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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 14-3: Semiconductor sensors —
Pressure sensors
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organizations.

tandards, technical specifications,
hmittees in that sense.

ntion is dra he } it 8 \
of patent rights. TR ~ Skhall not\heheld responsible for identifying any or all such patent rights.

ptional Sta
pnductor d

has been prepared by subcommittee 47E: Di
ical committee 47: Semiconductor devices.

FDIS Report on voting
47E/191/FDIS 47E/195/RVD

forfmation on the voting for the approval of this standard can be found in the rep

prising
romote
Ids. To
htion is

ith may

liaising
ational
ben the

ible, an

ntation

he form
ational

ational
s. Any
clearly

for any

subject

screte

ort on

mdicated T theabove tabte:

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

A bilingual version of this standard may be issued at a later date.

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.
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INTRODUCTION

This part of IEC 60747 should be read in conjunction with IEC 60747-1. It provides basic
information on semiconductor

— terminology;

— letter symbols;

— essential ratings and characteristics;

— measuring methods;

&
N
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SEMICONDUCTOR DEVICES -

Part 14-3: Semiconductor sensors —
Pressure sensors

1 Scope

This part of IEC 60747-14 specifies requirements for semiconductor pressure sensors
measliring absolute, gauge or differential pressures.

2 Nprmative references

The fcﬁllowing normative documents contain provisions which, 5 text,
i

constitute provisions of this part of IEC 60747-14. Fo quent
amengments to, or revisions of, any of these publications ies to
agreements based on this part of IEC 60747-14 are enc 5ibility
of apglying the most recent editions of the normative A dated

references, the latest edition of the normative docume : Jlies. bf IEC
and I$0 maintain registers of currently valid Interna e

IEC 69747-1:1983, Semiconductor deb
IEC 6Pp747-14-1:2000, Semiconductor gev . 4-1: j eneral

and classification

3 Terminology and le

3.1 Generalt@s
3.11 Semicon
A semiconducto press i into an

electrical outpu . 8.2.3).
It incIIdes linear an off ;

A linegr senso actri i i i i nce.

An onf-off sensor swit
when the inGreasing

hes an electrical output quantity on and off between two stable [states
f decreasing pressure differences cross given threshold values.

Q0

In this “standard, the electrical output quantity is described as a voltage: output vqgltage.
However, the statements made in this standard are also applicable to other output quantities
such as those described in 3.8 of IEC 60747-14-1: changes in impedance, capacitance,
voltage ratio, frequency-modulated output or digital output.

3.1.2 Sensing methods
3.1.2.1 Piezoelectric sensing

The basic principle of piezoelectric devices is that a piezoelectric material induces a charge or
induces a voltage across itself when it is deformed by stress. The output from the sensor
is amplified in a charge amplifier which converts the charge generated by the transducer
sensor into a voltage that is proportional to the charge. The main advantages of piezoelectric
sensing are the wide operating temperature range (up to 300 °C) and high-frequency range
(up to 100 kHz).
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3.1.2.2 Piezoresistive sensing

The basic principle of a piezoresistor is the change of the resistor value when it is deformed
by stress. The sensing resistors can be either p- or n-type doped regions. The resistance of
piezoresistors is very sensitive to strain, and thus to pressure, when correctly placed on the
diaphragm of a pressure sensor. Four correctly oriented resistors are used to build a strain
gauge in the form of a resistor bridge.

An alternative to the resistor bridge is the transverse voltage strain gauge. It is a single
resistive element on a diaphragm, with voltage taps centrally located on either side of the
resistor. When a current is passed through the resistor, the voltages are equal when the
elemgmtis ot under straim, butwhen the etfement s under straim, a differentiat vottage putput
appedrs.

