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ABSTRACT

TGMR is current technology of magnetic recording read sensor which dramatically
improves readout amplitude, speed and recording areal density. In advanced
manufacturing environment, automated tools are increasingly used and wireless
communication device is aimed to be employed to enhance the operation efficiency.
However, electromagnetic fields from wireless communication could harm the most
energy sensitive devices, such as TGMR reader sensor, in head gimbal assembly
process. This study surveys, therefore, electromagnetic interference from wireless
communication devices using CTM048, EM Field Meter with CTS001 directional
antenna and electromagnetic _ﬁe[d module, then use Agilent 3d4d10A to measure
TGMR voltage and thermal change of TGMR head while assembling to be head
gimbal, in the field of wireless communication. Build-in Differential-Ended
Temperature Coefficient of Resistivity sensor is utilized for proximal TGMR
temperature and calculation from TGMR voltage will give power which will be
compared with TGMR failure threshold and summarized as prediction model. At the
final part of this study, impéct to electrical performance of real TGMR pre and post

actions simulating HGA assembly process will be confirmed using Quasi-static Tester.




ACKNOWLEDGEMENT

This thesis would not be accomplished if it was without the guidance and the
support of several persons who contributed and extended their appreciated

assistance in the completion of this research.

First, | would like to sincerely thank for scholarship, financial, equipment and
technical expertise support under the collaboration development of Seagate
Technology (Thaitand) Ltd., National Electronics and Computer Technology Center
(NECTEC) and National Science and Technology Development Agency (NSTDA) and
last but not least College of Advance Manufacturing Innovation King Mongkut’s

Institute of Technology Ladkrabang.

My sincere appreciation is express to my Seagate colleagues and
management for enthusiastic supporting to my study to accomplish this

collaboration development.

I am really grateful entire feaching staff in the College of Advance
Manufacturing Innovation program that enlightened me and made me enjoy every
single seconds of learning in the classes. | promise to apply the knowledge that i

have acquired as the most valuable assets.

| express my greatest appreciation to authors of all studies in the past for
their hard working and kind publishing valuable literatures which | can build-on my

research.

| am utmost gratitude to my advisor Asst.Prof.Dr.Chaiyan Jettanasen, who
provided valuable advices , always encouraged, gave time and chances to help me

go over all the obstacles in the completion this research.

l




Finally, | would like to express my deepest appreciation and sincere gratitude
to family and my friends for their love, moral support, and encouraging for the entire

of my study:.

Dutharuthai Na Pombejara




CONTENTS

Page
UTIIRIED o vvvvseeesssssssssssssssesss s sss s s s sss S E b 8s s I
B S TRACT et eeete e tses st et s see s s e s s s st et s s s s s s e eb s sn s e esabans e aann e asases s aranteransnn Il
ACKNOWLEDGEMENTS ...t etticrenrrinesis e estsssesssss s b bt s sasns b sin b I
CONTENT Sttt ettt ee e s b ane et s s s s sn b st nane s e s s nneseresn \
LIST OF FIGURES ..ottt ren e sae e sersse s sas s sasresssasasssses s ass e ans s sananse Vil
LIST OF TABLES ... scsencsnsasessass s essssesssssonsssssssssssssssmssosnsssssessassnens XV
CHAPTER 1 INTRODUCTION AND LITERATURE REVIEW.. ..o cenenes 1
1.1 Backgrounds and Problem Statement. . s 1
1.2 Objectives........ .............................. 2
1.3 Scope and UMmitation Of WOIK......oiciimimieei e s saens 3
LA xpected BERefitsl. Mo ) e X Yo e NN 3
15 |iteraplive Rovietls N\ e X/ S7Z.)\ £ Z N0 e AR a4
Bolhesig Sthmebans. N 2827 TRGT.. aWlesl frvreed (et R 18
CHAPER 2 7HEGBF AT . . 2. GO ANONOK € I ety o L 19
2.1 Basis of Wireless CoOMMUNICETION. ....v..mimeeiiiin i sssssssstasssssmsnisessassssrassnsereess 20
2.2 Electromagnetic and thermal theomny...... i 23
2.3 Electromagnetic iNTeMerenCe. .. it 26
2.4 Basic hard disk drive assembly parts and processes. ... s 29
2.5 Magnetic read head technolOgi@s. ..o v 31
2.6 Difference-end temperature coefficient resistor in magnetic head........... 35
2.7 Failure mode of TGMR and quasi-static teSt.. e 36
CHAPTER 3 RESEARCH METHODOLOGY ...correrecerrecmrrereesssessssnssssassssssssmsssesssosssasssass 46
A. Wireless communication devices — Electric Field Survey.....ecoeeee, 47

B. Thermal change and DC voltage of TGMR head while placing in the
field of wireless cOMMUNICAtION AEVICE...iiriets s 56

C. Electrical Performance of TGMR pre and post actions simulating HGA
BSSEMIDLY IOCESS rvrrierercrmrrinsieres e eesisssssssisssssstsssessssnsasss s sessasssassssasasssensnsesssenrans 63




CONTENTS (Continue)

CHAPTER 4 EXPERIMENTAL RESULT AND DISCUSSION...ocivisiimsinsississsisssasssmusssasens 74
A. Result of Wireless communication devices - Electric Field Survey......... 75
B. Result Thermal change and DC voltage of TGMR head while placing in
the field of wireless communication deVICE.....cvcrimieememencneeemerssrenens 90
C. Result Electrical Performance of TGMR pre and post actions simulating

HGA 855€MDLY PrOCESS...c.ovierrercrererererscrieemnsessesessssersessnessessersessersereesorsmsnesesss 101

CHAPTER 5 CONCLUSIONS AND SUGGESTION....oiiiissessiriisssssissosmsniressissesssnssssrossssnes 124
5.1 CONCLUSIONS . ettt et eere et sere st e s bestar st enebassrsseamsssansensasnesesasonstassmssnsssesssnmsecsmsee L2

5.2 Suggestions for further Work.........crmc oo 130

Referencesfl d....... o M e 2R e N 20 oSS, AN B 7 Dl e R R vciienee. 131
el i ——— W AN SR VEDNERE AR F N B Tty W 1 S i

Vi




LIST OF FIGURES

Figures
1.1 Experiment setup and result of EMI effect to GMR head connecting with
dipole and LoOp aNTENNAS ..t nbesarees
1.2 Experiment setup of ESD sensitivity study of GMR recording heads with a
flex-on-suspension head-gimbal ass@mMBLY ...
1.3 Experiment result of ESD sensitivity study of GMR recording heads with a
flex-on-suspension head-gimbal assemMbBLY e,
1.4 Experiment setup of the effect of EMI from cell phone on GMR recording
heads and test EQUIPMENT ...t e sine st ssbesesses s sssssnnsens
1.5 Experiment result of the effect of EMI from cell phone on GMR recording
headsfand testEGUIDMERT <okt /i huale e st B reasg oo eonmrrrsssesnes Bhe e eresesenranesss
1.6 Experiment setup of study of EMI phenomena for GMR/TMR head. EMI
waveform and freqUeNCY anNaLYSIS . st ettt b sren e
1.7 Exberiment result of the study of EMI phenomena for GMR/TMR head.......
1.8.1 Simulation result of EMI inducing heat on TMR read sensor.........vens
1.8.2 Simulation result of temperature at each layers report to electric field
inteRsity with 1o @I n. ... Bt s v Mmoo S o LoD T cligers Bl e ceernns
1.9 Experiment setup and result of effect of ESD émd EMI on TMR head during
bonding process of gold ball bonding Machings ...,
1.10 Example of EQS exposure measurement teChnique........cco e ccneccrerinnevonens
1.11 Experiment setup of anomalous magnetic responsiveness of GMR head
under specific electromagnetic Interference frequencies using quasi-static
LY OO TUPN
1.12 (@) Structure of TMR read head element in the composite thin-film
MAGNETIC NBAT.... i s sa s e s b s s s bt s
1.12 (b) Simulation parameters of magnetic instability in TMR heads due to
temperature increase during electrostatic discharge. ...
1.13 Simulation result of temperature distribution. ... e

1.14 Simulation result of Ty and AT, correlation to Layer, Viam, lmr a@nd

Page

10
11
12
14

14
15

15




LIST OF FIGURES (Continue)

Figures Page

1.15 (a) Simulation parameters in the paper [37] (b) Structure of TMR read

NEAA ELEMENT. ..o 16
1.16 Simulation results in the paper [37].. ... e 17
2.1 Electrormagnetic SDECEIUMI ..ottt ecssssas s sabs 23
2.2 Basic hard disk drive COMPONENES....ovo ey 29
2.3 Basic hard disk drive assembly DrOCESSES. cumwrmieeesreramrisrerneeceenee 30
2.4 Head Gimbal Assembly ProCesses........ciiiii s ssssssssss s 30
2.5.1. Current-in-plane and current perpendicular magnetic recording................ 32
2.5.2. Readout signal of longitudinal and perpendicular reader sensor................. 32
2.6 Basic of Magnetic Tunnel Junction (MTJ .o e e 33
2.7.1. GMR Structure, CUment=IN-PlANe ... ees 34
2.7.2. TGMR Structure, Current-PerpendiCular. ..., 34
2.8 Build-in DETCR proximity to TGMR in the magnetic reald-write head....ccc..... 35
2.9 Basic diagram of QUas-Static Tast .t nr e 37
2.9.1 Example of good TGMR transverse tested by QST.....oviiiiiniiccinns 38
2.9.2 Example of Amplitude failure (no amplitude) on QST transverse............... 39
2.9.3 Example of partially reverse slope failure on QST transverse test.............. a1
2.9.4 Example of large hysteresis from QST transverse test.....cmm 43
2.9.5 Example of Barkhausen-jump and large hysteresis on QST transverse

L Y, Ny, v & § 5 P-SIPCE SR W Dl o 43
2.9.6 Example of good TGMR SMAN tested by QST ... 44
3.1 Experiment A steps diagrami. e eesesecessans a8

3.2. CTM048, EM field meter with CTS001 directional antenna and
electromagnetic field MOAULE....... e erees 49

3.3 (TS001 directional antenna and electromagnetic field module

SPECITICATION. c1rt s itrcrerererreerse st es e et ese et ce bbbt bbb 50
3.8 CTMOA8 SEHING UDurevesnrerasrrenssaseccsmminsssnsesisssss et ss s it ssessmasassseces 50

Vil




LIST OF FIGURES (Continue)

Figures

3.5. Observation of electric field from wireless communication device at
different diSTANCE . s

3.6. Observation of electric field from wireless communication device at
AIffQr@nt dIr@CHONS. ....cvvveeeeee e sesssnsssssessiases s res e SOOI OON

3.7. Example of experiment A SETUP. ...

3.8 Experiment B stePs did@ram i e itistaseseesseeessesresssesessssssessessesesssssesaesnssnes

3.9 Measurement set-up on thermal change and DC voltage of TGMR head
while placing in the field issued from wireless communication device.........

