
USEFUL PRESSURE TRANSDUCER PERFORMANCE
OUTSIDE NORMAL OPERATING RANGE

TECHNICAL NOTE 3

In some applications, there is a requirement
to detect pressures above or below the nor-
mal operating range of  the pressure sensor.
One example is if  the system requires alarms 
at points outside the normal operating range. 
In this situation, it may be undesirable to 
use a sensor with a range encompassing the 
alarm points since this will reduce the resolu-
tion in the normal operating range in order 
to accommodate infrequent incursions to 
the alarm pressures. This application note 
describes how far outside the normal
operating range the pressure transducer will
function and its performance in these regions.
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DEVICE OPERATING          
REGIONS
A typical pressure transducer output versus
pressure is shown in Figure 1. The shaded 
region of  the curve between PLoScale and
PHiScale is specified in the standard pressure
transducer documentation. Typical values 
for the parameters which define this region
might be (for a 100 psig device with 
VDD=5V) PLoScale = 0 psig, PHiScale = 100 
psig, OutLoScale = 0.5V and OutHiScale = 4.5V. 
Other parameters such as the linearity are
also specified. Below PLoScale and above
PHiScale the pressure transducer continues to
produce an output proportional to pressure
until either PMin, PMax, OutLoSat, or OutHiSat

is reached. What factors influence the values
of  PMin, PMax, OutMin, and OutMax?
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Figure 1. Typical Device Output vs. Pressure

VALUES OF PMin, OutMin 
The location of  the minimum pressure
point depends on the type of  device (abso-
lute, sealed or gage), normal device range,
output impedance of  the transducer and the
external load which the transducer is driving.

The position of  the lower breakpoint may be
constrained either by the attainable input
pressure or by the transducer output at low
saturation. More specifically, the lowest
possible output is the greater of: 1) the output
corresponding to an input pressure of  0 psia
or, 2) the lowest achievable output voltage
based on transducer impedance and load.

The output corresponding to a 0 psia input
pressure is found using the equation for the
normal operating region line in Figure 1.
This value is:

OutMin1 = m x ( Pmin - PLoScale ) + OutLoScale  [1]

where:

m = [ 
Out HiScale  –OutLoScale ]

              PHiScale –PLoScale 

PMin = 0 psia
              0 psis (calibrated as absolute)
              ˜ -15 psig

As an example, consider a 0-100 psig device
with supply voltage of  5V and with a nor-
mal output range between 0.5V and 4.5V.
Then

m = (4.5 - 0.5)/100 = 0.04 V/psig

and

OutMin = 0.04 * (-15 - 0) + 0.5 = -0.1V
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Since this transducer cannot generate an
output below 0V, the minimum output
voltage will be limited by the electrical con-
straints on the output and not by the input
pressure.
The lowest achievable output voltage de-
pends on the load and on transducer output
impedance. Let’s take the example output 
impedance is 140Ω. The minimum output 
voltage is found by assuming that the exter-
nal load is a pull up (to VDD) and calculating 
the output of  the voltage divider formed by 
the output impedance and the load:

OutMin2 = VDD   x          
ROut

                                ROut + Rload

The following table shows the value of     
the minimum output voltage with three   
different loads.

If  it is found that the lowest output voltage
is limited by the output impedance, the 
input pressure corresponding to this output
may be found by solving equation [1]
for PMin:

Rload (Ω)

2,000

5,000

              10,000

OutMin2 (V)

0.065 VDD

0.027 VDD

0.014 VDD

Table 1. Minimum Output vs Load

Rload (Ω)

2,000

5,000

              10,000

OutMax (V)

0.93 VDD

0.97 VDD

0.99 VDD

Table 2. Maximum Output vs Load

If  we continue with the example above, 
with a 10KΩ output load, Table 1 shows
that the minimum output voltage is 0.07V.
Using equation [2], we can find the pressure
to which this output corresponds:

PMin = 
1
  (OutMin –OutLoScale + m * PLoScale)  [2]

          m

PMin = (1/0.04) * (0.07 - 0.05 + 0.04 * 0)
       = 10.8 psig

VALUES OF PMax, OutHiSat

Since exceeding the full scale pressure by
less than 15% will not cause the plates of  
the capacitive sensing element to make con-
tact, the location of  the maximum pressure
point depends only on the output imped-
ance of  the transducer and the external 
load.
The worst case output impedance of  the
transducer is 140Ω. If  there is an external
load connected to the ground, the maxi-
mum output value is:

OutMax = VDD  x           
Rload

                                ROut + Rload 

The following table shows the value of  the
maximum output voltage with three
different loads.

Continuing with the example above, with a
10K output load, Table 2 shows that the
maximum output voltage is 4.93V. Using
equation [2], with OutMax in place of  OutMin, 
we can find the pressure to which
this output corresponds:

PMax = (1/0.04) * (4.93 - 0.5 + 0.04 * 0)
        = 110.8 psig.

So this device will produce an output 
proportional to pressure input from about 
-10% to 110% of  its rated pressure range.

CAVEATS
It is important to be aware that device op-
eration below the normal operating region
causes the diaphragm of  the sensing ele-
ment to move into a geometry for which it
was not specifically designed. At these pres-
sures the diaphragm will assume a curvature
opposite the curvature in its normal operat-
ing region. Due to the small deflections 
involved, the transducer is able to operate in
this region, but it has neither been charac-
terized nor has long term reliability been 
established in this region.

Device parameters such as linearity, repeat-
ability and hysteresis which are specified in
the normal operating range are not specified
for excursions outside this range.

Printed in U.S.A., Reprinted F ebruary, 2008

Company Description
Sensata Technologies is one of  the world’s leading suppliers of  sensing, electrical protection, control and power management solutions 
across a broad array of  industries and markets. Our products improve safety, efficiency and comfort for millions of  people every day in
automotive, appliance, aircraft, industrial, military, heavy vehicle, heating, air conditioning, data, telecommunications, recreational vehicle 
and marine applications. 


