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1.  Introduction

Currently, automobiles are strongly required to re-
duce their environmental impact as seen in the imposi-
tion of air pollutant and CO2 emissions regulations, as 
well as to  improve safety and comfort.   To meet these 
regulations, development of control systems for electri-
cally  driven  vehicles  such  as  hybrid  electric  vehicles, 
electric  vehicles  and  fuel  cell  vehicles  is  accelerating.  
Meanwhile,  fuel  efficiency  of  gasoline-  and  diesel-
fueled vehicles have  improved by precisely controlling 
the  air-to-fuel  ratio.    Further,  technologies  to  make 
exhaust gas cleaner by recirculating the gas after com-
bustion  so  as  to  reduce  air  pollutants  are  becoming 
widespread  at  an  increasing  speed.    Pressure  sensors 
are used as one essential device in engine control and 
their uses include improving engine efficiency and pu-
rifying  exhaust  gas.    They  are  becoming more  impor-
tant year by year.

Fuji  Electric  started  mass  producing  automotive 
pressure  sensors  in  1984.    Since  then,  we  have  been 
proposing  high-reliability  technology,  circuit  technol-
ogy  and  sophisticated  micro-electro-mechanical  sys-
tems  (MEMS)  technology  to meet  the  requirement  of 
reliability  to  withstand  a  severe  operating  environ-
ment and  improved detection accuracy.   Our pressure 
sensors are adopted in automobiles in Japan and over-
seas.   Starting  in 2010, we have been mass-producing 
the  6th-generation  automotive  pressure  sensors  with 
digital  trimming  based  on  the  complementary  metal-
oxide-semiconductor (CMOS) process.(1)

This  paper  presents  the  6.5th-generation  automo-
tive  pressure  sensor.    It  is  based  on  the  conventional 
6th-generation  automotive  pressure  sensor  while  in-
heriting  the basic  “all-in-one  chip”  concept.    It  is  pro-
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vided  with  corrosion  resistance  and  electrification  re-
sistance and is guaranteed to operate at 150 °C with a 
smaller sensor cell size.

2.  Overview of Pressure Sensor

2.1  Examples of use of automotive pressure sensors
Figure 1 shows examples of use of automotive pres-

sure sensors.  To improve the fuel efficiency of vehicles, 
most fuel injection systems are now electronically con-
trolled.    These  electronically-controlled  fuel  injection 
systems use a manifold absolute pressure  (MAP)  sen-
sor  for measuring  the  intake pressure  or have a  tem-
perature  manifold  absolute  pressure  (TMAP)  sensor 
equipped with a temperature sensing function.  In ad-
dition, many pressure sensors are used to improve fuel 
efficiency and control engine systems so as to suppress 
the  emission  of  air  pollutants.    Such  sensors  include 
atmospheric  pressure  sensors  for  highland  correction 
intended for preventing any decrease in fuel efficiency 
when vehicles are travelling at high altitudes, pressure 
sensors for detecting any clogging of the air intake sys-
tem air filter box, exhaust pressure sensors for exhaust 
gas  recirculation  (EGR)  systems  to  reuse  exhaust  gas 
and boost pressure sensors mounted on turbo engines.

Another  type  of  automotive  pressure  sensor  to  be 
mentioned is a pressure sensor for detecting any clog-
ging  of  diesel  particulate filters  (DPFs).    It  is used  to 
deal with stricter exhaust gas regulations represented 
by  the  2016  tightening  of  emissions  regulations  of  
Japan and European Euro 6 in 2014.

Additionally,  sensors  for  meeting  safety  regula-
tions  include  fuel  tank  pressure  sensors  (FTPSs)  for 
detecting tank leaks, and they are used in Europe and 
the U.S.

Demand for pressure sensors is also increasing for 
controlling  air  conditioner  coolant  pressure,  the  pres-
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sure  of  heat  pumps  used  in  electric  vehicles  and  the 
hydraulic  pressure  of  transmissions.    In  this way,  the 
scope in which automotive pressure sensors are applied 
is rapidly expanding and their demand increasing.

