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Detection of Nanoscale ESD Effect on GMR Head Signal Using Wavelet
Transform Technique: HBM and CDM Cases
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40002, Thailand.
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Abstract. An electrical signal anomaly is an undesired signals and difficult to detect by a commercial
instrument due to its short duration and unpredictable fault on a signal. Since GMR recording head is a
stack of nanometer thick multilayer. In particular, a magnetic layer and conductor layers, for magnetic
insulating spacer, are very sensitive to electron movements. Visible damage is understandable and
protectable recently but latent failure cannot be measured. It is possibly observed by using frequency-
domain apparatuses but certainly it is not real-time detection. Therefore, in order to detect a latent
failure head affected by ESD in the time-domain, current conventional instruments are ineffective. In
this study, the wavelet transform technique using the 4™ order Daubechies is proposed to detect the
glitches on a magnetic recording head signal in the time-domain. It is found that the glitches occur
when the ESD level of the Charged Device Model (CDM) and Human Body Model (HBM) on giant
magnetoresistive (GMR) heads are in ranges of 6-15 V and 40-120 V, respectively. The electrical test
parameters and Scanning Electron Microscope (SEM) photo of the recording heads show no visible
change in reader sensor. To ensure the results, the GMR damage is observed by SEM when the CDM-
ESD and HBM-ESD are 10 V and 130 V, respectively. The glitches in magnetic response signal of the
GMR head are found to increase when the ESD level is increased. Thus, the Daubechies wavelet
transform technique can be a novel approach to detect the pre-degradation of GMR head due to an ESD
effect.

Keywords : ESD, Wavelet transform, GMR head, Glitch.



1. Introduction

In recording head manufacturing, some head may be degraded in the testing process but does not
exhibit on the tester. An electrical signal glitch is one undesired signal and difficult to detect by a
commercial instrument. This is because of its short duration fault on a signal. A glitch represents a
device instability, i.e. a small glitch on a magnetic recording head signal is called as Barkhausen noise
[1]. Barkhausen noise represents the domain instability of a ferromagnetic material which affects the
recording head performance [2].

The GMR head is recognized as an ESD sensitive device [3-5]. The energy of ESD pulse which
called joule heating can damage the reader. A low level of ESD energy can latently degrade head
performances but no visible sign can be captured by a commercial tester.

More than 20 years ago, the wavelet transform technique was used in the area of signal processing.
The wavelet foundation and multi-resolution analysis were introduced by Mallat and Meyer [6]. Some
years later, Daubechies discovered the orthogonal wavelet and the Daubechies wavelets have been used
widely in a multi-scale signal processing applications, such as compression, denoising, discontinuous
detection, classification or fusion. In this paper, the 4™ Daubechies wavelet bases are considered to be
used due to suitable detection of discontinuous signals like the glitch of the GMR head in the ESD
testing process [7-8].

This study primarily presents the glitch detection on a sine waveform by using the wavelet transform
technique, in the ESD testing process of GMR heads. A sinusoidal waveform is used due to its
smoothness without a side-band frequency, and generated by a Digital to Analog Converter (D/A). Its

output is then transferred to a static tester producing a sinusoidal magnetic field.
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Figure 1. ESD Testing diagram of GMR Head [9].



A signal for the magnetic field response of a GMR head is captured by an Analog to Digital
converter (A/D) of a Data Acquisition Card (DAQ), and then using the 4™ order Daubechies wavelet
transform technique is used to detect the glitch. It is discovered that the glitch can be found in the ESD
testing process by using standardized CDM and HBM. This obviously useful result prior to recording

head breakdown in association with SEM results is first published.
2. Discrete wavelet transform

The wavelet transform was introduced at the beginning of the 1990s and has attracted a lot of
interest in the fields of speech and image processing. Nowadays, wavelet transform is widely applied in
signal processing. The discrete wavelet transform involves two fundamental Equations (1) and (2) [10].

The wavelet method consists of traditional frequency domain analysis to capture the steady state
operation of the electrical signal and a wavelet-based noise analysis that captures the noise information.
The advantages of wavelet are: (1) trade-offs between solution accuracy and computational speed and
(2) possible numerical stability for measurement systems.

The non-redundant representation and perfect reconstruction of the original signal can only be
realized through compactly supported orthogonal wavelets [11]. There are frequently used for signal
processing Daubechies, Morlets, Coiflets and Symlets wavelets. These wavelets exhibit different
attributes and performance criteria when applied to specific applications, such as detection of
transients, signal compression and denoising. In order to select the optimal wavelet, the absolute values
of the decomposition coefficient are summed over one-cycle window for each fault position. The 4
order Daubechies is used to detect low level noise that occurred on sinusoidal signals.

The discrete wavelet transform is defined by

1 Nt
m+1 = th m,2n+k (l)
and m+1 n= = Z 8k m 2n+k (2)

where 4,17, are the approximation coefficients,
D,,+1,, are the detail coefficients,
hy  are the scaling coefficients of the signal approximation,
gr  are the scaling coefficients of the signal detail decomposition,
is the sample index,

n
N is anumber of scaling coefficients,
m 1is the scaling index,

k

is the interger step.



When expanding (1) and (2) to Daubechies 4™ wavelet transform, the coefficients are

1
——=(hoApon + M A one + oAy 2per + Py Ay 2043) (3)

m+l,n — \/5

A

1
Dyyp= E (&oAmon + &1 Amann + &2 Amania + &3 Amans3) 4)

where  go=hs3, g1 =-hy g>=h;,g3=-hy.

Therefore, the 4™ order Daubechies coefficients are ho = 0.6830127, h; = 1.1830127, h, =
0.3169873 and A3 =-0.1830127.

3. Experiment Setup

The ESD experiment setup comprises ESD simulation circuits, 16 bit DAQ card, static field tester
and personal computer (PC).

An ESD simulation circuit is used for generating an ESD impulse voltage of HBM (Vusmesp) and
CDM (Vcpm-esp)- The computer-controlled ESD voltage, Vgsp, is varied up to 3,000 V.

Labview software is used to synthesize a sinusoidal waveform, then pass through a Digital to
Analog converter (D/A) of DAQ, for generating a sinusoidal signal. Its output signal is connected to a
power amplifier to drive a ferrite core to a +£ 300 Oe maximum H-field at 1 Hz.

The output signal of GMR head is connected to A/D part of a DAQ card. The 4™ order Daubechies
wavelet transform is used for detecting the glitch from the output signal of the GMR head, as shown in

Figure 1.
4. Results and Discussions

4.1 The ESD Test using CDM

The ESD testing is based on CDM where a 5 V-step voltage varied from 0 V is applied until a
failure or degraded head can be observed. A Vgsp is primarily connected to R+ pin and then discharged
from R- pin to ground. Four static parameters;, GMR resistance (RGMR), signal asymmetry
(Asymmetry), signal amplitude (Amplitude) and phase change (Phase), are measured by using an

industrial tester.
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Figure 2. ESD testing results using CDM-ESD Figure 3. Glitch and GMR changes of CDM-
test. ESD test.

Figure 2 represents the average result of 5 heads. It is seen that the 4 parameters seem to be stable.
The breakdown voltage of this head is seen at 16 V where it is observed that this head starts degrading
at 14 V. However, it can be seen that the different between Amplitude and Asymmetry change starts at
11V.

Using conventional industrial measurement equipment, it is impossible to obtain a degraded
indicator. The wavelet transform technique is then introduced to detect the glitch change and compared
with the GMR change. This is based on the fact that RGMR is changed as the head starts being
degraded.

It can be seen from Figure 3 that both positive and negative glitches trend to be outside the noise
level threshold when Vcpwmesp > 6 V. The noise level threshold is the glitch-change bandwidth of a
good head and, normally, it should be in a range of +/-40 uV. It is significantly note that a glitch is
seen at Vepm-esp = 6 V and it inclines declines at Vepmgsp > 11 V.

