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Framework & Motivation

Investigated Pressure Sensor Types
e Absolute pressure sensors
e Relative pressure sensors

Wafer Level Testing Approach
Identification Algorithm/System

e FE modeling

Measurements & ldentification Results

Summary & Outlook
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Framework & I\/Iotlvatlo ,

» BMBF funded project PARTEST (2005-2007)

e ,Measurement and Test Equipment for
Determination of Production Relevant Parameters
of Microsystems on Wafer-Level*

» Motivation: Significant cost reduction by
detection of faulty sensors before the
subsequent packaging and assembling steps

» Project partner:

/ Equipment \ / MEMS companies \ /Research institutes\
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Pressure Sensors.

> Absolute pressure
sensors

e Technology: backgrinded
membrane wafer is bonded e iz foa !

membrane wafer, n-Si

on a cavity wafer caity
e Quadratic membrane

* Varying parameter:
membrane thickness

» Relative pressure
sensors

e 3 varying parameter (x/y
membrane size, thickness)

AlSi

Absolute pressure sensor cross section
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Wafer Tevel Testing App 4:6

* Approach: Online parameter . MsA —> SO eueney and
identification by optically ncdle
measured out-of-plane modal . . A
i ':aria E‘U'E' hu-E‘n-: I i / 9 N,
frequencies e ey () [
» Electrostatic excitation of —

modal frequencies

> FE simulation parameter
matrix is basis of identification
core

> Two test modi

Measurement principle

o Characterization — close grid
of laser measurement points

e Go/nogo test — minimum
number of laser measurement
points

Measurement setup
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Parametér Identlflcatlon ,.l,_

Hardware ANsys

Polytec = Labview | SU€ss = prober Electrostatic FEA parameter
Freq. response control excitation unit simulation

- AN . N/ /

*.vsd - file *.map - file *.res files - parameter
matrices

f \ Matlab (C++) \

[ Frequency peak search ] [ Polynomial approximation ]

\ /
C )

Modal frequency determination
Optimization/explicit calculation
\_ P i J J
e v ™
Sensor parameter / go,nogo
N\ Y,
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Parameter Identlflcatlon Sy

x 10
18 T T T T T T T
Peak picking Lef - R e R e
e Automatically peak identification by ; ; ; ; ; ; ;
defined minimum/maximum peak At e e
width Lo - AR S S
Polynomial approximation 1 A
o User specified parameters: relative = 0 0 0 0 T
and absolute accuracy > 038 - b b . .
e Polynomial degree is automatically | | | | |
determined : i
Identification unit T
e User specified parameter: normed : :

IAE (ldentification Accuracy
Estimation)
Feedback to model/simulation
quality
— Polynomial approximation cannot be Example of frequency response (absolute

reach_ed _(mc!udlng oszillation) pressure sensor, 500x500um)

— |AE distribution on wafer follows a
function instead of a stocastic
distribution
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Identification Accuracy Estimation (&

= Introduction of term IAE

-4
] ] : x10
MOtIV&tIOI"I . deteCtlon Of 1 hFile: TC701m3_001Vdat 77777777777777777777777777777777
e Inaccurate model 09L-————- N | Yt B
 Faulty die Ymeas

Example (absolute pressure
sensor): 3 relevant modal 0.7 -----"r--=| ——==-f--- f, =971 kHz -
frequencies (f,=971kHz,

f1 =596 kHz

06F-----—------| -——--
f,=1969kHz, f,=2821kHz) _ |
E05 i f, = 2821 kHz )
& g : f. =3550 kHz
04— AR S S : )

f by simulation
1 free parameter, 3 modal 03 ange O ) -

frequencies = 3 membrane 3
thicknesses (z, — z3) |

|

|
. o 0 | |
Identification Accuracy Estimation 0 500 1000 1500 2000 2500 3000 3500 4000
IAE = max(z,)-min(z,) FlkHz]

f, = 1969 kHz .
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Prestressed modal
analysis of absolute and
relative pressure
sensors up to 11th
modal frequencies

e Thermal induced stress

e Ambient pressure
Parameter simulations
modal frequency versus
membrane parameters

Static analysis including
sensitivity calculation
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ANSYsS 10.0
NODAL SOLUTION
STEP=1

SUB =16
FREQ=588567

Uz (AVG)
R&Ys=0
PowerGraphics
EFACET=1

BONORECEN

Relative pressure sensor - simulation of
the 11th modal frequency
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Relative Pressure Sensor Meas

