEPROM, the ASIC 
can provide an output of an absolute voltage, relative 
voltage, or current based on various inputs. 

[0024] The present invention incorporates an ASIC, such 
as that described above, into a transducer system. Referring 
to FIG. 6, a block diagram overvieW of an exemplary 
embodiment of the invention is shoWn. A transducer 600 
contains a sensor 602, an ASIC 604, and input/output 
terminals 606 enclosed Within a case 608. Sensor 602 is 
coupled to, or communicates With, ASIC 604 such that, inter 
alia, the output of sensor 602 is input to ASIC 604. ASIC 604 
processes the input it receives from sensor 602 such that an 
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output voltage (or output current, if desired) is provided to 
terminals 606 that is related to the pressure read by sensor 
602, but is corrected. 

[0025] Transducer 600 is used as one Would use any other 
transducer. HoWever, instead of the output being read from 
the sensors, the output of the ASIC is What is available at 
terminals 606. Terminals 606 can also be used to program 
the ASIC in order to ensure that transducer 600 produces the 
correct output voltage for a certain pressure. 

[0026] Although ASIC 604 is shoWn as integrated into the 
same package 608 as sensor 602, it should be understood 
that the operation of the invention is not affected if ASIC 604 
is external to the packaging of sensor 602. HoWever, placing 
ASIC 604 into package 608 enables transducer 600 to form 
a self-contained solution to the various possible calibration 
problems. In addition, ASIC 604 may be replaced by a 
similar circuit that performs functions such as those per 
formed by an ASIC. 

[0027] Referring noW to FIG. 2, an exemplary embodi 
ment of a transducer 200 of the present invention is depicted 
in more detail. ASIC 202 is depicted as a MELEXIS 
MLX90308. HoWever, it should be understood that various 
types of ASICs, both from MELEXIS and from other 
manufacturers, may be used Without affecting the operation 
of the invention. 

[0028] The sensors comprise resistors 220, 222, 224, 226, 
228, 230, 232, and 234, Which may be placed in a Wheat 
stone bridge con?guration. The sensors of the prior art 
typically communicate through the use of pin 1 (250), pin 2 
(252), pin 3 (254), pin 4 (256), pin 5 (258), and pin 6 (260). 
In this embodiment, hoWever, the sensors communicate 
through ASIC 202. 

[0029] The output of the pressure sensors is coupled to or 
communicates With the negative input 204 and the positive 
input 206 of ASIC 202. ASIC 202 supplies poWer to the 
sensors through a regulated supply voltage pin 212 and a 
resistor 214. 

[0030] The output pins of transducer 200 are coupled to 
ASIC 202: Output pin 1 (270) supplies a reference voltage 
that is accessible to equipment coupled to transducer 200. 
Output pin 2 (272) may serve as an unregulated supply 
voltage. Output pin 2 is coupled to ground 201 through 
capacitor 271. Output pin 3 (274) is coupled to ground and 
serves as a reference ground for the system. The output of 
ASIC 202 is obtained at output pin 4 (208), Which thus 
represents the output of transducer 200 based on the pressure 
sensed by the sensors, as processed by ASIC 202. Output pin 
5 (210) is coupled to ASIC 202 to enable serial communi 
cation to the ASIC for reading and Writing to the EEPROM 
of ASIC 202. Output pin 6 (276) remains ?oating and is 
present for compatibility purposes With devices that connect 
to prior art transducer systems. 