3.10 Example of medified Gryphic probe from electrical tester to measure

3.11 Diagram of measurement 0ading error SOUrCE..... ..
3.12 Agilent 34410A Specification: DC CharacteristiCs. .
3.13 Connecting of Agilent 34410A with current divider TGMR protection
circuit to prevent TGMR damage during measurementa ..o iicevmennseene
3.14 Experiment C stePs tliagramii v isirresssrrmibenasesesessibeetss e shensaseressessasbiflossheskrsssasass
3.15 15 Four simulation actions representing HGA ProCess ... eesieiennencens
3.16 Setup and assienment of simulating actions for HGAs in autornation tray.
3.17 QST-2002 QUaSH-STAtIC TOSTEN it ittt st st et secseaessennns
3.18 QST-2002 fixture and probing fOr HGA ..ottt
3.19 QST V-Bias setlifg, M vebe LI erer initiererrodioe $aeersast®ressoraesevsemsaersrrecscarmeeensisssass
3.20 QST transverse test SetliNgu i seeeienerssereereresene
3.21 QST SMAN. 15T SETtINGuiriiicecrreere st seses e tse
3.22. Example of QST-2002 transfer curve to be recorded PRE & POST
SIMULATING BCHON. c..ciiiimc ettt
3.23. Example of QST-2002 SMAN graph to be recorded PRE & POST
SIMULBTING BCHION. ettt ettt s bbb bbb bse s acee
3.24. Example of QST-2002 noise instability graph to be recorded PRE & POST
SIMULAEING BCHIOM ettt e s st rsses s saa e s e neaeeae

4.1 Overall result of electric field survey from experiment A ...,

IX

Page
52

52
53
57

59

59
60
61

61
64
65
66
67
67
68
69
69

71
72

73
76




LIST OF FIGURES (Continue)

Figures
4.2.1 Electric field interval plot, main effect plot and interaction plot from
experiment A - Walkie-talkie. ..o
4.2.2 Electric field interval plot, main effect plot and interaction plot from
experiment A — Wi TOULET ...
4.2.3 Electric field interval plot, main effect plot and interaction plot from
experiment A — WIFI phon@. i
4.2.4.1 Electric field interval plot, main effect plot and interaction plot from
experimeniBss Cell phonedsio bl el m BN
4.2.4.2 Electric field interval plot, main effect plot and interaction plot from
expefiment A= Cell PRONEZ.......i. ittt iitisrssessestestseserssessaes
4.2.5 Electric field interval plot, main effect plot and interaction plot from
experiment A - LaPLOP Ll i ool i i ieens e ekt s diode ok hodarene
4.2.6 Electric field interval plot, main effect plot and interaction plot from
experiment- ARV LIRS N v PN W w1 v el 4 et B
4.2.7.1 Electric field interval plot, main effect plot and interaction plot from
experiment A = WIreless MOUSE.....ciinicieeessisisessenesstssssstastrasens
4.2.7.2 Electric field interval plot, main effect plot and interaction ptot from
experiment A — Wireless keyboard........iiitinn,
4.3, Electric field of wireless communication devices at 1 inch distance..........
4.4.1 Voltage dropped on TGMR in electric field of wireless communication
o (30 =L .. S ey TR
4.4.2 Interval plot of voltage dropped on TGMR in electric field of wireless
communication devices, exclude walkie-talkie.........ccoccoveriescneiceinicnrnee.
4.5.1 Temperature of DETCR adjacent to TGMR in electric field of wireless
COMMUNICETION AEVICES ...evireririetr et ices s ssceeeseesesssesensnsensnsonaes
4.5.2 Temperature of DETCR adjacent to TGMR in electric field of wireless

communication devices, excluding walkie-talkie.........ccoooororeeicienenee

Page

77

78

7%

80

81

82

33

84

85
86

93

93

94

94




LIST OF FIGURES (Continue)

Figures
4.6.1 Correlation of DETCR temperature and voltage dropped on TGMR in
ELECETIC TIBLO. ittt cetsenmssen e oe
4.6.2 Joule heat power of TGMR in electric field of Wirelesé communication.
4.7.1 Graph of prediction model of power on TGMR (nJ/s) versus distance
(mm) from walkie-talkie based on regression analysis.........c.ccuemerinirennne
4.7.2 Graph of prediction model of DETCR temperature (°C) versus distance
(mm) from walkie-talkie based on regression analysis.........c.ccocorrierienrunnnnn.
4.8.0 Reference Legend for Figures 4.8.1-0.8.7 ....ccooivrnimeisnieresesnessesessssnens
4.8.1 Scatter plot from QST TGMR resistance (ohms) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-
pracess VS post-FGA Process ). [ (oSl b b e biengserereeses o e cesnenns
4.8.2 Scatter plot from QST TGMR amplitude (uV) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-
BrOOESs WS {rEsEHGARroNES SIS W B D e O AR
4.8.3 Scatter plot from QST TGMR slope (uV/Oe) measurement of HGAs in the
field of transmitting wireless communication devices, pre-HGA-process
V5 ROGESIGA PrACESS. Ar 0o TR v e koo plesugbenseloarsisbeceseresveeWeeollollneensene
4.8.4 Scatter plot from QST TGMR asymmetry (%) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-
Process VS POST-HGA PrOCESS. ..ottt seeesitsnrise s ssssssssaseresmssnees
4.8.5 Scatter plot from TGMR Barkhausen jump (%) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-
Process VS POST-HGA PrOCESS.. i ssssssesssseesissssssenssses
4.8.6 Scatter plot from QST TGMR hysteresis (%) measurement of HGAs in the
field of transmitting wireless cormmunication devices, pre-HGA-process

VS POSEEHGA PrOCESS. oottt e

Xl

Page

97
98

99

100

103

104

104

105

105

106

106




LIST OF FIGURES (Continue)

Figures ,

4.8.7 Scatter plot from QST TGMR Spectral Maximum Amplitude Noise
S.MAN. (uV) measurement of HGAs in the field of transmitting wireless
communication devices, pre-HGA-process V5 post-HGA process ...

4.9.1 Example of QST transverse of TGMR amplitude (uV), source = Walkie-
Talkie, D = 100 mm., Ground-Metal-Contact.........ccoveinirecnene,

4.9.2 Example of QST S.MAN. (uV), source = Walkie-Talkie, D = 100 mm,
Ground-Metal-Contact....ci et st enseesens s cnssessensoenns

4.9.3 Example of QST noise stability (uV), source = Walkie-Talkie, D = 100
MM, GroUNG-MeEtal-CoONTACE. ..ot

4.10.1 Example of QST transverse of TGMR amplitude (uV), source = WiFl
Router, D = 100 mm., Ground-Metal-Contact......iiisererenenn

4.10.2 Example of QST SMAN. (uV), source = WiFl router, D = 100 mm,
GreuficdiMejal-Fomast Mol 2. Rl SN led. el L AR

4.10.3 Example of QST noise stability (1), source = WiFl router, D = 100 mm.,
@ArQupgkMetabCoNans. . AOLOIAIOTQK € o Ty o ..

4.11.1 Example of QST transverse of TGMR amplitude (uV), source = Cell
phene, D = 100 mm., Ground-Metal-Contact........cormm s

4.11.2 Example of QST S.MAN. (uV), source = Cell phone, D = 100 mm,
Ground-Metal<Contact.. b . o A emmativeerssereesss b Tesesdloatlensoecnssrseeserans

4.11.3 Example of QST noise stability (uV), source = Cell phone, D = 100 mm.,
Ground-Metal-Contact. ..

4.12.1 Example of QST transverse of TGMR amplitude (uV), source = Tablet, D
= 100 mm., Ground-Metal-Contact.......ciiecncisres s

4.12.2 Exarnple of QST S.M.AN. {(uV), source = Tablet, D = 100 mm, Ground-
METAL-CONTACT ...t tasesen s

4.12.3 Example of QST noise stability (uV), source Tablet, D = 100 mm,
Ground-Metal-Contact........cemirircee e e s

Xl

Page

107

109

110

111

112

113

114

115

116

117

118

119

120




LIST OF FIGURES (Continue)

Figures Page

4.13.1 Example of QST transverse of TGMR amplitude (uV), source = WiFi

phone, D = 100 mm, Ground-Metal-Contact.....n, 121
4.13.2 Example of QST S.MAN. (uV), source = WiFi phone, D = 100 mm,
Ground-Metal-Contach. .. s 122
4.13.3 Example of QST noise stability (uV), source = WiFi phone, D = 100 mm,
GrouNd-Metal-Contact. ... sssensensenies 123
5.1 Overview of the research.. . i i 129
X




LIST OF TABLES

Tables ' Page
2.1 Wireless Network tOPOLOGY ... s st sssssssassssassasinn 22
3.1 Sample of wireless communication devices to be studied.....ninnne. 51

3.2 Example of ‘wireless communication devices — electric field survey’

FTECOT TADLE ettt s e e s st 54
3.3 Example of DOE record sheet of ‘DETCR resistance (°C) and TGMR DC
VOUES (LIV)-rerrseetreeeeeseessnseessrsessrses st sreseseessossessssmsssessssss s st sesessns 62

3.4 Test plan for ‘Simulating HGA assembly processes during the HGAs are in
electric-field of wireless communication device’ ... ., 66
3.5. Example of record sheet of ‘electrical performance of TGMR pre and
post actions simulating HGA assembly proCesses. .. i 70
4.1. Regression analysis: electric field VS distance, direction.....cummnn.. 87

4.2, Selected significant electric field sources, distance and direction to be

used ih expedménisEmneiea . DL L.\ L. Don's. et T e B 89
4.3.1 Regression Equation; y = TGMR Voltage (uV), x = distance (mm)......c.c..... 95
4.3.2 Regression Equation; y = DETCR Temperature (°C), x = distance (mm)....... 95
4.3.3 Regression Equation; y = Power on TGMR (J/s), x = distance (mm).....c........ 96
4.4 Distance limit between wireless communication devices to TGMR head ... 96

4.5 Summary of QST measurement result from all HGAs samples (220 HGAs),
tested pre and post HGA PrOCESS ... orrrsmsimmser s sessieseasecesisionsns 102

5.1 Methodology to assess risk from wireless communication devices to TGMR

=Tz 10 I g V== Lo TR OO 128

XV




CHAPTER 1

INTRODUCTION

1.1 Background and Problem Statement

Nowadays wireless communication has been integrated to every activity
owing to its convenience. The use of devices generating electromagnetic wave can
produce interference that may cause undesirable effects to sensitive equipment or
sensitive devices in nearby areas. In hard disk drive manufacturing, there is a special
component that is very sensitive to external energy such as elecirostatic discharge
{ESD), magnetic field, and electromagnetic interference (EMI). The component is
known as hard disk drive reader head or reader sensor. The reader sensar technology
had been developed for decades, to accomplish higher areal density and better
signal-to-noise ratio, such evolution from AMR (Anisotropic Magnetoresistance), GMR
(Giant Magnetoresistance) and TGMR (Tunneling Giant Magnetoresistance)

respectively. More the reader sensor is small more it is sensitive to external energy.

Some researches proved that Electromagnetic Interference (EMI) affected to
magnetic recording read head, but ncne of them studied on real TGMR read head
yet. Previous studies on EMI effect from wireless communication were done on 5
Gb/in* PtMn GMR sensors [1-3], while current technology is up over 500 Gb/in2
sensor. A study mentioned about TGMR head, but no technical discussion or end
result of TGMR sensor impact were presented in the paper [4]. Newer studies had
simulated TGMR sensor impact in stand-alone stage. The consideration of connection
to slider body, {race—gimbat assembly (TGA), suspension or other assembly was

excluded from the simulation scope [5-6]. A study concluded that magnetic heads in




production could be exposed to electrical overstress exposure of different types due
to the ultra-sensitive nature of magnetic heads [7]. Also, studies of the effect of EMI
on TGMR head in dynamic Tester [13] and GMR head in spin-stand tester [14] have

not explained how reader sensors response to the EMI yet.

