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ABSTRACT 

 

Areal Density (AD) trend in HDD has been rapidly growing. There are a lot of 

researches and techniques to achieve the AD targeting, and the favorite technique is 

reducing the magnetic physical dimension. 

 

In the read sensor when scaling down the dimensions, it will affect the thermal magnetic 

noise stability. This also reduces the signal-to-noise ratio (SNR). The majority of 

thermal noise stability increase is caused by weakened Anti-ferromagnetic (AFM) layer 

pinning field and weakened coupling field between pinned layer (PL) and reference 

layer (RL).  

 

To enhance the pinning field strength, we propose to extend the pinning layer longer 

than the free layer (FL). This is to provide extra magnetic grain volume in PL and AFM 

layer.  

 

This thesis proposes to study the read sensor characteristics and blocking temperature 

(Tb) effects when the PL is extended longer than the FL. Additionally, the thesis will 

provide the magnetic read back performance and magnetic sensor noise stability relative 

to SH changing.  

 

This thesis study compares the read sensor performance between conventional PL design 

and extended PL design. The analysis result and discussion have been provided. 
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CHAPTER 1  

INTRODUCTION 

 

 

1.1 Background 

The first hard disk drive (HDD) was invented in early 1956 by International Business 

Machines Corporation (IBM). The areal density (AD) was only 5 megabytes per disk. 

Therefore, there was a lot of research to increase the areal density such as reducing 

dimensions of the magnetic recording head, changing magnetic material, developing new 

reader and writer head designs, increasing bit per inch (BPI) in media recording, reducing 

spacing between head sensor and media, etc. 

 

The HDD technology had rapid growth in areal density as well as rapid decline in size and 

cost. Figure 1 is the AD trends and roadmap of research targets from different institutes, 

which started targeting 2 Tb/in2 by 2010 for Storage Research Consortium (SRC), 5 

Tb/in2 by 2013 for New Energy and Industrial Technology Development Organization 

(NEDO), and 10 Tb/in2 by 2015 for Information Storage Industry Consortium (INSIC) [1]. 

 

 
Figure 1.1 Areal density R&D targets 

 

 
 

In this study the focus is on the read back sensor, which is important and also needs to 

develop and improve in order to meet the roadmap requirement. The read sensor is a 

transducer which is designed to transform electrical signals to magnetic signals, and 

magnetic signals back to electrical ones. So, they should be magnetically stable and have 

enough signal to maintain a good signal-to-noise ratio (SNR) relative to the noise sources 

from the resistance and any magnetic fluctuations. This means that the good read sensor 

should have high amplitude and low noise. 

 

The favorite technique to increase areal density is reducing the sensor head dimension. In 

the read sensor head, the key dimension is the reader track width (RTW), stripe height 
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(SH), and shield to shield spacing or read gap (S-S). The function of these three 

dimensions is: 

 

 Reader Track Width (RTW) is another name known as Free Layer Track Width 

(FLTW). This dimension is related to track density or tracks per inch. 

 Stripe height (SH), this dimension is important for reader volume. 

 Shield to shield spacing (S-S), or the distance between top & bottom shield. This 

dimension is related to bit density or bits per inch. 

 

 
 

Figure 1.2 Reader sensor dimension 

 

 
 

To increase areal density, 3 dimensions need to scale down. This change may have an 

effect that lowers amplitude and increases magnetic noise thus causing signal-to-noise ratio 

(SNR) reduction. Therefore, one must optimize to achieve the best characterization and the 

best reliability. 

 

In the theory of magnetic tunneling head, when reducing the read track width (RTW), the 

stripe height (SH) also needs to scale down to maintain the aspect ratio which is related to 

the sensor noise. There are two major of sensor noise; 

 

 Magnetic white noise that is mostly induced by FL thermal fluctuation 

 Magnetic 1/f noise that can be induced by thermally activated magnetic switching 

of Antiferromagnetic (AFM) grains in the reader stack. [2] 

 

Recent experiments show that the magnetic 1/f noise is a bigger concern than magnetic 

white noise. 

 

The short SH can induce thermal magnetic noise due to weakened AFM layer pinning field 

and weakened coupling field between the pinned layer (PL) and the reference layer 

(RL)[3][4]. This may cause an unstable signal and increased noise. To mitigate the 

problem, it is known that FL noise will be increased with longer SH and PL noise will be 

increased with shorter SH. Based on these issues, we propose to extend the PL longer than 

the FL. An extended PL is proposed to enhance the pinning strength via shape anisotropy 
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and magnetic exchange bias, and to provide an extra volume for PL and AFM layer 

thermal stability [5]. 

 

 
Figure1.3 Conventional PL and Extended PL 

 

 
 

This thesis proposes to study the characteristic of the read sensor when the PL is extended 

longer than the FL and to study the SH effect on magnetic sensor noise and thermal noise 

stability when changing the SH target. 

 

1.2 Statement of the Problems 

The favorite solution to increase AD is to reduce the dimension on both track and width 

directions. In the read sensor, when the read track width (RTW) is reduced, the stripe 

height (SH) needs to be scaled down to maintain the aspect ratio. As discussed, the lower 

SH can induce thermal magnetic noise due to shape anisotropy increased (due to weakened 

pinned layer). This will affect the signal-to-noise ratio (SNR) reducing and give poor 

thermal noise stability. 

 

1.3 Objectives of the Research 

The primary objective of this thesis is to study the reader sensor characteristic and thermal 

noise instability (reliability) performance of the extended PL design. 

 

To understand the reader sensor characteristics, this can be indicated the performance by 

using a Quasi Static tester (QST). The parameters of concern are Resistance, Amplitude, 

Asymmetry, Hysteresis, Barkhausen Jump, and SMAN etc. 

 

To study the thermal noise stability, one can study reliability performance. As discussed, 

the SH change is related to sensor noise and thermal stability due to instability of intrinsic 

magnetic domain (exchange bias). Therefore, this can be studied by Blocking Temperature 

(TB) testing. 

 

To study the read sensor dimension of the extended PL (physical read sensor change) the 

physical characterization is needed. This may provide the information to understand and 

assist for design and process improvement in the future. 
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1.4 Scope and Limitation 

This thesis study is focused on the read sensor in the design of extended PL scheme. The 

characteristics and reliability study are using QST to measure the intrinsic read sensor 

response without flying over the media. The parameters of concern are Resistance, 

Amplitude, Asymmetry, Hysteresis, Barkhausen Jump, and SMAN. The QST is an initial 

result for effective and quick feedback to design and process for improvement. 

 

For the thermal noise stability study with different SHs target, the range of SH will be from 

20nm to 60nm at the same read sensor dimension design such as RTW, S-S, etc. We use 

blocking temperature (Tb) testing to indicate performance. Tb is the temperature below 

which the magnetization is stable and if above this temperature its will be in the super-

paramagnetic state.  

 

This thesis study also provides the initial result of signal-to-noise ratio (SNR), which is 

indicated by Dynamic Electrical Tester (DET). The DET testing is the electrical test at 

spin-stand test. 

 

Physical reader sensor dimension will be studied by Transmission Electron Microscope 

(TEM). The TEM uses electrons instead of light and their much lower wavelength than 

light microscope. TEMs are capable of imaging at a significantly higher resolution than 

light microscopes. 

 

Therefore, there are the limitations on this thesis study as follows: 

 

 There are a lot of techniques in reliability testing for a magnetic head. So, this study 

does not cover the reliability that is related to mechanical, environmental, ESD, and 

media noise induced. 

 This thesis studies the noises induced by read sensor head and does not cover for 

noise that may be induced by write head. 

 This thesis study also does not cover for Head Stack Assembly (HSA) and Hard 

Disk Drives (HDD) testing. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.1 Basic of Magnetic Tunneling Junction (MTJs) 

 

A magnetic tunnel junction (MTJs) consists of two ferromagnetic (FM) layers separated by 

an ultrathin oxide insulator layer. The tunneling current of MTJs depends on the relative 

magnetizations of the two electrodes, which can be changed by an applied magnetic field. 

This phenomenon is called tunneling magnetoresistance (TMR) which is a consequence of 

spin-dependent tunneling (SDP). [7], [8] 

 

 
 

Figure 2.1 An MTJ structure 

 

 
 

TMR effect can describe by Julliere’s spin-polarized tunneling model as;  

 

  
 

P1 and P2
 are the spin polarizations of the two electrodes.  

 

If the two ferromagnetic layers are magnetized parallel, the minority spins tunnel to the 

minority states and the majority spins tunnel to the majority states, resulting in a low 

resistance. However, if, the two layers are magnetized antiparallel the majority spin and 

minority spin electrons is reversed, resulting in a high resistance. 

 

 

(2.1) 
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Figure 2.2 The TMR effect in an MTJ Schematic 

(a) parallel state; (b) antiparallel state 

 

 
 

 

2.2 Application of MTJs in HDD read heads 

 

MTJs have been widely used in HDD read head application due to high tunneling 

magneto-resistance (TMR) ratio while having a low resistance-area (RA) product. The 

structure of MTJ read head in HDD consists of antiferromagnetic (AFM) pinning layers/ 

ferromagnetic pinned (reference) layers/ tunnel barrier/ ferromagnetic free (sense) layers. 