[0031] In the embodiment described in FIG. 2, the output 
of the sensors is processed through ASIC 202. The output of 
ASIC 202 can be accessed through output pins 270, 272, 
274, 208, 210, and 276 of transducer 200. In this manner, 
ASIC 202 can output a corrected voltage based on the 
readings of the sensors. Thus, one ensures that transducer 
200 outputs, e.g., 4.25 volts at a certain pressure and 0.25 
volts at another predetermined pressure. 
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[0032] In typical usage, ASIC 202 can be programmed, 
prior to use, to produce a desired output response based on 
the pressure being sensed. A method of programming trans 
ducer 200 is shoWn in FIG. 3, a ?owchart illustrating an 
overvieW of an exemplary calibration of a transducer. A 
typical test sequence starts at a baseline condition, such as 
room temperature (e.g., 25° C.) and Zero pressure, Where the 
output of the transducer is measured and the ASIC is 
programmed to produce the correct output for that condition 
(step 302). Then, full-scale pressure is applied to the trans 
ducer, the transducer output is measured, and the ASIC is 
again programmed to produce the correct output for the 
condition (step 304). The above tWo sequences may be 
repeated at the rated cold temperature of the transducer (step 
306) and at the rated hot temperature of the transducer (step 
308). After all of the testing and programming, if the 
transducer is not operating properly, the above steps may be 
repeated to alter the output of transducer 200 (step 310). 
Once the transducer is operating properly, the testing/cali 
bration session is terminated (step 312). 

[0033] The programming of ASIC 202 may occur, for 
example, through the use of a connection to an EEPROM 
located on ASIC 202. Because the EEPROM is readily 
eraseable and re-Writeable, the programming can be done in 
a relatively quick and easy manner. In addition to an initial 
calibration, a transducer can be re-calibrated if, for some 
reason, the transducer begins to behave in a different or 
unexpected manner. 

[0034] Because ASIC 202 is coupled to the transducer, 
adjustments can be made to the ASIC, effecting the output 
of the transducer, using only a single test chamber. In 
contrast, prior art methods often relied on testing in a test 
chamber folloWed by adjustments made using another 
machine, folloWed by more testing in the test chamber, 
Which is a very time consuming process. 

[0035] As those of skill in the art Will noW realiZe, the 
above described process may be computeriZed such that the 
above-described testing, programming, and re-testing occurs 
in an automated fashion. By automating the process, trans 
ducers With the desired characteristics can be produced at a 
higher rate. 

[0036] The computeriZation process operates by coupling 
a computer unit to both the test chamber and to the trans 
ducer. In that manner, the computer is able to control the 
temperature and the pressure in the test chamber While 
simultaneously measuring the output of the transducer. 

[0037] With reference to FIG. 4, a ?oWchart describing 
the process of an exemplary computer program used to 
calibrate a transducer containing an embodiment of the 
present invention is shoWn. After the transducer is attached 
to the computer running the program and placed in a test 
chamber, the program is started (step 402). After the ASIC 
memory is initialiZed (step 404), the correct circuit operation 
is con?rmed (step 406). The test chamber is then set to a 
predetermined temperature and the temperature is stabiliZed 
(step 408). 
[0038] Once the temperature in the chamber has been 
stabiliZed, the pressure is set to a predetermined level (step 
410). The output of the transducer is then read via the 
computer linkage to the transducer (step 412). 
[0039] It is then determined if the transducer is operating 
Within predetermined tolerances (step 416). For example, it 
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may be desirable to have an accuracy of 3%, such that the 
output voltage is Within 3% of the optimum output for a 
given condition. For some applications, higher accuracies, 
such as approximately 0.25% may be desired. Thereafter, it 
is determined Whether or not the transducer is Within the 
compensation range (step 418). There are limits to the 
amount of correction that an ASIC can supply to a trans 
ducer. Beyond those limits, the transducer is deemed un?t 
for service and the transducer is scrapped, as the output 
cannot be compensated to produce a desired output (step 
420). Within those limits, the transducer is corrected through 
the transmission of a correction to the ASIC (step 422). Then 
the output of the transducer is determined again (step 416) 
and the above steps are repeated until the transducer is 
operating Within tolerance (step 430). 

[0040] With reference to FIG. 5, once the transducer is 
operating at tolerance at the loW pressure condition, a high 
pressure condition is set (step 500). Then, in a manner 
similar to that described above, the transducer is tested. 
First, the output reading is determined (step 502). Then the 
reading is analyZed to determine if the transducer is oper 
ating Within a predetermined tolerance (step 504). If the 
transducer is not Within tolerance, it is determined Whether 
or not the output of the transducer can be corrected (step 
506). If not, the transducer is deemed faulty and is scrapped 
(step 508). If the transducer output can be corrected, the 
ASIC is programmed such in a manner that should result in 
the proper operation of the transducer (step 510). Then the 
transducer is tested again to determine if the re-program 
ming has corrected the transducer (step 502). 

