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FOREWORD

hternational Electrotechnical Commission (IEC) is a worldwide organization for standardization cd
ptional electrotechnical committees (IEC National Committees). The object of IEC:"is to
ational co-operation on all questions concerning standardization in the electrical and“electronic f
nd and in addition to other activities, IEC publishes International Standards, Technical Speci
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee i
b subject dealt with may participate in this preparatory work. Internatienal, governmental §
nmental organizations liaising with the IEC also participate in this preparation. IEC collaborate
the International Organization for Standardization (ISO) in accordanee’ with conditions deterr
ment between the two organizations.

pbrmal decisions or agreements of IEC on technical matters express)‘as nearly as possible, an inte
ensus of opinion on the relevant subjects since each technical committee has representation
sted IEC National Committees.

Publications have the form of recommendations for interhational use and are accepted by IEC
hittees in that sense. While all reasonable efforts are,made to ensure that the technical contef
Cations is accurate, IEC cannot be held responsible’ for the way in which they are used or
terpretation by any end user.

Her to promote international uniformity, IEC,National Committees undertake to apply IEC Puk
barently to the maximum extent possible «in* their national and regional publications. Any di
ben any IEC Publication and the correspdnding national or regional publication shall be clearly ind
tter.

tself does not provide any attestation”of conformity. Independent certification bodies provide ¢
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
es carried out by independentgertification bodies.

ers should ensure that they have the latest edition of this publication.

hbility shall attach to IEC or its directors, employees, servants or agents including individual exq
bers of its technical committees and IEC National Committees for any personal injury, property dg
damage of any hatlre whatsoever, whether direct or indirect, or for costs (including legal f
hses arising out, of the publication, use of, or reliance upon, this IEC Publication or any o
Cations.

tion is drawn*to the Normative references cited in this publication. Use of the referenced publig
ensable for the correct application of this publication.

mprising
promote
ields. To
ications,
as “IEC
terested
nd non-
5 closely
hined by

rnational
from all

National
t of IEC
for any

lications
ergence
icated in

nformity
e for any

erts and
mage or
bes) and
her IEC

ations is

tights. IEC shall not be held responsible for identifying any or all such patent rights.

tiop is_drawn to the possibility that some of the elements of this IEC Publication may be the srbject of

International Standard |EC 62047-34 has been prepared by subcommittee 47F:
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

Micro-

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 titte 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

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended

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

IMPORTANT - The 'colour inside' logo on the cover page of this_publication indjcates
that jt contains colours which are considered to be useful for the correct
undenstanding of its contents. Users should therefore print this document usging a
colouf 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 pqgrt of IEC 62047 describes test conditions and test methods of electric characte
performances and thermal performances for MEMS pressure-sensitive devicey.

docum
devices

2 Normative references

The fol
content
cited a
any am

IEC 61

inspectjon of electronic components and packages
IEC 60Y47-14-3, Semiconductor devices —, Part 14-3: Semiconductor sensors — P
sensor$

3 Te

For the
followir

ISO an
addres

e |EC
e ISO

nt applies to test for both open and closed loop piezoresistive MEMS p
on wafer.

lowing documents are referred to in the text in such a,way that some or all

constitutes requirements of this document. For dated’eferences, only the
bplies. For undated references, the latest edition of theyreferenced document (in
endments) applies.

93-2, Quality assessment systems — Part 2:\Selection and use of sampling p

rms and definitions

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

d I[EC maintain terminological databases for use in standardization at the fg
5es:

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

Onling browsing platform: available at http://www.iso.org/obp

, static
This
essure

bf their
edition
cluding

ans for

fessure

hnd the

llowing

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


http://www.iso.org/obp
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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 pof the pressure-sensitive device when the pressure difference between bothygides of
the membrane structure is zero

4 Tept conditions

4.1 Atmospheric conditions

The measurement of characteristics shall be carried out undef the following atmogpheric
conditipns unless otherwise specified.
a) Stapdard atmospheric conditions
Temperature range: 15 °C to 35 °C;
Relgative humidity range: 20 % to 80 %;
Atmospheric pressure range: 86 kPa to 106 kPa.
b) Stapdard reference atmospheric conditions
Temperature: 20 °C;
Relative humidity: 65 %;
Atmospheric pressure: 101,3 kPa.
The standard reference atmaspheric conditions are corrected values derived from [testing

values [under any other atmospheric conditions. In most circumstances, temperature and
atmospheric pressure aresthe only factors to be considered.