 

 
 

Figure 2.3 MTJ structure in an HDD 

 

The free layer (FL) or sense layer is one of the ferromagnetic of the MTJs, which the 

magnetic flux from the media causes a magnetization rotation in response to the magnetic 

flux. The reference layer (RL) is other ferromagnetic and its orientation of magnetization is 

fixed in the perpendicular to the media disk surface by being next to a multilayered 

structure consisting of an ultrathin metallic interlayer, a pinning layer (PL), and an anti-

ferromagnetic layer (AFM). The PL magnetic moment orientation is constrained by a 

surface effectiveness of magnetic field, known as a bias of exchange field, which rises 
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from the interface with the AFM layer. The PL purpose to recompense the stray magnetic 

field from the RL. Therefore, the PL magnetic moment is always opposite to the RL. This 

is done by announcing a strong antiparallel coupling between them by selecting a 

particular metallic interlayer of adequate thickness. The resulting tri-layer of the 

RL/interlayer/PL is often mentioned to as a synthetic anti-ferromagnet (SAF). Fig. 2.3 

shows the junction stack in between two soft magnetic shields in the horizontal track 

direction with a pair of permanent magnets (PM) in the vertical track direction sustain the 

single domain state of the FL in the MTJ. Fig. 2.4 is the TEM images of MTJ read sensor 

structure heads used in current HDD from the air-bearing surface (ABS) viewed. 

 

 
 

Figure 2.4 MTJ structure in an HDD 

 

 
 

 

2.3 Noise source in MTJs Sensors 

 

The MTJs sensor noises originate from different mechanisms including amplifier noise, 

thermal electronic noise, thermal magnetic noise, shot noise, electronic 1/f noise, magnetic 

1/f noise, and random telegraph noise (RTN). In the past ten years, these noises have been 

studied and the resulting of research showed that all noises sources are incoherent and the 

noise total can be identified as the summation of the noise component. The information 

and background of MTJs noise sources are presented. [10] 

 

2.3.1 Amplifier Noise 

 

Amplifier noise is created from the external circuit system but it has effected to 

MTJ sensor. The requirement of amplifier, to increase the amplitude output signal 

of sensor system. However, the internal noise of amplifier degenerate the sensor 

system sensitivity. Therefore, the amplifier noise should be considered and a low 

noise amplifier should be used to meet the low noise in MTJ sensors requirement. 

The amplifier and the external environment can take noises to the sensor system. 

The temperature variation is able to produce thermal instability which disturbs a 

movement of domain wall, producing noise at low-frequency in MTJs. To mitigate 

noise in the sensor system, the measurement system must be shield by a magnetic 

shielding. Magnetic shielding is commonly made of mu-metal. Mu-metal has very 
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high relative permeability and it can divert efficiently to the external magnetic field 

to go along the shielding instead of interrupting the MTJ sensors inside the 

shielding. It is an effective means to reduce the disturbance caused by external 

magnetic field. Noise of amplifier is unavoidable due to the pre-amplifiers 

connections in abridge measurement circuit for amplifying the sensor signal. There 

is a way to eliminate amplifier noise which is using the low noise instrumentation 

amplifiers and utilize batteries as the power source so as to avoid the noise from the 

mains. As such, the voltage and current noises of the amplifier can be inhibited to 

an acceptable level. 

 

2.3.2 Thermal Electronic Noise 

 

Thermal electronic noise also known as thermal noise. The thermal electronic noise 

is difference from the thermal magnetic noise. It is another kind of thermally 

inspired noise. Thermal electronic noise first announced in 1928 by Johnson-

Nyquist which also known as Johnson-Nyquist noise. That observed all conductors 

have the electric charges by random fluctuation. Thermal excited electromotive 

force can be calculated by thermodynamics and statistical mechanics.  

 

Thermal electronic noise extensively occurs in all types of media conductor due to 

the random motions of charge carriers agitated by local temperature variations near 

the Fermi level.  

 

These variations deliver energy gradient for electrons to overcome the barriers in 

conducting media. When the electron is relocation can be observed as Brownian 

motion. In MTJs, this thermally induced noise is appears in both high and low 

frequency regimes aid it roughly white noise. 

 

2.3.3 Shot Noise 

 

Shot noise was observed by Walter Schottky in 1918 in vacuum tubes. Its normally 

occurs when there is a potential barrier (voltage differential), such as a diodes. This 

is a statistical effect of the random emission of electrons and holes cross the barrier. 

Its proportional to the current passing through the device and the characteristic is 

white. 

 

The thermal shot noise also known as white noise and it occurs in both low and 

high frequency regimes. The bridge configuration application is effective in sinking 

the thermal shot noise by dropping the DC offset and drift of thermal. Moreover, it 

can conclude that thermal shot noise can be reduced by increasing the bias of 

voltage through the tunneling junction and decreasing the working environment 

temperature. However, it may have an effect on TMR ratios reducing when 

increasing bias voltage. 

 

 

2.3.4 Thermal Magnetic Noise 

 

As the size of MTJs junctions keep reducing, the MTJs thermally activated 

magnetization fluctuations become controlling. Thermal magnetic noise is depend 

by field that different with the Thermal electronic noise mentioned independent of 
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magnetic white noise. Though the thermal magnetic noise origin is still under 

researching, most of researches show that it results from the FL rotations of 

magnetization in the small gain volume. There are several researches further 

observed that the thermal magnetic noise is basically independent of frequency and 

increases contrariwise with the volume of FL in the sensors. 

 

The MTJs magnetization fluctuations contribute to the noise total in the device. The 

effected of fluctuation can be explained by fluctuation dissipation theorem (FDT). 

FDT describes a relation between an external disturbances to the internal 

fluctuations of a thermal system. FDT is generally used for forecasting the intrinsic 

noise characterization and it is used as the standard formula for the thermally 

fluctuations analysis of an MTJ system 

 

2.3.5 1/f noise 

 

The 1/f noise is also known as flicker noise or excess noise which is another 

important noise in MTJs system. It can be generate in many electronic devices and 

conductors that the current spectral density increases inversely relative to low 

frequency regime.  

 

The 1/f noise is depended by frequency which is difference with the white noise. Its 

spectrum of power voltage followed a 1/f like slope at low frequency and the power 

voltage increases with current bias. The 1/f noise spectrum density is much greater 

than the thermal electronic noise and shot noise at low frequency. The 1/f noise 

mechanisms in MTJs system can be classified by two types as;  

 

a) Electronic 1/f Noise 

 

The source of electronic 1/f noise can recognize to electrons charge trapping 

in a barriers and tunneling junctions between interfaces. When current flows 

through the MTJs junction, some of the electron charges become 

inflexibility at the barrier defects in the carrier flexibility is slowing down.  

Consequently the electrons transmission processes disturb each other. It was 

experimentally confirmed that highly crystallized tunnel barrier does not 

only enhance the TMR ratio but also improve the effect of MTJs 1/f noise.  

 

This effect probably ascribes to the enhanced interfaces quality between the 

thin films and decreased defect number in the tunneling barriers. 

 

b) Magnetic 1/f Noise 

 

Moreover the electronic 1/f noise, the magnetic fluctuation is detected in 

low frequency region as well. Its noise power spectrum is also decreasing 

when increasing the frequency. This magnetic fluctuation is related to the 

magnetization alignment switching between interface of the FL and PL.  

This magnetization fluctuation is unlike from the external magnetic field 

inducing. Instead it characterizes the noise motivation in the internal 

magnetizations direction. The power density maximization always appears 

when the ferromagnetic layers are switching in the directions.  
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The magnetic 1/f noise can be recognized to the magnetic domain jumping 

between the Meta stable initial states, subsequent in the phenomenon of 

noise baseline shift. Such jumping process will affect the incited magnetic 

1/f noise and susceptibility value of the FL in the MTJs. 

 

2.3.6 Random Telegraph Noise (RTN) 

 

The random telegraph noise (RTN) was first studied by Kandiah and Whiting in 

1978, on double gated junction field effect transistors (JFETs). They observed that 

RTN was produced by discharging process and a charging center of defect.  

Consequently, RTN was found in many kinds of semiconductor devices.  

 

In MTJs junction, after reducing the magnetic noise by saturating the external 

magnetic field, RTN was observed interweaving with the low frequency of 

electronic noise and it became more evident with the biasing current increasing. 

Furthermore, in the time domain, the random spectrum exposes step like spikes 

with low and high states between different voltage levels. This complex noise 

performance is generated by the superposition of amplitude fluctuations in 

multilevel due to the centers trapped. So, RTN in MTJs junction can be clarified by 

random capture repetition of one electron into a single trapping and electron 

releasing from the trap. 

 

Additional clarification of RTN is thermally fluctuation of magnetization in FL. It 

has been observed that the RTN can be reduced by suitable annealing and they 

attributed this phenomenon to the mitigated of magnetization fluctuated domains in 

the electrodes. The magnetic layers become better crystallization after annealing, 

which the resulting in the magnetic fluctuations declined. Consequently, the RTN 

origins to the magnetic FL fluctuations and this method provide a reasonable 

explanation for the observation that after annealing, the noise is decreasing. 

 

 

2.4 Pinning defects effected on CPP magnetic recording head 

 

The Pining defect (PD) is one of the majority causes of noise in current-perpendicular-to-

plane (CPP) magnetic recording reader. The PD occurs when there is anti-ferromagnet 

(AFM) grain switching under external field or by thermal induce which is related to 

dispersion, switching of pinning field (Hp) at antiparallel spot (APS) area, or switching of 

exchange coupling field (Hru) over parallel spot (PS). Magnetic microstructure studies 

revealed these defects experimentally. The spots are caused by poor control in thin film 

deposition.  

 

A perfect or ideal deposition should deposit exactly the same atoms as needed to form 

integer atom layers. A fair deposition is a few percent less or more than as needed, which 

produces one or more pinholes in sensor film. However, in some cases, film with large 

percent less or more than as needed produces spots distributing in a large range.  