In this study, we would like to provide methodology to understand how
TGMR responses to the inference from wireless communication in terms of voltage
dropped and temperature change on actual TGMR. Then the electrical performance
of real TGMR on HGAs will be compared. It is to confirm for making decision if the
electromagnetic fields from wireless communication devices to be used in the
manufacturing process area will harm the most energy sensitive devices, such as
Tunneling Giant Magneto-Resistive (TGMR) recording reader sensor, in assembly

process.

1.2 Objective

To find out what kind of wireless communication devices has significant
electromagnetic interference (EMJ), in form of electric field, and knows the most

influence direction of each wireless communication device to its field strength.

To observe actual voltage dropped and estimate temperature of TGMR while
being exposed to the field of wireless communication device. Then, compare actual

measurement result with TGMR damage threshold.

To confirm actual effect to electrical performance of TGMR in HGA assembly

process while being exposed to the field of wireless communication device.

To provide guideline of methodology to assess risk from wireless
communication device, as well as suggestion of controlling its effect to TGMR heads

in HGA assembly process.




1.3 Scope and limitation of work

This study is limited to one particular design of TGMR and HGA and its
assembly process. Wireless communication devices in this study are selected from

most likely being used during the study period of time, and it is only one sample per
type.

This study has not included effect from all frequencies of wireless
communication devices used. For example, 5GHz WiFi devices has not been included
in this study due to it is not typically used in large factory areas like hard disk drive
manufacturing, as in general, the higher the frequency of a wireless signal, the shorter
its range. Thus, 2.4GHz networks have been selected because they cover a

substantially larger range than 5GHz wireless networks.

To avoid damage of tooling and equipment used in this study. There is
limitation of the distance set up in real HGA processes, which could not allow
wireless communication device come closer than 100 mm to the TGMR due to

obstruction of the automate tooling.

1.4 Expected Benefit

As the technology has never been stopped developing, the knowledge from
this research would help understanding how to assess risk from wireless
communication devise and decision for proper control condition. Over-killing control
may obstruct opportunities to improve process efficiency or cost concern. Loosen
control may lead to quality problem, failure of component, yield and profit lost.
Optimum selection and control of using wireless communication devices in the
manufacturing environment will benefit to process efficiency, quality, time to market

and cost of the products.




1.5 Literature Review

AWallash and D. Smith studied EMI effect to GMR head connecting with

dipole and loop antennas [1].

KeyTek MiniZap set up at 3 kV maximum with MZT-

12-H-Field attachment was EMI source. Twenty spin-valve GMR sensors with an [rMn

exchange layer were used and measured GMR Resistance as affected in this study. It

found magnetic failure and melting failure from all types of antenna (5 and 10 inches

dipote and 2.5 x 3 inches loop). Failure threshold depends on antenna length and

distance from EMI source. In this paper, there was no study on TMR head, and no

study on head without antenna.
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Figure 1.1 Experiment setup and result of EMI effect to GMR head connecting with

dipole and loop antennas [1]




C.F. Lam, D. Martinez’s study [2] was different from Wallash and Smith’s.

They used Ground SST Tweezers to create spark from Keytek Mini-Zap DUT,

Standalone (without antenna) versus attached with 8-inch loop. KPIV measured with

EM-eye meter, same Lecroy but Shielded CT-1. KPOV measured with QST GMR

Resistance and Amplitude. The result showed that, stand-alone wire or FOS or T5A

HGA was not susceptible to EMI damage. It was demonstrated even at 16 kV MiniZap

sparks and at 0.5 inch distance away. HGA is susceptible to EMI damage only when

wire is attached to the GMR electrodes. The study did not include TMR sensor.
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Figure 1.2 Experiment setup of ESD sensitivity study of GMR recording heads with a

flex-on-suspension head-gimbal assembly [2]

Distance MiniZap EM-Field EMI-damage

from HGA spark V strength STAND ALONE WITH 8-INCH LOOP
(k) (V/rm) FOS-HGA Wire-HGA FOS-HGA Wire-HGA

3ft. 16 0.4 ne no no no
2 ft. 16 0.5 no no no no
1ft. 16 0.6 no no no no
6 inch 16 1.1 no ne no no
3 inch 16 1.9 no no no no
2 inch 16 3.2 no ne yes ne
1inch 16 4.6 no no yes yes
0.5 inch 16 > 5.0 no no yes yes

Figure 1.3 Experiment result of ESD sensitivity study of GMR recording heads with a

flex-on-suspension head-gimbal assembly [2]
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V. Kraz, AWallash studied the Effect of EMI from Cell Phone on GMR
Recordir?g Heads and Test Equipment [3]. Study cell phone in 800 MHz ra'nge with 5
GB/in” PtMn GMR sensor only. Three types of cell phones (AMPS, TDMA and CDMA)
did not cause magnetic or resistance change damage to the GMR heads. ESC sources

such as plastic bag more likely to be the threat of reader damaged.

Measurement Equipment LeCroy oscilloscope model 9362

HP (Agilent} Spectrum Analyzer model HP8595A
Credence Technologies’ EMI/ESD Diagnostic Kit CTKO53 with CTS001

calibrated broadband active antenna

Credence Technologies’ EM Aware ESD Event monitor CTCO34 with local

and remote antenna CTC113

Motorola 845 MHz CDMA phone
Nokia 6162 800 MHz TDMA phone
Motorola 830MHz AMPS phone

RF Emission Sources

ESD sources Bag of SMA RF connectors

Plastic tube with two metal cylinders

Barbecue lighter

GMR Test Equipment QST Tester modet Integral Solution International 2001

(Resistance and amplitude measure)

GMR Heads 5 Gb/in’ Pthin GMR heads used in this study

30 Ve magnetic failure level

Figure 1.4 Experiment setup of the effect of EMI from cell phone on GMR recording

heads and test equipment [3]

Test Setup GMR HGA

Mobile Phone

ESD Source

Without antenna

All models: No damaged

All types: No damaged

With 11 ¢m monopole antenna

All models: No damaged

Al types: No damaged

With 30 cm monepole antenna

All models: No damaged

Plastic Bag w/connectors :

Fatal damage (open;

With single loop antenna 67 diarmeter

All models: No darmaged

Plastic bag w/cylinder

Fatal darnace (open)

With double loop antenna 2.75” diameter

All medels: No damaged

Plastic Bag w/conneciors :

Fatal damage (open)

Mounted in QST

All models: No damaged

All types: No damaged

Mount on Guzik Tester

All models: No damaged

All types: No damaged

Figure 1.5 Experiment result of the effect of EMI from cell phone on GMR recording

heads and test equipment [3]




S. Natori, T. Wada, et all studied a relatively simple method for
comprehending the basic characteristics of EMI using CT1, Digital oscilloscope and
Fast Fourier Transform Software [4]. The magnitude and frequency components of
the waveforms are dependent on their generation sources. The difference between
each type of sources is especially cleared by analyzing the each frequency
component using FFT. The larger the spark voltage and the shorter the distance from
source, the larger EMI peak power level. EMI radiation on GMR head was conducted
under the following conditions: 1) GMR head was left in front of a noisy ionizer for 10
minutes. 2) A person holding metal tweezers was charged up to 1kV. The metal
tweezers were then contacted toa metal plate. 3) A CPM was charged up to + 4kV.
The CMP then was made contact with metal wires. 4) EMI radiation from lighter.
Irradiation condition 1) to 3) was performed 10 times-at a distance of 10 cm from the

GMR head.

The electric and magnetic characteristics of the GMR heads were compared
using a QST before and after the irradiations condition 1) to 4). No changes were seen
on the characteristics of the GMR heads for each condition. They had not mentioned

about experiment on TMR head

Current Trans ~CT1 (A) Raw data of an oscilloscope (B) Data after conversion

EMI &% Digital Oscilloscope

o 12
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iS00 | pl=e’s
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FFT
(PC)

Power (FRICTEL

Curret &SI
B £ 2 s

" e 0
e SOrmfew) Frecuancy (MH

Figure 1.6 Experiment setup of study of EMI phenomena for GMR/TMR head. EMI

waveform and frequency analysis [4]
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Figure 1.7 Experiment result of the study of EMI phenomena for GMR/TMR head. (a)
voltage dependence of EMI peak power (b) distance dependence of EMI peak power

(c) frequency band of EMI-waveform. [4]

S.Kaengrang, AlKaewrawang studied on the increasing temperature on stand-
alone TuMR read sensor [5] with no connection to outside system, no detail of

investigation on real TMR head showed radiated EMI in 2 conditions;

(a) EMI in the ranges of 30-1000 MHz, the electri¢ field intensity is 10 V/m.

(b) Electric field intensity is varied between 110" to 1x10"* V/m.

Simulation used commercial finite integral technique  (FIT) software (CST
STUDIO SUITETM 2010 ), the compare result with Blocking temperature (T,) and the
melting temperatures (T,,,). Simulation showed that temperature distribution in stand-
alone TuMR read sensor was affected by electric field intensity at 1x10” V/m and
above. Temperature of AFM and Al,O5 spacer layers were started to be higher than

Tb (250) and Tm (2000).



IrMn (25 nm)

Ta (9 nm)
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Figure 1.8.1 Simulation result of EMI inducing heat on TMR read sensor. (a) Structure
of TuMR. (b) Temperature  distribution inside” TUMR read sensor (Electric field
intensity is 110" V/m) (c) Temperature. inside TuMR read sensor at 1 GHz
(d) Simulations if temperature in multilayer of TuMR with electric field intensity =

1%10"° V/m [5]

Electric Field Intensity (V/m)

Each Layers 1x10™° 1x10" 1x10" 1x10" 1x10"

Ta 25.00849 25.14288 38.49845 1372753 135071.3
IrMn 2501044 25.33849 58.06672 3328.722 330894.6
CoFeB 25.01054 25.353 59.47583 3470.831 344774.0
Al203 25.01064 25,3537 59.55105 3478.241 305527.5
CoFeB 25.01044 25.33049 59.47583 3286.379 326312.9
NiFe 25.01014 25.30408 50.58643 2982.384 295894.0
Ta 25.01014 25.1463 38.8147 1405.507 138131.1

Figure 1.8.2 Simulation result of temperature at each layers report to electric field

intensity with 1 GHz [5].
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S. Puapairoj, C. Sa-Ngiamsak studied effects of E-field and H-field on TMR
head caused by discharge current during electrical connection [6]. The study
measured current through gold wire bond with shielded CT-6 and Lecroy DDA125.
Then, simulate E-field and H-field with software to compare with dielectric
breakdown (threshold) of insulator and exchange coupling field (He,) of AFM. In this
bonding process, radiated electric field plays a stronger role to TMR heads than the
radiated magnetic field due to its oxide layer. Direction of the TMR heads during
bonding process plays a role in the fields transmitted into the MR heads. E-Field and
H-Field result only determined by simulation. There is not yet investigation on real