4.2 Electromagnetic conditions

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

4.3 VYibration 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

und

er 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

instituti

ons should be required and valid.

5.2 Il'lacement and preheating time

The in
prehea

53 (

The tes

6 Testitems and methods

6.1 1
The re

resistapce substrate. Build the test system according to 5.3. Fix the wafer on thg

station
height
conned|
system

6.2 Resistance

6.2.1

To mes

6.2.2

Conneq
probes
describ

strument and meter should be powered on for preheating before ‘thé tes
ing time should be in accordance with the operation manual.

Connection

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

[est preparation

sistance test system of the probe station should be calibrated using sf
and the probe (or probe card) should be in the same horizontal plane. Adj

of the wafer supporting stage andi‘the scanning horizontal line to insure
tion between the wafer pins and the probes during testing. Set the parameters

Purpose

sure the resistance value of the pressure-sensitive device.

Test methods

t the<pressure-sensitive device pins with the reading and recording device {
complying with the general provisions set out in 5.1 to 5.3 and the test prep
ed<in 6.1.

t. The

andard
probe
ust the
reliable
of the

hrough
aration

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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b) Ope
For the

pins. F
pin 3, p

NOTE 1
6.3 3
6.3.1

To mes

IEC

Figure 1 — Closed loop bridge
n loop piezoresistive pressure-sensitive device
open loop bridge shown in Figure 2, measure the resistance between every a

in 4 and pin 5, as well as between pin 5 and pin 1.

IEC
Figure 2 — Open loop bridge
he consistency ofsthe-four resistance values will affect the zero output.
btatic performances
Purpose

sdrethe static performances of the device.

djacent

br example in Figure 2, measure the resistances between pin/1 and pin 2, pin 2 and

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) hys

teresis;

f) repeatability;

g) acc
h) sen

uracy;

sitivity;
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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 samphng—ofgeneralnspectondtevel HRrIEGC 611932 the—sampling—shal-be carried

out and the sampling amount shall be more than it is in IEC 61193-2.

1(0,4R/5

(-4R/5,0)
A
1 ]

-———

~1(0,0) T

IEC
Figure 3 — Five-point sampling

Turn of the pressure source and control the pressure to be stable at the full-scale pressure
for at lpast 1 minute and then at thé. zero-scale pressure for at least 1 minute. Recytle this
process$ for 3 times.

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

This tept shall be started from the zero-scale pressure and approach full-scale pressyre (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 wafef. Then
start from full=scale pressure and approach the zero-scale pressure (i.e. backward strpke) by
decreasging'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 Y_Ul

p— 1 n
Yy, =;zj:1YUij (1)

The average value during backward stroke of the ith test point Y_Dl.,
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P— 1 n
Yp; :;ZJEIYDU (2)

The overall average value of the forward and backward stroke of the ith test point 71

¥ = (R + ¥or) 3)

Y, ig—the—output value of the Ih test point in the N forward  stroke

(1=1,2,3, ..mj=1,2,3, ..n);

Y,; i the output value of the it" test point in the ;" backward stroke (/%1,2,8, ...m,
JE 1,2,3, ...n);
n ig the number of cycle test.
The working characteristic formula of the device is given as follows:
Y=a+bX (4)

The infercept a and slope b (i.e. sensitivity) shall be_fitted using least squares method, as
follows

m m o~ mo
ZXz'z *ZYi —ZXi *ZXiYi
_ il = inl =

a= m m (®)
my X7 - X))
i=1 i=1
m __ m m __
my XY=y X;*YY,
b= i=1 i=1 i=1 (6)

- m m
my X} - X))
i=1 i=1

ig the’pressure value of the ith test point (i = 1,2,3, ...m);

Y, 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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Y, =Y +b(P, - X) (7)
where
Y, is the voltage output corrected to standard reference atmosphere pressure(101,3 kPa);
Y is the voltage output under the practical atmosphere pressure;

P,

A 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 oufput value of the device is the absolute difference between the oufputs of
zero-sdale pressure and full-scale pressure in measure range, based on the calculatef value

of theofetical working characteristic formula. The full-span output value YF,S is given as

Ypg =bx(Xyg—X1) (8)

where
b is the slope of theoretical working characteristic formula; i.e. sensitivity;
Xy, X are the full-scale pressure and zero-scale pressure value in measure| range
respectively.