Examples of sinusoidal signal of GMR head, with and without glitches, are shown in Figure 4 and
Figure 6 respectively. A sinusoidal signal of good head at Vcpm.gsp = 0 V is shown in Figure 4 where
that of degraded head, Vcpmesp = 10 V, is shown in Figure 6. The output signal of noise from the
wavelet transformed of a normal signal is shown in Figure 5. It is found that no glitch is observed on
sinusoidal signal and the output of the 4™ Daubechies wavelet transform.

On the contrary, glitches are seen on the signal from a degraded head, Vcpmesp = 10 V, as shown in
Figure 6. An output signal of noise from wavelet transform of anomalous signal is shown in Figure 7.
The peak voltage of glitch is now distinguishably measurable and recorded as those of positive and
negative glitches, in Figure 3.

This novel technique to detect an invisibly degraded GMR head by currently industrial parameter

measurements is first time demonstrated and the results are confirmed with the SEM results.



From the SEM photo in Figure 8, it is manifest that no physical damage of reader sensor is seen

when the Vepmesp is 9 V. At this situation, the conventional static tester does not show any

significantly changed parameters where the wavelet transform technique is only possibly detectable.

When a higher Vcpmiesp of 10 V is applied, the head is seen to be physically damaged as shown in the

SEM results in Figure 9. The electrical parameters are then just detectable by using current

conventional instruments.

This experiment shows the degrading performance of GMR heads at low V¢pmesp levels of less

than 15 V. The degraded heads show glitch changes which are only detectable by using wavelet

transform technique. However, this technique has to be confirmed with high Vgsp levels where the

Human Body Model (HBM) is employed.
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Figure 8. SEM photo of degraded GMR head Figure 9. SEM photo of visible damage GMR
at Vepmesp = 9 V. head at Vepmesp = 10 V.

4.2 The ESD Test using Human Body Model (HBM)

The Human Body Model (HBM) is used for ESD test where a 10 V-step voltage is varied in a
similar procedure to that of CDM.

The static test parameters are measured by the same conventional instrument when Vupm.esp 1S
applied in order to study its normal behavior. It is seen in Figure 10 that the 4 industrially static
parameters seem to be stable when Vygmpsp is increased up to ~120 V. A slight change can be
possibly observed in Amplitude and Asymmetry results when Vygyesp = 90-120 V. However, this
GMR head is damaged at Vypm.esp = 130 V.
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Figure 10. ESD testing results using HBM. Figure 11. Glitch and GMR changes of HBM-
ESD test.

When a wavelet transform technique is employed to acquire the glitch change, RGMR change is

then measured at varied VESD. In Figure 11, it is seen that the RGMR increases dramatically when



VESD < 100 V. It then falls and is finally damaged at VESD = 120 V. The glitch changes at VESD >
20 V are seen to be outside the noise level threshold and the negative glitch change seemingly plays an
important role in this low ESD range. A maximum negative glitch change of an order of ~ -70 pV is
found at Vygmesp = ~ 40 V and then it tends to decrease where that of the positive glitch change is on
the contrary.

It is noticed that the positive glitch slowly increases and drastically decreases at Vygmesp = 90 V.
The RGMR change also agrees with this change as it dramatically increases at Vygsmesp = ~ 80-90 V
and then drops at Vygmesp >100 V.

This is different from that in Figure 3 where CDM is employed. A possible reason for this
disagreement is that a high energy is applied to the GMR head and it consequently causes a temporary
magnetization reverse. At higher applied energy, a positive change will then be prominent. This later
change is considered to forecast the ESD effect since it concurs with RGMR change.

For Viusm-esp = 130 V, the head is destroyed where both glitch changes reach to system noise level.
This means no glitch is detectable or it is an entirely noisy signal.

Examples of good head performance, where Vygm.esp = 0 V, in terms of sinusoidal and wavelet
transformed signals are shown in Figures 12-13, respectively.

It can be seen that the sinusoidal signal and the amplitude of noisy wavelet transformed signal is
normally in a range of ~ +/- 40 puV. In addition, no significant jump of amplitude or glitch change can
be detected on normal signal in Figure 13.

However, at Vugmesp = 50 V, some glitch change can be observed in both signals as shown in
Figure 14 and Figure 15. It is found that a few positive amplitude changes of the order of ~40-70 pV in
Figure 15 is detectable where a maximum negative portion of order of ~ -85 uV is achieved.

If a Vygsmresp is further increased, the number of glitches on a sinusoidal signal seems to be
increased as shown in Figure 16 where Vysmesp = 90 V. At this stage, in production line this GMR
head is still considered passable because all measured parameters are in an acceptable condition.
However, by using this new wavelet transform technique, the average positive amplitude of ~ 60 pV
and the amplitude changes in which the range of -40 pV to +90 puV can be detected. Therefore, this
head has latent degrading may start at Vygm.psp = 50 V or 90 V.

These results show the same agreement with those of CDM in Section 4.1. The SEM results of heads
affected by Vusm.esp = 120 V and 130 V are shown in Figure 18 and Figure 19, respectively. The
former head is certainly passed by using current parametric measurement and even confirmed by SEM.
No bulb at reader sensor is visibly found in the SEM photo of Vygm.esp = 120 V whereas that of Vygm.
esp = 130 V clearly shows a visible GMR damage. From these results, it is confident that the wavelet

transform technique will be a novel instrument to detect degradation of GMR head due to ESD effect.



1500+

1000 /w

5; 500 "

[} \

gz ° N 7

E -500 /

<

-1000 \\“W

-1500- ]
0 01 02 03 04 05 06 07 08 09 1

Time (S)
Figure 12. Sinusoidal signal of good GMR
head at VHBM-ESD =0 V.

1500+

1000 i

500-—4]

-500

/

Amplitude (uV)
o

Sl

-1000

-1500-

0 01 02 03 04 05 06 07 08 09

Time ()
Figure 14. Sinusoidal waveform of degraded

GMR head at VHBM-ESD =50V.

1

1500

1000

500

N

/

-500

Amplitude (uV)
o
| &

Ry R

-1000

-1500

0 01 02 03 04 05 06 07 08 09

Time (S)
Figure 16. Sinusoidal waveform of degraded

GMR head at Vygm-esp = 90 V.

1

Amplitude (uV)

100
1 [ ]

Noise Level Threshold
60 7

Amplitude (uV)
o

0 01 02 03 04 05 06 07 08 09 1

Time (S)
Figure 13. Wavelet transformed signal of good

GMR head at VHBM-ESD =(0V.

100 ‘ ‘ ‘

Noise Level Threshold
60 7

ZGJ wll | , Iy [

b 01 02 03 04 05 06 07 08 09 1

Time (S)
Figure 15. Wavelet transformed signal of

degraded GMR head at Vygm.psp =50 V.

100-
[ [ ]

Noise Level Threshold

60 7
— H.L L
Ll e |

Amplitude (uV)

b 01 02 03 04 05 06 07 08 09 1

Time (S)
Figure 17. Wavelet transformed signal of

degraded GMR head at Vygmpesp =90 V.



Figure 18. SEM photo of invisibly degraded Figure 19. SEM photo of visibly damage GMR
GMR head at Vygm-psp= 120 V. head at Vypm-psp = 130 V.

4. Conclusion

From the experiments, it is discovered that a glitch occurs when the Vgsp is increased. For ESD
degradation level, GMR heads are in ranges of 6-15 V and 40-120 V for Vepm-esp and Vusm-Esp,
respectively. The normal parameters obtained from conventional static tester in manufacturing process
such as GMR resistance, signal amplitude, signal asymmetry and phase difference between magnetic
field and signal output are not a reliable indicator for head degradation. They are limited to only exhibit
a totally damaged GMR head.

