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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES –  

MICRO-ELECTROMECHANICAL DEVICES –  
 

Part 34: Test methods for MEMS piezoresistive  
pressure-sensitive device on wafer 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62047-34 has been prepared by subcommittee 47F: Micro-
electromechanical systems, of IEC technical committee 47: Semiconductor devices. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

47F/328/FDIS 47F/333/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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A list of all parts in the IEC 62047 series, published under the general title Semiconductor 
devices – Micro-electromechanical devices, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

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

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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SEMICONDUCTOR DEVICES –  
MICRO-ELECTROMECHANICAL DEVICES –  

 
Part 34: Test methods for MEMS piezoresistive  

pressure-sensitive device on wafer 
 
 
 

1 Scope 

This part of IEC 62047 describes test conditions and test methods of electric character, static 
performances and thermal performances for MEMS pressure-sensitive devices. This 
document applies to test for both open and closed loop piezoresistive MEMS pressure 
devices on wafer. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 61193-2, Quality assessment systems – Part 2: Selection and use of sampling plans for 
inspection of electronic components and packages  

IEC 60747-14-3, Semiconductor devices – Part 14-3: Semiconductor sensors – Pressure 
sensors 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60747-14-3 and the 
following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
piezoresistive pressure-sensitive device 
device that transforms pressure signal into electric signal due to piezoresistive effect, usually 
including cavity-membrane structure on silicon substrate and Wheatstone bridge in the 
membrane fabricated by MEMS technology 

[SOURCE: IEC 62047-33: –, 3.1] 

3.2  
closed loop piezoresistive pressure-sensitive device 
piezoresistive pressure-sensitive device that employs closed loop Wheatstone bridge for 
signal detection 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 62

04
7-3

4:2
01

9

http://www.iso.org/obp
https://iecnorm.com/api/?name=e3a9d63f5d947f529a34457922e354ee


 – 6 – IEC 62047-34:2019 © IEC 2019 

3.3  
open loop piezoresistive pressure-sensitive device 
piezoresistive pressure-sensitive device that employs open loop Wheatstone bridge for signal 
detection 

3.4  
output under normal pressure 
output of the pressure-sensitive device under the standard reference atmosphere 
pressure(101,3 kPa) 

3.5  
zero output 
output of the pressure-sensitive device when the pressure difference between both sides of 
the membrane structure is zero 

4 Test conditions 

4.1 Atmospheric conditions 

The measurement of characteristics shall be carried out under the following atmospheric 
conditions unless otherwise specified. 

a) Standard atmospheric conditions 
Temperature range: 15 °C to 35 °C; 
Relative humidity range: 20 % to 80 %;  
Atmospheric pressure range: 86 kPa to 106 kPa. 

b) Standard reference atmospheric conditions 
Temperature: 20 °C; 
Relative humidity: 65 %;  
Atmospheric pressure: 101,3 kPa. 

The standard reference atmospheric conditions are corrected values derived from testing 
values under any other atmospheric conditions. In most circumstances, temperature and 
atmospheric pressure are the only factors to be considered. 

4.2 Electromagnetic conditions 

No other external magnetic field should exist in the testing environment except geomagnetic 
field. The specific requirements should be in accordance with the device technical conditions. 

4.3 Vibration conditions 

No mechanical vibration should exist in the testing environment. The specific requirements 
should be in accordance with the device technical conditions. 

4.4 Test system 

The test system consists of probe station, pressure control device, heating and cooling 
system, excitation power supply, as well as reading and recording device. The tolerance 
errors of the test system are listed below.  

a) The absolute value of the intrinsic error of pressure control device should be under 1/3 of 
the intrinsic error bound of the pressure-sensitive device.  

b) The temperature measurement accuracy of heating and cooling system should be ±2 °C 
around the preset temperature. 
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c) The fluctuation of excitation power supply should be under 1/5 of the intrinsic error bound 
of the pressure-sensitive device. 

d) The absolute value of the intrinsic error of the reading and recording device should be 
under 1/5 of the intrinsic error bound of the pressure-sensitive device. 