This study micro-magnetically analyzes the effects from these defects on high field transfer 

curves (TCs), low field TC, and head noise performances, such as baseline popping (BLP). 

[6] 
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The exchange coupling between neighboring grains is indicated by Aex in 10−6 erg/cm. 

From a modeling point review, if the spot size is too small, its effect is smoothed out by 

exchange coupling. The spots of which the sizes are in same magnitude of modeling cell 

size can be classified into small-probability cases of pinning dispersion. For larger spots 

are shown in Fig. 2.5. 

 

 
 

Figure 2.5 Settings for large antiparallel pinning spots. 

(A) 20x30 nm2, (B) two of 30x30 nm2, and (C) 40x40 nm2 

 

 
 

The simulated high field TCs from the PD spot setting in Fig. 2.5(C) is shown in Fig. 2.6. 

For high field TC, saturated permanent magnet (PM) and shields are used, which means 

that gap is set to infinite and PM is set either upward or downward. Therefore the center 

range is not accurate. It can be seen from Fig. 2.7 that, under perfect pinning condition (no 

spot), there is a plateau before reference layer (RL) switching at AP state and a flat region 

or Rmin state before pinned layer (PL) switching at parallel state (P-state). The width of the 

plateaus indicates the high field stability.  

 

The bump observed in P-state of TC is originally formed in the process of RL in SAF 

following PL and giving up later during PL rotating under extreme high field against 

pinning field. Therefore, the bump location is a measurement of AFM pinning field or Hp 

while the magnitude of the bump is a measurement of exchange coupling across Ru layer 

or Hru. As shown in Fig. 2.6 without APS cases, when the field increases in P-state of TC, 

PL starts to switch if field is larger than 7000Oe. For comparison, with APS, the flat region 

observed in ideal P-state becomes gradual resistance drop without reaching Rmin state. 

The P-state bump which is associated with PL uniform rotation is also diminished. 

 

 



 

12 

 

 
 

Figure 2.6 High field TC comparison. With/without antiparallel pinning spot at 

Hp=1500Oe, Hru=(2000,5000) Oe and Aex=(0.2, 1.0) Spot setting in Fig. 2.5(C) is used. 

 

 
 

The dynamic process of magnetizations (M) in FL, RL and PL on the modeled high field 

TC are shown in Fig. 2.7(a). At AP-state as in (C), regular region of RL is antiparallel to 

FL. The magnetization of the localized areas in RL corresponding to the PD spots in PL is 

magnetically parallel to FL, which results in rolling off in TC. Continually increasing field 

(B) leads to regular region of RL switching and spot region in PL flipping. Therefore, 

presence of PD is the reason of earlier high field rolling off at AP-state. Finally, entire RL 

and PL are aligned parallel with FL (A).  

 

At Rmax state (C), the M in regular region of RL is antiparallel with FL. However, as shown 

in state (C), the M in the localized area in RL correspond to PD spots in PL is parallel with 

FL. After field changes polarity from (C) to (D), FL experiences a transient vertex state 

(D). For a perfect case, with further increasing field in P-state, RL should reverse its M to 

be parallel to FL under high field to reach Rmin state. However, the localized M in RL due 

to the PD in PL is antiparallel to FL.  

 

As a result, Rmin state is not reached in (E) state. Therefore, presence of PS in RL/PL 

exchange coupling results in the gradual resistance drop rather than the flat region in P-

state observed in ideal case without PD spots. So does for the disappearance of the uniform 

PL switching bump in P-state. The results in Fig.2.7 (a) are confirmed by experimental 

data shown in Fig.2.8 (A) for a CPP head. At very high field case (F) at P-state, the Ms for 

all the layers, including PD spots are saturated and aligned to the same direction as the 

external field. 

 



 

13 

 

 
 

Figure 2.7 Scenarios of magnetization states on high field TCs. 

(a) APS setting in Fig. 2.5(C) with dispersion setting:50 degrees in angle sigma and 

500 Oe in magnitude sigma; (b) from PS setting shown in Fig.2.9 

 

 
 

Figure 2.8 Experiment high field TCs. 

(A) Proof for exist of APS, on left side, plain is filled up and the bump disappear 

(B) Proof for exist of PS, on right side, the hump appears. 

 

 



 

14 

 

The typical parallel coupling spots over Ru layer, or Hru, should also be widely 

distributed. The spot settings for modeling are shown in Fig.2.9, with size 40x40nm2. In 

perfect situation, the coupling fields in RL and PL are opposite from each other, so do Ms’ 

of RL and PL. However, in the PS region, the exchange coupling field is in parallel 

direction. It can be seen in Fig.2.10 that the PS with certain dispersion could result in TC 

early rolling off as well as having spikes, hysteresis and humps at AP-state. Similar 

behaviors can be found in experiment shown in Fig. 2.8(B). 

 

 
 

Figure 2.9 Example of large parallel exchange spot over Ru layer with 40x40 nm2 

The PS region, the coupling field and magnetization are inverse directions. 

 

 
 

From Fig. 2.7(b), the magnetizations on TC with PS have similar scenarios as that in Fig. 

2.7(a) with APS condition. From scenarios (B) and (C), process of hump formation at AP-

state of TC can be seen. The M in regular region of RL flips back but not for the spot 

region at scenario (B) until after (C) when the applied field is decreased. 

 

 
 

Figure 2.10 High field TC comparison: With/without parallel exchange spot Hp=1500 Oe, 

Hru = (2000,5000) Oe, and Aex=(0.2,1.0). Spot setting in Fig. 2.9 is used.  

The PS could leave spikes, hysteresis, and humps at high MR side on TC besides resulting 

in high field TC rolling off early. 
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The Micro-magnetic and electrical circuit study realized that BLP and telegraph magnetic 

noise (TMN) have same magnetic origin. In fact, the BLP is just a special case of TMN 

passing through a coupling capacitor between head and preamp. Therefore, the BLP 

indicates all relevant TMN in the discussion below. To understand effect of PD spots, 

thermal Landau–Lifshitz–Gilbert (LLG) simulation with APS settings defined in Fig.2.5 

(A) and (B) was carried out. In order to increase probability to capture BLP in limited 

simulation time, large pinning dispersion is used because the probability increases with 

dispersion. In most cases, lower field TC opening and instabilities are caused by FL edge 

state switching or PD induced FL state switching. However, we did capture some cases 

which are caused by PL and RL’s local magnetic state switching due to presence of the 

APS or PS with certain dispersion. 

 

The simulated time domain magnetic noises are shown in Fig.2.11, with their spectra 

shown in Fig.2.12. Magnetic noises include intrinsic thermal magnetic noises and BLP. 

The former noise is white noise in low frequency region, which can be roughly described 

by formula from single domain theory. The BLP is induced from SAF PDs through 

switching of local magnetic states as a result of the APS and PS. In frequency domain, the 

BLP noise is featured by 1/f noise in low frequency region. In Fig.2.11, BLP shows up as 

random spikes above noise baseline in nanoseconds timescales. There is also electrical 1/f 

noise component in the 1/f noise spectra from experimental data. Electric noises can be 

separated from magnetic noises at saturated state. Artifacts, such as openings and 

hysteresis in low field TCs are known to associate with magnetic defects of a read sensor. 

For the captured BLP events in Figs. 2.11 and 2.12, this study confirms that presence of the 

PD spots could indeed result in artifacts on low field TC. 

 

 
 

Figure 2.11 Modeled thermal magnetic noises 

With/without captured BLP and popcorn, spikes, from APS settings (a) and (b) of Fig.2.5, 

the full range time scale is 50 ns. 

 

 



 

16 

 

 
 

Figure 2.12 Spectrums of thermal magnetic noises 

Shown in Fig.2.11, the full range frequency scale is 20 GHz. comparing with case of 

thermal magnetic noise only, BLP and popcorn noises have strong 1/ f low frequency 

components. 

 

 
 

The micro-magnetic modeling studies reveal that both APS and PS could change properties 

of high field TC and generally result in early rolling off of the high field TC. The PS in 

RL/PL exchange coupling could result in defects in TC antiparallel state. Presence of the 

APS distorts uniform switching of the pinned layer, which is shown as disappearance of a 

bump in parallel state high field TC. The micro-magnetic studies are able to explain the 

experimental high field TC results with different characteristics. In addition, the magnetic 

noise and CPP reader instability, such as BLP events, are captured via time domain thermal 

LLG calculations. The BLP events correspond to some artifacts on lower field TC. 

 

 

2.5 1/f noise modeling due to thermally induced magnetic switches of AFM grains 

 

Magnetic 1/f noise is one of the major noise sources in state-of-the-art magnetic tunneling 

read heads for hard disk drive applications. The 1/f noise can be induced by thermally 

activated magnetic switching of antiferromagnetic (AFM) grains in the reader stack. This 

noise mechanism is studied here by micro-magnetic modeling. The modeling shows that 

the 1/f like noise power spectrum can come from the addition of several Lorentzian type 

noise spectra corresponding to the switching of individual AFM moments that are most 

likely located near the edges of the AFM layer. Additionally, the modeling shows that 

magnetic glitches can be generated by the switching of the reference layer edge curling 
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state at the top or bottom edge of the layer, which is induced by the switching of one or 

more AFM moments in those areas. [2] 

  

This study focuses on simulation results of one head that shows a glitch, which is random 

telegraph noise with high amplitude and narrow pulse width. They want to get glitches in 

reasonable computing time of the LLG simulation; the head has weak input parameters for 

AFM stability. Parameters used in simulation are saturation moments of three magnetic 

layers (PL/FL/RL), the thickness and shield-to-shield spacing. Figure 2.13 shows the 

configuration of AFM grains with their indices. To simulate the effect of milling and 

lapping during the head manufacturing process, AFM grains are generated in a sample that 

is twice as large as the finished sizes in both sensor width and height dimensions. In the 

Fig.2.13 also shows the AFM moment orientations at the biasing state, obtained by 

simulating read head exchange field setting process. Figure 2.14(a) shows the noise 

waveform of the head from dynamic LLG simulation, two groups of glitches can be seen. 