[0041] Once the transducer is operating properly at the 
high pressure condition at the predetermined temperature, it 
is determined Whether or not there is an additional tempera 
ture at Which to perform the test sequence (step 520). If not, 
the transducer is complete (step 530). HoWever, if there is an 
additional temperature to be tested, the temperature is 
adjusted and testing continues at the loW pressure condition 
(steps 408, 410). The above sequence is repeated until all 
temperature conditions are tested. 

[0042] At the completion of the computeriZed process, the 
result is a transducer that produces a desired output for the 
entire range of pressures throughout a range of temperature 
conditions. In addition, the result is accomplished With little 
need for human intervention and less possibility for errors, 
than manually controlling the ASIC and the test chamber. 

[0043] To further speed the process of calibrating sensors, 
it is also possible to calibrate multiple sensors in a single test 
chamber. Each transducer could be coupled to a computer 
system. Preferably, a single computer system Would be used, 
With each transducer coupled to the same computer system. 
The computer controls the pressure and temperature of the 
test chamber, as described above. Once the process is 
completed for one transducer in the test chamber, the com 
puter can then begin monitoring and re-programming 
another transducer in the test chamber. In the alternative, 
While the pressure and temperature are being controlled by 
the computer, several transducers can be monitored and 
re-programmed simultaneously. 

[0044] In the computeriZed process, it is possible to store 
information for each transducer that is calibrated. In this 
manner, one Would be able to track the performance of the 
sensors. Furthermore, one Would be able to, inter alia, 
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improve the production of the sensors, such that less com 
pensation by the ASIC is needed. 

[0045] The above description presents exemplary modes 
contemplated in carrying out the invention. The techniques 
described above are, hoWever, susceptible to modi?cations 
and alternate constructions from the embodiments shoWn 
above. Other variations and modi?cations of the present 
invention Will be apparent to those of ordinary skill in the 
art, and it is the intent of the appended claims that such 
variations and modi?cations be covered. For example, 
although the present invention has been described With 
respect to pressure sensors and transducers, it should be 
noted that the methods and apparatus disclosed in the 
present application are also applicable to various other types 
of sensors, including temperature sensors, voltage sensors, 
current sensors, acceleration sensors, and the like. In addi 
tion, the present invention is not limited to applications 
involving sensors using a Wheatstone bridge con?guration, 
but includes other types of sensors as Well. In addition, 
although the use of an ASIC has been described, it should be 
noted that various types of circuits that perform functions 
similar to those described in the present invention, may be 
used instead. 

[0046] Consequently, it is not the intention to limit the 
invention to the particular embodiments disclosed. On the 
contrary, the invention is intended to cover all modi?cations 
and alternate constructions falling Within the scope of the 
invention, as expressed in the folloWing claims When read in 
light of the description and draWings. No element described 
in this speci?cation is necessary for the practice of the 
invention unless expressly described herein as “essential” or 
“required.” 
I claim: 

1. A method for calibrating a transducer comprising a 
sensor in communication With a programmable circuit, said 
method comprising: 

connecting a computer to said transducer such that the 
computer is in electrical communication With said 
transducer; 

placing said transducer in a test chamber; 

coupling said computer With said test chamber; 

setting a condition; 

evaluating the output of the sensor to determine if the 
output is Within a predetermined tolerance; 

determining if the output of the sensor can be corrected, 
if the output is not Within a predetermined tolerance; 

programming said programmable circuit such that the 
output of the transducer is Within a predetermined 
range, if the output can be corrected; and 

repeating said setting, evaluating, determining, and pro 
gramming steps for a plurality of different conditions. 

2. The method of claim 1 Wherein said plurality of 
conditions comprises a loW pressure condition, a high pres 
sure condition, a loW temperature condition, and a high 
temperature condition. 