> Measurement and
identification up to 10
modal frequencies

fkHz]

-11
x10
T B B B [
s+ttt
ol b
. | | | | Pressure sensor mode
albo W ) shapes generated by
3 3 | | Polytec PSV software
| N | | |
WLM ““f,,,;,,:”i‘y&““i,,; ,,,,,,,,, e 1
300 400 500 600 700 800
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AbsoltteRressu re Sensor — Paf -meter

Absolut pressure sensor
with 3 different membrane
sizes (500x500, 650x650,
850x850)

Go/nogo test based on 2
criteria

e Membrane thickness is
within the spec

e |AE is within the user
defined spec (<0.4um)

B TC701CA (850 pm)
I TC701BA (650 pum)
[ |TC701AA (500 um)
[ |TC701AA (not measured)
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Parameter ldentification Result

»  Membrane size: 500x500pum

std: 0.02 - -
‘ I dcfective dies ‘ I e fective dies
=i e i g
Mean value of identified membrane thicknesses Difference between the largest and the smallest
identified membrane thickness (IAE in
microns)

| L}
| |
- © Copyright 2004 Melexis Microelectronic Integrated Systems. , d -
e ex I e All Rights Reserved 'V, \.-Wn mﬁ\‘-} pﬂt‘-“! A\
\Yiﬁ*k W Y

Microelectronic Inlegraled Syslems



-f""'"-—-.._‘*-—"'q . = . \-

Parameter ldentification Pesuﬁt

- Usage of IAE to identify wrong dies

223(10'5 - - 13(10'4 S -
| File: TC701m3_417.v.dat | | File: TC701m3_001.v.dat ‘ |
| | yﬁlt e Al | . | - yﬁh |
: 09 : r )
! Ymeas ! ol - iR L Ymeas |
f, =594 kHz - ' | | f, =596 kHz |
f, = 1058 kHz | 0711 R f, =971 kHz |
1 f, = 2078 kHz 1 0.6+ SRR | f, = 1969 kHz T
i fange (0Y simulation) i é o5l - i 7777777777 :_” f, = 2821 kHz J:
fffff > | | f =3550 kHz |
| | | 04 ****** ===~y ~———= === 5 -
,,,,, L ol _E l l f_ (bysimulation) | |
| | | 0.3~~~ R R = :
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Die marked by identification as irregular Regular die
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IAE of sensor types
e 500x500pm: 110nm e

e 650x650um: <300Nnm

o 850x850um: <400nm
Result: model improvement of
larger membranes

e Optimization of prestress
parameters

Mean value of identified membrane thicknesses
(membrane size 650x650 and 850x850)
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< Parameter Identificati

e Absolute pressure sensor
test structures with

rectangular membranes

e Varying parameters:
e Membrane thickness (15-
25um)
e Membrane sizeiny (800-
900um, Note: x size is fixed)

o Note: Peaks are not
obligatory modal
frequencies!

o Result:

e X=(811.0 um, 18.09 um)
e IAE = (6.4 pm, 0.26pum)

2.5

1.5

0.5

f, =326 kHz |
f,=628kHz | |
- f,=716 kHz ||

f4: 965 kHz
IS B f5=1120kHz,

1000 1200 1400 1600 1800 2000
f [kHz]
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> Usage up to 8 modal frequencies for the

iIdentification of 3 sensor parameters.

Die 1 2 3 4 5
number

Membrane 14.2 13.97 14.10 14 .54 13.56
thickness

1AE 0.27 0.26 0.17 0.22 0.32

X size 1302.1 1298.2 1303.1 1295.3 1302.1
1AE 4.2 9.1 12.2 13.1 8.3

Y size 1304.2 1306.3 1302.1 1298.4 1299.3
1AE 52 8.9 59 11.2 12.1
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“Summary & Outlook

Summary

o Vibrometer, prober and excitation unit permits the optical
measurement of modal frequencies up to 2.5 MHz

o Automatic online identification of up to 3 pressure sensor
parameters within 3 seconds

Outlook

o Static measurements of deformation and sensitivity —
correlation of dynamic and static identification results

o Expansion of the approach to further sensor types (e.g.
stress identification of IR sensors)

o Sensitivity analysis

e Reduction of measurement time to 1 second
(software/hardware)
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Thanks for your attention!

Steffen.Michael@melexis.com
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