The first group of glitches with higher amplitude (~2.4 mV) is induced by the switches of 

AFM grains #13 and #24, as evidenced by Figs. 2.14(b) and 2.14(c) where the longitudinal 

components mx of normalized moments of the two grains are shown (without filtering). 

The two grains are located at or near the top edge of the stack, as shown in Fig.2.13. A 

closer look reveals that the switching times of the two grains can differ by a few ns. The 

second group of glitches with lower amplitude (~1.0 mV) is induced by the switches of 

AFM grain #24. The three smallest grains (#6, #14, and #15) show super-paramagnetic 

behavior; their mx histograms have somewhat flat profiles between –1 and 1. Five smaller 

grains (#4, #9, #18, #22, and #36) can oscillate in large ranges. All those other grains, 

except #22 which may help #13 and #24, cannot generate large signals although they 

certainly contribute to the high frequency part of 1/f noise. Grain #24 is quite large in size, 

but it has the third lowest anisotropy constant among 38 grains. Figure 2.15 shows the 

changes of soft magnetic layers due to the switching of AFM grains #13 and #24 at the 

same time. As can be seen, the large signal (~2.4 mV) comes from a switching of the 

reference layer edge curling state. 

 

 
 

Figure 2.13 Configurations, indices, and biasing states of irregular AFM grains 
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Figure 2.14 Thermal fluctuations of the sensor voltage 

The longitudinal components of two AFM moments (b and c) 

 

 
 

To summarize, random telegraph noises can be induced by AFM moment flipping. 

However, glitches are most likely induced by sizable AFM grains that are located near the 

top or bottom edge of the sensor stack, since it is where the reference layer magnetization 

has an opportunity to make a big angular jump because of the demagnetization field. 

Figure 2.16 shows noise power spectral densities for this head, calculated from both noise 

waveform and a semi-analytical model. At low frequency, the noise power spectra are 1/f 

like. The two resonance peaks are from the free layer and the synthetic anti-ferromagnetic 

structure, respectively. In the semi-analytical model, the noise power is the sum of the 

AFM induced 1/f noise power and the soft magnetic layer induced magnetic noise power. 

A semi-analytical model for the latter was presented elsewhere. To calculate the AFM 

induced 1/f noise power, one needs to first calculate the energy barriers and voltage jump 

for every AFM grain that has two energy minima and has a flipping rate larger than a 

minimum frequency (1 MHz, for example). To do that, a so called dragging method is used 

in which an AFM moment is rotated 360in plane and the system is relaxed to its energy 

minimum for each fixed angle of the AFM moment. 
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Figure 2.15 The system can jump between the two equilibrium states 

 (With / without arrows) of AFM, pinned, reference, and free layers to create a large glitch 

 

 
 

Figure 2.16 Comparison of the calculated noise power spectra 

The LLG simulation and a semi-analytical model. 

 

 
 

The total 1/f noise power spectrum is the sum of all noise power spectra for individual 

AFM grains. Figure 2.17 shows how the noise power spectrum changes when the pinned 

layer gets thicker. Each curve is the average of 20 heads. Different head parameters are 

used for this example. For instance, the mean AFM grain size is 7 nm for this case. As can 
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be seen, when the pinned layer is thicker, the mag-noise (the noise floor around 109 Hz) 

increases slightly due to a decrease of the effective pinning field. Conversely, 1/f noise 

decreases due to the larger volume of pinned layer grains. This trend is confirmed by 

experiments. 

 

 
 

Figure 2.17 Magnetic noise power spectra 

Based on 20 heads per group from the LLG simulations.  

Low frequency noise power decreases when the pinned layer is thicker. 

 

 
 

To conclude, due to milling and lapping processes smaller grains are likely to be created 

around the four edges of a sensor. They could contribute significantly to 1/f noise. 

Magnetic glitches can be generated by the switching of the reference layer edge curling 

state at the top or bottom edge of the layer, which is induced by the switching of one or 

more AFM moments in those areas 

 

 

2.6 Magnetic Nano-particles excitations 

 

The magnetic domains fluctuation is difference between the magnetic nanoparticles and 

the consistent bulk materials. The particle energy of magnetic anisotropy is coherent to the 

volume. At the definite temperatures, the very small particles may be similar to the thermal 

energy. These results called the super paramagnetic relaxation. The magnetization 

directions are reversing of thermally induced. For an energy of uniaxial anisotropy particle 

E (θ) is given by E (θ) = K Vsin2θ, the time of super paramagnetic relaxation τ is given by 

[11] 
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Where K is the constant of magnetic anisotropy; V is the volume of particle; θ is angle of 

the magnetization vector and an easy axis; kB is Boltzmann’s constant and T is the 

temperature. The value of τ0 is in the range 10−13–10−9 s.  

 

When the time of super paramagnetic relaxation is higher than the timescale of 

experimental technique, the rapid of magnetization is measured, but if the relaxation is fast, 

the average value of magnetization is measured. The blocking temperature (TB) of super 

paramagnetic is well-defined as the temperature at the time of super paramagnetic 

relaxation equals the timescale of experimental technique, which is used for the study of 

the magnetic properties.  

 

Below the blocking temperature (TB), super paramagnetic relaxation can be considered 

insignificantly, but the direction of magnetization may still fluctuated in the directions that 

close to the easy axes at θ = 0° and θ = 180°. These fluctuations was called Collective 

Magnetic Excitations. Figure 2.18 show the magnetic excitations in a nanoparticle. 

 

 
Figure 2.18 Fluctuations of magnetization in a nanoparticle 

The direction of vector M magnetizations are fluctuates near the easy directions at low 

temperatures. When temperature is getting higher, the thermal energy can be comparable to 

the height, KV of the energy wall separated the easy directions, and the magnetization can 

vary between the easy directions (super paramagnetic relaxation). [11] 

 

 
 

In both of bulk materials and nano-particles, the magnetic motions are healthy when the 

temperature is below the Curie or Néel temperature, which can explain by spin waves 

excitation, but in the small particles spin wave spectrum is size dependency and this can 

have a considerable influence on the temperature dependence of the nano-particles 

magnetization. 
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The nano-particles magnetization at the low temperatures is the independent of the 

exchange interaction, which is in contrast to bulk materials. Additionally, the linear of 

magnetization depends on temperature which is in contrast to the Bloch T3/2 law for bulk 

materials, as shown schematically in Figure 2.19.  

The nano-particles magnetic motions at the low temperatures can explain in terms of the 

uniform mode excitations in combining with transitions between excited states with 

different values of n0, i.e., with different angles of precession. These magnetic motions 

have also been termed collective magnetic excitations. The uniform influence mode to the 

magnetization temperature dependence of the bulk materials is insignificant, because of the 

magnetization dependence on the volume. 

 
Figure 2.19 Super paramagnetic blocking temperature (TB) and Curie temperature (TC). 

The Macroscopic crystals spin waves (red) and uniform exitations in nanoparitcls (blue) 

are consistent temperature dependdence of the magnetization 

 

 
 

The magnetization temperature dependence in a nano-particle can also be derived by 

seeing the particle as a macro spin, which can be provided as a classical magnetic moment, 

i.e., it is expected that the vector of magnetization can point in any direction. Below TB, 

the magnetization direction remains close the minimum state and the magnetization 

temperature dependence can be designed by Boltzmann statistics 

 

 

 
 

(2.2) 
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The nano-particles of magnetic motions of anti-ferromagnetic particles fluctuates in several 

ways from ferromagnetic and ferrimagnetic nano-particles. In an anti-ferromagnetic 

material with uniaxial anisotropy, the relation of dispersal for spin waves is given by 

 

 
 

Where BA = K/Ms is an anti-ferromagnetic material anisotropy field with sub lattice 

magnetization Ms, BE is the exchange field and z is the nearest neighbor atoms number. In 

the anti-ferromagnetic materials exchange fields might be larger than 100 T, i.e., much 

larger than the anisotropy field. Consequently, in anti-ferromagnetic nano-particles, the 

energy gap between the uniformity mode at n = 0 and the n =1 mode is much bigger than 

in ferromagnetic or ferrimagnetic materials. However, the spitefulness is differences in the 

energy excitations of ferromagnetic or ferrimagnetic particles and anti-ferromagnetic 

particles, the temperature is dependence of the magnetization sub-lattice and the hyperfine 

field magnetization in anti-ferromagnetic nano-particles. 

 

Figure 2.20 shows the magnetic temperature dependence of hyperfine field of 20 nm 

hematite nanoparticles. From the linear fit of slope of the data for the non-interacting 

particles, the magnetic anisotropy constant value can be predicable with,  

. The difference energy between adjacent precession states in the 

uniform (q = 0) mode is given by 

 

 
 

 
Figure 2.20  Hyperfine field for 20 nm hematite nanoparticles as a function of temperature 

 

 
 

The energy of uniform excitations in anti-ferromagnetic materials from above equation 

was resultant supposing that the anti-ferromagnetic material had zero net magnetization, 

but typical of nano-particles in anti-ferromagnetic materials have a magnetic moment 

because of spinning of unrecompensed, such a sample as, in the surface. This can have a 

huge impact on the energy excitation. For example, an unrecompensed moment in 

(2.4) 

(2.3) 
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magnetic of around 1% of the sub-lattice magnetic moment can result in the excitation 

energy reduction by a factor of two. Neutron studies of hematite nanoparticles have shown 

that the effect is significant in 8 nm hematite particles, which have relatively large 

unrecompensed moments. 