In addition, the SEM is currently used as an instrument to observe a nanometer-scale-GMR head.
Although it can capture a physical damage, a degraded head cannot be detected. The wavelet transform
technique using the 4™ order Daubechies is one of the possible instruments to detect degraded GMR
heads in the time-domain. It is also discovered that, for CDM, the positive and negative glitch changes
are normally less than those for HBM. In particularly, the HBM study shows that those glitch changes
alternately play an important role.

It can be concluded that the Daubechies Wavelet Transform technique is able to detect initially
degraded GMR heads affected by both CDM- and HBM- ESD phenomena as where the conventional
techniques, electrical parametric measurement and destructive SEM, are not sensitive enough. These

results have been recently confirmed by the utilization of this technique in the production line.
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Electrostatic Discharge (ESD) effects have been identified as one of the most dangerous causes of
giant magnetoresistive (GMR) recording head damage. These phenomena have been studied at all
levels of hard-disk drive manufacturing '. The head gimbal assembly (HGA) is mainly studied
because of its exposure to the environment. The standard models are typically based on the human
body model (HBM), the machine model (MM) and the charged device model (CDM) where research
and practical tests are incompatible. In production, one or more ESD models are normally effective
while the other is undergone under a separate model. In addition, tests in the time domain are more
accurate than those in the frequency domain. However, picosecond measurements are taken with
difficulty where the frequency domain measurement provides non-real time results. Therefore, this is
the first report of serial ESD detection using the new technique of wavelet transform. It has been
found that the glitch occurs when the ESD level of HBM — MM and HBM — CDM serial ESD on
GMR heads are in the ranges of 1.2-2.6 V and 12-15 V respectively.

Keywords: Electrostatic Discharge; Wavelet transform; Glitch.

1. Introduction

The GMR head is generally recognized as an ESD sensitive device™. The energy of an
ESD pulse can damage the reader element . Some heads may be degraded by ESD in the
HGA testing process of recording head manufacturing. A low level of ESD energy can
latently degrade head performance but no visible sign can be captured using a
commercial tester.

A glitch on a head output signal represents device instability, i.e. a small glitch on a
magnetic recording head signal that is called Barkhausen noise’. Barkhausen noise
presents the domain instability of a ferromagnetic material which affects recording head
performances.

The wavelet transform technique has been developed to be a standard signal
processing tool for engineering and applied sciences. The Daubechies wavelet has
became popular right away and led to multi-scale signal processing applications, such as
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compression, denoising, discontinuous detection and classification or fusion, during the
wavelet rush that took place in the 1990°s’. In this paper, the 4™ Daubechies wavelet
bases are used due to their suitability in detection of discontinuous signals known as
glitches on the GMR Head in the serial ESD testing proces’.

This study presents the original work in glitch detection on a sine waveform of a head
output signal using wavelet transform technique in a serial ESD test of HGA process.

2. Discrete Wavelet Transform Technique

. . 8
The discrete wavelet transform is defined by
N1

1
Am+1,n == th : Am,2n+k (1)
2 o
d L% 2
an Dyirn=—"F ng'Am,ZnJrk )
2 (2o

where A, ,1s an approximation coefficients,
D,+1,1s a detail coefficients,
h,  is a scaling coefficient of signal approximation,
is a scaling coefficient of signal detail decomposition,
is a sample index,
is a number of scaling coefficient,
is a scaling index and
is an integer step.

>3 =23®

When expanding “Eq. (1)” and “Eq. (2)” to the 4™ Daubechies wavelet transform, the
coefficients are

1

Apsin = ﬁ (Mo Ay 20+ MAy 21 + Mo Ay 2ps2 + 34y 2443) 3)
1
Dy = E (&oAmon + &1 Am2ns1 + 82Am 2n+2 + &3Am 2n+3) 4)

Where go=h3,g1:-hgy gzzhj,gjz'h().

Therefore, the 4™ order Dabeuchies coefficients are composed of 4, = 0.6830127,
h; =1.1830127, h, = 0.3169873 and 43 = -0.1830127.

3. Experimental Setup

The experimental setup comprises ESD simulation circuits, a 16 bit data acquisition card
(DAQ), a static field tester and a personal computer (PC)9.

An ESD simulation circuit is used to generate a serial ESD impulse voltage for HBM-
MM and HBM- CDM. A digital to analog converter (D/A) is used to generate a
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sinusoidal signal. The output signal is then connected to a power amplifier in order to
drive a ferrite core to a maximum H-field of + 300 Oe at 1 Hz which is called the static
field tester.

The output signal of GMR head is connected to the pre-amplifier and head biasing
circuit. The output signal of the pre-amplifier is captured by analog to digital converter
(A/D) of the DAQ card. The 4™ Daubechies wavelet transform is used to detect the glitch
from the output signal of the GMR head.

4. Results and Discussions

The ESD testing is based on serial HBM with MM and CDM. An ESD voltage is
primarily connected to the R+ and R- pins of the head. Four selected static parameters;
GMR resistance (RGMR), MR amplitude asymmetry (Asymmetry), MR amplitude
(Amplitude) and phase change (Phase), are measured by using an industrial standard
static-tester.
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Fig. 1. Signals of good and degraded heads with SEM results (insets);
(a) sinusoidal and (b) wavelet transformed signals of good heads at VESD =0V,
(c) sinusoidal and (d) wavelet transformed signals of degraded heads.
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The output signals of the head are shown in Figs. 1(a) and (c), and the results from
the wavelet transform are shown in Figs. 1(b) and (d). The SEM results of good and
degraded heads are shown in insets in order to confirm the assumption that no visible
evidence can be seen in the early stage of degradation using commercial instruments

4.1 HBM - MM serial ESD testing

The HBM-MM is used for serial ESD test with a 0.2 V-step. The ESD pulse is applied to
the R+ and R- pins.
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Fig. 2. Static-test parameter results using HBM-MM serial ESD tester.
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It is seen in Fig. 2 that Amplitude and Asymmetry results seem to be stable when the
ESD voltage (VESD) is increased up to ~1 V. A slight change can be possibly observed
when VESD > 1.2 V. The GMR head is parametrically damaged at VESD > 2.6 V.

To acquire a glitch change, the wavelet transform technique is employed. Using the
manufacturing standard, standardized RGMR change is then measured at varied VESD.
In Fig. 3, it is observed that RGMR is dramatically increased when VESD < 2.4 V and
then finally damaged at VESD =2.6 V.

The glitch changes at VESD = 1.2 -1.6 V are seen to be higher than 30 % and the
negative glitch change seemingly plays an important role in this low VESD range. A
maximum negative glitch change of the order of ~40 % is found at VESD = ~1.4 V
whereas a positive glitch does not show a significant change.

4.2 HBM - CDM serial ESD testing

The HBM-CDM is used for serial ESD test with a 1 V-step. The ESD pulse is applied at
the same point as the HBM-MM serial ESD.

It is seen in Fig. 4 that the 4 static parameters seem to be stable when VESD is
increased up to ~15 V. A slight change can be possibly observed in Amplitude and
Asymmetry results when VESD = 13-15 V. However, this GMR head is parametrically
damaged at VESD > 15 V.

In Fig. 5, it is seen that RGMR is dramatically increased when VESD < 14 V. It is
raised and then finally damaged at VESD = 16 V. The glitch changes at VESD > 11 V
are seen to be higher than 40 % and the negative glitch change also seemingly plays an
important role in this VESD range. A maximum negative glitch change of the order of
~70 % is found at VESD =~12-14 V.

5. Conclusion

From the experiment results, it is discovered that the glitch occurs when the VESD is
increased. The degradation level of serial-ESD damage GMR heads is in the range of 1.2-
2.6 V for HBM-MM serial ESD and of 12-15 V for HBM-CDM serial ESD. The 4
parameters obtained from a conventional static tester do not directly show the head
degradation. The parameters are limited to only exhibit a totally damaged GMR head.

