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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 4th 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 4th 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.  

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 4th 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 4th

order Daubechies is used to detect low level noise that occurred on sinusoidal signals. 

The discrete wavelet transform is defined by 
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where Am+1,n are the approximation coefficients,  

Dm+1,n  are the detail coefficients, 

                hk     are the scaling coefficients of the signal approximation, 

   gk      are the scaling coefficients of the signal detail decomposition, 

   n       is the sample index, 

  N       is a number of scaling coefficients, 

  m      is the scaling index, 

  k        is the interger step.  



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

)(
2

1
32,322,212,12,0,1 ���� ���� nmnmnmnmnm AhAhAhAhA   (3) 

)(
2

1
32,322,212,12,0,1 ���� ���� nmnmnmnmnm AgAgAgAgD   (4) 

where g0 = h3 , g1 = -h2,  g2 = h1 ,g3 = -h0.

Therefore, the 4th order Daubechies coefficients are h0 = 0.6830127, h1 = 1.1830127, h2 = 

0.3169873 and h3 = -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 (VHBM-ESD) and 

CDM (VCDM-ESD). The computer-controlled ESD voltage, VESD, 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 4th 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 VESD 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 

test.

Figure 3. Glitch and GMR changes of CDM-

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 

11 V.

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 VCDM-ESD > 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 μV.  It is significantly note that a glitch is 

seen at VCDM-ESD = 6 V and it inclines declines at VCDM-ESD > 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 VCDM-ESD = 0 V is shown in Figure 4 where 

that of degraded head, VCDM-ESD = 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 4th Daubechies wavelet transform.

On the contrary, glitches are seen on the signal from a degraded head, VCDM-ESD = 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 VCDM-ESD 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 VCDM-ESD 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 VCDM-ESD 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 VESD levels where the 

Human Body Model (HBM) is employed. 

Figure 4. Sinusoidal signal of good GMR head

                at VCDM-ESD = 0 V. 

Figure 5. Wavelet transformed signal of good  

                GMR head at VCDM-ESD = 0 V.

Figure 6. Sinusoidal waveform of degraded 

GMR head at VCDM-ESD = 10 V. 

Figure 7. Wavelet transformed signal of 

degraded GMR head at VCDM-ESD = 10 V. 



                  
Figure 8. SEM photo of degraded GMR head     Figure 9. SEM photo of visible damage GMR 

at VCDM-ESD = 9 V.                                                 head at VCDM-ESD = 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 VHBM-ESD is 

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 VHBM-ESD is increased up to ~120 V. A slight change can be 

possibly observed in Amplitude and Asymmetry results when VHBM-ESD = 90-120 V. However, this 

GMR head is damaged at VHBM-ESD = 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 
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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 μV is 

found at VHBM-ESD = ~ 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 VHBM-ESD = 90 V.  

The RGMR change also agrees with this change as it dramatically increases at VHBM-ESD = ~ 80-90 V 

and then drops at VHBM-ESD >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 VHBM-ESD = 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 VHBM-ESD = 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 μV. In addition, no significant jump of amplitude or glitch change can 

be detected on normal signal in Figure 13.   

However, at VHBM-ESD = 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 μV in 

Figure 15 is detectable where a maximum negative portion of order of  ~ -85 μV is achieved. 

If a VHBM-ESD is further increased, the number of glitches on a sinusoidal signal seems to be 

increased as shown in Figure 16 where VHBM-ESD = 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 μV 

and the amplitude changes in which the range of -40 μV to +90 μV can be detected. Therefore, this 

head has latent degrading may start at VHBM-ESD = 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 VHBM-ESD = 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 VHBM-ESD = 120 V whereas that of VHBM-

ESD = 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. 



Figure 12. Sinusoidal signal of good GMR 

head at VHBM-ESD = 0 V. 

Figure 13. Wavelet transformed signal of good 

GMR head at VHBM-ESD = 0 V. 

Figure 14. Sinusoidal waveform of degraded 

GMR head at VHBM-ESD = 50 V.

Figure 15. Wavelet transformed signal of 

degraded GMR head at VHBM-ESD = 50 V. 

Figure 16. Sinusoidal waveform of degraded 

GMR head at VHBM-ESD = 90 V.  

Figure 17. Wavelet transformed signal of 

degraded GMR head at VHBM-ESD = 90 V. 



Figure 18. SEM photo of invisibly degraded 

GMR head at VHBM-ESD= 120 V. 

Figure 19. SEM photo of visibly damage GMR 

head at VHBM-ESD = 130 V. 

