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Ultra-Small Absolute Pressure Sensor Using WLP

Shinichi Murashige,1 Satoshi Yamamoto,2 Takeshi Shiojiri,2 Shogo Mitani,2 Takanao Suzuki,3 
and Mikio Hashimoto 4

Recently, as the miniaturization and weight saving of the information appliances such 
as cellular phones are getting advanced, the further miniaturization of electronic devices 
such as ICs and MEMS sensors has come to be demanded. Especially, attention is paid to 
the application of small pressure sensor for portable appliances, which can measure the 
atmospheric pressure. We have developed the ultra small absolute pressure sensor applying the 
wafer level package (WLP) technology to satisfy market needs. The sensor chip has the unique 
sealed reference cavity, which is formed inside Si chip, so the chip can be made in very small 
size. In this report, the feature and the characteristics of the WLP ultra small absolute pressure 
sensor are described

1. Introduction
Miniaturization and weight saving of electronic ap-

pliances have been rapidly proceeding, at the same 
time, it has been forcing various kinds of electronics 
components to be smaller and smaller than ever. In 
addition, not only these downsizing but also various 
new and additional functions or applications for elec-
tronic appliances have been proposed. Under these 
circumstances, the demand for Micro Electronics Me-
chanical System(MEMS)-based sensing devices is an-
ticipated to expand. Especially, pressure sensor appli-
cation is going to spread from industrial pressure 
control and pressure monitoring that have been major 
applications, for example, to newly developed applica-
tions such as cellular phones and information terminal 
appliances that utilize the atmospheric pressure infor-
mation. 

Piezo-resistive semiconductor pressure sensor is 
produced based on semiconductor planar process and 
silicon micro machining technology. Piezo-resistors 
are formed by impurity diffusion from the surface of a 
silicon wafer and partial etching of Si from back side of 
a wafer to form “diaphragm structure” which has a 
thin membrane from several to a few 10 microns thick 
according to their pressure ranges. Absolute pressure 
sensor needs to have the vacuum-sealed cavity as pres-
sure reference, so conventionally a glass wafer is 
bonded onto the back side of a processed wafer in 
vacuum to seal the recessed area of a Si wafer. How-
ever these conventional ways of making an absolute 
pressure sensor makes it diffi cult to have a very tiny 

sensor chip to fi t for the applications described before. 
The new sensing chip introduced in this report, having 
the vacuum sealed cavity made from the Si wafer sur-
face needs neither the etching from a back side of a Si 
wafer nor the glass bonding, so it can be made in ex-
tremely small size.

In general, the packaging of a sensor makes it size 
and cost larger. Applying WLP technology, that is 
growing as a small packaging solution for semiconduc-
tor devices, to the sensing chip, Fujikura has success-
fully developed “WLP ultra-small absolute pressure 
sensor”. Processing the pressure sensor wafer in a 
WLP line for a large wafer size, we can do the packag-
ing in a wafer form and the packaging cost for individ-
ual chips is extremely low. This report introduces the 
features of the WLP ultra-small absolute pressure sen-
sor and its characteristics together with the tempera-
ture compensation technique and reliability testing 
results.

2. Features

2.1 Mechanical dimensions

Figure 1(a) shows the comparison between the 
newly developed packaged pressure sensor and Fuji-
kura existing smallest absolute pressure sensor that is 
mainly used for wrist watches to measure the atmo-
spheric pressure and water depth. Regarding the pack-
aging size, the existing model is 5.8 mm in diameter ¥ 
2.5 mm in thickness, while the new one is 0.8 mm ¥ 
0.8 mm and 0.5 mm in thickness. Figure 1(b) shows 
the magnifi ed view of the sensor that has four 150 
micron(μm)-diameter solder bumps on each corner.
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2. 2 Structure