The wavelet transform technique using the 4™ order Daubechies wavelet is one of the
possible instruments to detect the degraded GMR heads in the time-domain. It is also
discovered that the positive and negative glitch changes of HBM-CDM are normally
higher than HBM-MM. In particularly, both HBM-MM and HBM-CDM serial ESD
studies explicitly show that the negative glitch changes play an important role to detect an
early stage of ESD degradation in GMR recording heads.
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Abstract. This report proposes the wavelet transform technique using the 4™ Daubechies order to
detect glitches on a magnetic recording head signal in the time-domain. It is found that the glitch
occurs when the electrostatic discharged (ESD) level of the machine model (MM) on giant
magnetoresistive (GMR) heads is in the range of 6-9 V. The electrical test parameter and scanning
electron microscope (SEM) photograph of recording heads shows no change in reader sensor.
However, the parameter and SEM results clearly show the visible GMR damage when the MM-
ESD voltage (VESD) is 10 V. The glitch in magnetic response signal of the GMR head occurs when
the VESD is increased. Therefore, the wavelet transform technique can be a novel instrument to
forecast the GMR degradation due to the MM-ESD effect.

Introduction

In recording head manufacturing, some heads may be degraded in the testing process but do not
exhibit on the tester. An electrical signal glitch is one undesired signal and is difficult to detect by a
commercial instrument. This is because of its short duration fault on a signal. A glitch represents a
device instability, i.e. a small glitch on a magnetic recording head signal is called Barkhausen noise.
Barkhausen noise represents the domain instability of a ferromagnetic material which affects the
recording head performance [1].

The GMR head is recognized as an ESD sensitive device [2-3]. The energy of an ESD pulse
which is called joule heating can damage the reader. A low level of ESD energy can latently
degrade head performance but no visible sign can be captured by a commercial tester.

This paper originally proposes a new mathematical technique to detect a malfunctional

recording head due to the MM-ESD effect by using wavelet transform. In this paper, the 4
Daubechies wavelet bases are considered to be used due to suitable detection of discontinuous
signals like the glitch of the GMR head in the ESD testing process [4-5].
A sinusoidal waveform of magnetic field is generated by computer software, power amplifier and
ferrite coil. A magnetic field response signal of the GMR head is captured by a Data Acquisition
card (DAQ), and then the 4™ Daubechies wavelet transform technique is used to detect the glitch. It
is discovered that the glitch can be found in ESD testing process by using standardize MM. This
obviously useful result prior to recording head breakdown in association with SEM results is here
first published.

Discrete wavelet transform

The wavelet transform was introduced at the beginning of the 1990s and has attracted a lot of
interest in the fields of speech and image processing [6]. Nowadays, the wavelet transform is widely
applied in signal processing. The discrete wavelet transform involves two fundamental Equations

(1) and (2) [7].



The wavelet method consists of traditional frequency domain analysis to capture the steady
state operation of the electrical signal and a wavelet-based noise analysis [8] that captures the noise
information. The advantages of wavelets are: (1) trade-offs between solution accuracy and
computational speed and (2) possible numerical stability for measurement systems.

The non-redundant representation and perfect reconstruction of the original signal can only be
realized through compactly supported orthogonal wavelets [9]. These are frequently used for signal
processing Daubechies, Morlets, Coiflets and Symlets wavelets. These wavelets exhibit different
attributes and performance criteria when applied to specific applications, such as detection of
transients, signal compression and denoising. In order to select the optimal wavelet, the absolute
values of the decomposition coefficient are summed over one-cycle window for each fault position.
The 4™ order Daubechies is used to detect low level noise that occurs on sinusoidal signals.

The discrete wavelet transform is defined by

RS
m+1 n th m,2n+k (1)
and
m+1 n z 8- m 2n+k (2)
25

when A4,,+;,are the approximation coefficients,
Dy,+ 1. are the detail coefficients,
hy  are the scaling coefficients of the signal approximation,
gr are the scaling coefficients of the signal detail decomposition,
n 1is the sample index,
N is the number of scaling coefficients,
m 1s the scaling index,
k  is the integer step.

when expanding Eq. 1 and Eq. 2 to Daubechies 4™ wavelet transform, the results are

1

Apiin ZE(hOAm,Zn + M Ay opsr oAy 2pe + 3 Ay 0043) (3)
1
D1y = E (oAman + &14mana + &2Amoni2 + &34Amans3) 4)

while  gop=hs, g1 =-hy g@2=h;,g3="-hy

Therefore, a numerical result of the 4™ order Dabeuchies coefficients are hy = 0.6830127,
h; =1.1830127, h = 0.3169873 and h; =-0.1830127.

Experiment setup
The ESD experimental setup comprises ESD simulation circuits, 16 bit DAQ card, static field tester
and personal computer (PC).

An ESD simulation circuit is used for generating an ESD impulse voltage of MM, V. The
computer-controlled ESD voltage, Vgsp, is varied up to 3,000 V.

Labview software is used to synthesize a sinusoidal waveform, which is passed through a
digital to analog converter (D/A) of DAQ, for generating a sinusoidal signal. Its output signal is
connected to a power amplifier to drive a ferrite core to a £ 300 Oe maximum H-field at 1 Hz.



The output signal of the GMR head is connected to the A/D part of a DAQ card. The 4™ order
Daubechies wavelet transform is used for detecting the glitch from the output signal of the GMR
head.

Results and Discussion

The ESD testing is based on MM where a 1 V-step voltage varied from 0 V. is applied until a failed
or degraded head can be observed. An ESD voltage is primarily connected to the R pin and the
substrate of the head. Four static parameters, GMR resistance (RGMR), signal asymmetry
(Asymmetry), signal amplitude (Amplitude) and phase change (Phase), are measured by using an
industrial standard static-tester and the results are shown in Fig. 1. It is found in Fig. 1 that the
Amplitude and Asymmetry tends to decrease when VESD is increased. This seems to be different
from that of Phase or angle between magnetic flux and output signal of the head, and RGMR where
there are slight changes. The breakdown voltage of this head is clearly seen at 10 V. and it is
observed that this head starts degrading at 9 V. However, it is also seen that the differentiation of
Amplitude change starts plunging at 6 V.
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The wavelet transform technique is introduced to detect the beginning-glitch change and
compared with the GMR change whereas with the conventional industrial equipment it is
impossible. It is measured as a difference between glitch amplitude and normalized noise level. It is
remarked significantly in Fig. 2 that a huge glitch change is primarily seen at VESD = 6 V and it
declines at VESD > 6 V. To see clearly the glitch change, examples of sinusoidal signal of GMR
head, with and without glitch, are shown in Fig. 3 and Fig. 5 respectively. A sinusoidal signal of a
good head at VESD = 0 V. is shown in Fig. 3 where as that of a degraded head, VESD =7 V., is
shown in Fig. 5. It is undoubtedly found that no glitch is observed on the sinusoidal signal, as
shown in Fig. 3, and the output of the 4™ Daubechies wavelet transform, as shown in Fig. 4.



On the contrary, the glitch is clearly seen in a signal from a degraded head, VESD =7 V., as
shown in Fig. 5 and its wavelet transform signal in Fig. 6. A peak voltage (V) of glitch is now
measurable and recorded as a positive and negative glitch change, in Fig. 2.

This novel technique to detect an invisibly degraded GMR head by using current industrial
parameter measurements is demonstrated for the first time and the results agree with SEM results as
shown in Fig. 7 and Fig. 8.