3.1.2.8 Capacitive sensing

A small dielectric gap between the diaphragm and a plate/Mmakes i which
changes with the diaphragm movement. Single capacitance 2 itance
technigues can be used in open- or closed-loop syste it heitive
changes can be measured either in a bridge circuit or using swichg rgques.

nachi i n a.c.
voltagle across the capacitor being measured. /[Capagcitive i owing

advarftages: small size of elements, wide-operating te ming,
good linearity, and compatibility to CMQ [ iti

3.1.2.4 Silicon vibrating sensing

The v|brating element of a silicon micriom ! is maintained in oscillation, |either
by pi€g] 2 ation of pressure to the silicon diaphragm
produ \ t e ¢’the vibration frequency is measured to

determi

3.1.2.5

Semidg
eleme
the s

dinly micromachined structures including a sg¢nsing
or functions can be performed at the same time and in
line. Most pressure sensors offer integrated [signal

Signa ms a raw sensor output into a calibrated signal. This process may
involv ¥s/ such as calibration of initial zero pressure offset and pregssure
sensitivity, ation of non-linear temperature errors of offset and senditivity,

compensationof theufon-linearity and output signal amplification of the pressure.

3.1.2.6—Temperature-compensation

Semiconductor sensors are temperature sensitive. Some are temperature non-compensated
sensors while others are compensated with added circuitry or materials designed to
counteract known sources of error.

When non-compensated, the variations due to the temperature follow physical laws and a
temperature coefficient (a) is representative of this physical phenomena.

When compensated, the temperature remaining error is also dependant on the way the
compensation is performed. In this case, a maximum temperature deviation (A) better
represents this error.
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3.2 Definitions

For the purposes of this part of IEC 60747, the definitions in IEC 60747-1 and the following
definitions apply.

3.2.1

piezoresistance coefficient

measure of the piezoresistance effect derived from the semiconductor materials under the
application of strain

3.2.2
absolute pressure
presslire using absolute vacuum as the datum point

3.2.3
refergnce pressure

presslire against which pressures are defined, usually absol
spheric pressure

atmo-

3.2.4
differgntial pressure
differgnce between the two (absolute) pressures thg
the membrane

on opposite sifles of

3.2.5
relatiye pressure
differgntial pressure when one of the t
with réspect to which the other pressure

O presswre sonsidered to be a reference pregssure
3.2.6

is @
gauge pressure

relatie pressure whe tME eric pressure is used as the reference presgure

3.2.7

syste
static
the cq

ed, in

3.2.8
over-
maxi

accuracy

ay be applied to the sensor without damage or loss of califration

3.2.9
differential output resistance
first derivative of output voltage as a function of output current at the specified pressure.
Refers to a basic sensor (without integrated signal amplification)

NOTE In practice, the differential resistance value can be expressed as the quotient of the change of the output
voltage over the change in output current resulting from a small change in output load resistance.

3.2.10
input resistance
supply voltage divided by the supply current

3.2.11

isolation resistance

resistance between all the connected electrical terminals of the sensor and the sensor part
which is in contact with the sensed element

NOTE In practice, this is not applicable when the sensed element, such as gas or oil, is not conductive.
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3.2.12

calibrated pressure range

range of pressure within which the device is designed to operate and for which limit values of
the conversion characteristics are specified

3.2.13
temperature coefficient of offset voltage
change in offset voltage relative to the change in temperature

3.2.14
temperature coefficient of full-scale span voltage

3.21
maxi
maxi
outpu

um temperature deviation of the offset voltage

um deviation of the offset voltage for a specified to the

3.2.17
maximum temperature deviation of
maxinpum deviation of the full-scale span i pared
to thelfull-scale span voltage at referencs

3.2.18
full-s¢ale pressure

presslire that defines the
3.2.1¢

zero-scale pres@
presslire that defi '

3.2.2¢

each

3.2.21
burst

pressiire that causes’an irreversible damage of the sensor

3.2.2
(end-point) linearity error

difference between the actual value of the output voltage and, at the given pressure, the value
that would result if the output voltage changed linearly with pressure between the zero-scale
pressure and the full-scale pressure

3.2.23

total error

difference between the actual value of the output voltage and, at the given pressure, the value
that would result if the actual voltages were equal to their nominal values at the zero-scale
pressure and at the full-scale pressure and changed linearly with pressure between these
points
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3.2.24

accuracy

maximum deviation of actual output from nominal output over the entire pressure range and
temperature range, as a percentage of the full-scale span at 25 °C, due to all sources of error
such as linearity, hysteresis, repeatability and temperature shifts