2.2  Installation environment of automotive pressure sen-
sors
Conventionally,  the  medium  (target)  to  be  mea-

sured by  intake or boost pressure  sensors was mostly 
air.  However, the scope of application of pressure sen-
sors  is  expanding as described  earlier,  and  the media 
to be measured have become severe such as those con-
taining exhaust gas and vaporized fuel including gaso-
line and diesel oil.   Accordingly,  sensors need  to have 
corrosion  resistance  against  these  media  to  be  mea-
sured  and  electrification  resistance  against  charged 
vaporized fuels.

In addition, engine rooms are being made smaller 
and mounting density  increased for the purpose of  in-
creasing  the  cabin  space  intended  for  improving  fuel 
efficiency  and  comfort.    This  has  caused  a  tempera-
ture increase in the ambient environment for pressure 
sensors  and  exposure  to  electromagnetic  noise  gener-
ated  from  various  electronic  devices.    This  is why  in-
crease  in  the  guaranteed  operating  temperature  and 
strengthened electromagnetic compatibility (EMC) are 
required.

3.  Features of 6.5th-Generation Pressure Sensor

3.1  Product overview
Figure 2 shows the appearance of the 6.5th-genera-

tion automotive pressure sensor and the previous 6th-
generation automotive pressure sensor.  Table 1 shows 
the  specifications  of  the  6.5th-generation  automotive 
pressure sensor.

The  6.5th-generation  automotive  pressure  sensor 
is  equipped  with  corrosion  resistance  and  electrifica-
tion  resistance.    Its  maximum  guaranteed  operating 
temperature has been increased from 125 °C of the con-
ventional  product  to  150 °C.   For  detecting  failures,  a 
clamp function has been added for separating the wire 
harness disconnection detection range (diagnostic volt-
age range) from the normal use range.  The size of the 
sensor cell has been reduced to approximately 48% of 
that of the 6th-generation automotive pressure sensor 
in terms of the volume.

3.2  Corrosion resistance
Figure 3  shows  the  cross-section  structure  of  the 

sensor cell of a pressure sensor.  Against incoming for-
eign objects such as soot, the sensor chip and wire are 
protected  by  using  gelled  protection material  capable 
of  transmitting  pressure.   With  this  product,  there  is 
a need to prevent exhaust gas and vaporized fuel such 
as gasoline and diesel oil from passing through the pro-
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Fig.1  Examples of use of automotive pressure sensors

(a) 6.5th generation (b) 6th generation

Fig.2  Automotive pressure sensor
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tection material since  it would corrode the wire bond-
ing pad on the chip surface.   Hence, corrosion preven-
tion areas have been provided on the wire bonding pad 
and test pad as shown in Fig. 4.

3.3  Electrification resistance
Figure 5  outlines  the  pressure  sensing  unit  inte-

grated  in  the  pressure  sensor.    Fuji  Electric’s  propri-
etary etching technology is used to process part of the 
silicon  into  a  thin  film  to  form  a  diaphragm.    The  4 
piezoresistors  composed  of  the  diffusion  wiring  pro-
vided  on  the  diaphragm  constitute  a  Wheatstone 

bridge.  When the diaphragm is deformed by the pres-
sure  applied,  the  respective  piezoresistance  values 
change, generating a potential difference in the output 
of  the Wheatstone bridge.   The pressure  sensing unit 
amplifies  this potential difference  to convert  the pres-
sure into an electric signal.

Table 1    Specifications of 6.5th-generation automotive pressure 
sensor

Item Specification

Product size (resin part) W7.5 ×  H10 ×  D5.6 (mm)
Operating temperature range −40 °C to +150 °C
Operating pressure range (in-
take pressure sensor) 20 to 120 kPa

Rated pressure Pressure range ×  3
Power supply voltage 5 ± 0.25 V

Output voltage (at power supply 
voltage of 5 V) 0.5 to 4.5 V

Sink and source capacities Sink:  1 mA, Source:  0.1 mA

Clamp function Clamp voltage 0.3 V/4.7 V 
(typ.)