Summary

From the experiments, it is discovered that a glitch is occurs when the VESD is increased. The
degradation level of ESD damaged GMR heads is in the range of 6-9 V. for MM and it is totally
destroyed at VESD = 10 V. The normal parameters obtained from the conventional static tester in a
manufacturing process such as GMR resistance, signal amplitude, signal asymmetry and phase
difference between magnetic field and signal output are not a reliable indicator for head
degradation. They are limited to only exhibiting a totally damaged GMR head.

With the SEM results to confirm this proposed technique, it is seen clearly that the 4™ Daubechies
order wavelet transform technique is one possible instrument to detect degraded GMR heads prior
to the total destruction of the head in time-domain.

It can be concluded that the Daubechies Wavelet Transform technique is able to detect
initially degraded GMR heads affected by the MM-ESD phenomena where the conventional
techniques, electrical parametric measurement and destructive SEM, are not sensitive enough.
These results have been recently confirmed by the utilization of this technique in the production
line.
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Abstract: In electronic manufacturing, some device in test
process may be degraded but it does not exhibit on the tester. A
glitch of an electrical signal is one of undesired signal and
difficultly detected by a comercial instrument. This is because of
its short duration fault on a signal. A glitch represents the
instability of the device, i.e. a glitch on a magnetic recording head
signal that is so called as Barkhausen noise [1]. Barkhausen noise
presents the domain instability of a ferromagnetic material which
effects to the recording head performance.

This report is firstly studied the glitch detection on a sine
waveform by using wavelet transform technique [2]. A sine
waveform with an added glitch is generated by an arbitary
function generator. Its output is captured by a Data Acquisition
card (DAQ) and then using the 4" Daubechies wavelet transform
technique to detect the glitch. It is found that an accuracy of
detected glitch level is dependent on the baseline noise and a
number of sample. The glitch asymmetry is changeable as an
increasing of glitch level percentage.

1. Introduction

More than 20 years ago, wavelet transform technique has been
raised from a research curiosity to be a standard signal processing
tool in engineering and applied mathematics sciences. As the
wavelet foundation and multi-resolution analysis are laid down by
Mallat and Meyer [3-4]. Since Daubechies has discovered the
orthogonal wavelet [5], the Daubechies wavelets have become
popular right away and led to a multi-scale of signal processing
applications, such as compression, denoising, discontinuous
detection, classification or fusion, during the wavelet rush that
took place in the 1990’s. In this paper, the 4" Daubechies wavelet
bases are considered to be used due to its suitable detection of
discontinuous signals (called glitch).

2. Experiment Setup

The discrete wavelet transform [6] is defined by

aln]= iS[i]-h[2n—i] 1)
and o

dnl= iS[i] -g[2n—i] 2
when a[n] isi;;;roximation coefficient and

c[n] is a detail coefficient.

when expanding (1) and (2) to Baubechie 4™ wavelet
transform, the results are

a; = RSy + ISy + 1Sy 5 + 1Sy, 3)

C; =805 T 8152i1 T 825540 T 83543 “)

while go=hs, g1 =-hy g2=h;.83=-hy

Therefore, the 4™ Dabeuchies coefficients are #0= 0.6830127,
h1=1.1830127, h2=0.3169873 and h3=-0.1830127.

E-mail: nattawoot.s@msu.ac.th and apirat@kku.ac.th

The experiment set up comprises of
- an arbitary signal generator (Wavetek 29A),
- 16 bit DAQ card with maximum sampling rate is 1.25 Ms/s
(NI 6251).

An arbitary signal generator is used for generating a
sinusoidal waveform with an added glitch. Its output signal is
connected to a Data Acquisition card (DAQ) and then, the 4t
Daubechies wavelet transform is used for detecting the glitch as
shown in Fig. 1.

An example of a sinusoidal signal with an added glitch
produced by a function generator is shown in Fig. 2. The
frequencies of signal are varied at 1, 5, 10, 50, 100, 500 and 1,000
Hz.

Arbitary
Function Sl |, DAQ Sl
Generator

Db4 Wavelet transform

PC
Fig. 1 Testing diagram of glitch detection.
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Fig. 2 A sinusoidal signal with an added glitch from a function generator.
3. Results and Discussions

3.1 A Glitch Amplitude Detection

The glitch amplitude and frequency of sine wave are varied at
I — 10 % of Vp and 1- 1,000 Hz, as mentioned above,
respectively. The number of samples is 2,000 samples.

An output signal of c[n] is shown in Fig.3. A peak-peak
voltage (V) is measured for glitch voltage detection. It is found
that the glitch amplitude is linearly dependent on the detected
percentage of glitch level as shown in Fig. 4.

In Fig. 5, it is also shown that the error of glitch detection
tends to drastically decrease as the percentage of glitch level
increases. At the 1 % of glitch level, it seemingly produces the
highest error. This is because the lowest percentage of glitch level
is most similarly to the baseline noise level.
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Fig.3 An example of detected glitch signal from a sine-wave input.
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Fig.5 The relationship of error and glitch level.

3.2 Glitch Asymmetry

When the 1-10 % of glitch amplitude and 1 — 1,000 Hz of
glitch frequency are varied, the glitch asymmetry is measured by
using the formula in (5)

% Glitch Asymmetry = M

100 ®)
Vo ++[Vp

where  Vp+ is a measured positive voltage and
Vp- is a measured negative voltage

It is found from Fig. 6 that the glitch asymmetry tends to
decrease when the glitch level is increased. In addition, the
percentage changing of asymmetry is of -100 % at 1% and 2% of
glitch level. This is because Vp+ nearly behaves as a baseline

noise.
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Fig 6 The relationship of glitch asymmetry and glitch level
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Fig. 7 The relation of percentage error and number of samples

3.3 A number of Sample

A number of samples is varied from 100 to 2,000 and a
frequency is varied at 1 - 1,000 Hz, at 6% of fixed glitch level. It
is found in Fig. 7 that the percentage error is higher than 10%
when the number of sample is less than 200 samples.

The percentage error seems to decrease when a number of
samples is increased to about 400 and then, it is in a range of 0-
20 % for a higher number of samples.

4. Conclution

From the results, it is found that an accuracy of the detected
glitch level is base on the baseline noise and a number of samples.
The glitch asymmetry is decreased when a percentage of glitch
level is increased. However, the position of glitch detection is
adequately accurated when the glitch level is varied.
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dﬂwjnuﬂﬁliﬂ'h-|umnnmumwwuuimmﬂuqhuﬁhmmmﬂ
: ; jaxind

famlszaadineinaiaurtsslodwmiumeseunsliinafisfdrewatiuf nues
animaariland (Hard Disk drive Recording Head) Folusswinanrzusunsuimiaiuimius
Tuiinillenafissd@uwniiessntiiein mundorofifsuiiiafonosuupues i
nraaneulAluedsaflonaseulusroniruin ussarsafonnsludnemenirarnmn e
(Degrade) Wi wAronmaseuld wisnssasulfean iaﬁ'uia'iﬁﬂ::itrjl.ﬁﬂaﬂﬂi"mi'u
negeuAHAmMUTIaNITunRddeliiade Fadunmeseunalifinsiadopuuudaes
sy luraiAeiy (Sehal ESD) visluaaisinaiu Tud suudssenisaiudrzylrfisafin
a syt (Human body Model, HBM) wutdnassuLLdIaaantsatyszyinfaniedle
{Machine Model, MM) uas r.Luu-hnmm:mm}:qlﬂﬂ'mﬁﬂﬂnqun:ﬂ (Charged Device
Model, COM) Tauundnaeaiaminsisnauns sl nesfomes
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s mstTannlrAwdiAedent wloailenmaeumaliifadisddsedaiiin
Inﬁmmmiﬂ!ﬂﬁamawuLiqﬁmﬁhuﬁnﬂu1mnququn1mummu=nquﬂi'umuuu'li
Ineldrenfinmef Iy mﬁqﬂnﬁmmmﬂmﬁuﬁﬂmnﬂunmuuﬂmlnlhn (Static field
tester) ﬁ'm":'nmﬂﬂmuﬁﬂuﬂLuimmﬂqﬁaﬁnun:ﬁ'nﬁmmmmmu'lﬂnnm#nﬁum*m
nmelszydialin
fafnepldsulasts