 

In anti-ferromagnetic materials, the model of uniform excitation has interesting 

consequences. The spins of two sub-lattices are process around the easy axis in such a way 

that they are not rigorously anti-parallel, but from different angles, θA and θB, with respect 

to the easy axis. This is shown in Figure 2.20. For BA<< BE the two angles are related by 

 

     

 
  

Therefore, the magnetic moments of two sub-lattices do not cancel, and the nano-particle 

has a total magnetic moment, which increases by increasing temperature. The initial 

susceptibility contributed from this thermo induced magnetization is given by 

 

 
 

Some of magnetization in anti-ferromagnetic nano-particles studies, they have established 

the magnetization by increasing temperature apparent increase, which is based on the 

thermo induced magnetization model. Conversely, a samples of anti-ferromagnetic nano-

particles magnetization curves can be significantly influenced by the magnetic moments 

distribution due to unrecompensed spins and by the magnetic anisotropy, and these effects 

may be problematic to differentiate from the contribution from the thermo induced 

magnetization. 

 
Figure 2.21 The uniform mode in antiferromagnetic nanoparticles 

(a) The spins in the two sub lattices are essentially antiparallel at low temperatures; 

(b) The two sub lattices are not antiparallel, but process around an easy axis with 

different processing angles. This leads to a non-zero magnetic moment of the 

nanoparticles at high temperature 

 

 

(2.5) 

(2.6) 
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CHAPTER 3 

METHODOLOGY 

 

The majority of this thesis is focused on read back signal and thermal noise stability when 

sensor head has extended the PL to be longer than the FL. Also we investigate and 

characterize the noise stability relative to SH changing. 

 

The methodology used in this thesis is as follows; 

 Quasi Static Testing (QST) for characterizing read sensor performance and 

magnetic noise stability. 

 Dynamic Electrical Testing (DET) for characterizing SNR performance. 

 Blocking Temperature (Tb) testing for characterizing the thermal noise stability. 

 Physical characterization by Transmission Electron Microscope (TEM). 

 

 

3.1 Quasi Static Testing (QST) 

 

The Quasi Static Tester (QST) is a testing method that can characterize the magnetic 

recording heads performance without flying over the recording media. QST can be used to 

identify problems in the early stages of reader head manufacturing processes. This tester 

can quickly and accurately characterize the read sensor performance versus Dynamic 

Electrical Test (DET) such as,  

 

1) Independent of external influence.  

2) Can analyze pure sensor performance with higher resolution than DET testing.  

3) QST testing is inexpensive, fast, relatively simple, and requires significantly lower 

maintenance and operating costs compared to DET [15]. 

 
  

Figure 3.1 Simplified view of a quasi-static tester 

A quasi-static tester showing a sensor head (slider) inserted in a magnetic field in the hard-

axis direction. Such a tester is also referred to as a transfer curve tester [16] 
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However, QST function is not limited to transfer curve measurement only. Other 

measurements such as, Magneto-Resistive (MR) resistance, popcorn noise, amplitude, 

asymmetry, and DC saturation are often performed in conjunction with the MR transfer 

curve test [16] 

 

3.1.1 QST Measurements Definition 

 

The terminologies used in describing QST measurements are described as: 

 

a) Determining the DC Level of MR Transfer Curves 

 

To determine the positive and negative amplitude and the asymmetry of a sensor 

transfer curve, the DC level of a transfer curve has to be determined. Due to the 

unstable characteristics of the read sensor, the DC level at H=0 moves up and down 

around its nominal value depending on the magnetic history. Average sensor 

voltages at zero magnetic fields from multiple periods can eliminate the uncertainty 

of the DC level of a transfer curve. The DC level can be readily obtained after the 

thermal drift is subtracted from the sensor response. 

 

b) Amplitude and Asymmetry 

 

Once the DC level of a transfer curve is determined, the calculation of read sensor 

amplitude and asymmetry is straightforward 

 Positive amplitude Vp : average of positive peak values 

 Negative amplitude Vn: average of negative peak values 

 Asymmetry:   

 

c) Hysteresis and Domain Instabilities 

 

The magnetic responses of read sensor are inherently hysteretic. Magnetic 

Hysteresis is measured by the enclosed area between the forward and reverse MR 

transfer curves as the external magnetic field is swept from the negative maximum 

field to the positive maximum fields and back again. 

 

Domain instabilities, or Barkhausen noise, are often found in the output of an 

unstable read sensor. Such a jump is represented by a step-like abrupt change in the 

MR resistance. The amplitude of the jump is a measure of the Barkhausen noise. 

 

3.1.2 QST Parametric Measurements 

 

a) MR  Resistance 

 

The MR resistance test is the basic MR production test. In theory, MR amplitude is 

proportional to the Magneto-Resistive Resistance (MRR) for small signals when a 

fixed bias current is used in testing. The MR resistance is calculated by measuring 

the sense element’s voltage when a known bias current is circulating through the 

element.  
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MRR is defined as 

 
 

Figure 3.2  MRR measurement 

 

 
  

MR resistance tests can be used efficiently to sort read heads at the slider level by 

detecting read heads with very low and very high resistance. In TuMR, long read 

heads have low resistance, severely Electro Static Discharge (ESD) damaged read 

heads have abnormally high resistance values or open circuit 

 

High resistance heads are suspected to be over-lapped. The higher resistance in turn 

causes high temperature in the sensing element under normal bias current. Thus the 

MR resistance test can be used to sort MR heads at the slider or HGA level. 

 

b) MR Transfer Curve 

 

The MR transfer curve measurement is essential in determining subtle head 

changes in magnetic performance. The MR transfer curve can also reveal over-

stressed heads that are suspected of being overlapped, which results in high 

resistance. High resistance results in the head temperature being too high under 

nominal bias current 

 
 

Figure 3.3 MR amplitude and its relation with MR resistance 

 

  

(3.1) 
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The resistance of a MR sensor is measured using a 4-point contact technique. MR 

bias current can be adjusted according to its resistance value to optimize its 

performance. Lower bias currents should be used for MR sensors with higher 

resistance or over-heating may occur which degrades the performance of the MR 

sensor. The resistance of a MR sensor is a linear function of the temperature. The 

increase in sensor temperature from ambient is proportional to the total power 

dissipated which is a parabolic function of bias current as shown in Figure 3.4. 

 
 

Figure 3.4 MR Resistance vs. Bias Current 

 

  
 

3.1.3 MR Transfer curve test 

 

MR transfer curves can be readily obtained using a QST with a uniform external field 

applied to the sensor head. Amplitude, Asymmetry, Barkhausen noise and hysteresis can 

be extracted from the quasi-static transfer curve.  

 
Figure 3.5 Illustration of MR Transfer Curves and Related Measurements 
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  Amplitude is defined as 

 

 
 

Where   is MR voltage at the specified external magnetic fields. 

 

 Asymmetry is defined as 

 
 

Hysteresis is defined as the absolute value of the difference between the area under 

the forward and reverse subsets of the transfer curve divided by the sum area of the 

forward and reverse curves, then multiplied by 100.  

 

 
  

Where the areas are defined with respect to the minimum amplitude and are 

calculated as 

 
And 

 
 

The sign of the bias current is taken into account when determining the minimum 

(minimum “resistance” instead of the minimum voltage) 

 
Figure 3.6 Hysteresis represents the area between the forward and reverse curve 

 

  

(3.2) 

(3.3) 

(3.4) 

(3.5) 

(3.6) 
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Barkhausen noise characterizes the sudden jumps in the MR transfer curve. The 

result returns the value of the largest Barkhausen jump, expressed as a percentage, 

defined as the amplitude in [µV] of the largest point-to-point voltage jump within 

the specified number of cycles of the MR curve divided by the average peak to 

peak amplitude over the same number of cycles and multiplied by 100 

 

 

 
Figure 3.7 The Barkhausen jump is actually calculated over all acquired cycles 

 

 
  

 

The Sensitivity result measures the sensitivity of the device to a magnetic field and 

corresponds to the slope of the transfer curve 

 

Slope is define as 

  

 

(3.7) 

(3.8) 
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Figure 3.8 The sensitivity or slope of the transfer curve (straight line) 

Note: Sensitivity is independent from Asymmetry HField Dependence 

 

 
  

3.1.4 MR Glitch or Popcorn Noise Test 

 

The popcorn phenomenon is a pulse or a series of pulses that occur after write time, which 

can be interpreted as field transitions in the drive. 

 

Popcorn Tests require optional component – popcorn board. In general the tests work by 

exciting the writer at a defined current and frequency, waiting a defined delay period and 

then measuring Popcorn pulses using either the amplitude threshold or rate qualification 

method. The Popcorn Test also allows the user to sweep up to two parameters (frequency, 

write current, read bias, etc…) to find specific areas where the head is most susceptible to 

popcorn. 

 
  

Figure 3.9 Popcorn noise test algorithm 
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Algorithm for popcorn noise test as follow 

 

 Exciting the writing at a defined current and frequency. 

 Waiting a defined period. 

 Measuring popcorn pulse using Voltage Threshold or rate threshold. 

 

3.1.5 Spectral Maximum Amplitude Noise Test (SMAN) 

 

SMAN test has been proven superior to conventional Transfer Curves at catching noisy or 

unstable heads. These heads normally exhibit soft kinks when using conventional Transfer 

Curves. Fast test time allows for use in Production to catch the same field instabilities. 