3.2.25

hysteresis

sensor’s ability to reproduce the same output for the same input, regardless of whether the
input is increasing or decreasing. Pressure hysteresis is measured at a constant temperature,
while temperature hysteresis is measured at a constant pressure within the operating range

3.2.24.1
pressjure-cycle hysteresis

differgnce in the output at any given pressure in the operating pre yhen this
presslyire is approached from the minimum operating pressuré S , | when
approfiched from the maximum operating pressure at room tempe

3.2.25.2

temperature-cycle hysteresis
differgnce in the output at any temperature in the y range when the
tempgrature is approached from the minimum operating~tem compared to[when
appropiched from the maximum operating tempera i

3.2.26
pressure-cycling drift of output voltage
differgnce between the final value of t at a given pressure after a series of
pressyire cycles and the initial value at\that 9 e when all other operating condlitions
are bging held constant

3.2.27
temperature-cycling ¢

differgnce betwe series

of temperature c rating
condifions are being

3.2.28

pressjure-cygling.i 2

differgnce between tha bssure
during aserli ht

temperature=cycling/instability range of output voltage
differgnge’between the extreme values of output voltage that were observed at a|given
tempgrature during a series of temperature cycles, when all other operating conditions are
being held constant

3.2.30
full-scale span sensitivity
quotient of the full-scale span voltage over the calibrated pressure range

3.2.31
temperature coefficient of full-scale span sensitivity
full-scale span sensitivity relative to the change in temperature
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Letter symbols

General

- 11 =

Clauses 2, 3 and 4 of IEC 60747-1, Chapter V, apply.

3.3.2

List of letter symbols

Name and designation

Letter symbol

Remarks

T§, for the longitudinal component of the
coefficient, Tt for the transverse component of

Piezorgststance—coeffietent Tq,T'I-t the—coeffietent

Absoldte pressure Pabs (
Refergnce pressure Prot A(‘ (N
Differgntial pressure Ap < \ \
RelatiJe pressure Prel /\ \
Offset|voltage Vos \ \ \ \/
Full-sgale pressure Psq & \ \ \
Zero-sfale pressure P, / o \

Burst pressure Ppurst ( (7 \/

Differgntial output resistance Rd}/\ ( \\// /\ \S

Isolatipn resistance R} Q \ N )\/

Full-sqale span VEss \ N

Respopse time Iedp \

Sensit|vity S \

Tempdrature coefficient of -~

sensitiyity s

Total grror k NRN\ \ E, for any pressure, E(p) for a specified pressure
(End-point)linearity%ro} < Q \k{, E,| E, for any pressure, E|(p) for a specified pressure
Pressyre hysteresis of atpu

voltage /\ e

Tempdrature hysferesis of\output N

voltage Hont

Tempdratupe coeffici n&of et

voltage <\ \ Qs

Tempdrature effictent \of Tt

scale gpan Qyrss

Maximpum temperaturMation

of the pffset-woltage AV

Maximbrtemperature—deviaton

of full-scale span AVegg

Pressure-cycling drift of output

voltage AV,

Temperature-cycling drift of

output voltage AV

Pressure-cycling instability range

of output voltage AVeip

Temperature-cycling instability

range of output voltage AVt
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4 Essential ratings and characteristics

41 General
411 Sensor materials — for piezoelectrical sensors
Materials used for semiconductor pressure sensors are semiconductor materials having large

piezoresistance effects, such as Si, compound semiconductors and some of the metal oxide
semiconductors. Ratings of pressure sensors depend upon the materials used.

4.1.2 Handling precautions

When|handling sensors, the handling precautions given in IEC 60747-1, ( IX(elapse 1,
must be observed.

4.1.3 Types

Typed of semiconductor pressure sensors in which pressure R d must be
specified, i.e. absolute, gauge or differential pressures.