Figure 2 and 3(a) show cross-sectional view of the 
sensor and an existing smallest absolute pressure sen-
sor described before. Since the absolute pressure sen-
sor, measuring atmospheric pressure needs a vacuum 
reference chamber in the sensing chip. As shown in 
Fig. 3(b), the reference vacuum chamber of existing 
absolute pressure sensor composed of two parts that 
are silicon substrate with etched membrane called 
“diaphragm” and glass pedestal. They are bonded by 
anodic bonding. The diaphragm, which is designed 
from several to a few 10 microns thick according to 
their pressure ranges, performs to conduct mechani-
cal force change by the pressure to the piezo-resistors 
on the sensing chip. Anisotropic etching process using 
alkaline liquid is applied to form the diaphragm. Since 
the etching proceeds based on the crystal directions, 
the side walls of etched recess area cannot be perpen-
dicular to the surface and become trapezoidal in shape, 
and this behavior signifi cantly reduces the effective 
size of the membrane. To overcome this, the only way 
is to design the chip much bigger considering the 
above mentioned phenomenon. This will surely in-
crease the chip cost signifi cantly. On the contrary, the 
WLP ultra-small absolute pressure sensor uses a sens-
ing chip that has a vacuum reference chamber called 
“cavity” formed by a new technique that is not conven-
tional anisotropic etching process. This technique 
makes it practical to control thin membrane thickness 
very precisely. Also, designing the cavity height very 
small, the diaphragm deformation is mechanically lim-
ited by touching the bottom of the cavity and it is hard-
ly breakable even if excess pressure is applied to the 
diaphragm. In addition, the chip needs neither glass 

pedestal nor anodic bonding process to provide vacu-
um reference chamber, therefore, it can be made in 
signifi cant low cost reducing signifi cant material cost 
and assembling cost as well.

The signifi cant miniaturization of the newly devel-
oped sensor has been attained not only by the new 
structures of the sensing chip itself that is much differ-
ent from the existing one, but also by the WLP struc-
tures which can fully utilize the small chip dimensions. 
Conventional wire bonding process, that establishes 
electrical connections between I-O pads on the sens-
ing chip and internal leads of the sensor package, 
needs to prepare additional spaces for these wires 
around a chip and make the package much bigger 
than the sensing chip size. On the contrary, WLP tech-
nology does not need any additional spaces for electri-
cal connections described above. WLP sensor, having 
resin/copper rerouting and solder bumps can be di-
rectly soldered onto the PCB without any wire bond-
ing and conventional package. Adopting the WLP 
structures, the package size has been signifi cantly re-
duced and a real chip-sized package has been realized. 
Lead (Pb) free solder, that is tin(Sn)-3.0 gold(Au)-0.5 
copper(Cu), is used for the solder bumps.

2.3 Production process

As shown in Fig. 4, major processes for the WLP 

Fig.2. Cross sectional view of developed WLP ultra-small 
absolute pressure sensor. 
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Fig. 1(b). Magnifi ed view of the developed pressure sensor.
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ultra-small absolute pressure sensor are described as 
below.
1)  Wafer process which mainly consists of formation 

of piezo-resistive elements by locally introducing 
impurities and of diaphragm structure having very 
thin membrane.

2)  Wafer level packaging process
3)  Sensor characterization 
4)  Saw singulation

These processes feature that there is no need for 
any conventional large-scale assembling and sensor 
characterization equipment. Before the saw singula-
tion, all the process fl ow is designed based on wafer 
level processing, therefore, it features an excellent 
productivity.

2.4 Sensor characterization equipment

One of the features of WLP ultra-small absolute 
pressure sensor is that it is processed on wafer level. 
By developing an inspection probing system that eval-
uates the sensor characteristics as a wafer form under 
controlled pressure and temperature, it has made it 
practical to inspect all sensing chips on a wafer before 
separating each other. From the production process 
point of view, it is defi nitely an additional merit of the 
sensor, compared with the existing packaged sensor, 
that the inspection time and cost would be reduced by 
testing individual chips in a wafer form. The developed 
probing system is shown in Fig. 5. It is designed to 
have a wafer probing system inside the pressure and 
temperature controlled chamber. The wafer after com-
pleting the WLP process is placed into the chamber 
for testing. Under the specifi ed number of points of 
controlled pressure and temperature, the system mea-
sures the electrical properties of all sensing chips of a 
wafer such as offset voltage, span output, resistance, 
temperature coeffi cient, etc. As described above, the 
newly developed sensor has many merits, such as an 
ideal sensing chip size and low cost operation through 
mounting process that have not been able to be pro-

vided by any other pressure sensors.