717 1 usmdlmazunsunmaseunzenezzy i afradiReidn

p.ﬁf 2 unmaneasdnsadliifedmisansuuy

71U 3 unmanassiusind

U 4 uamarsasaieuAEMILIANLINAL

2 5 unnareeRininauRumIMAREY

;ﬂﬂ 6 uamesrraumunszualudauassnodyon

2l 7 usmeiureuntmaseulviiadin
pFﬂ 8 usmITUREUN I AT AR fETn
ﬂ I £ ﬁ Ll

1. MadMEEnTIHNT899e87
mniasastemaseuliafadwisiaduficyeie 3 Bunadsuandugli |
Falreneulufanudoudrdey 5 douldiun atsriransInfamianuu (ESD simulator)
MATATLRNLTIAY (Vollage control circull) 2assaindaaununimmaneulifitahin (Switch
circuit) dqunasuAuWMANATIA (Slatic  field  tester) uazdaunaufiamefaruniuas
Urzinans (Computer control and processing)
n. aesrnaediihaimiesu
mMminarsanardaaesiifnsimiesmuuuuandlupli 2 deeglu
nrzuuntriares i adindenanauginiuin 1se14 tansRraTmT s LS et
afroindlvfqalin (ESD pluse) wuusnalAuwn wuvusiassntsaulssgbifhatinsnuywed
(HBM) wrudessuuudrassmametizglsfinanntesile (MM) ussuudireamsanmlnzy
TfnafimsngUnsad (CoM) doudad i aiinuuusynmuszafiainduuy HBM-MM  HBM-
CDOM MM-CDM unz HBM-MM-CDM
aevrdransiifihafimianuuuuiusndlugi 2 Anminedil
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1.) uﬂnﬂhdﬁnﬂﬂﬂwaﬁMwnuuu'iwmuwﬂ Guduaind RY21 RY22 RYZ3
RY24 RY25 Waz RY26 Wawsmila onzilmaesiapl wisandu 1 unf RY21 ardusoussiu
31N Veltage control 1 H7u Reharge1 il CHBM Lﬂﬁ'}hﬂﬂ1 1w RY21 azilmaan
wianniu 20 faRtunit RY22 acduiiorainysEas naan CHBM tiu RHBM TUdqm ESD test
port teAs L sEggiufin

2) WaaFranadiiinaiinnuuudiaesriacile Gufuaing RY21 RY22 RY23
RY24 RY25 ufr RY26 ﬁwmﬂnmuni‘lmﬂrﬁﬂﬂ wdasnii 1 Funit Rv23 axdumausady
37N Voltage control 2 #7u Reharge2 Winluda cvm Lﬂﬁﬂﬁﬂm; 1 Funfl Ry23 szdlmesn
i miu 20 fea%unf RY24 szduiiensioszyainsan CMM s LM Tifeqm ESD test
port teARtlzEgiiudin

3)  dleafoisdiiisirenuundiasniraolszyitadsanguneal
Guduafind Ry21 RY22 RY23 RY24 RY25 Ua¥ RY26 \i’-munﬁnmmmmﬁ:ﬁ;ﬂ wRIvInIu 1
Ui RY25 sxAusausadusin Voltage control 3 H7u Roharge3 tinluqm ESD test port e
17fauseq 1 3undi RY25 sudlmesn wias iy 20 SeATuT RY26 1:{u1ﬂunn1ﬂﬂr=1ﬂnﬂ'm
Warluiind Rdischarge gnaad

4.) Lﬂmﬁwﬁnﬂﬁﬁ'mﬁnuuuuqnmﬂnuuuiqnumquun:uuuiwuﬂ
witnaile (HBM-MM) Fufusind Rv21 RY22 RY23 RY24 RY25 unz RY26 sisaiianmizdle
naarFagyl wiseaniu 1 Fuaft Ry21 saxfuseussfuann Voltage control 1t Reharget Wil
f4 CHBM usz RY23 fusausaAusin Voltage control 2 67U Reharge2 winlulds cvmm Wnada
Uszg 1 Gundl wianiiu RY21 uaz RY23 aziflnsan wdeaimiu 20 fadfunit RY22 axduiite
ARTEUIZ99 NN CHBM tinyg RHBM ludaqm ESD test port uas RY24 wﬁutﬂunmuﬂm“qn
390 CMM e LMM Tuefsqm ESD test port ilemstnlszagiintiuiin

5.) deafiadlihaBauusynnmnuLdsesydua LA ReINIIATY
UrzqlWfadinaangunead (HBM-COM) Gufiuaind RY21 RY22 RY23 RY24 RY25 uas RY26
ﬁauunﬂﬁmwnﬂnﬂﬂﬁqﬂ wfssniu 1 Funfl RY21 sxdusisussdusan Voltage control 1
ti1u Reharge1 Wi luia CHBM uss RY25 dusisussAusann Vollage contral 3 U Reharge3
Tdinfufinierrdalszy 1 3unil wdssandu RY21 uae RY25 aullaeen wiraantu 20
fadiunit Ry22 ssduiienntilrzqaanaan CHBM tu RHBM Tilfaqm ESD test port tleasny
Uszqgiriuiin uas Rv25 axduitensiulszqaiminiuiinlugnend
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6.) u'dﬂﬂhqﬁnﬂﬂﬂﬂnﬁnuuunqnmmwuiwmm‘:f*mﬂaua:uuuhnuqmi
Aptlszqlifnadasingunsal (MM-COM) Gudiusind RY21 RY22 RY23 RY24 RY25 ust RY26
%ﬂ“"hﬂﬂﬂ%lﬂn’lﬂ!ﬂjﬂ wisamiu 1 Sufl Rv23 sxdusiaussfunan Voltage control 2
¢l Reharge2 WinTuiis CMM uax RY25 Ausieusaiusin Voltage control 3 timu Reharge3 i
Tfsinufinfesdatszy 1 Funil wismandu Ry21 sz RY2s szidaean uissaniu 20
findAunf RY23 axfuReaattnlsz4sanain CMM tu LMM TUidgm ESD test port LileRan
Uszqginliuiin uaz Ry25 azduiitersilga niniuiintugnmed

7) dleaFaisdliirafsuuueynmsinuuudisesnyed wudseaniealle
uszuuLdnneantratyszqinfafinaangunsal (HBM-MM-CDM) Fudusing Rv21  Ry22
RY23 RY24 RY25 LAz RY26 ﬁmunﬁnnwmﬂmhﬂqﬂ wikasamiu 1 Junfl Suaft Ry21 azdu
#OUIARUSIN Voltage control 1 7w Reharget Winluds CHBM dau RY23 axdudeursduann
Vollage control 2 £ Reharge2 i lUds CMM uas RY25 duseussisin Voltage control 3
¢ Reharge3 ri'ﬂﬂtﬁi*nﬁ.tﬁmﬂmq{'\ﬂm 1 3 wissmiu RY21 RY23 uat RY25 szl
2N W9t 20 HRdTunT RY22 1:f11h11‘ﬂ!ﬁ1ﬁﬂ!:11’m1‘1n CHBM tu RHBM Tdaym
ESD test port unt RY24 s:AUMBARILLIZIIINAIN CMM tn LMM Tudagm ESD test port
iamaslszagiaiuiin dau RY25 axdudiarsnolszgnniaidinlignred

