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Digital Output Ultra-Small Atmospheric Pressure Sensor
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Recently, portable electronic equipment driven by batteries has been developed one after 
another in various fields such as mobile communication, healthcare, and so on. Accordingly, 
demands for value-added products integrated with various sensors are growing in these fields. A 
pressure sensor for measuring atmospheric pressure is one of the devices that attract attention. 
In addition, the miniaturization and the low power consumption of the sensor are indispensable 
to the portable electronics. To meet the demand, we have developed a new digital output ultra-
small atmospheric pressure sensor that works with low power consumption. In this report, the 
features of the developed sensor are described.

1. Introduction
Portable electronic equipment has achieved a re-

markable development. As typified by smartphones 
and tablet PCs, a number of small and lightweight 
equipment has been developed and widely used by 
consumers. Electronic devices employed in such por-
table equipment are required to be small and light. In 
addition, they have to work with low power consump-
tion for saving battery life. Among the electronic de-
vices,  sensors based on Micro Electro Mechanical 
Systems (MEMS) technology, such as an accelerom-
eter or a gyroscope, have been attracting much atten-
tion since they bring new functions to such portable 
equipment. Recently, an atmospheric pressure sensor 
has been becoming an option to introduce new func-
tions to those devices. The most common atmospheric 
pressure sensors use piezo-resistive effect and are 
manufactured by silicon planer processes and MEMS 
technology. The sensor described in this paper is also 
a piezo-resistive-type sensor. The pressure sensor out-
puts DC voltage proportional to the applied pressure 
by using a Wheatstone bridge circuit that includes 
four piezo-resistive resistors. Although the output volt-
age accurately reflects the ambient pressure, the 
amount of voltage change of the sensor element itself 
is very small, and the output voltage also varies with 
ambient temperature changes due to an inherent na-
ture of a semiconductor. Therefore, amplifying and 
compensating functions by an integrated circuit are 
required in practical use. To meet such requirements, 
two types of sensors have already been developed and 
used as commercial products. One is a “One-chip inte-
grated pressure sensor” 1) into which a sensor element 
and signal processing circuits are integrated on a 

single chip. The other is a “Two-chip Si pressure sen-
sor” 2) into which a sensor element chip and another 
IC chip are assembled in the same housing. These 
sensors, however, are comparatively large and require 
considerable electric power so that it’s difficult to 
equip the portable equipment with them. To fulfill the 
requirements, we reconsidered the design of the 
whole components, including the sensor element, the 
signal processing IC and the packaging architecture, 
and have developed a new atmospheric pressure sen-
sor featured by a small footprint, low power consump-
tion and digital output. This report describes concepts 
and features of the developed sensor.

2. Concepts of the development
2.1  Miniaturization

To meet the demand of the reduction in size, we re-
designed the sensor element and achieved the foot-
print less than 20% of our conventional sensor. The 
size of the signal processing IC is also smaller than 
that of our conventional one. In addition, we changed 
the packaging architecture from a conventional lead 
frame type to a substrate type by which the size of 
electric terminals can be reduced drastically.

2.2  Low power consumption

Figure 1 shows the block diagram of the pressure 
sensor. From the viewpoint of the power consumption, 
there are two points to be improved. The first point of 
improvement is lowering power consumption at the 
sensor bridge. The amount of power consumption is 
determined by the combined resistance of the sensing 
resistors and the voltage applied to the bridge circuit 
and can be lowered by the intermittent operation of 
the sensor. The signal processing IC is designed to 
pass current for a minimum time required to take mea-
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surements only upon receiving a command. The 
bridge resistance is therefore adjusted as to minimize 
the current. 

The other point is lowering the operating voltage of 
the signal processing IC. The power consumption of 
the IC is determined by the operating voltage. To re-
spond to the market needs for lower operating voltage, 
the new signal processing IC is designed to operate at 
a voltage as low as 1.8 V.

2.3  Digitization

Digital output has become the mainstream of the 
sensors used in portable electronic devices due to the 
convenience in transmitting output signals. In the de-
veloped sensor, the analog signals from the sensor 
bridge is first amplified to an appropriate level and 
then converted to digital signals by the A/D converter. 
The single IC chip accommodates an amplifier, a tem-
perature sensor, and a compensation arithmetic cir-
cuit.

2.4  Higher accuracy

The accuracy of the sensor is affected by environ-
mental factors. As mentioned above, output of the sen-
sor element and the signal processing IC has tempera-
ture dependence and can be compensated by the 
compensation arithmetic circuit. However, it is diffi-
cult to compensate fluctuations arising from the differ-
ence in the coefficient of thermal expansion (CTE) 
between the sensor element and the packaging sub-
strate. To reduce the discrepancy in CTE, we have em-
ployed a customized ceramic packaging substrate 
whose CTE is almost the same as that of the sensor 
chip.

3. Design of the sensor
 Figure 2 shows a photograph of the developed sen-

sor. A lid with a pressure inlet hole is fixed on the ce-
ramic packaging substrate. The sensor element and 
the signal processing IC are assembled inside the en-
closure. All electric terminals are formed on the back 
side of the substrate.

Abbreviations, Acronyms, and Terms.

MEMS–Micro Electro Mechanical Systems

1 mm
Pressure inlet hole

Fig. 2. Appearance of the developed pressure sensor.