4. Conclusion 

From the experiments, it is discovered that a glitch occurs when the VESD is increased. For ESD 

degradation level, GMR heads are in ranges of  6-15 V and 40-120 V for VCDM-ESD and VHBM-ESD,

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 4th 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 1. 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 device2,3. The energy of an 
ESD pulse can damage the reader element1. 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 noise4. Barkhausen noise 
presents the domain instability of a ferromagnetic material which affects recording head 
performance5. 

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’s6. In this paper, the 4th 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 proces7.  

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  

The discrete wavelet transform is defined by8 
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where  Am+1,n is an approximation coefficients,  
Dm+1,n is a detail coefficients, 
hk       is a scaling coefficient of signal approximation, 
gk       is a scaling coefficient of signal detail decomposition, 
n        is a sample index, 
N        is a number of scaling coefficient, 
m        is a scaling index and 
k         is an integer step.  
 

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

  )(
2

1
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2

1
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where       g0 = h3 , g1 = -h2,  g2 = h1 ,g3 = -h0. 
 

Therefore, the 4th order Dabeuchies coefficients are composed of h0 = 0.6830127,     
h1 = 1.1830127, h2 = 0.3169873 and   h3 = -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 4th 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.  

 
 
 

 
 
 
 
 
 

                                  (a)                                      (b) 
 
 
 
 
 
 
 
 
 
                                  (c)             (d) 
 Fig. 1. Signals of good and degraded heads with SEM results (insets); 
            (a) sinusoidal and (b) wavelet transformed signals of good heads at VESD = 0 V, 
            (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. 

 
 

 
 
 
 
 

Fig. 2. Static-test parameter results using HBM-MM serial ESD tester. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Glitch and GMR changes of HBM-MM serial ESD test. 
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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 4th 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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Fig. 4. Static-test parameter results using HBM-CDM serial ESD tester. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Glitch and GMR changes of HBM-CDM serial ESD tester. 
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Abstract. This report proposes the wavelet transform technique using the 4th 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 4th

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 4th 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 4th order Daubechies is used to detect low level noise that occurs on sinusoidal signals. 
The discrete wavelet transform is defined by 
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when Am+1,n are the approximation coefficients,  

Dm+1,n are the detail coefficients, 

                hk    are the scaling coefficients of the signal approximation, 

   gk     are the scaling coefficients of the signal detail decomposition, 

   n      is the sample index, 

  N      is the number of scaling coefficients, 

  m      is the scaling index, 

  k       is the integer step.

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

)(
2

1
32,322,212,12,0,1 ���� ���� nmnmnmnmnm AhAhAhAhA      (3) 

)(
2

1
32,322,212,12,0,1 ���� ���� nmnmnmnmnm AgAgAgAgD      (4) 

while g0 = h3 , g1 = -h2,  g2 = h1 ,g3 = -h0

Therefore, a numerical result of the 4th order Dabeuchies coefficients are h0 = 0.6830127,
h1 = 1.1830127, h2 = 0.3169873 and h3 = -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, VMM. The 
computer-controlled ESD voltage, VESD, 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 4th 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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Fig. 1 MM-ESD
           testing results. 

Fig. 2 Glitch and
           GMR testing
           results. 



Fig. 3 Sinusoidal signal of good GMR head    Fig. 4 Wavelet transformed signal of good    
           GMR  at MM-VESD = 0 V.       Head at MM-VESD = 0 V. 

Fig. 5 Sinusoidal waveform of degraded GMR         Fig. 6 Wavelet transformed signal of degraded  
            at MM-VESD = 7 V.       GMR head at MM-VESD = 7 V. 

        

Fig. 7 SEM photo of invisibly degraded GMR      Fig. 8 SEM photo of visibly damaged GMR    
           head at MM-VESD = 9 V.        head at MM-VESD = 10 V. 

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 4th 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 (Vp) 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 4th 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 4th 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 4th 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 
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when  a[n] is approximation coefficient and  
c[n] is a detail coefficient. 

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

32322212120 ��� ���� iiiii shshshsha   (3) 
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while       g0 = h3 , g1 = -h2,  g2 = h1 ,g3 = -h0

Therefore, the 4th Dabeuchies coefficients are h0 = 0.6830127,     
h1 =1.1830127 , h2 =0.3169873 and h3 = -0.1830127. 

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 4th

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. 

Fig. 1 Testing diagram of glitch detection. 

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 

1 – 10 % of Vpeak 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 (Vp-p) 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. 



Fig.3 An example of detected glitch signal from a sine-wave input.

Fig. 4 The relationship of measured glitch amplitude and glitch level.

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 =     (5) 

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.

Fig 6 The relationship of glitch asymmetry and glitch level

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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