4.2 [Ratings (limiting values)
4.2.1 Pressures

4.2.1.1 Maximum pressure (Pmax)

4.2.1.2 Burst pressure (Ppyrst)

4.2.1.3 Over-pressure cap

4.2.1.4 Maximum_numberofpre
4.2.2 Tempera:

4.2.2.1

4.2.2.2

4.2.3

4.3 Tharacteristics

Except where otherwise stated, characteristics apply over the operating temperature range
given in 4.2.2.2.

431 Full-scale span (VEss)

The algebraic difference between the end points of the output, at an operating temperature
of +25 °C.
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4.3.2

Full-scale output (Vgso)

The upper limit of sensor output over the measuring range, at an operating temperature
of +25 °C.

NOTE

4.3.3

Veso =Vosr + Vess

Sensitivity ()

The change in output per unit change in pressure for a specified supply voltage or current.

4.3.4

The p
a spe

4.3.5

Maximum and minimum values, at specified supply voltag

applig

4.3.6

The p
specif

4.3.7

Maximum and minimum

supply

4.3.8

4.3.9

Time [n
and the

final V]

4.3.10

Temperature coefficient ot full-scale sensitivity (as)

er cent change in sensitivity per unit change in temperature relaive
cified temperature (typically +25 °C).

Offset voltage (V)

d, at a fixed operating temperature.

voltage or current

itivity at

ssure

[ at a

hange
nd its

Warmk
after t

4.3.11

ie—dafinad ac tha tima raciirnd far tha Aaviien 0 onant th
T

acifia oHtot
T

on
u'.l IS—eeHhRea—as—thre—tHme oo T OOt e O T v TocC—to—Tro ottt =4 ~A-av |uu A=Y ~A~ A a2

he pressure has been stabilized and the electrical supply has been applied.

Dimensions

Dimensions with specified tolerance shall be included on technical drawings.

4.3.12 Mechanical characteristics

-  Weight

— Cavity volume

— Volumetric displacement
- Hermeticity

Iltage
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5 Measuring methods

5.1 General
51.1 General precautions

The general precautions listed in clause 2 of IEC 60747-1, Chapter VII, apply.

5.1.2 Measuring conditions

The measurements shall be made over the operating pressure range at 25 °C, unless other-
wise dpecified.

5.2 |Output voltage measurements
5.21 Purpose

To mdasure output voltage under specific conditions.

5.2.2 Principles of measurement

a) Circuit diagram — piezo resistive types
b) Cifcuit description and requirements

Infernal impedance of the metée

ng dment must not affegt the
performance and the test results of -

NJTE Semiconductor pressure sensors/ are very\SeR e\ to temperature; always wait for fhermal

stapilization of the device under test.
Ammeter Q]A)

Constant 2
current @
source 1 4

Voltmeter 3

Constant >

voltage
source

IEC 840/01 IEC 841/01

Key

1 Output+
2 Inputsk
3 Input —
4 Output —

Figure 1a — Constant voltage Figure 1b — Constant current

Figure 1 — Basic circuit for measurement of output voltage


https://iecnorm.com/api/?name=d6ba35d43d5cead421ecc7116c037a56

60747-14-3 © IEC:2001(E) -15 -

5.2.21 Measurement procedure - full-scale span

Ambient temperature is stabilized.

Apply a specified voltage or current to the input terminals of the device, using the circuit
shown in figure 1.

Place the device with connected terminals to the circuit at a specified pressure. Wait for
thermal stabilization.

Meas(ITe futl=scate output: 7Eso at Pmax.

Measure V,g at zero pressure applied.

Calcu

5.2.2.

Ambig
Applig
Suppl

5.3
5.3.1

To mHg

5.3.2

Measuire the

NOTE
sensitiy

5.3.3

ate the full-scale span Vggg with the equation:

VEss = VEso — Vos

p Specified conditions

nt or reference temperature.
d pressure.

y voltage or current.

Sensitivity (5)

Purpose

asure the i

specified conditions.

pressures, P4 and Py, and calculate:

§=V2-V1) ! (P2—Pq)

Specified conditions

C. The

Ambient or reference temperature.
Pressures at which the measurements are carried out.

Supply voltage or current.
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