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Abstract 

Cahbrahon and compensation have been per- 
formed on two slhcon plezoreststive pressure 
transducers and a s&con capacttrve pressure sen- 
sor, using a semi-automata, computer-based 
system Stepwise regressIon usmg polynomtal 
functions IS shown to be a useful techmque for the 
cahbratlon and compensation of these devices 

Testing and com~satlon represent very lm- 
portant components of transducer cost today and 
are an lrn~~nt challenge m the development 
of next-generation devtces sumed at the bgh- 
accuracy end of the applications spectrum For 
s&con pressure sensors, nonlmeanty, offset and 
pressure ~nsitl~ty (slope) must be compensated 
with respect to both pressure and temperature 
Ptezoreslstlve devices typically offer an uncom- 
pensated nonlinear&y of about 0 5% of full 
scale (8 bits), while capaclttve devices are more 
complex due to their inherent nonhneanty with 
pressure Both devices require substantial, but 
daerent, compensation The automated laser 
tnmmmg of reslstlve compensation networks IS 
typically used today to adjust the response of 
plezoreslstlve transducers, however, for plezore- 
slstlve-sensor accuracy above 8 bits, and for 
capacmve devices, improved compensation tech- 
mques are needed Dlgtal compensation IS an 
attractive approach because of the relative ease 
with which nonhneanties m the pnmary and sec- 
ondary sensltlvltles can be handled, however, 
there 1s a vanety of possible approaches, extend- 
mg from polynonuals to segmented or full Iook- 
up tables Any technique selected should be cost 
effective, and both the memory requirements and 
the required test time vary consrderably across 
the spectrum of possible approaches This paper 
reports research on the automatic dlgltal poly- 
nomlal-based compensation of sdlcon pressure 
transducers, with special attention paid to the 
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hvanate compensahon of these devices over 
pressure and temperature This work IS urned at 
the eventual reahzation of bus-orgamzed sensors 
contammg m-module compensatton data and 
connected wth a host processor as shown m Fig 
1 [I] High performance here IS generally defined 
as accuracy beyond the 8-bit level and IS 
achieved by the apphcation of t~hnlqu~ from 
response-surface methodology and multtdlmen- 
slonal regressIon 

Figure 2 shows the system used for data gath- 
enng and comment generahon Wtthtn the test 
chamber, pressure and t&rn~~t~e can be con- 
trolled lnde~ndently over the ranges O- 
1000 Torr and -40 “C to + 180 “C, respechvely 
For the devices stndied (a commercutl piezoresis- 
tlve deuce, a devtce from our laboratory, and a 
capaclhve device) charactemhon runs were 
made at fixed temperatures and pressures such 
that the deviations m sensor response at a gtven 
test pomt (after averagmg multiple reads for 
noise suppresslon) were at a level of 13 bits (re- 
garded as the system noise level) For each sen- 
sor, the functional form of the compensahon 
function was determmed by performmg a step- 
wise regression 123 using the reference sensor re- 
sponse (P) as the dependent vanable* and as 
many as 36 product terms, conslstmg of non-neg- 
ahve integer powers of the sensor response R and 
the temperature T m the form R”T”, where 
O<m<5andO<n<S 

*The chow of the reference pressure, rather than the sensor 
pressure, as dependent vanable IS motivated by the goal of 
obtammg a compensation formula, P = P(R, T), mto which 
can be entered the sensor response R and the temperature 
Evaluation of thus fimtion provides the compensated pressure 
Care must be exercised to keep the bias, which IS Introduced by 
tlus particular form of cahbratlon, mthm the bounds of accu- 
racy requmd for the appbcatlon at hand The wue of bw IS 
dmm,sed m ref 3 
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Rg I Orgamzatmn of a multmode sensmg system Each node has several sensors/actuators wluch are interfaced to the b~dwct~onal 
dqqtal bus 
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Rg 2 Automated charactenzation system for sensor compensation The system uuhzes a brduectlonal data bus 
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As an example, the plezoreslstlve sensor from 
our laboratory, which 1s composed of a poly- 
slhcon full bndge on a dlelectncally coated 
thm (boron-stopped) slhcon membrane [4], was 
explored The device was fully characterized 
over 153 fixed (P, T) data points, Fig 3 The 
response surface, after subtraction of the hnear 
components of device response, is shown m Fig 4 
The endpoint-to-endpomt nonhneanty, general- 
lzed to this blvanate case, was 29% FS, a value 
similar to that found v&h the commemal plezore- 
slstlve device After mcludmg nonlinear terms m 
the compensation, the nonlmeanty was reduced 
by 4 4 bits, as shown m the histogram of the 
compensation error, Fig 5, for 102 test points 
between 20 “C and 120 “C This device now offers 
a compensated standard error of 9 9 bits This 

as m Fig 1 

result, and the others we have obtained, are tabu- 
lated m Table 1 

TABLE 1 The standard errOrsa expressed m hts, for the three 
dewcesb 

Sensor Lmear Higher-order No of Improvement 
terms 

PZC(lD)’ 84 II 6 26 
(2D) 46 97 7 51 

PZM(lD) 46 93 6 47 
(2D) 5 5 99 14 44 

SCAP(2D) 46 75 7 29 

.Taken as l/4 of the 95% confidence mtexval 
bPZC IS a commercial pworewhve dewce, PZM IS the dence 
from our laboratory [4], and SCAP IS a s&on cavtwe 
absolute-pressure devwe The column labeled ‘hear gwes the 
standard error m compensation usmg only hear terms m the 
remans 
=From ref 1 
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Rg 3 Response of the full-bridge devce. Three comer pomts 
of the domam of (P, T) pomts are mchcated These define a 
plane that can be used to determme the degree of nonhneanty 
of response The plane 1s the analog of the strqht hne 
between extreme endpoints often used as a measure of non- 
lmeanty m univanate compensation 

P2 

Fig 4 Nonhnear behavior of a full-bndge polys~hcon piezo- 
reslstlve pressure transducer over pressure and temperature 
The hnear response has been subtracted from the measured 
data The vwv angle 1s different from that used m Rg 3 

Discussion 

The automated generatlon of the compensation 
polynonual is not significant in terms of test time, 
so that many devices could be tested m parallel m 
a production environment The techmque appears 
not only practical for commercial sensors but also 
allows research on the fundamental dnft mecha- 
msms m such devices at levels not previously 
reported 
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Rg 5 Histogram showing the dstnbutlon of occurrences of 
compensation error over the 102 data pomts for the polysticon 
pressure transducer 

Our ongoing work m the area of calibration 
and compensation IS addressmg the tradeoff be- 
tween the number of test points and the resultmg 
accuracy m order to define the rmmmum test time 
reqmred for a gven device and accuracy level We 
are also mvestlgatmg the tradeoff between mem- 
ory requirements and the computation time re- 
quired for the evaluation of stored polynonuals 

conchlsiotl 

We find that stepHnse regression using poly- 
nomials provides a powerful techmque for the 
compensation of sihcon sensors, paticularly for 
high-accuracy applications 
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