TMR head as in this study:.
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Figure 1.9 Experiment setup and result of effect of ESD and EMI on TMR head during
bonding process of gold ball bonding machines. (a) position of measurement (b)
current waveform (c) structure of gold wire, gold ball and electrical pad (d) direction
of observation (e) magnetic field strength at MR heads (f) electric field strength of

MR head [6].
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V. Kraz, P. Tachamaneekorn, and D Napombejara, studied on EOS exposure of
magnetic heads and assemblies in automated manufacturing [7]. The magnetic heads
in production can be exposed to EOS exposure of different types. Several EOS
sources are examined in the paper such as unreliable contact with ground,
inductance in ground path, inductive and capacitive coupling and excessive ground
current. Discussion on how the exposure would influence damage to the magnetic
head suggests some issues to consider. They are voltage sensitivity of the head,
current path, long-term exposure and latent damage concern. Due to the ultra-
sensitive nature of magnetic recording head, damage threshold of component shall
be defined, and then the measurement technique to quantify EOS exposure should
be applied to compare and make decision that the tool can be qualified to handle

or use based on amount of EOS exposure that the tool provides.
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= Motor Coil
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- (b) ©
7 Tool
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cTe BE=
prees
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Figure 1.10 Example of EOS exposure measurement technique (a) generation of
voltage in a tool via capacitance (b) current in gold ball bonding tool (¢) current

induced by transformer coupling in the tool (d) current exposure on direct contact

with CT-6 probe. [7]




12

A Kruesubthaworn, R. Sivaratana, V. Ungvichianc, A. Siritaratiwat had studied
the testing parameters of TMR heads affected by dynamic-tester induced EMI [13].
The result showed that power cable connector of robot propagated high density of
EMI and induced to spindle motor at about 2212 V/m. However, this level of
interference is not significant enough to make damage to TMR magnetic read head.
By the way, this experiment cannot explain impact of EMI to magnetic read head in
term of magnetic properties. So, A. Kruesubthaworn, A. Pratoomthip, A. Siritaratiwat,
V. Ungvichian, studied anomalous magnetic responsiveness of giant magnetoresistive
heads under specific electromagnetic interference frequencies using quasi-static
tester [14] to indicate experiment result by varying frequency of EMI in the range of
500-550 MHz, 700-800 MHz and 900-1000 MHz, and also vary its polarization. Result
in this experiment was found change of QST parameters while sweeping the EM!
frequency. The maximum change of MR amplitude and hysteresis was 10.2% at 910

MHz and 8.37% at 935 MHz.

Radiated ' Close-fielded RF Pre-amp

- ' b
=Mifeld | quasi-static - :lpro A
Tester, QST

> Antenna -\\
IEEE 488

Signal v Interface
Generator

Personal
EMC Analyzer |:> Computer

Figure 1.11 Experiment setup of anomalous magnetic responsiveness of GMR head

under specific electromagnetic Interference frequencies using quasi-static tester [14]
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C. Surawanitkun, A. Kaewrawang, et al studied magnetic instability in tunneling
magnetoresistive heads due to temperature increase during electrostatic discharge”

[36].

Three-dimension finite-element method was used to analyze the spatial and
temporal profiles of the temperature during the discharge. The results from the three
models show that, although the highest temperature occurs in the MgO barrier layer,
the initial magnetic modification likely arises in the IrMn antiferromagnetic layer due
to its low Néel temperature. They also found that the increase in temperature is

proportional to the square of the ESD voltage.

The modeling using maenetic tunneling junction element in the head has a
lateral size of 80 nm x 80 nm and a resistance of 2 Q - pmz for the entire TMR head.
The values of the electrical conductivity 0, density p, heat capacity cp, and thermal
conductivity K of the various materials are given in Tabte |. Thesé values are used for
the thermal calculation using the heat conduction equation. The high cument
densities in the TMR junction Joule heating leads to a significant increase of the
temperature inside TMR stack. For ESD failure analysis, the temperature damage is
relevant to the discharge time durations of 40, 14, and 0.4 ns, for HBM, MM, and
CDM, respectively. They also found that the maximum temperature T, occurred
shortly (sub-nanosecond) after the peak in the current transient, because the
temperature increases during the current transient and saturates almost immediately.
Similarly, after turning the current off the temperaturé in the structure decreases
rapidly. The highest temperature occurs in the MgO barrier because it has the lowest
electrical conductivity. Power dissipation within TMR stack is all concentrated in the
MgO layer by the same reason. Furthermore, the temperature for MM is the highest
because it experiences the highest discharge current, as it has the highest ESD

capacitance.
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In the TMR stack structure, Ty, of IrMn is 417 °C and the T¢ of NiFe, CoFe, and
CoFeB are 570, 950, and 1040 °C, respectively. If no barrier breakdown occurs, the
sequence of the magnetic degradation from HBM, MM, and CDM starts in the IrMn
layer followed by the NiFe free layer, the CoFe and the CoFeB layer. The MM voltage
(V) of 1.5 V is already sufficient to cause a temperature rise exceeding Ty in AFM
layer. The discharge of the charging voltage causes the peak current I, of about 4.5
mA flowing through the TMR stack structure. The HBM voltage (Vigy) of 8.7 V and the
CDM voltage (Vo) of 1.7 V are the corresponding voltage giving a failure peak

current |, of about 4.5 mA and 4.9 mA, respectively.

NiFe top shield

Capping layer (Ta)
Free layer

’6 {NiFe/Ta/CoFeB/CoFe) 5
g =} : Mo
ONE Barrier (MgC} (®) ©
=1 Pinned layer 5
< = {CoFe/CoFeB/Ru/CoFe) < i

AFM layer (IR}
Seed layer (Ta)

NiFe bottom shield

Figure 1.12 (a) Structure of TMR read head element in the composite thin-film

magnetic head [36]

TABLE | : MATERIAL PROPERTIES USE IN 3-D FEM FOR TABLE Il ; VALUE OF CAPACITANCE, RESISTANCE,
THERMAL ANALYSIS AND INDUCTANCE FOR HBM, MM AND CDM
Material o \ K Cp P ” ESD Model Cesp (PP Resp Ls (nH)
QO i) | 0rtegn | @

Ta 6.5%10° 58.0 153 16700 HBM 100 1500 8000
IrMin 6.8x10” 35.6 409 10300 MV 200 - 500
CoFe | 585x10° 200 423 8150 COM 5 - 20

Ru 1.36x10’ 116.0 200 10960

CoFeB | 5.85x10° 88.0 405 9140
MgO 4.00x10° a5.0 935 3580
NiFe a.76x10° 30.0 470 8440
ALO;, | 1.00x10™° 15 760 - 3960

Figure 1.12 (b) Simulation parameters of magnetic instability in TMR heads due to

temperature increase during electrostatic discharge [36]
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Figure 1.13 Simulation result of temperature distribution. (a) Distribution of

temperature during the discharge with 40, 14, 0.4 ns for HBM, MM and CDM,

respectively at surround and inside of TMR (b) Temperature increases during the

discharge at MM voltage of 1.5V in the TMR head. [36]
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Figure 1.14 Simulation result of T. and ATqna correlation to layer, Vy, wr and

VZMM (@) Trnax in the TMR junctions at Vigy = 8.7 V, Vyw = 1.5V, Vepw = 1.7 V. The inset

shows the Tnay in TMR junctions at Vyy of 1.5 V for different Ko (b) Trax in the

magnetic layers of TMR junctions for different Vyy. (€) AT in the magnetic layers of

TMR junctions depending on the TMR thickness (lyr) and the V2MM [36]
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K. Marongmued and C. Sa-Ngiamsak studied how does electrostatic discharge
event not cause polarity flip in TMR read heads” [37]. 3-D FEM simulation was used
to monitor the threshold ESD current causing soft failure and hard failure
mechanisms in particular TMR structure. Temperature increment in free, oxide,
pinned, pinning layers and electric field across the oxide barrier due to ESD current
attack were monitored at the same time. The results reveal that the oxide
breakdown at the insulator barrier requires lower amplitude of ESD current than the
case of the magnetization reversal caused by the Joule heating at the interface
FM/AFM. The oxide breakdown or hard failure for this particular TMR occurs at the
ESD peak amplitude of 4 mA while the case of pinned layer reversal needs 6 mA.
These indicate that the ESD current is not the cause of magnetization reversal in TMR
read heads. ESD will induce the hard failure rather than soft failure on TMR head.
This finding will benefit particularly for the production line to analyze the cause of
TMR head failure; hence if polarity flips is found in TMR production process, then the
ESD event is not the cause. The prime elements are heat and magnetic field

disturbances simultaneously rather than ESD events. [37]

TABLE [ : CRITICAL PARAMETERS

Layer Parameters Critical Value Capping layer (Ta 5 nim)
. o
FM/AFM Blocking Temperature (Tg) 170 °C Free layer
AFM Neel Temperature (Ty) 420 °C {Nife 7 nm/CoFe 5 nm}
M Curie Temperature (Tc) 520 °C spacer (1,0, 0.9 nm}
AlOx Electric Field Breakdown (Eg) 8.3 MV/cm
Pinned layer
TABLE |l : ELECTRICAL PARAMETERS OF SIGNIFICANT LAYERS {CoFe 4 nm/Ru 0.6 nm/CoFe 4 nm)
Layer Heat Capacity Thermal Electrical
Pinning {AFM) layer {IrMn 25 nm}
{ J/kg'K) Conductivity Conductivity
W/ (m-K)) (5/m) Bottom (Ru 2 nm/Ta 5 nm)
IrMn 316 35.6 6.80x10°
. 80 nm
CoFe 446 a7 3,33x10
AlOx 900 27 500
(a) (b)

Figure 1.15 (a) Simulation parameters in the paper {b) Structure of TMR read head

element [37].
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Figure 1.16 Simulation results in the paper [37]. (a) Temperature profile and heat
flux of TMR sensor induced by ESD (b) Temperature distribution of a cross-section
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All studies in this part are valuable to this thesis. They provide idea and
reference of magnetic recording head, methodology, measurement technique, and

analysis of result.

1.6 Thesis Structure
The structure of this thesis consists of 5 chapters.
Chapter 1 Introduction and literature review
Chapter 2 Theory
Chapter 3 Research methodology
Chapter 4 Experimental result and discussion

Chapter 5 Conclusions and suggestion
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CHAPTER 2

THEORY

Wireless communication technologies are interesting to be used in hard disk
drive manufacturing to improve process efficiency and reduce cost. But magnetic
read sensor on head gimbal assembly is the most sensitive device to external energy.
This study is to explore if using of wireless communication devices in HGA process

will harm the latest version of magnetic read sensor or TGMR.