6.3.3.5 Nonlinearity

Nonlingarity describes the deviation extent between“the measure curve and a specific $traight
line. THe nonlinearity & is given as

et
17 Tlmax 1000 (9)
Yrs

53

?l. ij the overall average value of the forward and backward stroke of the it" tegt point
gjven by Formula (3);

Y i the value-calculated by Formula (4);

Y.s i 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 §H is given as

‘YUi —Ip,
&y =—— X x100% (10)
Yrs
where
E and Y_Dl. are the average value of the ith test point during forward and backward stroke

respectively, given by Formula (1) and Formula (2);

Yig is the full-span output value given by Formula (8).


https://iecnorm.com/api/?name=e3a9d63f5d947f529a34457922e354ee

6.3.

-12 - IEC 62047-34:2019 © |IEC 2019

3.7 Repeatability

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

a)
b)
c)
d)
e)

f)

The repeatability £, is derived from Formula (11) to Formula (14). Use the Bessél for

same testing method;
same tester;

same testing devices;
same location;

same working/testing condition;

Antad tactinea Hhin
repgated Rt

AAL PaNrY
ot gyt o o

calculate the standard deviation of each testing point in forward/backward stroke.

The stgndard deviation of the it test point in forward strokes, S, is the fellowing:

n—1

- —
SU:’:\/ Zizl(YUij_YU[)

The stgndard deviation of the it test point in backward-étrokes Sp, is given as

1 < —
SDi:\/ _lzjzl(YDij_YDi)

n

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

1 m 2 m 2
S= \/%(ZJ_ISUI' + ZFISD,')

The repeatability &, i§ given as

mula to

(11)

(12)

(13)

(14)

Yrs
where
YUl.j is the output value of the ith test point injth forward stroke (i = 1,2,3, ...m, j = 1,2,3, ...n);
Yp; is the output value of the " test point in j!" backward stroke (i =123, ..m,
j=1,2,3, ...n);
Y_w is the average value of the ith test point during all forward strokes;
E 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;
A 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 (AY),, is given as

(AN, =[r - ¥ (15)

max

System|atic error during backward stroke (AY),, is given as

(4Y)p; :‘YDi d

(16)

max

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

Define [U; to be the larger one between (4Y); and (4Y)p;.<And the random error range of
sensitiye device U, is given as

U2=i3S (17)

The acguracy of the device is given as

gziwxloo% (18)

F-S

6.3.3.9 Sensitivity

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

6.3.3.10 Zero drift

Read gnd record“the zero output value of sensitive device every 20 minutes for at least
2 hourq following the test method in 6.4.3.2. And the zero drift D is given as

iYmax _Ymin|
D, =1mx“minl100% (19)

F-S

where
Y,

max

Y,

min

is the maximum value of zero output;
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 tegt system should be built in accordance with the general provisions in 5.1 t0-5:3 &nd the
test prgparation in 6.1. Perform test cycle for three times sequentially under room tempjerature,
the upper limit of working temperature, the lower limit of working temperature,»and thgn back
to the §ame room temperature. Maintain each temperature for 1 hour and test zero oufput, as
well as|full-span output of the devices.

The pefformance index can be calculated in accordance with 6.4.3.2(10 6.4.3.5. The sgmpling
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

Therm3l zero drift « is given as

o = 20 =T 00 k.5 C (20)
Yes(t)da-1)
where
14 is room temperature;
ty is the upper or lower limit of working temperature;

Yo (1) is zero output under room temperature before the thermal cycles;
Yy(t;) | is zero output-under the upper or lower limit of operating temperature;

Yrg(f) | is full-span-output under the room temperature before the thermal cycles.

6.4.3.3 Thermal sensitivity drift

ye 2 YF»S(Q)_YF-S(II) 100%FE-SC (21)
Yes(f)(t —17)
where
1 is room temperature;
ty is the upper or lower limit of operating temperature;

Yes(®) is full-span output under the room temperature before the thermal cycles;

Yes(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 ay is given as


https://iecnorm.com/api/?name=e3a9d63f5d947f529a34457922e354ee
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