Corrosion resistance
In accordance with JASO M 

611-92/B Method
(Gasoline/diesel component)

ESD (external interface termi-
nals)

MM (0Ω, 200 pF) ±1 kV or more

HBM (1.5Ω, 100 pF) ±8 kV or more

Transient voltage surge
ISO 7637 (2011) standard

Pulse 1, 2, 3a, 3b
LEVEL-III cleared

Impulse ±1 kV or more

Latch-up (current injection 
method) ±500 mA or more

EMS (G-TEM) (100 V/m) Variation:  1% FS or less

Overvoltage (between Vcc and 
GND) 16.5 V (max.)

Reverse connection (between 
Vcc and GND) 0.3 A (max.)

Pressure

Gelled protection 
material

Vacuum reference 
chamber

Wire

Die bonding adhesive

Sensor chip

Glass

Fig.3    Cross-section structure of sensor cell
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circuit shown in Fig. 4.

3.4  High-temperature operation guarantee and clamp 
function
Figure 8  shows  a  circuit  block  diagram  of  this 

product.    Deterioration  of  characteristics  in  the  high-
temperature  operation  range  has  been  restrained  by 
optimizing the temperature characteristics of the indi-
vidual circuit blocks.  This results in guaranteeing that 
the device will work at 150 °C.

Figure 9  shows  a  pressure-output  characteristic 
diagram of this product.  The sensor output is brought 
into  the  diagnostic  voltage  range when  the wire  har-
ness  is  disconnected,  which  causes  the  upper-level 
system to detect a failure.  Meanwhile, when overpres-
sure or underpressure is applied the output is brought 
into the diagnostic voltage range, which may cause the 
upper-level  to  erroneously  detect  disconnection.    This 
product  is  equipped  with  a  clamp  function,  where  a 
circuit is provided to clamp the output voltage and re-
liably  separate  the  diagnostic  voltage  range  from  the 
normal output voltage range, thereby preventing erro-
neous detection.

There  is  a  need  to  prevent  electrically  charged 
vaporized  fuel  from attaching  to  the  gelled  protection 
material and causing a variation of the piezoresistance 
values  since  this  would  affect  the  sensor  characteris-
tics.  Hence, this product employs a shielded structure 
with polysilicon used for the flexible part  (diaphragm) 
of  the MEMS.   As  shown  in Fig. 4,  the  same  layer as 
that of  the  corrosion prevention areas  is used  to  form 
a shielded area.  The intention is to improve the resis-
tance to electrostatic charging of the circuit except for 
the diaphragm.

To  optimize  the  structure,  we  have  used  device 
simulation  for  analysis.    Figure 6  shows  an  example 
of  changes  in  the  chip  surface  charge  and  piezoresis-
tor area.  With an unshielded structure, the resistance 
value  of  the  piezoresistor  changes  as  the  quantity  of 
electric  charge  on  the  chip  surface  increases  [see Fig. 
6(a)].    To  deal  with  this  phenomenon,  a  shield  has 
been provided in an appropriate location on the piezo-
resistor.    This  has made  the  piezoresistance  constant 
regardless  of  the  electric  charge  density  on  the  chip 
surface [see Fig. 6(b)].  Figure 7 shows the result of ac-
tually applying electric charge to the product with this 
structure  to  obtain  output  characteristic  changes.    It 
has been confirmed that output is stabilized by appro-
priately locating the shield and the shielded area of the 
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with environmental and safety regulations.  Fuji Elec-
tric  intends  to  continue meeting market needs  in and 
work on developing the products required by the mar-
ket.
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4.  Postscript

This  paper  has  presented  the  6.5th-generation 
automotive  pressure  sensor.    Increasingly  stringent 
requirements are expected  for pressure sensors  to see 
a  widespread  rollout  in  Japan  and  overseas.    They 
will need to offer better product performance from the 
perspective of  improved fuel efficiency and compliance 
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