This chapter provides a review of related theories to the study which are,
basis of wireless communication, electromagnetic and thermal theory,
electromagnetic interference, basic hard disk drive assembly parts and process,
magnetic read head technologies, recording head with difference-end temperature

coefficient resistor (DETCR), failure mode of TGMR, and quasi-static test of TGMR.
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2.1 Basis of wireless communication

Wireless communication is the transfer of information between two or more
points that are not connected by an electrical conductor. The term of wireless
communication was introduced in the 19" century and wireless communication
technology has been developed over the subsequent years. It is one of the most
important media of transmission of information from one device to other devices. In
this technology, the information can be transmitted through the air without requiring
any cable or wires or other electronic conductors, by using electromagnetic waves
such as IR, RF, satellite and etc. Wireless communication consists of several types of
technology such as Satellite Communication, Infrared Communication, Broadcast
Radio, Microwave Communication, Wi-Fi, Bluetooth Technology and Mobile

Communication Systems [15].
Advantages of Wireless Communication:

- Any data or information can be transmitted faster and with a high speed,

- Maintenance and installation is less costly for these networks,

- The internet can be accessed from anywhere wirelessly, and

- It is very helpful for workers, doctors working in remote areas as they can be

in touch with medical centers.
Disadvantages of Wireless Communication:

- An unauthorized person can easily capture the wireless signals which spread

through the air,

- It is very important to secure the wireless network so that the information
cannot be misused by unauthorized users,
- Some of wireless communication devices use high power and generate

electromagnetic interference.
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Applications of Wireless Communication

Applications of wireless communication involve security systems, television
remote control, Wi-Fi, cell phones, wireless power transfer, computer interface
devices and various wireless communication based projects. There are typically large
numbers of wireless communication devices which are in use within manufacturing
and business facility because it can help improving operation efficiency such as
operation cost, productivity, data recording and analysis, machine learning, decision
making and quality improvement, and etc. Current wireless communication
technologies make use of electromagnetic spectrum and sub-spectrum of radio wave
and microwave band. So, it cannot completely avoid electromagnetic interference.
Some businesses need to safeguard their operation from the effects of using wireless
communication devices and its network. Topology of wireless communication

networks are itlustrated in table 2.1.




Table 2.1 Wireless Network Topology [15]

Network Technology, Frequency Approximate Example Devices Power
Standard Range
Peer-to-peer 2-way radic 150-470 MHz 1-30 Kilometers Walkie-talkie, Ham 1-5 Watts
radio, Public safety
radio system
Wireless Personal Bluetooth 802.15.1 2400 MHz, 15 meters Cordless phone 0.01-0.2 Watts
Area Network (WPAN) 5000 MHz Computer’s
peripheral devices
Wireless Local Area IEEE 2400 MHz, 150 meters in-door WiFi Router 0.1-0.5 Watts
Network (WLAN) 802.11a/b/g 5000 MHz 300 meters out-
door
Wireless Wide Area CDMA, 800, 900, 1700, 5-50 kilometers Cellular network 0.05-0.5 Watts
Network (WWAN) GSM, 1800, 1900, 2100 Mobile phone
GPRS, MHz
Edge,

IDEN
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2.2 Electromagnetic and thermal theory

Electric and mégnetic forces, gravity and the weak and strong forces are the
five known forces of physics. Electromagnetism embraces both electricity and
magnetism and is basic to everything involving electric matters and magnetic. The
electromagnetic spectrum is widely broad from attometers (10™) to kilometers (107)
wavelength. It includes natural, science and technology phenomena in our everyday
experience. Figure 2.1 illustrates the electromagnetic spectrum with wavelength on a
logarithmic scale from the shortest gamma rays to the longest radio waves.
Wavelengths are expressed in metric units. The atmospheric opacity is shown at the

top with the optical and radio windows in evidence. [17]
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107"8 107'% 10712 1078 1078 1073 10°

Figure 2.1 Electromagnetic spectrum [17]

Electric field (£) and magnetic field (3) are vector fields and in general have
amplitudes and directions that vary with the three spatial coordinates such as in
Cartesian coordinates x, y, z and the time coordinate t. The electric field is measured
in volt per meter (V/m) and the magnetic field in Webbers (Wb) or Ampere per meter
(A/m). The electric field (£) and magnetic field () are regards as fundamental in that
they give the force (7, newtons) on a charge {g, culombs} moving with velocity (v,

m/s); that is, Laurentz force equation, [18]
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F=q(E +vB) (2.1)

One of the basic law of electromagnetic phenomena is Faraday’s law which
states that a time-varying magnetic field generates an electric field. Let C is an
arbitrary closed curve that forms the boundary of a non-moving surface S. The time

rate of change of the total magnetic flux through the surface 5Ss,

([ Beds)lat (2.2)

According to Faraday's law, this time rate of change of total magnetic flux is
equal to the negative value of the total voltage measurement around C, an arbitrary
closed curve that forms the boundary of a non-moving surface S. The later quantity

is given by,

—j'aE-di (2.3)

[’

Hence, the mathematic statement of Faraday’s law is,

(! SO
Eedl=——|BedS
¢ o (2.9

As the structure of TGMR read sensor has electrical resistance, oncerit has
voltage drop, current witl flow through the sensor per ohm’s law ( V = IR) . In other
words, if a resistance is subjected to a voltage, or if it conducts a current, then it will
always consume electrical power and we can superimpose these three quantities of
power, voltage and current into a triangle called a Power Triangle with the power,
p = 1v, which would be dissipated as heat in the resistor at the top, with the current
consumed and the voltage across it at the bottom {P=F?/R orp=7%R). From
Faraday’s law, the voltage induction to TGMR in electromagnetic field can be
described as ¥ =—dg/dt , white v is induction voltage (volts), ¢ is magnetic flux (Wb)

and t is time in seconds {17]. The heat equation can be expressed as,

Uf =l 25)
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While ¢ is joule heat induced by current pulse (/s or W), o is electrical
conductivity of the resistor (5/m), J is current intensity (A/mz), which is equal togE or

_ovV, v is Voltage (volts). 120]

The change of Joule heating makes change to the temperature of the resistor

according to the heat transfer equation,

ar
Q=pC -~V +(VT) (2.6

When , is density of the material (kg/mz), T is temperature (°Q), ¢ is heat

capacity (kI/K/kg), & is thermal conductivity of the material (W/K/m). [20]

From the ecquation above, if the material has high density, high thermal
capacity but low thermal conductivity, the material supposes to get higher

temperature.

The Néel temperature or magnetic ordering temperature (Ty is the
temperature above the point that an antiferromagnetic material becomes
paramagnetic. Meaning that, the thermal energy becomes laree enough to destroy
the rnacroscopic magnetic ordering within the material. Heat is able to be transferred
by electromagnetic wave. The relation of energy and frequency can be explained by

Plank’s law,
E=hf 2.7

when E is energy (J), A is Plank’s constant egual to 6.6260?0040(81)><1O—3‘Cl

(Js), f is frequency (Hz)

To select the sensor to measure temperature of TGMR, beside the proximity
of the sensor to TGMR, the material thermal properties should nc;t have much
difference to ensure that temperature at the sensor is simitar to at DUT. As Kirchoff’s
identity states that, at thermal equilibrium, absorptivity (@} is equal to the emissivity

(.8 ). And,
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c+p+r=1

(2.8)
When ais absorptivity, p© is reflectivity, and 7 is transmissivity
The radiation power can be expressed by the Stefan-Boltzmann’s law,
4
R'ad = gJ'adéAT (2.9)

When P, is radiation power (W), &,.,is emissivity (0-1), 0 is Stefan-
Boltzmann constant (5.67 x 10° W/mzKa), A is surface material (mz), and T is

temperature (K)

2.3 Electromagnetic interference (EMI)

Electromagnetic interference (EMI), also called radio-frequency interference
(RFI) when in the radio frequency spectrum, is a disturbance generated by an
external source that affects an electrical circuit by eleciromagnetic induction,
electrostatic coupling, or conduction. EMI is an unwanted signal at the signal receiver,

and in general methods are sought to reduce the level of the interference.
Types of EMI - Electromagnetic Interference [21]
EMI categorizes by origins;

- Man-made EMI:  This type of EMI generally arises from other electronic
circuits, although some EMI can arise from switching of large currents, and etc.

- Naturally occurring EMI:  This type of EMI can arise from many sources
cosmic noise as well as lightning and other atmospheric types of noise.

EMI categorized by its duration:

- Continucus interference: This type of EMI generally arises from a source such

as a circuit that is emitting a continuous signal. However background noise,
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which is continuous, may be created in a number of ways, either manmade
or naturally occurring.

~ Impulse noise: Again, this type of EMI may be man-made or naturatly
oceurring. Lightning, ESD, and switching systems ail contribute to impulse
noise which is a form of EM.

EMI categorized by their bandwidth:

. Narrowband: Typically this form of EMI is likely to be a single carrier source -
possibly generated by an oscillator of some forms. Another form  of
narrowband EMI is the spurious signals caused by intermodulation and other
forms of distortion in a transmitter such as a mobite phone of Wi-Fi router.
These spurious signals will appear at different points in the spectrum and
may cause interference to another user of the radio spectrum. As such these
spurious signals must be kept within tight limits.

. Broadband: There are many forms of broadband noise which can be
experienced. It can arise from a great variety of soﬁrces. Man-made
broadband interference can arise from sources such as arc welders where a
spark is continuously generated. Naturally occurring hroadband noise can be
experienced from the sun - it can cause sun-outs for satellite television
systemns when the sun appears behind the satellite and noise can mask the
wanted satellite signal. Fortunately these episodes only last for a few

minutes.

EMI coupling mechanisms [211[38]

There are many ways in which the electromagnetic interference can be
coupled from the source to the receiver. Understanding which coupling method

brings the interference to the receiver is the key to be able to address the problem.

. Radiated: So called radiative coupling or electromagnetic coupling. This type

of EMI coupling is probably the most obvious. It is the type of EMI coupling
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that is normally experienced when the source and victim are separated by a
large distance - typically more than a wavelength. Source and victim act as
radio antennas. The source emits or radiates an electromagnetic wave when
propagates across the open space in between and is picked up or received by
the victim. The source radiates a signal which may be wanted or unwanted,
and the victim receives it in a way that disrupts its performance.

- Conducted: Conducted emissions occur as the name implies when there is a
conduction route along which the signals can travel. This may be along power
cables or other interconnection cabling. The conduction may be in one of
two modes:

® Common mode: This type of EMI coupling occurs when the noise
appears in the same phase on the two conductors, e.g. out and return

for signals, or +ve and -ve for power cables.

® Differential mode: This occurs when the noise is out of phase on the
two conductors.

- Capacitive coupling: Occurs when a varying electrical field exists between two
adjacent conductors typically less than a wavelength apart, inducing a change
in voltage across gap.

- Inductive coupling: Occurs where the source and receiver are separated by a
short distance (typically less than a wayelength). Strictly, “inductive coupling”
can be of two kinds , electrical induction and magnetic induction. It is
common to refer to electrical induction as capacitive coupling and magnetic
induction as inductive coupling

- Magnetic coupling: Occurs when a varying magnetic field exists between two
parallel conductors typically less than a waveleneth apart, inducing a change

in voltage along the receiving conductor.

By determining the form of coupling that exists and the way in which it is

reaching the victim, it may prove to be that the most effective method of reducing
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the EMI is by putting measurement in place to reduce the coupling and reduce the

level of interference to an acceptable level.

Electromagnetic interference (EMI) is present in all areas of electronic and
electrical applications. By understanding the source, the coupling methods and the
susceptibility of the victim, the level of interference can be reduced to a level where

the EMI causes no undue degradation in performance.

2.4 Basic hard disk drive assembly parts and processes

Hard disk drive is a data storage device used for storing and retrieving digital
information using one or -more rigid ("hard") rapidly rotating disks (platters) coated
with magnetic material. The platters are paired with magnetic heads arranged on a
moving actuator arm, which read and write data to the platter surfaces [22]. Data is
accessed in a random-access manner, meaning that individual blocks of data can be
stored or retrieved in any order and not only sequentially. HDDs are a type of non-
volatile - memory, retaining stored data even when powered off [23]. Basic

components of hard disk drive are shown in Figure 2.2.