Initial Threshold can be used to further optimize the test. These phenomena have been 

linked to loss of Bit Error Rate at Drive Level 

 

SMAN test is designed to quickly measure the spectral noise density as a function of 

magnetic field utilizing an AC channel and 160 Mhz 10-bit digitizer. Optionally, the user 

can enable write stress to catch both writer induced and field induced noise. 

 
 

Figure 3.10 SMAN Test Diagram 

 

 
  

SMAN has 3 basic results, which are MaxNoiseAmp, NoiseAmp, and NoiseRMS. All 

these results come from digitizing ~250uS worth of data at each Field. At the end of the 

test software plots all 3 of these calculations performed at every Field value. For the 250uS 

of data at each field, this is not read in one large chunk, but actually is captured over 

several cycles. Each cycle size is defined by read length. Once the 250uS of data is read in, 

the calculations are performed as follows;  
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 First, the MaxNoiseAmp is just the single highest noise spike read from this data. 

 Second, the NoiseRMS will be calculated, using all 250uS worth of data. 

 Third, the NoiseAmp calculation, will find the highest noise spike in each cycle.  

 

Then add up all of the highest noise spikes and divide by the number of cycles, i.e. 

get the average of the highest noise spikes. This result gives a combination of noise 

amplitude and probability.  

 

If there is a very high noise spike, but all the others are low, then MaxNoiseAmp 

will be high, but the averaged NoiseAmp will be low. Alternately, if there is a lot of 

noise, but none of these spikes are terribly high, then the NoiseAmp will be higher, 

and be very close to the MaxNoiseAmp. 

 

At each field, if enabled, the tester runs initial threshold measurement before digitizing the 

noise. Initial Threshold simply sets user defined threshold and then runs the same sequence 

of write-delay-read cycles test, only counting the number of pulses that cross the threshold. 

If at least one pulse crosses the threshold, then the tester will proceed to Data Acquisition 

Frame. Initial threshold does not apply to the first and the last field setting – at those field 

values the tester runs data acquisition frame to calculate noise metrics. 

 

If initial threshold is enabled, naturally, measurements at some fields may be skipped. Such 

measurements will produce 0uV Noise Amp, Max Noise Amp and Noise RMS in raw data 

of the SMAN Result. Such measurements will not be included in statistical calculations of 

the SMAN test (Ave, Min, Max, and Range) 

 

  
Figure 3.11 SMAN testing 

 

 
  

 

In sum, three types of SMAN testing can indicated noise instability as follow 

 

 NoiseRMS for broadband noise 

 MaxNoiseAmp for rare events such as barkhausen jumps and writer induced 

instability 

 NoiseAmp for high probability noise 
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Figure 3.12 SMAN result and printout 

 

  
 

 

3.2 Dynamic Electrical Test (DET) 

 

3.2.1 DET Measurements Definition 

 

Dynamic Electrical Test (DET) is major purpose to testing the sensor head ability both of 

reader and writer functional at the spin-stand tester and also used to screen out the poor 

heads performance before processing to the next operation, Heads Stack and Drive level  

 

The DET is typical to simulate the Drive testing by flying a head over the recording media. 

Therefore, there are two kind of important parametric measurement which calls on-track 

measurement (PW50, High/Low Frequency, Over Writer, SNR, etc.) and off-track 

measurement (Squeeze, Squash, Triple track profile, etc.) 

 

 
 

Figure 3.13 On-Off track measurement in DET testing 
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 One of the issued in DET testing is the Micro-jog.  The Micro-jog is used to define the 

distance between reader moves to read written data. Due to the media disk is cycle shape 

so, there can have a skew angle when the head is flying on media at inner zone (ID) and 

outer zone (OD). To avoid the micro-jog issued, the DET testing will be measurement at 

the median zone (MD) only. 

 
 

Figure 3.14 Skew angle definition 

 

 
  

3.2.2 DET Parametric Measurements 

 

The DET testing is provided a very important parametric measurement such as Signal to 

Noise Ratio (SNR), TAA modulation (Amplitude/Asymmetry), Reverse Overwrite, 

Magnetic Write Width, etc. DET parametric test output parameters are as follows: 

 

a) TAA modulation 

 

The TAA (Track Average Amplitude) is an average running value of the peak 

voltages in read data using zero as a baseline. Modulation is measured as a 

maximal deviation of the envelope to the TAA level in a percentage. TAA and 

modulation measurements are also sensitive to the peak detector time constant. 

 

The envelope signal at the output of the Peak Detector is digitized. Then, the values 

for an entire revolution are stored in the Envelope Memory. On each revolution, all 

samples of the signal envelope are processed in the real time, so that the values of 

the TAA and positive and negative modulation are determined at the end of each 

revolution. 

 

The peak-detector-output envelope signal is affected by the following: 

o Pulse-Width of the signal 

o The charge mode 

o The time constant settings of the Peak Detector 
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Figure 3.15 Modulation and TAA 

 

 
  

Figure 3.16 Envelop/Peak Detector Time Constant 

 

 
  

TAA test algorithm 

 

The test performs the following sequence of actions: 

1) Executes the option selected in the field. 

2) Writes the pattern of write flux value for a revolution. 

3) Measures the TAA with the selected filter in the field. 

4) Measures positive and negative modulations. 

5) Repeats steps 1 to 4 number of times, as specified by the iteration field. 

  

TAA test results output fields:  

 Name of the Field Comments 

Iteration ID The iteration ID. 

Statistic Type The statistic types of results. 

TAA (mV) The TAA value of the test signal. 

Positive Modulation (%) The positive modulation value. 

Negative Modulation (%) The negative modulation value. 

TAA The TAA value of test signal. 

Table 3.1 TAA test results output 
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b) LF/HF Amplitude Test 

 

The recording system is characterized the amplitude signal by writing the 

frequency patterns by single tone and average the peak-to-peak amplitude of the 

read back signal around the track. These measurements are call Track-Averaged 

Amplitude (TAA). 

 

The frequency of single patterns are referring to the smallest period of multiples 

from the characteristic of random pattern.  e.g., 1T, 2T, 6T, etc… 

 

The common frequency measurements are: 

 6T signal for “Low Frequency” (LFA) measurement 

 2T signal for “Mid Frequency” (MFA) measurement. 

 
Figure 3.17 Amplitude signal. 

 

 
Figure 3.18 Data patterned. 
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c) Amplitude Asymmetry Test 

 

The Asymmetry test measures the average difference between the horizontal 

distance from a negative peak to the following positive peak and the horizontal 

distance from a positive peak to the following negative peak. Positive or negative 

asymmetry is defined as the asymmetry, which is measure after positive or negative 

erasure respectively. Asymmetry measurement is meaningful only on a LF signal. 

 

 
Figure 3.19 Asymmetry test. 

 

  
 

d) Pulse Width Test (PW50) 

 

The Pulse Width test is designed to measure the width of an isolated pulse. The test 

algorithm is as follows: The test is written on the track; the virtually isolated pulses 

of the read analog signal are applied to comparator with the threshold set as 

specified (0-100%), the widths of the pulses are measured. 

 
Figure 3.20 Pulse Width Test. 
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e) Overwrite and Reverse Overwrite Test 

 

During the Overwrite test, the average amplitude of a recorded selectable low 

frequency (LF) signal is measured at the output of a band pass filter before and 

after is overwritten with a high frequency (HF) signal. If the average amplitude of 

the low frequency signal is frequency signal is V1, then we can define the 

overwrite result as: 

 

 
  

 

Algorithm of Overwrite test 

 

1) Erase by DC. 

2) Write low frequency (LF). 

3) Measure and record the low frequency amplitude of the read-back signal 

(V1). 

4) Write high frequency (HF). 

5) Measure and record the low frequency (residual/ remnant) amplitude of the 

read-back signal (V2). 

6) Compute the OVW using the formula above. 

7) The results of the test are compared to the pass-fail specification data. 

 

 
Figure 3.21 Overwrite test configuration. 

 

 
 

Overwrite characterizes the ability of the writer to write over existing data. For 

longitudinal, the standard practice is to write an LF signal, then write an HF signal 

directly over the old data without erasing the old data first. For perpendicular 

recording, low density is less stable than high density, DC erasing is more difficult 

than AC erase, because of demagnetizing field. This is opposite to that of 

longitudinal recording. 

 

 

 

(3.9) 
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Algorithm of Reverse Overwrite 

 

1) Erase by AC. 

2) Write higher frequency (HF) signal and measure narrowband amplitude at 

the frequency (V1). 

3) Over write HF signal with lower frequency signal (REV_LF) and measure 

narrowband amplitude of high frequency residue (V2). 

4) Report the ratio of residual and initial amplitude in dB. 

5) Calculate Overwrite by: 

 

 
 

f) Signal-to-Noise Ratio (SNR) 

 

The Noise test measures the ratio between the amplitude of a HF signal written on 

given track and RMS (root mean square) value of the signal after the track is 

erased. The Signal-to-Noise Ratio (SNR) is calculated using the following: 

 

 

 
  

g) Track Profile and Micro-track Profile test 

 

Track Profile test is designed to measure the TAA as a function of offset from the 

center of the track. As an option, this test can also measure Track Write Width, 

Read Width, and Read-to-Write Offset. As an option, this test can also measure 

BitShift and Comparator Error Rate as a function of offset from the center of track. 

 

The peak of the measured track profile is accepted as 100% amplitude and the 

lowest TAA in a specified range is accepted as 0% amplitude (floor level). 