3 Electrical characteristics

3.1  Sensor characteristics before temperature com-
pensation

Electrical characteristics of the sensors were evalu-
ated after mounting onto a glass-epoxy resin printed 
circuit board (FR-4) as shown in Fig. 6. Regular sur-
face mounting process consisting of solder printing, 
mounting, and refl ow process was used. The measured 
results at 3.3V excitation voltage are shown in Table 1. 
The offset voltage defi nes an output voltage at 100 kPa 
absolute in this case. The number of samples is 37, 
and it was confi rmed that the characteristics were al-
most same as those of existing pressure sensors. The 
typical output voltage against the applied pressure is 
shown in Fig. 7. It is not shown in Fig. 7, even above 
110 kPa pressure range, the output is still linear and 
believed to be used in higher pressure. The distribu-
tion of span output voltage of the sensors and existing 
pressure sensors are shown in Fig. 8. The data are 
taken from 150 samples respectively. As can be seen 
from this, the distribution of new sensors is much nar-
rower than that of existing ones. In general, the span 
voltage (SV) is calculated by the following formula.

SV=K∑R/t2 ··················································· (1)

Where K: fi xed number, R: resistance of piezo-resis-
tor, t: thickness of a diaphragm.

The formula indicates that the span voltage of pres-
sure sensor depends on resistance of piezo-resistor 
and diaphragm thickness. Especially, it is much more 
infl uenced by a diaphragm thickness, which is a square 
term. Anisotropic etching from the back side wafer 
has made it diffi cult to make diaphragms in the same 
thickness due to existing thickness variation of the wa-
fer itself. So the span distribution of regular sensors 

Fig. 4. Process fl ow of the developed sensor.
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becomes wider. On the contrary, by using completely 
different method of making diaphragms from the sur-
face of the wafer, not from the back, the newly devel-
oped sensors have controlled uniform thickness dia-
phragm and narrower span distribution than existing 
ones. 

3.2 Temperature compensation

Generally, piezo-resistor has temperature depen-
dency, thus, it is known that sensitivity of semiconduc-
tor pressure sensor, that utilizes piezo-resistive effect, 
has the temperature dependency too. The tempera-
ture coeffi cient of span voltage (TCS) are somewhat 
minimized by optimizing the impurity concentration of 
piezo-resistors. But in order to provide further high 
performance, an Application Specifi c Integrated Cir-
cuit (ASIC) is generally adopted for temperature com-
pensation individually trimmed for each sensor. How-
ever, there are a few demerits in doing this way. 
Additional components like ASIC and their mounting 
spaces make the cost higher. Based on the fact that 
TCS is also changed by connection of outside circuit, 
we reviewed a method to improve temperature charac-
teristics using a low temperature drift resistor con-
necting to the sensor. Figure 9 shows the temperature 
compensation circuit consisting of a pressure sensor 
and an external resistor for temperature compensa-
tion. In a sensor, four piezo-resistors are connected to 
form a Wheatstone bridge. The temperature compen-
sation is realized by the resistor that is connected in 
parallel to the bridge. The principle of the compensa-
tion is that a resistor, such as metal fi lm type that has 
negligible temperature coeffi cient compared with that 
of piezo-resisters, is connected in parallel to the sens-
ing bridge then the temperature coeffi cient of the syn-
thetic resistance of the sensing bridge and resistor is 
reduced from the original temperature coeffi cient of 
the piezo-resistor. Following formula indicates the 
synthetic resistance R in case of the parallel connec-

Fig. 6. Developed sensor mounted on FR-4 printed circuit 
board.

Table 1. Characteristics of developed sensors.

Item Typical value

Offset voltage 62 mV

Sensitivity 0.15 mV/kPa/V

Bridge resistance 4.1 kΩ

Output non-linearity -0.03 %FS

Fig. 7. Typical output characteristics of the developed sensor at 
3.3 V power supply, 25°C. 
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tion of the sensing bridge Rs that is composed of piezo-
resistors and external resistor RL.

R=RSRL/(RS+RL) ·········································· (2)

As the temperature coeffi cient of the external resis-
tor RL is extremely low , the temperature differentia-
tion of the synthetic resistance ∂R/∂T is expressed 
below from the formula (2).

∂R/∂T=(∂R/∂RS)∑(∂RS/∂T)
           ={RL/(RS+RL)}2∑(∂RS/∂T) ················ (3)

Where RS > 0, RL > 0, then 1 > RL/(RS+RL) > 0, there-
fore, the formula (3) indicates that the temperature 
dependence of the synthetic resistance is lower than 
∂RS/∂T which is that of the sensing bridge resistance. 
Optimum value of the external resistor RL can be cal-
culated using span voltage and sensing bridge resis-
tance of a sensor in the operating temperature range. 
Considering temperature dependency of Rs, RS can be 
expressed as follows.