Head Gimbal Assembly (HGA) Basic HDD Components.

Magnetic Read-Write Head | 1. top cover 2. filter 3. magnetic
media 4. voice coil magnet 5. head
stack assembly (HAS) 6. spindle
motor 7. base deck 8. cushion 9.
print circuit board assembly (PCBA)

Figure 2.2 Basic hard disk drive components [24]
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Modern hard disk drive assembly process is automation base. Basis of the
process steps is pick-and-place, mechanical connection, electrical connection and

performance testing, as shown in figure 2.3.

Suspension Adhesive Hondiicad Electrical

Load dispense bond ek

Slider B Gl-ii:\ﬂl > Head Stack ‘ HaDrfi‘?;Sk
Fabricatio Assembl
ation Assembly L Assembly
Base vC # i vC Top
Filter Media HSA PCBA
Deck Magnet Magnet Cover Test
Load Install iyt Ly fostolt Install Install Install

Figure 2.3 Basic hard disk drive assembly processes

Head-Gimbat Assembly (HGA) is an important jpiece part of Hard Disk Drive in
which slider body, which. containing read-write head, located and flies above
magnetic recording media. The manufacturing process of Head-Gimbal Assembly is
basically in full automation.

Pick & Place Mechanical Connect

Electrical Connect
\

Slider Body

Head Gimbal Assembly Electrical Test

I~

Figure 2.4 Head Gimbal Assembly processes [24]
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As shown in Figure 2.4, robot end-effector pick-and-place each piece part,
make mechanical connection and electrical connection between Trace-Gimbal
Assembly (TGA) and Slider body. Then check performance via mechanical test and
electrical test processes. Piece parts of HGA are contacted and in-contacted with
grounded metal or static dissipative material many times atong the automated

process.

2.5 Magnetic read head technologies

The hard disk drive (HDD) industry has been facing strong competition from
other data storage devices such as solid state drive. In order to keep HDD’s
advantages in cost and capacity, the areal density (AD} should maintain an annual
growth rate of 30% to 40% [25]. For data storage industry, the innovation drives areal
density growth. One of the challenges to increase drive capacity is to increase areal

density [26].

Most dramatic change in disk drive technology has happened in magnetic
head development and manufacturing. The ranking of head performance is basically
base on favorable properties such as linear density, track density, data rate, and cost

per complexity [27].

Read head technology started from thin-film effect sensor. Nowadays, read
head technology applies magneto-resistance phenomenal effect to extract the
information back from the magnetic recording medium. The technology develops
from thin fitm, AMR (Anisotropic Magnetoresistance), GMR (Giant Magnetoresistance)

and TGMR (Tunneling Giant Magnetoreistance) read sensor.

GMR Current-in-Plane (CIP) architecture used in longitudinal recording

technology has been replaced by TGMR Current-Perpendicular (CPP) architecture
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with perpendicular recording technology to allow higher data recording density

(Figure 2.5.1).

Longitudinal Recording

. 00100001111000001000_- - - 00100001111000001000 - -
<= |1\ <= L] . N JIE

*

\ / SoftUnderlayer
Recorded Pattern \ Recorded Pattern

Readback Response

=+ Perpendicular with

soft underlayer

Perpendicular
has much more
signal at low

Longitudinal freq vencies

Frequency Response —

Frequency —
Figure 2.5.2. Readback signal of longitudinal and perpendicular reader sensor [39]
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Key distinguishing element of TGMR is Magnetic Tunnel Junction (MTJ), which
consists of two ferromagnets separated by an angstrom-thin insulator. Electrons can
tunnel from one ferromagnet to the other if the barrier is thin enough (Figure 2.6).
With this quantum mechanical phenomenon, the MTJ can be switched between two
states of electrical resistance, high resistance and low resistance, then provides
higher MR Ratio (AR/RO: change of TGMR resistance/minimum resistance of TGMR),
higher readout amplitude (Figure 2.5.2) and speed as well as lower areal resistance

(RA: Resistance x Area) and head noise [8].

TGMR resistance is ten times higher than GMR resistance. This makes TGMR
undergoing ten times higher joule heat than GMR. The angstrom-thin metal oxide
barrier makes TGMR more susceptive to external energy. Fortunately, not like GMR,
the TGMR head do not have insulator between buffer and shield, so TGMR can
dissipate thermal directly through top and bottom metal shield. Example of
simplified structure of GMR and TGMR recording reader head are explained in Figure
2.7.1 ‘and Figure 2.7.2. Actual structure and material may be difference base on

design and fabrication.

F - barrier height
Incident electron

wave function

transmitted electron
\ wave function spm direction
\/\/\N\+ is conserved

during tunneling

e

A

Al,05
Ferromagnet | barrier Ferromagnet
1 2

Figure 2.6 Basic of Magnetic Tunnel Junction (MTJ) Resistance of device depending
on electrons undergoing spin-dependent tunneling through the barrier layer. Band

structure effects in Co(Fe)-MgO-Co(Fe) can lead to very large magneto-resistance [29]
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Insulator

T
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. Pinning (irMn) —
Magnetic Buffer (NiCr) Magnetic
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Figure 2.7.1. GMR Structure, Current-In-Plane, Conductive Spacer (Cu) [30]
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Figure 2.7.2 TGMR Structure, Current-Perpendicular, Insulative Spacer (MgO or Al,O3)

(30]
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2.6 Difference-end temperature coefficient resistor in magnetic head

Differential-Ended Temperature Coefficient of Resistivity (DETCR) is a build-in
sensor supported by a head transducer has a temperature coefficient of resistance
(TCR) and a sensor resistance. The sensor operates at a temperature above ambient
and is responsive to changes in sensor-medium spacing. Conductive contacts
connected to the sensor have a contact resistance and across-sectional area
adjacent to the sensor larger than that of the sensor, such that the contact
resistance is small relative to the sensor resistance and negligibly contributes to a
signal generated by the sensor. A multiplicity of head transducers each support a
TCR sensor_and a power source can supply bias power to each sensor of each head
to maintain each sensor at a fixed temperature above an ambient temperature in the
presence of heat transfer changes impacting the sensors. A TCR sensor of a head
transducer can include a track-oriented TCR sensor wire for sensing one or both of

asperities of the medium. [9]{10][28]

Figure 2.8 Build-in DETCR proximity to TGMR in the magnetic read-write head [9][10}

(28]
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The response to local changes in temperature at the DETCR sensor is based

on equation (2.10) and (2.11). The change of DETCR resistance (ARpgrcr = Rperer -
Rg_DETCR) is proportional to the change of DETCR temperature {47 percr = Toerce -

Ty perer) while Ry peyep is original resistance of the DETCR, Rpgrer is resistance of

the DETCR at the point of time to compare, Ty percr is original temperature of the
DETCR, Tperer is temperature of the DETCR at the point of time to compare, and ais

specitic to DETCR material.
ARperer = 4 ATpgrer (2.10}

Rpercr- Ro_perer = 4 * (Tperer-To_perer) (2.11)

2.7 Failure mode of TGMR read head and Quasi-static test

2.7.1 Failure mode of TGMR read head

TGMR read head failure can be classified into three modes, Hard failure, Soft

failure and Latent failure. [33]

Hard failure mode is defined as magnetoresistive elements, which are
physically damaged [34]. TGMR head with the ultra-thin oxide layer as an insulator
acts as capacitor which can induce voltage across and prone for dielectric breakdown
and pinhole. Example of oxide layer made of MgQ, susceptible to the electric field of
0.5 GVW/m, allow voltage across is approximately 2 wvolts [35]. The dielectric
breakdown or pin hole result sudden TGMR resistance drops to low value, so the

read out amplitude will drop as well.

In soft failure mode, magnetoresistive elements have no physical damag or
resistance changed, but magnetic properties changed. This level of failure sometimes

leads to long term reliability issues. Examples of this failure mode are defect in
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reference layer, Pinned layer or Antiferromagnet such as temporary magnetization

reversal,

Latent failure mode is most likely hard to detect, since it sometimes comes
and goes. There may be no abnormal sign of TGMR resistance or amplitude. Small
defect of magnetic layers leads to instability of the read sensor. It requires special

technigue to test and analysis to discover the instability.

2.7.2 Quasi Static Test

Quasi Static Tester (QST) is used to evaluate GMR/TGMR head performance
without performing flying head over the recording media. The measurement is
independent from external influence such as disk flying height, variation of the
magnetic properties and surface properties of the disk. Magnetoresistive effect read
head element is tested by applying a varying magnetic field and measuring the
resulting output signals from the read head element. The output signals are digitizedl

and a processor calculates [11].

_—]._f Low-Pass | | Digitizer
Filter
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|
Heater
DC Supply
- I Digital
Magnetic _[——— = :
Field sy < 1G Multimeter
Control ~,-; hb
Unit Rty _.—’_ HGA FIXture NOiSB
T -1 Detecting
E Circuit
Bias
Control

Figure 2.9 Basic diagram of Quasi-Static Test
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2.7.2.1 TGMR RESISTANCE

QST TGMR resistance measurement is static test and frequency response test.
Actually, the resistance of the GMR is dependent on the magnetic field applied. In
ideal case, the relationship of GMR resistance to applied field is linear. But, in reality,

each magnetoresistive effect read heads response to the magnetic field differently.

2.7.2.2 QUASI TRANSVERSE TESTING

Quasi transverse testing is fixed bias current (mA) and measure voltage (V)
during sweep or varying magnetic field.. This method is to characterize the head
performance using the magnetic properties such-as magnetic domain and also
magnetization change causing magnetoreisistive resistance. change proportional to
the applied field and affect to voltage amplitude over magnetoresistive element
changed. All measurement has been controlled and measured through pre-amplifier

circuit.

Transverse.RT
(D*VDLNGFOZX0 Hd=SR 1 DR=VOLNGF02X0-151013-163002-0-3
111} [ n]
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TTT T717T

-40004
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Figures 2.9.1 Example of good TGMR transverse tested by QST
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2.7.2.2 (a) TGMR AMPLITUDE

Amplitude is the key performance of reader sensor. There are 2 types of QST
amplitude test. One is Amplitude test, the test measures peak amplitude in micro-
volt (uV) at defined point of magnetic field. Amplitude is directly related to the
change of TGMR resistance as shown in (12). While / is the bias current, V is the
voltage dropped on the sensor, AR/R, is the intrinsic TGMR ratio, € is the efficiency or

amount of free layer rotation.

Amplitude=1xARx5=[><RoX%EXE.':Vxﬁxg (2.12)

0 0

Another is” peak to peak amplitude which has been calculated by the
difference of maximum and minimum amplitude in the transverse transfer curve.