Item Value

Dimensions 2.6 mm ¥ 3.4 mm ¥ 1.0 mm

Supply voltage 1.8 ~ 3.6 V

Operating current (typ.) 9 μA

Pressure range 300 ~ 1100 hPa

Pressure range 
(Fully compensated)

900 ~ 1100 hPa

Pressure (altitude) resolution 0.02 hPa (16 cm)

Operating temperature -40 ~ 85 ∞C
Operating temperature 
(Fully compensated)

0 ~ 50 ∞C

Output compensation
Available 

(automatically compensated)

Table 1. Features of the developed pressure sensor.
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circuit A/D converter Compensation

unit

Internal memoryTemperature sensor

Signal processing IC
Pressure sensor

OutputBridge
resistors 

Fig. 1. Block diagram of the developed pressure sensor.
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Table 1 summarizes the features of the sensor. The 
dimensions of the developed sensor are 2.6 mm ¥ 3.4 
mm in footprint and 1.0 mm in thickness while those 
of our conventional one is 7.0 mm ¥ 10.2 mm and 3.5 
mm, respectively. This is equivalent to over a 95% re-
duction in volume.

The operating voltage ranges from 1.8 V to 3.6 V, 
and the averaged operating current is 9 μA under the 
condition that the measurement interval is one sam-
pling per second. It is noted that the power consump-
tion can be reduced furthermore by setting the mea-
surement time interval longer.

The resolution of pressure is 0.02 hPa after appro-
priate signal amplification and compensation by the 
signal processing IC. This is almost equivalent to 16cm 
in terms of altitude in the vicinity of the earth’s sur-
face. In actual measurement, the obtained resolution 
was lower than the above value due to the measure-
ment instability. This point will be discussed in next 
chapter.

4. Characteristics of the sensor
4.1  Output characteristics

Output characteristics of the developed sensor are 
shown in Fig.4. The output data are fully compensated 
by the signal processing IC, and influences of ambient 
temperature changes are minimized in the range from 
-40 to 85 degrees Celsius. The graph clearly shows 
that all lines in different temperatures coincide with 
each other, indicating almost no temperature depen-
dence of the sensor.

4.2  Measurement of altitude

The altitude of interest can be calculated from the 
measured atmospheric pressure using the following 
equation 3).

H
P
P

= ¥ -4 44308 10 14

0

0 190263
.

.

 º(1),

where
   H : altitude (m),
   P : actual atmospheric pressure (hPa)
   P0 :  atmospheric pressure at the point of 0 m alti-

tude (hPa).

For an accurate altitude measurement, it is essential 
to secure not only high resolution but also high stabil-
ity in pressure measurement. Obtaining a high degree 
of measurement accuracy becomes possible only after 
the sensor satisfies both conditions. In other words, 
the fluctuations of the measured data degrade the res-
olution in the measurement. 

An example of altitude measurement is shown in 
Fig. 5. The line graph in Fig. 5 was obtained by mea-
suring the altitude continuously when the sensor was 
moved on 30 cm steps in the vertical direction. It 
should be noted that the test was performed in a stable 
indoor environment with a steady atmospheric pres-
sure, and the results were obtained by applying a mov-
ing average process to sensor output. The results con-

5 mm

Fig. 3. Size comparison of the developed sensor (right) 
and the conventional sensor (left).
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Fig. 4. Output characteristics of the developed sensor.
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Fig. 5. Example of the altitude measurement using the 
developed sensor.

Test item Test condition Result

Temperature cycling test
-45 ∞C ~ 85 ∞C, 

1000cycles
Passed

Temperature humidity 
bias test

85 ∞C/85 %R.H. , 
3.6 V, 1000 hours 

Passed

Reflow test 265 ∞C (MAX), 3 times Passed

Table 2. Summary of reliability tests.
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firmed that the sensor was sufficiently capable of 
detecting a height difference of 30 cm. Although the 
height resolution gets worse from the ideal one, we 
have confirmed that the developed sensor has the 
highest level of altitude resolution comparing to other 
conventional sensors throughout the world.

This noteworthy performance offers various applica-
tions of the atmospheric sensor. These applications 
may include the detection of movements of a person or 
an object in the vertical direction between floors in 
GPS navigation device, and the detection of fall of a 
person in human activity monitoring systems these 
years.

5. Reliability tests
To confirm the reliability of the developed sensor, 

we have performed a temperature cycling test, a tem-
perature humidity bias test and a reflow test. The test 
conditions and the results are summarized in Table 2. 
We confirmed that there were no failures of the sensor 
during all the tests and the output variations from the 
initial value were within ± 0.5 % of full scale. We have 
concluded that the developed sensor has enough reli-
ability for the portable electronic application. 

6. Conclusion
We have developed the atmospheric pressure sen-

sor featured by small size, low power consumption, 
digital output and high accuracy by redesigning all 
constituent components such as the sensor element, 
the signal processing IC and the packaging substrate. 
The sensor can detect an altitude difference of about 
30 cm which is the highest level of performance 
throughout the world. This high performance offers a 
new application of the atmospheric sensor not only to 
the field of portable electronic equipment but also to a 
wide variety of fields such as healthcare.
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