3. The method of claim 1 Wherein said transducer com 
prises a pressure sensing transducer. 

4. The method of claim 3 Wherein said transducer is 
optimiZed to measure loW pressures. 
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5. The method of claim 1 Wherein said programmable 
circuit is an application speci?c integrated circuit. 

6. The method of claim 1 further comprising: 

ensuring the output of the transducer is linear throughout 
the plurality of operating conditions. 

7. Amethod of calibrating a pressure transducer compris 
ing a pressure sensor coupled to an ASIC, said method 
comprising: 

testing the sensor at a ?rst predetermined condition to 
determine the output of the sensor; and 

programming the ASIC such that the output of the sensor 
at the ?rst predetermined condition is Within a ?rst 
predetermined range. 

8. The method of claim 7 Wherein said ?rst predetermined 
condition comprises room temperature and Zero pressure. 

9. The method of claim 7 Wherein the ?rst predetermined 
range is the range approximately Within 0.25% of 0.25 volts. 

10. The method of 7 further comprising: 

testing the sensor at a second predetermined condition to 
determine the output of the sensor; and 

programming the ASIC such that the output of the sensor 
at the second predetermined condition is Within a 
second predetermined range. 

11. The method of claim 7 Wherein said second predeter 
mined condition comprises room temperature and a maxi 
mum pressure. 

12. The method of claim 10 Wherein the second prede 
termined range is the range approximately Within 0.25% of 
4.25 volts. 

13. The method of 10 further comprising: 

testing the sensor at a third predetermined condition to 
determine the output of the sensor; and 

programming the ASIC such that the output of the sensor 
at the third predetermined condition is Within a prede 
termined range. 

14. The method of claim 13 Wherein said third predeter 
mined condition comprises a loW temperature and Zero 
pressure. 

15. The method of 13 further comprising: 

testing the sensor at a fourth predetermined condition to 
determine the output of the sensor; and 

programming the ASIC such that the output of the sensor 
at the fourth predetermined condition is Within a pre 
determined range. 

16. The method of claim 15 Wherein said fourth prede 
termined condition comprises a loW temperature and maxi 
mum pressure. 

17. The method of 15 further comprising: 

testing the sensor at a ?fth predetermined condition to 
determine the output of the sensor; and 

programming the ASIC such that the output of the sensor 
at the ?fth predetermined condition is Within a prede 
termined range. 

18. The method of claim 17 Wherein said ?fth predeter 
mined condition comprises a high temperature and Zero 
pressure. 
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19. The method of 17 further comprising: 

i) testing the sensor at a sixth predetermined condition to 
determine the output of the sensor; and 

programming the ASIC such that the output of the 
sensor at the siXth predetermined condition is Within a 
predetermined range. 

20. The method of claim 19 Wherein said siXth predeter 
mined condition comprises a high temperature and maXi 
mum pressure. 

21. A transducer comprising: 

a sensor Wherein said sensor is con?gured to produce an 
output based on a reading made by said sensor; and 

a circuit coupled to the output of said sensor, 

said circuit being programmable to produce a predeter 
mined output based on an input to the circuit. 

22. The transducer of claim 21 Wherein said input to said 
sensor comprises a pressure sensor and said output of said 
sensor is related to said pressure, and 
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said circuit is con?gured to produce a linear output based 
on said output of said sensor. 

23. The transducer of claim 21 further comprising a case, 
said circuit and said sensor being located Within said case. 

24. The transducer of claim 21, said circuit comprising an 
application speci?c integrated circuit (“ASIC”). 

25. The transducer of claim 21, said sensor comprising a 
pressure sensor. 

26. The transducer of claim 21, said pressure sensor being 
optimiZed to operate in loW pressure environments. 

27. The transducer of claim 21, said sensor comprising a 
pair of pressure sensors in a Wheatstone bridge con?gura 
tion. 

28. The transducer of claim 21, said sensor comprising a 
pair of sensors, said pair of sensors being mechanically and 
electrically cross-coupled With each other such that errors 
associated With one of said pair of sensors is compensated or 
substantially cancelled by errors associated With the other of 
said pair of sensors. 