8) #ind RY21 RY22 RY23 RY24 RY25 unz RY26 usaziressinidonseriu
pewameflavdmnssriuaindlugli 1.3 doirandold Rt acsefulvid sv uaTAenynNTy
fiumaimAsmestean Fmulasdiyny i (Data acquisition card ,DAQ) uARENaM lefifdudn
Ha1 nafdanesszAe R1 dudaundausaninuesdinflwlef (Opto coupler) OP1 @4
naof usailifndussilugnlinedsmefnieluesuTnluled (Opto coupler) OP1 inll
thnrsusin i Q1 uae 2 usnesuamulngil R2 uae R3 Amifunszualudafmenses
dle Q2 tinrzus Tind RY1 flasinanu Tnei! D1 i finenemfeufisssslu RY1 lunsdlfds
T RY1 wyminem

1. NITATUANUTIAU

ANTATUANUIIAU (Voltage control circuit) ﬁwﬂ*:ﬂnﬂuqumi'uﬂhu'iﬁwﬂ
imm‘l.ﬂﬂ'mﬁnﬁ'»:nwuuu‘innr:ﬁ'umﬁmannmuqu‘inu“’nuuiumufﬁamdu;dﬂ 4
ailufnnsiie ndmnuiamu!ﬁ"qﬁﬂu.ﬂi’uﬂnaiwmﬂ'«ﬂmuﬂnqﬁmmﬂmﬂniinumﬂu
guaan (Digital to analog converter, D/A) 38an fautlsidtyoyiu (DAQ) DIA xS UTIAY
sonuvitaduussiuinataifusessafasscmunuundiluandouusaiudt 1 Taed se
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- Aimmmaseubiihaiaeie 3 Tues Jadieneuludeyemaseulninadn TAMAREL
swmwiwdnadin sindrupunimesey uazaummvslaeldnesRawes 1 wies

- Aimalumsdadygrusunabsinfufinlugamessusuuwivdnatn

. witsmaneuauifiradneie 3 Tue mﬁaﬂuin‘ﬂ'ﬂ1Innﬁﬁm¢mui‘uﬁphiﬁ1

Atmanimeasouliiadineiia 3 s SmesoulEfinderus zuuvaynsy musulag
Virauimef

wramaneusuw I atinia 3 Sia mudedednds | TaeAtinalunnsafauasaounm
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Wi 6 B TuI 9 Wi

usaAuesn 1,000 Tand uﬂﬁmﬁﬂw:ﬁuﬁuﬁ: Vired spanaTasRniuEs + veseeuuein (Op-
amp) IC1 uraRuRBenann 1IC1 sluusansndamed Q3 uaz Q1 TilfurzRuurafusansine
£ 184 Q1 Tauil C11 nraaussiuliGou wafuftuniznges ¢11 Wuusadunszuanss (Direct
current, DC) urafuntzuanssszsed T gl (Pimary) Teswfawas TR UATUTIAY
nrzuamssiasgni/aliifuusadunszunsdll (Alemating current AC) Tnu Q2 Teazaindfiay
Anwid 50 Bsrd Tmudl D10 Vi ArumAsuszaiy TR1 Tunsdit Q2 Tmess Wadan i
4l a2 azgna¥ralan IC timer 555 TatprmanaiegnituuniauA1Ies R1 R2 C uas Cf
Wadnaaiifioanain IC timer 555 azsiaiu Q2 lausii R3 nﬁaﬂfunnuﬁhré‘nﬁmq:nuuﬁ Qz
LsaAufiesnaan TR1 azsednfiu C1 C2 C3 C4 €5 C6 C7 CB €O C10 uaz D1 D2 D3 D4 D5 D6
07 D8 D9 D11 ievwiTANIIRAIN TRT WhnsuaR UG Voul 1849393
usadu Vout sxgniniulanaanuiausedu R4 uas RS g iifiamusadu vout adludinadou
1,000 Tondre 1 Tonst wetlsunduunts 1t Taudw IC3 Faiiidunsnividedussiu
urafufinonan IC3 szrod g - 1841C1 WeuReunuiuuzeiin vret ienauAn
Wi Vout Asit
A, nesssindnausunmasauiifinatn

nvrsndrusunmaseyiitialin (Switch circult) yulhiraussfsmianmasey
IhadrRisevTdnAauandlugi 5 il dnnsusiudarsiufneue
usemfouushilans Gusunind Ry3 fi RY6 Famumitanusllanesadagy

1) dlenaseuliradaluifa Re uss R-Fad RY3 uaz RY4 Tmasar ufininimaneu
finafinlURTa ESD test port wirnmageulrifinafinuda RY3 uas RY4 (laaast T
Fanmeseusuusiminalin (Static field tester) Tanllmaast RY12 1 RY15 (dlenmsey
aunuulnnatinaia daoess RY12 fia RY1S uﬁmnnnunnmuiﬂﬂmﬁninn?a Autiane
sielusuudnafanssuauntmaaey

2) levaaeulvfiranaluid R+ T Substrate Find RY3 uaz RY16 Taoaar w99
mmageynfinaanlLRd ESD test port wissnmassulvifinatinudc RY3 uas RY16 lA94es
adnsinnmassussusininfa (Static field tester) Tnullmaas RY12 fis RY16 il
yaseusuuimnadingds dansr RY1Z §4RY1S uimassunanauliiinaingn Afa
Adunade lWsuudaafanssuunmaney

3) ienaseulrifadalUR R- Wi Subsirate Tiad RY4 uaz RY16 Tmness ufiain
nmaaau iR R1L#E ESD test port nisvrmaneuIfhatinud RY4 unz RY18 GLLERT]
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pdmuimmessususwiminatia (Static field tester) Taullaaeas RY12 B Ry 15 ule
wagsususwimdnadinneie datast RY12 89 RY1S udmaseumaneuliinadindnads
Fdiuntsselusuudnaiansuaunimasey

4) Heyaaeuiiiaatnlie R+ uaz R- Wi Substrate Tind RY3 RY4 une
RY16 Tlmoasr uﬁiwmmnnw‘tﬂﬂwﬁﬁmﬁq ESD test port wias nmaseuinaiinuda
RY3 RY4 usz RY16 \lnaas wdwanminmessusurnwimdnaiin (Static field tester) lag
Taasas RY12 B9 RY15 dlenaseusunuwimdnafinads dmass RY12 fla RY15 ufimmanou
wagavlfaaRaneT Auiumsrelisuniuaianssurunmasey

5) emageuWiaBrlA$ R+ R- W+ W- Tulda Substrate Tiad RY3 T RY6
WAz RY16 Tmtas whinnmesey i afslRT ESD test port wisvinnaseulfinadin
ufia RY3 T4 RY6 uaz RY16 (1m2aa7 winiuianmaseusnuwimdnai (Static field
tester) Tnefinaeas RY12 T4 RV15 diomassusunwimnadnads s RY12 faRY15
ui-:nnummu'lﬂﬂaﬁninni: AudumsslUsuuinafanaruunimaneu

&) #and RY3 T4 RY16 wRasFssradeuRafurenfinmeflaudnnsasiusing
Tupilit 1.3 Fanminaudeiuneiu 8) asaiada .