 

 
Figure 3.22 Track scan profile 

 

  

(3.9) 

(3.10) 
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h) Triple track profile measurement : Off-Track measurement 

 

The Off-track Performance Test measures the maximum distance off the track 

center the head can reach with error rate below the specified limit. The test writes 

the signal sequence similar to that of the standard test. Initially, two side tracks are 

written at the specified distance from the center of the track under test, latter 

referred to as the data track. After that, the data track is written. Finally, the 

adjacent track is written at the specified distances off the center of the data track. 

The goal of this arrangement is to simulate the worst condition for the head in the 

real drive: side tracks simulate partially overwritten remains of the data track, 

written Off-center due to positioning errors. The adjacent track simulates the 

adjacent track in the drive. The test positions the head at the maximum distance off 

the center off the track specified by the range parameter. The head is then moved 

towards the center of track by specified increments until the comparator error rate 

drops below the specified level. The linear interpolation between the last two points 

is used to determine the exact offset at which the error rate equals the specified 

limit. The process is then repeated on the other side of the track. The result of the 

test is the sum of the-track positions reached on both sides of the data track. Please 

note that, if the error rate is measured though the chip Adapter, “Freeze Adaptive 

off Track” in Configure tests option s it affects results. 

 

This test performs track profile type operations to measure the degree to which 

adjacently written and erased signals interfere with each other. 

 

The Triple-track test measures write width, read width, write-to-read (WR) offset, 

squash, squeeze, and OTRC parameters of the written signal. The algorithm is: 

 

1) Perform Band erase. 

2) Write data track. 

3) Measure the track profile according to the range and step parameters. 

4) Save maximum TAA value (MaxTAA). 

5) Build two interpolation lines according to the Interpolation range setting. 

6) Measure the distance between the interpolation lines at the 50% threshold 

and report it as Write Width. 

7) Measure the distance between the interpolation lines at 0% threshold (floor 

level), subtract the Write Width and report the result as Read Width. 

8) Measure the distance between the center of track (Zero offset) and the 

center of the Write Width, and report it as WR offset. 

9) Write two adjacent tracks at the squeeze position of each side of the data 

track. Please note that if pattern or flux is used as the adjacent track signal, 

the band pass (overwrite) filter should be used for the test. 

10) Return to the point at which TAA was previously measured as maximum 

and re-measure TAA (TAAsquash). 

11) Calculate the SQUASH result as the ratio of TAAsquash to MaxTAA: 

 

 
 

12) Measure SQUEEZE as the difference between the Squeeze position and one 

half of the track width at 0% threshold (floor level). 

(3.11) 
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13) Writer two data tracks on each side of the previously written signal, at a 

distance from the original track of Write Width * Side Track Position / 100. 

14) Return to central tack and writes an adjacent signal. 

15) Build a track profile according to the range and step parameters. 

16) Build two interpolation lines on internal slopes of the resulting profile. 

17) Measure the distance between these two interpolation lines at 0% threshold 

and report half this difference as OTRC. 

There is different algorithm for measuring OTRC, so called SNR-based. 

The definition of SNR here is quite different from the traditional one, 

though it is still Signal-to-Noise ratio. But, by the term signal we assume 

the original (i.e. Data Track written at zero offset) signal and by the term 

noise we assume some composite value N measured in the following way. 

We determine noise floor level NG by measuring TAA at the erased area. 

We consider a signal to be a RMS sum of this noise and signal without 

noise:  . In this way, signal without noise is 

. Now, we shall define composite weighed noise as 

), where k1, k2 and k3 are some 

weighs, and use it in our SNR definition. Thus, algorithm for OTRC 

measurement in this case is (starting from step 15): 

18) Build a SNR track profile according to the range and step parameters. 

Notice that signal amplitude is derived from the original signal, and the 

noise N is measured on the signal get after step 14. 

19) Measure SNR track profile width at the specified level and report half this 

value as OTRC. If the specified SNR level is not attained, then OTRC=0 is 

reported. 

 

 
Figure 3.23 Triple Track Test Graphic output 

 

 
 

 



 

43 

 

3.3 Blocking Temperature (TB) 

 

3.3.1    Blocking Temperature (TB) definition 

 

The blocking temperature (TB) testing is used to determine and characterize thermal noise 

stability which is related to reliability in read sensor head. Thermal stability in HDD is 

extremely important, which can lead to magnetic structural degradation due to diffusion or 

disorder of magnetic domains in sensor heads. Figure 3.24 show the magnetic domain 

direction in original state can be reoriented to opposite direction when temperature rises by 

external field stress 

 

 
  

Figure 3.24 Temperature rises to magnetic domain direction [18] 

 

 
  

There are several studies about the temperature dependency in sensor head, which observe 

that blocking temperate (TB) will decrease when sensor size is scaled down. This is due to 

more partial grains at sensor edges; smaller grains have lower blocking temperature. The 

strength of exchange field (Hex) or pinning field is also related to decreasing of blocking 

temperature (TB). 
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Figure 3.25 Temperature dependency 

 

 
  

3.3.2  Measurement procedure 

 

The pinning direction of AFM layer can be reoriented by annealing an FM/AFM system at 

a temperature ≥ the blocking temperature of the AFM layer. So, Blocking temperature (TB) 

measurement procedure as follows: 

 

1) Apply a high magnetic field to set the pinned layer (P1) in the direction opposite to 

the initial pinning direction, at the same time turn on DFH to heat the read sensor 

for a certain time, and then turn off the stress. 

2) After the stress, a high field transfer curve is measured, AFM pinning direction can 

be determined by the shape of the transfer curve 

3) Keep increasing the DFH stress voltage and transfer curve measurement until the 

AFM pinning direction is reversed. Record the critical DFH stress voltage. 

4) Zap the read sensor with a high stress current to make it a metallic sensor 

5) Measure resistance vs. DFH voltage of the zapped read sensor 

6) Measure temperature vs. resistance of the zapped reader  

7) Generate the correlation between read sensor temperature and DFH power from the 

above two measurements 

8) Calculate Blocking temperature (TB) from the critical DFH voltage (power) and the 

temperature vs. DFH power correlation 
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Figure 3.26 Critical DFH stress voltage diagram 

DFH stress voltage, swept from low to high. AFM pinning direction is reversed at 3.5V 

 

 
  

3.4 Transmission Electron Microscope (TEM) 

 

The basic principle of the Transmission Electron Microscope (TEM) is same as the light 

microscope but uses electrons instead of light and their much lower wavelength than light 

microscope. Also the image resolution from TEM is significantly higher than light 

microscopes. 

 

TEM is used for imaging of read sensor with high magnification and resolution at sub 

nanometer scale. The structure of the read sensor can be observed in transmission mode 

which is not possible with SEM. 
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Figure 3.27 Transmission Electron Microscope (TEM) [20] 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 SH target optimization 

 

The read sensor physical dimension was changed by extending PL longer than FL. This 

change has improved the pinning strength via shape anisotropy and magnetic exchange 

bias. Based on this change one may need to find out the optimum target to maintain the 

aspect ratio between height (SH) and width (RTW) of the sensor head. Therefore, the RTW 

that is involved for this study is 30nm on both conventional PL design and extended PL 

design. And then one needs to optimize the SH target for these designs. 

 

The SH target studies SH from 20nm to 60nm and steps by 5nm. This study collects few 

samples to generate the SH targeting from each designs. The figures below are the QST 

testing result of each SH target on both extended PL design and conventional PL design.  

The QST is a good indicator to discover the optimum SH target study in this study. 

 

a) QST Yield by SH change 

 

Yield is good indicator and provides more information on testing result. So, the 

decision of SH targeting will based on Yield.  

I. The SH optimum target on extended PL design is 30nm, and also observed 

QST yield rapidly decreasing when SH is increased.  

II. The SH optimum target on conventional PL design is 45nm, and also 

observed QST yield rapidly decreasing when SH is decreased. 

 

 

Figure 0.1 SH target optimization: QST Yield 
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b) MRR by SH change 

 

I. MRR increases when SH is decreased, which is observed on both extended 

PL design and conventional PL design. 

II. At the same SH targeting, MRR on extended PL design is lower than 

conventional PL design by around 100Ω. This is caused by a different 

resistance-area product (RA); 0.42 Ωµm2 for the extended PL design and 

0.67 Ωµm2 for the conventional PL design. There are many research about 

RA effected to the Magnetoresistance ratio which is shown that a 

Magnetoresistance ratio decreases when RA is also decreased. [21][22][23] 

 

 

Figure 0.2 SH target optimization: MRR 

 

c) Amplitude by SH change 

 

I. Amplitude increases when SH is also increased, which is observed on both 

extended PL design and conventional PL design. 

II. At the same SH targeting, Amplitude on extended PL design is higher than 

conventional PL design by around 8mV. 
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Figure 0.3 SH target optimization: Amplitude 

 

d) QSNR by SH change 

 

I. QSNR decreases when SH is increased, which is observed on both extended 

PL design and conventional PL design. 

II. At the same SH targeting, QSNR on extended PL design is higher than 

conventional PL design by around 3dB. 

 

 

Figure 0.4 SH target optimization: QSNR 
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4.2 QST performance and observation 

Based on SH target provided from 4.1. The QST performance is compared between 

extended PL design and conventional PL design at 30nm and 45nm SH targeting, 

respectively. The extended PL design performance is as follows: 

a) MRR mean is higher than conventional PL around 20Ω. 

b) Amplitude mean is higher than conventional PL around 3mV. 

c) Asymmetry sigma is better than conventional PL around 1.8%. 

d) Barkhausen sigma and Hysteresis sigma is better than conventional PL around 2%. 

e) QSNR mean is higher than conventional PL around 1.7dB. 

f) SMAN parametric (MaxNoiseAmpl, NoiseAmpl and NoiseRMS) show comparable 

with conventional PL design. 