5 General provisions 

5.1 Certificate documents 

The verification certificates of instrument and meter issued by metrological verification 
institutions should be required and valid. 

5.2 Placement and preheating time 

The instrument and meter should be powered on for preheating before the test. The 
preheating time should be in accordance with the operation manual. 

5.3 Connection 

The test system is built according to its spool drawing and circuit diagram. 

6 Test items and methods 

6.1 Test preparation 

The resistance test system of the probe station should be calibrated using standard 
resistance substrate. Build the test system according to 5.3. Fix the wafer on the probe 
station and the probe (or probe card) should be in the same horizontal plane. Adjust the 
height of the wafer supporting stage and the scanning horizontal line to insure reliable 
connection between the wafer pins and the probes during testing. Set the parameters of the 
system. 

6.2 Resistance 

6.2.1 Purpose 

To measure the resistance value of the pressure-sensitive device. 

6.2.2 Test methods 

Connect the pressure-sensitive device pins with the reading and recording device through 
probes complying with the general provisions set out in 5.1 to 5.3 and the test preparation 
described in 6.1. 

a) Closed loop piezoresistive pressure-sensitive device 

For closed loop bridge shown in Figure 1, measure the resistance between pin 1 and pin 3, as 
well as the resistance between pin 2 and pin 4. 
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1

2

3

4

R1 R2

R4R3

 
IEC 

Figure 1 – Closed loop bridge 

b) Open loop piezoresistive pressure-sensitive device 

For the open loop bridge shown in Figure 2, measure the resistance between every adjacent 
pins. For example in Figure 2, measure the resistances between pin 1 and pin 2, pin 2 and 
pin 3, pin 4 and pin 5, as well as between pin 5 and pin 1. 

1

2

34

5

R1 R2

R3 R4

 
IEC 

Figure 2 – Open loop bridge 

NOTE The consistency of the four resistance values will affect the zero output. 

6.3 Static performances 

6.3.1 Purpose 

To measure the static performances of the device. 

6.3.2 Test items 

The test items are the following: 

a) zero output; 
b) output under normal pressure; 
c) full-scale span output; 
d) nonlinearity; 
e) hysteresis; 
f) repeatability; 
g) accuracy; 
h) sensitivity; 
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i) zero drift. 

6.3.3 Test method 

6.3.3.1 General 

The test system is built in accordance with the general provisions set out in 5.1 to 5.3 and the 
test preparation described in 6.1.  

The test of the static performance shall use the five-point sampling method or be in 
accordance with the user requirements. As shown in Figure 3, the same number of dice in the 
five regions of upper, lower, left, right and middle of the wafer shall be tested. According to a 
normal sampling of general inspection level II in IEC 61193-2, the sampling shall be carried 
out and the sampling amount shall be more than it is in IEC 61193-2. 

 

Figure 3 – Five-point sampling 

Turn on the pressure source and control the pressure to be stable at the full-scale pressure 
for at least 1 minute and then at the zero-scale pressure for at least 1 minute. Recycle this 
process for 3 times. 

Select m(m≥3) test points uniformly between zero-scale pressure and the full-scale pressure 
in measure range. 

This test shall be started from the zero-scale pressure and approach full-scale pressure (i.e. 
forward stroke) by increasing load steadily in accordance with the provision. For each testing 
point, when the pressure is stable, read the output values of the devices on the wafer. Then 
start from full-scale pressure and approach the zero-scale pressure (i.e. backward stroke) by 
decreasing the load steadily in accordance with the provision.  

There are m test points in the full range and n cycle tests. Then there are n test data at each 
point in forward and backward stroke respectively. Calculate the average value of each test 
point in the forward or backward stroke and the overall average value of each test point in the 
forward and backward stroke. 