RS=Rs0 (1+α∑ΔT) ········································· (4)

Where RS0 is the sensing bridge resistance of the 
sensor at 25°C, ΔT is the temperature difference from 
25°C. α is the temperature coeffi cient of Rs . Connect-
ing an external resistor RL in parallel to the sensing 
bridge, the correlation between total current I and the 
sensing bridge current IS is as shown below.

IS=I∑(RL/(RS+RL))········································ (5)

The span voltage (SVX) of a pressure sensor after 
connecting external resistor is changed proportional 
to IS, and the correlation between SVX and SV, which is 
the span voltage of the sensor without RL, is as shown 
below.

SVX=(IS/I)∑SV
      =(RL/(RS+RL))∑SV ································· (6)

The formulas (4) and (6) indicates that, knowing the 
span voltage SV and sensing bridge resistance RS of 
the pressure sensor at each temperature, compensat-
ed span voltage SVX at the temperature with specifi c RL 
value can be calculated. By doing the same calcula-
tions with different RL values, the optimum RL can be 
obtained that keeps SVX uniform with specifi ed tem-
perature range. 

A temperature coeffi cient of span voltage compen-
sated by above procedure is shown in Fig. 10. A sensor 
was tested temperature range from -30 to +80 °C with 
0.3 mA constant current drive. RL values of 20 kΩ and 
4.3 kΩ were selected in these cases. 4.3 kΩ is the value 
that is calculated by above formula to compensate 
TCS. As can be seen in Fig.10, TCS without tempera-
ture compensation is as high as 20 %FS. In the case of 
20 kΩ for RL , TCS is reduced to 14 %FS, which is bet-
ter than uncompensated case but not optimum. In the 
case of 4.3 kΩ, TCS has become within 1 %FS. This 
dramatic improvement has indicated the effectiveness 
of above compensation procedure. 

Figure 11 shows a distribution of TCS of 220 sen-
sors which are randomly sampled from a wafer and 

Fig. 9. Circuit for compensation of temperature characteristics 
which the pressure sensor exhibits. 
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compensated by 4.3 kΩ RL. Since the sensors original-
ly have very small TCS variations, they does not need 
to select RL individually for each sensor and only a few 
RL value would be enough to compensate whole chips 
on a wafer. Figure 11 indicates that 98 % of the samples 
were compensated less than 1 %FS by single RL.

4. Reliability testing
In case of mounting the sensor onto a printed circuit 

board (PCB), the underfi lling technique, that is gener-
ally used for Flip Chip bonding, is not applicable be-
cause the resin will fi ll the gap between sensor dia-
phragm and PCB and prevent the media from 
contacting a diaphragm then the sensor would not 
work properly. Though a few problems might be con-
cerned as the sensing chip surface was exposed to at-
mospheric environment after mounting process and 
loss of electrical connection due to creep of solder 
joints because of the thermal expansion coeffi cient dif-

ference between sensing chip and printed circuit 
board, in those testing items listed in Table 2, neither 
failure modes such as visual defects nor loss of electri-
cal connection were observed.

5. Conclusion
Using a semiconductor pressure sensing chip based 

on a micro-machined cavity structure and piezo-resist-
er, and packaging the sensing chip with WLP technol-
ogy, we have developed a unique and brand-new-style 
ultra-small atmospheric pressure sensor. Even ex-
tremely miniaturized, the sensor still has the same 
level of performance as other existing pressure sen-
sors. Having several merits already described, the new 
sensor would fulfi ll the downsizing need of compo-
nents that is rapidly proceeding, and it is expected 
that, in near future, the new sensor would be applied to 
various mobile appliances.

Table 2. Results of reliability testing.

Item Condition Visual Electrical contact

High temperature storage 150 °C, 1000 h ™ ™

Low temperature storage -40 °C, 1000 h ™ ™

High temperature operation 125 °C, 1.5 mA, 5 kPa, 1000 h ™ ™

Temperature cycle -40~125 °C, 1000 cycle ™ ™

Pressure cooker 121 °C/100 % RH, 205 kPa, 96 h ™ ™

Temperature humidity bias 85 °C/85 % RH, 1.5 mA, 1000 h ™ ™

Moisture/refl ow sensitivity
Moisture: 85 °C/85 % RH, 168 h ™ ™

Refl ow: 260 °C,(Max) x 3 times ™ ™

Pressure cycle 5~10 kPa, 1,000,000 cycle ™ ™

Vibration 100~2000 Hz, 20G, 4 min sweep, XYZ ™ ™