Group

Mean Stdev Mean Stdev

MRR [ohms] 493.39 96.12 472.01 99.54

Amplitude [mV] 15.22 3.83 12.06 3.37

Asymmetry [%] -0.14 9.38 1.36 11.14

Barkhausen [%] 2.13 1.98 2.60 4.62

Hysteresis [%] 2.30 1.40 2.63 3.48

Slope [uV/Oe] 15.84 4.94 11.99 4.29

MaxNoiseAmpl [uV] 1006 552 962 535

NoiseAmpl [uV] 647 311 624 330

NoiseRMS [uV] 184 77 176 88

QSNR [dB] 29.44 3.08 27.71 3.42

Extended PL Conventional FL

 

Table 0.1 QST performance comparison 

The extended PL design shows high Amplitude, better Asymmetry, Barkhausen and 

Hysteresis parameters. Those parameters are mostly related to thermal magnetic noise 

which is induced by the free layer (FL) noise. However, the SMAN parametric 

(MaxNoiseAmpl, NoiseAmpl, and NoiseRMS) is comparable with the conventional PL 

design.  

The SMAN may be induced from pinned layer noise, which is known as thermal magnetic 

1/f noise. The thermal magnetic 1/f noise may be affected from the short SH on extended 

PL design because the short SH has the potential to induce thermal magnetic noise due to 

weakened coupling field and weakened magnetic switching of Antiferromagnetic (AFM) 

grains in the reader stack.  
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Figure 4.5 is SMAN parametric result versus SH. The SMAN increase when SH is 

decreasing, which is observed on both extended PL design and conventional PL design. 

However, at the same SH we observe that the extended PL design has lower SMAN than 

conventional PL design.  

 

Figure 0.5 SMAN parametric by SH change 
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4.3 DET performance and observation 

The DET performance of extended PL design (SH=30nm) and conventional PL design 

(SH=45nm) is shown in table 4.2. The parameter to focus on is signal-to-noise ratio (SNR), 

which shows that the extended PL design has higher SNR than conventional design by 

around 0.3dB. 

The other DET performance on extended PL design is as follows: 

a) High and Low Amplitude Frequency (HF & LF Amplitude) are higher than 

conventional PL design by around 3mV and 5mV, respectively.  

b) TAA Asymmetry has better sigma than conventional PL design by around 

0.5%. 

c) VDT SNR (variable data track-signal to noise ratio) also is higher than 

conventional PL by around 0.2dB. 

d) For writer performance, observed Rev Overwrite has higher than 

conventional PL design by around 1dB and comparable WEW (write eraser 

width) performance. 

Group

Mean Stdev Mean Stdev

MRR [ohms] 501.0 87.4 482.2 78.8

HF Ampl [mV] 14.6 2.6 12.0 2.3

LF Ampl [mV] 25.5 4.6 20.1 4.2

Taa Asym [%] -3.4 6.7 -1.9 7.2

SNR [dB] 11.8 0.9 11.5 1.2

VDT SNR [dB] 0.96 1.25 0.73 1.51

Rev Overwrite [dB] 41.0 7.1 40.2 8.3

WEW [u"] 2.84 0.46 2.81 0.58

Extended PL Conventional FL

 

Table 0.2 DET performance comparison 

This study also provides SNR performance relative to SH change. From the SNR formula 

[SNR = -20 log (Vnoise RMS/TAA)], this is the measurement of amplitude signal and root 

mean square of signal after the track is erased. So, the SNR should be affected by the given 

track width.  

In this study the track width varies from 2.6u” to 3.0u” and step by 0.2u”. The result shows 

that the SNR performance on extended PL design is not affected by the short SH region but 

the SNR will drop when SH is long. However, the conventional PL design has SNR 

dropped when SH is short, which shows in figure 4.6.  
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Figure 0.6 SNR to SH change 

 

4.4 Blocking Temperature testing 

The blocking temperature (Tb) result on extended PL design (SH=30nm) and conventional 

PL design (SH=45nm) is shown in table 4.3.The extended PL design has higher blocking 

temperature (TB) than conventional PL design by 40 °C. 

 Extended PL Conventional PL

FLTW [nm] 30 30

SH target [nm] 30 45

Tb [°C] 278 237  

Table 0.3 Blocking Temperature (TB) comparison 

 

Figure 4.7 is blocking temperature study when SH changing, and the result is as follows: 

a) The extended PL design has higher blocking temperature than conventional PL 

design, especially at shorter SH region. 

i. The blocking temperature on the extended PL design will drop around 

10 °C when SH is decreased by 10nm. 

ii. The blocking temperature on the conventional PL design has rapid drop 

when SH is shorter than 35 nm. 

b) At shorter SH region, the blocking temperature on extended PL design has 

more stable temperature than conventional PL design. 
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Figure 0.7 Blocking temperature (Tb) versus SH change 

 

4.5 Read sensor physical characterization 

Since the read sensor physical dimension changed, the physical characterization is needed. 

This is for more understanding of the dimensions changing and also provides more 

information for the improvement in the next generation of sensor head. Therefore, the read 

sensor dimension on extended PL design and conventional PL design is as follows: 

a) TEM image at ABS (Air bearing surface) view. 

 

These images provide the physical information such as read track width 

(RTW), shield-to-shield spacing (S-S), read sensor thickness, etc. And also 

show the defects that may happen in read sensor stack. The image 

magnification in this view is 300kx. 

 

Figure 4.8 is TEM image on extended PL design and conventional PL 

design. This is no difference in physical dimensions at ABS view. 

 

 
Figure 0.8 Read sensor at ABS view 
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b) TEM image at cross section view. 

 

These images show physical information such as Stripe Height (SH), sensor 

back gap spacing, residue at back side, etc. They also show the defects that 

may happen in sensor back side which are not able to be capture at ABS 

view. The image magnification in this view is 450kx. 

 

Figure 4.9 is TEM on extended PL design and conventional PL design. The 

major difference on extended PL design is the AFM/Pinned layer has been 

extended along the sensor dimension and the sensor back gap edge is 

thinner than conventional PL design. 

 

 

Figure 0.9 Read sensor at cross section view 

 

c) To provide more information on extended PL design. Below is a TEM 

image when reduced the magnification to 200kx. This is to review the 

overall physical structure on read sensor at back side. The AFM and 

Pinning layer are extended to be longer than free layer around 200nm. 

 

Figure 0.10 Read sensor at cross section view with reduce 

magnification 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

 

The extended PL design has been studies in terms of QST, DET and blocking temperature 

(TB) testing. Also the read sensor physical dimension is checked to be understood and 

improved in the future.  

 

This study has provided the SH impact on the magnetic performance. Also studied is the 

blocking temperature (TB) in relation with SH changing. The observation is the SH has the 

major impact to magnetic performance and also to blocking temperature change. The short 

SH will cause low Amplitude, high noise instability, and reduce the blocking temperature 

but stable the SNR. On the other hand, if long SH, this will cause high Amplitude, low 

noise instability and increase the blocking temperature but decrease the SNR.  

 

Based on the result, SH need to discover to optimum target when read sensor design 

changed. Therefore, the SH optimum target on extended PL design is 30nm, which is 

shorter than conventional PL design by 15 nm. At this SH optimum target setting, the read 

sensor performance on extended PL design compared to conventional PL design is as 

follows: 

 

a) 3mV higher Amplitude mean with 1.8% better Asymmetry sigma. 

b) 2% better Barkhausen sigma and Hysteresis sigma. 

c) 1.7dB higher QSNR mean. 

d) Comparable SMAN parametric, this may be an effect from short SH. 

e) 0.3dB higher DET-SNR mean. 

f) 40 °C higher blocking temperature. 

 

The extended PL design also extends the SH boundary at the short region due to the short 

SH region shows more stability on blocking temperature than conventional PL design and 

also high SNR at this region. However it needs to monitored and watch the high SMAN at 

short SH region also. 

 

In conclusion, the extended PL design shows significant improvement on Amplitude, 

better Asymmetry-sigma, better instability, better SNR and higher blocking temperature. 

However, the SMAN performance has no improvement although expected. Therefore, 

overall performance has achieved the purpose designed to mitigate and improve the 

thermal noise stability issue in the read sensor stack. 

 

5.2 Recommendation 

 

Based on the overall study, the extended PL design has no negative impact to read sensor 

performance. We can implement and apply this design to the next generation in read sensor 

stack. However, it still needs more study and research to improve in terms of thermal 

magnetic 1/f noise. There are the possible causes that may affect thermal magnetic 1/f 

noise as follows:  
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a) Due to SH on extended PL design is shorter than conventional PL design by 

15nm. In theory, the short SH has potential to induce thermal magnetic 

noise due to weakened coupling field, which is known as thermal magnetic 

noise. 

b) AFM layer and pinning layer does not have enough magnetic grains 

volume. This may cause weakened switching field in AFM grains and 

weakened pinning field as a result of weakened coupling field between PL 

and RL. These issues can induce the thermal magnetic 1/f noise. 

 

If these two causes are fact, we may recommend to enhance the extra magnetic grain 

volume in AFM layer and pinning layer to provide the highest pinning strength and strong 

switching field in the next read sensor generation. 
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APPENDICES 

 

The latest HDD areal density roadmap, released by the Advanced Storage Technology 

Consortium (ASTC), 2014 

 
 

HDD Areal Density and $/TB Trends 

 