Pk — PkAmp(uV') = MaxMmp(u V) — MinAmp(ul) (2.13)

Transverse.RT
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Figure 2.9.2 Example of Amplitude failure (no amplitude) on QST transverse test
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The other following parameters are measured and calculated from the

transverse transfer curve as shown in Fig.2.9.1

7.7.2.2 (b) SLOPE / MAGNETIC POLARITY

External energy such as Thermal, EOS/ESD can cause Pinned Layer magnetic
polarity reversal in TGMR, Weak Pinned Layer, AFM or Reference Layer coupling also
cause polarity issue in some points of field. Slope test checks transfer curve slope
opposite to the readers with the correctly oriented reference layer. It can reveal the
magnitude and location of reversal over the sweep test range. Parameter of slope
testing includes,

‘Maximum slope (uV/Oe)’ which is absolute value of maximum slope
detected on either forward or reverse curves, in order to detect slope variations such
as direction of the transfer curve that is calculated by fitting a best-fit line cross the
data taken from both curves.

‘Maximum slope signed (uV/Qe)’ which is similar to maximum slope but the
window size is defined by the user as ‘maximum slope field range’ (not absolute
value).

‘Maximum slope (%)’ is percentage change of maximum slope in the field
range.

‘Maximum slope at (Oe)’ is the field location, where maximum slope (nV/Oe}
occurred.

‘Maximum slope amp (uV)’ is the peak-to-peak amplitude within window

where maximum slope (uv/Oe) occurred.
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Figure 2.9.3 Example of partially reverse slope failure on QST transverse test

2.7.2.2 (c) AMPLITUDE ASYMMETRY

While magnetic recording head is driven into the magnetic saturation (Ms),
there is no longer linear response of the transfer curve, which causes positive and
negative peaks amplitudes. Asymmetry test basically shows the symmetry of the
transfer curve which can indicate performance of maenetic layers in TGMR. Equation
(2.14) shows calculation  of -asymmetry from absolute value of the maximum and

minimum amplitude.

\MAX.amp} =|MIN.amj o (2.14)
[MAXamd +]MIN.amA

Asymmetry (%)=
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2.7.2.2 (d) HYSTERESIS

Hysteresis test is measurement area between forward amplitude {(F) and
reverse amplitude (R) of the amplitude. Equation (2.15) shows calculation of
hysteresis, in the unit of pv/Oe, from amplitude and magnetic field increment (inc).
And percentage of Hysteresis (2.16) is calculated from ratio of A to B, where A is
Hysteresis in nV/Oe and B is referring to (2.17). Likely cause of large Hysteresis is
AFM/SAF failure or shield or Magnetic seed issue.

Hysteresis(uV [ Oe) = Inc x » |Fi — Ri| (2.15)
Hysteresis (%) = (A/ B) x100% (2.16)
B = Inc x Z S—Mm"—;MQ— AmpMin (2.17)

2.7.2.2 (e) BARKHAUSEN-JUMP

Barkhausen-jump (uV) is maximum amplitude jumping between two adjacent
measurement points. Percentage of Barkhausen jump (968.) can be calculated with
peak-to-peak amplitude (Amp. ) as shown in (2.18). Barkhausen field (Oe) is the

field location where Barkhausen-jump occurred.

%BJ =[BJ(uV)! Amp.p,_p 1%x100 (2.18)
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Figure 2.9.4 Example of large Hysteresis from QST transverse test
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2.7.2.2 (f) SPECTRAL MAXIMUM AMPLITUDE NOISE (S.M.A.N.)

Spectral Maximum Amplitude Noise (S.M.AN.) test is designed to quickly
measure the spectral noise density as a function of magnetic field utilizing AC
channel. It measures noise density by sweeping through a range of DC magnetic
fields. This parameter is invented to provide capability of high frequency instability
identification [11-12]. Optionally, user can enable write stress to catch both writer

induced and field induced noise. Example of S.M.AN. test is shown in Figure 2.9.6.

S.M.AN. TestRT
ID=VDLNGF02X0 Hd=5R 1 DR=VDLNGF02X0-151013-163002-0-5

= A
800 Noise Amp Noise RMS3 Max Noise Amp
= Irml\
7004 1
(- j /ﬂ\
600~ | f
" \\H\ BiiNaA ,
E[5Y L iy (/I ) /
Bl =P v - |
3004
200+
100+ o ——— W N S
-600 -400 -200 0 200 400 g
Field (Og)
Patent #6943545

Figure.2.9.6 Example of good TGMR SMAN tested by QST
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In summary, TGMR, as the most sensitive part of HGA in assembly process,
has specific properties which different from other devices. Wireless communication
works in electromagnetic spectrum, which can generate electromagnetic field and
interference with power or Joule heat. Knowledge of wireless communication,
electromagnetic, thermal theory, hard disk drive assembly, reader technology, and
TGMR measurement are all considerable to the study of wireless communication and

its effect to TGMR Reader in Head Gimbal Assembly Process.
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CHAPTER 3

RESEARCH METHODOLOGY

There are three main experiments in this study.

The first experiment is A. Wireless communication devices — Electric Field
Survey, to survey overall wireless communication devices potentially be used in
manufacturing environment. The experiment will observe direction and distance of
placing wireless communication device impact to its electric field strength. Significant
field sources, direction and distance from this experiment will be used in the rest of

experiments.

The second experiment is B. Thermal change and DC voltage of TGMR head
while placing in the field of wireless communication device, to know actual thermal
change and DC voltage of TGMR head while placing in the field of wireless
communication device to compare with TGMR failure threshold. Prediction model
from regression analysis could tell the critical distance of specific wireless

communication device to be installed in the controlled environment such as in Head

Gimbal Assembly process.

And the third experiment is C Electrical Performance of TGMR pre and post
actions simulating HGA assembly process, to see accordance from previous
experiment to the actual result of electrical performance of TGMR. If thermal change
or DC voltage, of TGMR head during assembly and exposing in the field of wireless
communication device, is higher than with TGMR failure threshold, the electrical
performance of TGMR on HGA process would have same negative change of trend

‘and vice versa.
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A. Wireless communication devices - Electric Field Survey

Purpose of this experiment is to see how direction placing wireless

communication device and distance impact to electric field strength.

Measuring equipment:

CTM048 EM Field Meter with CTS001 directional antenna and

electromagnetic field module.

Other Tools/Equipment:

Acrylic insulative test bed
Ruler for distance measuring and marking

Design Of Experiment (DOE) table of Multi Level Factorial Design

Field sources:

Walkie-talkie

WiFi router

WiFi phone
Cellular phone
Laptop computer
Tablet computer

Wireless mouse & keyboard
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1. Prepare Test Table with distance of 1", 3", 6", 12" mark
Acrylic Insulative Test Bed

S

2. Turn OFF wireless communication devices in the test room

(including personel phone, tablet, etc)

NS

3. Measure and record electric field in the baseline environment with CTM048

S/

4. Setup CTM048 and place Wireless Communication Device#(1) on Arylic
Insulative Test Bed in direction and distance 1o CTS001 Antenna base on DOE
in Table 3.2

NA

5. Turn wireless communication device #(1) ON and put it to transmit mode

Y/

6. Measure and record electric field with CTM048

Nz

7. Move CTS001 Antenna to the next direction and distance base on DOE

and take measurement step 5 - 6.

A4

8. Repeat steps 3-7 for other Wireless Communication Device
#(2), (3), (4), (5),(6) and (7)

N4

9. Data Analysis

Figure 3.1 Experiment A steps diagram
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Electric field from wireless communication devices is measured using CTM048,

EM Field Meter with CTS001 directional antenna and electromagnetic field module.

This measuring instrument has Peak and Average Measurement Range of 0.001 V/m -

20.00 V/m, Frequency Bandwidth of 1 MHz to 2.5 GHz, Antenna Factor Range of -40.0

to 40.0 dBm-1, Antenna Frequency Response of 10 MHz - 2.5 GHz.

{ CTS001 directional antenna

Electromagnetic Field Module

CTMO048

Figure 3.2. CTM048, EM field meter with 'CTS001 directional antenna

electromagnetic field module [40]

and
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Electromagnetic Reld Sensor
Function Modes Bectromagnetic Feld Power Density Meter EIRP Meter
Peak Range Min: 0.001 V/m Min: 0.027 nWicm? Min: 0.001W
Max: 20.00 V/im Max: 106.1 uW/cm? Max: 5333 W@ 20 m.
Average Range Min: 0.001 V/m Min: 2.65 nW/m*
Max: 20.00 V/m Max: 1.06 Watts/m?
Memory Reference Range  Min: 0.01 V/im Min: 0.027 nW/icm?
Max: 20.00 Vim Max: 106.1 uW/em®
Current Reference Range  Min: 0.01 VW/m Min: 0.027 nW/cnv?
Max: 20.00 V/m Max: 106.1 uW/cm?
Units \/m, dBuV/m Wiem’ Watts
EIRP Distance Na Na 025-200m

0.82-65.60 it

Frequency Bandwidth 1 MHz to 2.5 GHz
Antenna Factor Range -40.0 to 40.0 dBm

Hardware Setup Brightness, Off-time, Antenna factor (AF)

Frequency Response 10MHz - 25 GHz

Antenna Options Local, or remote (CTC113 for regular use,
or CTC115 for high temp use)

Record Interval Range 1 - 360 seconds
Record Average Range 0.1 - 360 seconds

Figure 3.3 CTS001  directional » antenna ~and _electromagnetic . field module

specification [40]

(iii)
& Vim ;

.2

Figure 3.4. CTM048 setting up [40]

(i) Press ‘Menu F-button’ and select ‘INTERVAL’ of ‘10’ seconds. It is the
sampling time for PEAK data to be recorded. Then set ‘AVERAGE’ at 10
seconds as well.

(i) At the ‘HARDWARE SETUP’ menu, press the triangle ‘“MODE OPTION’ button
located at the upper right side of the display. Then ‘enable’ ‘EM field’
mode. “V” - enabled; “X” - disabled.

(iif) Press the ‘UNITS’ button toggles to ‘V/m’ unit.
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Observe electric field from the sources which are wireless communication

devices, typically used in business and factory environment, (1) Portable Two-way

Radio Transceiver (walkie-talkie), (2) Wireless LAN Access Point (WiFi router), (3) GSM

Cellular phone, (4) Cordless WiFi phone, (5) Laptop computer, (6) Tablet Computer

and (7) Wireless mouse & Keyboard set.

Table 3.1. Sample of wireless communication devices to be studied

Wireless Devices Working Power at Brand / Model
Frequency Transmit
Mode
(1) Portable Two-way 245 MHz 1-5W icom / IC-3FGX
Radio Transceiver
(walkie-talkie)
(2) Wireless LAN Access 2400 MHz 0.78-200 mw Cisco / Aironet 3500
Point {(WiFi router)
(3) Cordless WiFi phone 2400 MHz 1-50 mW Cisco / 79266
(4) GSM Cellular phone 900, 1800, 50-500 mW | Samsung / Galaxy Note2
2100 MHz Apple / iPhone 5
(5) Laptop computer 2400 MHz 1-40 mwW Dell / Latitude 6430s
(6) Tablet Computer 2400 MHz 1-500 mw/ Samsung / Galaxy Tab S
(7) Wireless mouse & 2400 MHz 0.1-20 mw Logitech / M185

Keyboard
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Performed electric field measurement in empty large room, at distance of 1
inch (25.4 mm), 3 inches (76.2 mm), 6 inches (152.4 mm) and 12 inches (304.8 mm)
between CTS001 antenna and transmitting wireless communication devices in X, Y,

and Z direction and record 5 repeats measurement.

Transmitting CTS001
device Directional Antenna

‘Distance of 17, 3" 6" and 12:’: !