The average value during forward stroke of the ith test point iYU , 

 ∑ =
=

n
j iji Y

n
Y

1 UU
1  (1) 

The average value during backward stroke of the ith test point DiY , 

IEC 

(0,–4R/5) 

(4R/5,0) 

(0,4R/5) 

(–4R/5,0) 
(0,0) 
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 ∑ =
=

n
j iji Y

n
Y

1 DD
1  (2) 

The overall average value of the forward and backward stroke of the ith test point iY , 

 ( )iii YYY DU2
1

+=  (3) 

where 

UijY  is the output value of the ith test point in the jth forward stroke 
(i = 1,2,3, …m,j = 1,2,3, …n); 

DijY  is the output value of the ith test point in the jth backward stroke (i = 1,2,3, …m, 
j = 1,2,3, …n); 

n  is the number of cycle test. 

The working characteristic formula of the device is given as follows: 

 bXaY +=  (4) 

The intercept a and slope b (i.e. sensitivity) shall be fitted using least squares method, as 
follows: 
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where 

iX  is the pressure value of the ith test point (i = 1,2,3, …m); 

iY  is the overall average value of the ith test point in the forward and backward stroke; 

m is the number of test pressure points. 

6.3.3.2 Zero output 

For absolute pressure-sensitive device, measure the output of the device under the input 
pressure within 10 Pa. For differential pressure-sensitive device, measure the output with 
both high and low pressure ends connected to the atmosphere. 

6.3.3.3 Output under normal pressure 

Connect the testing cavity with atmosphere to measure the voltage output of the device and 
correct the value to standard reference atmosphere pressure(101,3 kPa). Calculate the 
voltage output under normal pressure with the following formula. 
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 )( cc XPbYY −+=  (7) 

where 

cY  is the voltage output corrected to standard reference atmosphere pressure(101,3 kPa); 

Y is the voltage output under the practical atmosphere pressure; 

cP  is the standard reference atmosphere pressure(101,3 kPa); 

X is the actual atmosphere pressure in the test. 

6.3.3.4 Full-span output 

The full-span output value of the device is the absolute difference between the outputs of 
zero-scale pressure and full-scale pressure in measure range, based on the calculated value 
of theoretical working characteristic formula. The full-span output value F SY ⋅  is given as 

 )( LHSF XXbY −×=⋅  (8) 

where 
b is the slope of theoretical working characteristic formula, i.e. sensitivity; 

HX , LX  are the full-scale pressure and zero-scale pressure value in measure range 
respectively. 

6.3.3.5 Nonlinearity 

Nonlinearity describes the deviation extent between the measure curve and a specific straight 
line. The nonlinearity Lξ  is given as 

 %100
SF

max
L ×

−
=

⋅Y

YY ii
ξ  (9) 

where 

iY  is the overall average value of the forward and backward stroke of the ith test point 
given by Formula (3); 

iY  is the value calculated by Formula (4); 

F SY ⋅  is the full-span output value given by Formula (8). 

6.3.3.6 Hysteresis 

Hysteresis is the maximum difference between the outputs of the same testing point when 
increasing and decreasing pressure within the range. The hysteresis Hξ  is given as 

 %100
SF

maxDU
H ×

−
=

⋅Y

YY ii
ξ  (10) 

where 

UiY  and DiY  are the average value of the ith test point during forward and backward stroke 
respectively, given by Formula (1) and Formula (2); 

F SY ⋅  is the full-span output value given by Formula (8). 
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6.3.3.7 Repeatability 

Repeatability is defined to describe the consistency of many testing results for the same 
measurand under all the following circumstances: 

a) same testing method; 
b) same tester; 
c) same testing devices;  
d) same location; 
e) same working/testing condition; 
f) repeated testing within a short period.  

The repeatability Rξ  is derived from Formula (11) to Formula (14). Use the Bessel formula to 
calculate the standard deviation of each testing point in forward/backward stroke. 