1. STUMARBLAUNMWIMANATA

dounassuautudmanalin (Static  field  tester) | ﬂwﬂﬁnnuu{n
Avnrfinefesiaiudin fusndtugit 1 Taeiininihaude resfawmeffusnnifiyanm
aladwln] (Sinusoidal) Fian wismiuszdenenlufdewssddneadueuinen (D/A) 184
mfaudlaadyyimsinoee 1 (DAQ1) dryeimsan DiA ardsdifumeefusinliviues?
esefygrudwiviusasatiiaumurefind (Ferite) qUa C weaFamnuusimdn
drwFmeaeuinduiin doyon uiilfniazgnatediiugmFusnlivuieef (Preamplifier)
iernadtynyn dy :uﬂmn"liﬂnﬁuuuﬁﬂiﬂwmnﬁzﬂnLi‘ﬂmuﬂﬂi'mmmwﬁamﬂu
FAren (AVD) sunAruasEun 16 Tnreanfawlsdygrumnuia 1 ﬂ'ruruwmﬁ"lﬂ«:qnﬁ-:
drarwreilselilusunnalssunsus

drussnuemnlivsieeffuanslupif 6 dudnnaminewfe Anszualuda
(Bias current) Ibias snaeufnmefaedeiulifduasddnenidusundanteamiauliag
dryryrrussgnaialuiiann Current reference 101 3842331 Keyryreuszrndniu IC1 ey
iieffygyn ﬁ'm:uwmﬂnﬁﬂnﬂah:ﬁqﬁﬁdwuﬂmm:umﬂuuui’ulnu Ic2 erreny
nrzusazgninwuaiag R1 T R3 Failmruyaurediu 1 hadrenszusesn 1mA nzua Ibias 95
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sﬁmnummm#aﬁmhﬁdm“ﬂdwim RGMR 41 R+ LA R- veaiatiuiin doyoyeudili
570 RGMR azradnhfunmasenedoyo ufmusTsaiiedn (Instrument amplifier) 1C3 a0
fryrynou Tandl RS RS Swi1 uaz Sw2 ﬁwﬁﬁ{ﬁwuninﬁwwirumm fyryrugsnann IC3
delalifa Vout #4103 WedellfanauasdiyyueuisenifuAinesseantfrulaadtyo
dauses C1 T Ca vmhiifdadyriniunuiimnanasaell +VCC uas veC
4. doursufinmefmuniuatlszuinng

dAoudquranfininefarupuuaslszaans (Computer control and processing) .
Fauanslugti 1 vwhileuasnimitasnsmaseuliiafnusrgmansusuuwivdn
A0R AMUIMIATWATE mufdﬂ1mﬁqﬁuﬁm'ﬂh1n MmMmAReUAUTHLIWMANATA UAZWIAY
Ky rnusunau (Noise) 1inailaend oy iRy ITun e uRR aufitinunansse
Ay cunda (Filter) 1a:ﬂuﬂ'ruruﬂmmﬁmmmu {ne i mailatszusuadygyuAines
(Digital signal processing) Tntldmatiavisymsndvefi (Wavelet transiorm) Fas=Liflun
#nqnmﬂw“qLﬂmﬁumﬁmmﬂaumnﬁnﬂmnuﬁu-] nsasilanduaanud (Frequency
spectrum) TntFinafiavaifhiufnsndvief (Fast Fourier Transform, FFT) Inumsufiamed
szradfumfauladyoyin 2 ga ldud DAQI WwifirouauganaseusuNGimanain
us DAQ2 vimwirfrussanageyliihaia

2. maiaweiunewsesimunm
funsunimitarusesflsunsussiduniziamuadiduluntmassuiaduiin
Uszneudantiunsu 2 douRedaumaseyihatn ussdnmansusunuusivénatin
. dounaseubifinadin

dnmasenlviihaimlrznoudasnimineudusnsluguUi 7 Ussneudaodunen
nmienaimn 10 FuseuRil

Fuf 1 WrunmFuiwinrusindiomeegusousianess

fufl 2 wenaindlurssrnssaindarugunimanaulviiatn Waidennat
noseulihevmansumuwimdn

Jufl 3 dnFnrimefssiiufnfeunaseulinatn

fufl 4 msssuiA T lmefeainfufiniida e aseulvifinatineglu
nitiumitell Sbildegludfdsmmnuiaiiudfindaosdononuda il
£47 10 Asfugammasey $11 uansiniiadinegusmmniniesfisenasoulvifain 1
Whirludiit 5
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Fis Rensindlunssmsssdindmununimansuluiinadin iledennts
saseulnsamaservifinain uazdanisseninidinlummaneutifhaba

R 6 iassiliiiinedn 1 siuudaiismindlinadalufiiin

237 densinflunssmasaindmugunimanaulifiiain \adennis
nagaulifinssmaseusunsulivgn

Hif 8 Saimnmilmeireninifiniouneseulriatn

fuii 9 nsmaaarAmiireitsiufinfidalAraunaseulnfiadeegiy
Anttaumvials i‘h‘lxi'i.ﬁaq‘Lurhﬂﬁwumtmuﬁqﬁ;ﬁuﬁnﬂm*mLﬂm-suumﬁ'h'ﬂﬂiwm'lu
i 10 iﬁ'uqnmmnﬂﬂu 4 wamadminTud nuq‘lum*nwﬂninhuﬁn:n paeulvinatin 1
Wiludui 5

$ud 10 Auganmaney
dounarauAuNUIWANATRA

dmadeRMEiAnaimihIaA v ire i preainiufinliusidl
arufumTu GMR  (RGMR)  AtuasAgareadyyin (Ampiitude) ATATINANIATIEY
Keyrynni (Signal  asymmetry) Aniianaadoyoy o (Phase) AuanURgaeedyousunmy
(Moise amplitude) unzmﬂnn?mﬂrmu'nl (Frequency spectrum) UrsnaufpnmminaTual
usnsluguil 8 JszneuduTunsunnitemnione 8 Funoudail

Fu# 1 Tsunmiuiuiin

it 2 AenqUFusnszualuda Ibias silusdarnAaaAifiaiiin

uft 3 UfuAraunwimndu 0 wefawm (Oe)

FuT 4 rususedunden RGMR wazAaMMIAY RGMR

U5 iwnmuuﬂmimﬂunﬁupfuﬁnﬂuﬁ 1 End

duit 6 AwananAmrilned udnfufingUafudyonuazAmmilned

s lilumfnarflani

5 7 ansumiwindnidugudussAsimanmnszusludasssudugud

$uft 8 fugammpsey
AimslumnlszAnifiiie
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Wil 1 1eed e 1 Wi

unagUmalszing

wiinamaneu WA afind wininiuiingdn 3 Tumnmumfﬂ!:iuﬁ fideRRn Ao
nnaoulffiur hﬁﬂunmniuqﬂuﬂwi:uli 0 - 2,000 Taaf Tnemaseuiidasnatlinnda un:
nagEUATNATLTBIRuITBLAL U qamaseusHwimEnairsunToa NI TAnaTEs
i’mrmn.u-umm'a-:ﬁquinﬂLﬁuimdmﬂnmmnm'lﬂﬂﬂnﬁnu wazuULdaed INRAGR
4] aﬂﬂuhﬁﬂlﬁmmnmnumuwimmﬂm iqufuuuoynndld Tnuisdsmaaey
aunsivifadingtia 3 Busslsznauhldan
- Afvememassulbiateeiie 3 buss FammaeulifsuuuBarsuazuneynai AuRy
Tat\dnenfioned
_ Agmalunasfaussmuguunfumaneulaolresmoned
- Eﬁma'!.um:muqmﬁnﬁﬂani’-:i‘-:ﬁuﬂnhuﬂnuuiwﬂ
. aEnmaseulifiaingie 3 Tues Falsznevlifouanaseulviivalin gananey
auswimanaiin aTwiRtuaNn AR unzraupiniag dnaiowef 1 wited
- Aavslumsiadrygamsunadluinfudinlugemaseumnuwivinain
‘Enumnh:iujﬁﬂmmqqﬂmﬂﬁmﬂm!ﬂ wisasitenmaeumnsWihairRisevnufin
Tntsnuudnae e AT NI ATUANN TN ARBUUAE TEALLTIAN ey lA
Tanldmanfinnaf Inuintesiletnursododenfugamassusuinuivingin (Static  field
tester) Lh‘ﬂ'nmﬂﬂmufm-m.imﬁmmﬁqﬁuﬂnun:-'a'ni’rummruanﬁnnﬂuﬂﬁnﬁﬂumm
msmudsey Ininatia