The standard deviation of the ith test point in forward strokes, UiS , is the following: 

 ∑ =
−

−
=

n
j iiji YY

n
S

1
2

UUU )(
1

1  (11) 

The standard deviation of the ith test point in backward strokes iSD  is given as 

 ∑ =
−

−
=

n
j iiji YY

n
S

1
2

DDD )(
1

1  (12) 

The standard deviation S of the device among the full testing range is given as, 

 )(
2
1

1
2
D1

2
U ∑∑ ==
+=

m
j i

m
j i SS

m
S  (13) 

The repeatability Rξ  is given as 

 %100
SF

R ×=
⋅Y
Sλξ  (14) 

where 

UijY  is the output value of the ith test point in jth forward stroke (i = 1,2,3, …m, j = 1,2,3, …n); 

ijYD  is the output value of the ith test point in jth backward stroke (i = 1,2,3, …m, 
j = 1,2,3, …n); 

UiY  is the average value of the ith test point during all forward strokes; 

iYD  is the average value of the ith test point during all backward strokes; 

n is the number of cycle test;  
m is the number of test points; 
λ  is the coverage factor, which should be given by the method presented in 6.3 of 

ISO/IEC Guide 98-3:2008 . 
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6.3.3.8 Accuracy 

Accuracy is defined to describe the consistency between the testing result and the 
(conventional) true value of the device. In addition, the accuracy is determined by systematic 
error range and random error range, which is derived from Formulae (15) to (18). 

Systematic error during forward stroke U( ) iY∆  is given as 

 
maxUU)( YYY ii −=∆  (15) 

Systematic error during backward stroke D( ) iY∆  is given as 

 
maxDD)( YYY ii −=∆  (16) 

where 
Y is the value calculated by Formula (4). 

Define U1 to be the larger one between (ΔY)Ui and (ΔY)Di. And the random error range of 
sensitive device U2 is given as 

 SU 32 ±=  (17) 

The accuracy of the device is given as 

 1 2

F S

100 %
U U

Y
ξ

⋅

+
= ± ×  (18) 

6.3.3.9 Sensitivity 

The slope b given by Formula (6) is defined as the sensitivity. 

6.3.3.10 Zero drift 

Read and record the zero output value of sensitive device every 20 minutes for at least 
2 hours following the test method in 6.4.3.2. And the zero drift D0 is given as 

 max min
0

F S

100%
Y Y

D
Y ⋅

−
= ×  (19) 

where 

maxY  is the maximum value of zero output; 

minY  is the minimum value of zero output. 

6.4 Thermal performances 

6.4.1 Purpose 

To test temperature influence on the zero output and sensitivity of the device. 
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6.4.2 Test items 

The test items are the following: 

a) thermal zero drift; 
b) thermal sensitivity drift; 
c) thermal zero output hysteresis; 
d) thermal sensitivity hysteresis. 

6.4.3 Test method 

6.4.3.1 General 

The test system should be built in accordance with the general provisions in 5.1 to 5.3 and the 
test preparation in 6.1. Perform test cycle for three times sequentially under room temperature, 
the upper limit of working temperature, the lower limit of working temperature, and then back 
to the same room temperature. Maintain each temperature for 1 hour and test zero output, as 
well as full-span output of the devices. 

The performance index can be calculated in accordance with 6.4.3.2 to 6.4.3.5. The sampling 
of the test shall use the five-point sampling method or be in accordance with the user 
requirement. 

6.4.3.2 Thermal zero drift 

Thermal zero drift α  is given as 

 ℃/SF%100
))((
)()(

121SF

1020 ⋅×
−

−
=

⋅ tttY
tYtYα  (20) 

where 
t1 is room temperature; 
t2 is the upper or lower limit of working temperature; 

)( 10 tY  is zero output under room temperature before the thermal cycles; 

)( 20 tY  is zero output under the upper or lower limit of operating temperature; 

)( 1SF tY ⋅  is full-span output under the room temperature before the thermal cycles. 

6.4.3.3 Thermal sensitivity drift 

 ℃/SF%100
))((
)()(

121SF

1SF2SF ⋅×
−

−
=

⋅

⋅⋅
tttY
tYtYβ  (21) 

where 
t1 is room temperature; 
t2 is the upper or lower limit of operating temperature; 

)( 1SF tY ⋅  is full-span output under the room temperature before the thermal cycles; 

)( 2SF tY ⋅  is full-span output under the upper or lower limit of operating temperature. 

6.4.3.4 Thermal zero output hysteresis 

The thermal zero output hysteresis αH is given as 
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