X

CTIM048

Figure 3.5. Observation-of electric field from wireless communication device at

different distance.

CTMO48 measure
against Z-direction

Wireless communication
device at transmit mode as
/\ field source

CTMO048 measure
against X-direction

CTM048 measure

against Y-direction

Figure 3.6. Observation of electric field from wireless communication device at

different directions.
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Figure 3.7. Example of experiment A setup. Walkie-talkie in X-Y-Z direction

distance of one inch.
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Table 3.2
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Example of ‘wireless communication devices — electric field survey’ record

table based on DOE Multi-Level Factorial Design

DOE Multi-Level Factorial Design

Electric field (V/m)

StdQrder RunQCrder Direction | Distance (mm) | Source(1) | Source(X) | Source(N)
47 1 z 1524
56 2 Y 304.8
28 3 X 304.8
30 4 Y 76.2
45 5 z 254
39 6 x 152.4
23 7 zZ 152.4
27 8 X 152.4
9 9 Z 25.4
12 10 Z 304.8
20 11 Y 304.8
18 12 Y 76.2
59 13 Z 152.4
42 14 Y 76.2
36 15 yi 304.8
53 16 Y 25.4
52 17 X 304.8
54 18 Y 76.2
31 15 Y 1524
29 20 Y 25.4
40 21 X 304.8
49 22 X 25.4
21 23 Z 254
8 24 Y 304.8
1 25 X 254
34 26 zZ 76.2
41 27 Y 254
3 28 X 152.4
25 29 X 25.4
43 30 Y 1524
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Table 3.2 (Continued) Example of ‘wireless communication devices - electric field survey’

record table based on DOE Multi-Level Factorial Design

DCE Multi-Level Factorial Design

Electric field (V/m)

StdOrder | RunOrder | Direction | Distance (mm) | Source(1) | Source(X) | Source(N)
19 31 Y 152.4
7 32 Y 152.4
26 33 X 76.2
60 34 Z 304.8
50 35 X 76.2
37 36 X 25.4
35 37 Z 152.4
11 338 Z 152.4
24 39 Z 304.8
32 40 Y 304.8
16 41 X 304.8
51 42 X 25.4
48 43 A 304.8
10 44 Z 76.2
6 45 Y 76.2
2 46 X 76.2
13 47 X 152.4
17 48 Y 254
15 49 X 1524
5 50 Y 25.4
57 51 Z 25.4
22 52 Z 76.2
44 53 Y 304.8
14 54 X 76.2
38 55 X 76.2
46 56 z 76.2
58 57 zZ 76.2
55 58 Y 152.4
33 59 Z 25.4
4 60 X 304.8
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B. Thermal change and DC voltage of TGMR head while placing in
the field of wireless communication device

The purpose of this experiment is to know actual thermal change and DC
voltage of TGMR head while placing in the field of wireless communication device to
compare with TGMR failure threshold. Prediction model from regression analysis
could tell the controlled distance of specific wireless communication device to be

installed in the controlled environment such as in Head Gimbal Assembly process.

Measuring equipment:
L Agilent 34410A 6 ¥ Digit Mutiimeter with shielded-cables

® Modified Gryphic probe to match with HGA leads to be probed

Other tools/equipment:

° Fixture to hold HGA

° Current divider TGMR Protection Circuit Box
L Dissipative Tweezes to pick up HGA

L Wirist straps and ground cords for persons who handle HGA

® Desien Of Experiment (DOE) table of Multi Level Factorial Design

Field sources:

® Walkie-talkie

L4 WiFi router
® Cellular phone
L Tablet computer

. WiFi phone

Sample:
HGAs with build-in DETCR. Good HGAs, passed electrical test, random from

normal HGA processes total 150 HGAs. Measure 25 repeats per sources per distance.



-1. Collect HGAs sample in shipping trays form
(25 HGAs/tray x 6 trays (including 1 spare trays). Total 150 HGAs)

NS

2. Prepare measurement equipment and set up

N

3. Pick one HGA from shipping tray with dissipative tweezers
and locate properly on the test fixture

N7

4. Measure DETCR resistance and TGMR voltage
with Agilent 34410A (25 HGAs NO SOURCE)

)

5. Set wireless communication device in transmit mode at distance per DOE
Table 3.3

s

6. Measure DETCR resistance and TGMR voltage
with Agilent 344 10A (WITH SOURCE)

SR

7. Repeat step 3, 5, 6 varying field sources and distance per DOE in Table 3.3

S

8. Data analysis

Figure 3.8 Experiment B steps diagram
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Detail of Experiment:

From the results of experiment A, significant electric field sources, distance
and directions had been selected to be electric field source of this experiment. HGA

is placed at distance of 1 inch, 6 inches and 12 inches from the electric field source.

Build-in Differential-Ended Temperature Coefficient of Resistivity (DETCR}
sensor [9] [10] has been used to observe actual thermal change at TGMR head. In
this experiment, the build-in DETCR sensor was located inside the slider body,

approximately 1 micron (1x10° m) from TGMR reader.

Agilent 34410A 6 4 Digit Multimeter with shielded-cables and Gryphic probe
was modified to measure DETCR resistance and DC voltage of TGMR while placing

TGMR head in the field of wireless communication devices.

The response to local changes in temperature at the DETCR sensor is based
on equations (3.1) and (3.2). The change of DETCR resistance (ARsercr = Roeren -
Ry percr) is proportional to the change of DETCR temperature (ATpeer = Tpercs -
To perer) while Ry pereq is original resistance of the DETCR, Rpgrcp s resistance of the
DETCR at the point of time to compare, Ty perer is original temperature of the DETCR,
Toercr 18 temperature of the DETCR at the point of time to compare, and a is specific

to DETCR material.

ARperecr = @ 4 Tperer (3.1)

Rpercr- Ro perer = @ * (Tpercr-To perce) (3.2)
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Gryphic probe to Shielded cables
DETCR leads 7 i ©

and TGMR Leads

| Current Divider
| | TGMR Protection
Circuit

HGA with DETCR |

D (mm.) | Agilent 34410A

Wireless communication
7 device at transmit mode
() as field source

Figure 3.9 Measurement setup on thermal change and DC voltage of TGMR head

while placing in the field issued-from wireless communication device

Shielded cable to
Agilent 34410A

Modified Gryphic
Probe to measure
TGMR -

Zoom figure of pin
contact to TGMR leads

“~ " TGMRHead _*

S

Figure 3.10 Example of modified Gryphic probe from electrical tester to measure

TGMR
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Measurement precaution

1. Only open one HGA tray under simulation or testing. Always keeps
other waiting HGAs in closed trays. Follow ESD handling protocol and packaging plan
while handling and transfer HGAs in this experiment.

2. Measurement loading errors occur when the resistance of the device-
under-test (DUT) is an appreciable percentage of the meter's own input resistance.
The diagram below shows this error source. Set the meter's input resistance to >10
GQ (the HI-Z setting) for the t00 mVdc, 1 Vdc, and 10 Vdc ranges reduce the effects

of loading errors, and to minimize noise pickup.

|
Rs t i
—" N HE O ! Vs = ideal DUT voltage
, l i Rs = DUT source resistance
v. T P 3 n (ldeal i Ri = multimeter input resistance

! N

I \I '
i

> L0 O : Error (%) = ~o0 X s

| Rs + Ri
I

Figure 3.11 Diagram of measurement loading error source [41]

3. To prevent DETCR and TGMR from electrical over stress during the
measurement, custom made current divider TGMR protection circuit been connected

to Agilent 34410A meter to reduce electrical overstress on DETCR and TGMR.



DC Characteristics

Accuracy Specifications +{ % of reading + % of range ) i
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Function Range 03] Test Current or 4 Hour 2] bo Day 1 Year emperature
Burden Voltage Mearx1°C MeaL £5°C Teag £5°C oefficient/“C
°Co (Tea -5 °C)
Tu|_+5°c)tn55aﬂ
DC 100.0000 mY 0.0030+0.0030 [0.0040+0.0035 |0.0050+0.0035 | 0.0005+0.0005
1.000000 V 0.0020+0.0006 (0.0030+0.0007 |0.0035+0.0007 | 0.0005+0.0001
10.00000 V 0.0015+0.0004 (0.0020+0.0005 |0.0030+0.0005 | 0.0005+0.0001
100.0000 V 0.0020+0.0006 |0.0035+0.0006 |0.0040+0.0006 | 0.0005+0.0001
1000.000 v (81 0.0020+0.0006 |0.0035+0.0006 |0.0040+0.0006 |0.0005+0.0001
Resistance ¥l 10000002 1 mA Current Source|0.0030+0.0030 [0.008+0.004  |0.010+0.004 [0.0006+0.0005
1.000000 K2 1mA 0.0020+0.0005 (0.007+0.001  [0.010+0.001 |0.0006+0.0001
10,00000 K2 100 pA 0.0020+0.0005 (0.007+0.001  [0.010+0.001 |0.0006+0.0001
100.0000 K2 10 pA 0.0020+0.0005 [0.007+0.001  [0.010+0.001 |0.0006+0.0001
1.000000 MQ 5.0 pA 0.0020+0.0010 (0.010+0.001  [0.012+0.001 |0.0010+0.0002
10.00000 M2 500 nA 0.0100+0.0010 (0.030+0.001  |0.040+0.001 |0.0030+0.0004
100.0000 MQ2 500 nA || 10 M2~ |0.200+0.001  [0.600+0.001  [0.800+0.001 |0.1000+0.0001
1.000000 G2 500 nA || 10MQ  |2.000+0.001  (6.000+0.001  [8.000+0.001 |1.0000+0.0001

[T Specifications are for 30 minute warm=up and integration setting of 100 NPLC.
For <100 NPLC, add the appropriate "RMS Noise Adder” from the table an the following page.
[ 2 ] Relative to calibration standards.
[ 3]20% overrange on all ranges. except 1000 VOC, 3 A range.
[4 ] Specifications are for 4&~wire chms function, or 2-wire chms using Math Null. Without Math Null,
add 0.2 Q additional error in 2-wire ohms function.

Figure 3.12 Agilent 34410A Specification: DC Characteristics [41]

Figure 3.13 Connecting of Agilent 34410A with current divider TGMR protection circuit

to prevent TGMR damage during measurement



Table 3.3 Example of DOE record sheet of ‘DETCR resistance (C) and TGMR DC Volts (V)
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StdOrder RunCrder Source Distance DETCR Temp TGMR DC
(mm) (@] (uv)
30 1 WiFiPhone 304.8
364 2z WiFiRouter 25.4
371 3 Tablet 1524
76 4 WalkieTalkie 254
283 5 WiFiPhone 25.4
323 6 CellPhone 152.4
292 7 CellPhone 254
230 8 WiFiRouter 1524
146 9 Tablet 152.4
10 10 Tablet 254
252 11 Tablet 304.8
19 12 WiFiRouter 254
199 13 WiFiRouter 25.4
148 14 WiFiPhone 25.4
316 i5 WalkieTalkie 25.4
a6 16 WalkieTalkie 254
98 17 CeliPhone 152.4
337 18 CellPhone 25.4
189 19 CellPhone 304.8
299 20 WiFiPhone 152.4
324 21 CellPhone 304.8
214 22 WiFiRouter 254
365 23 WiFiRouter 152.4
370 24 Tablet 2514
343 25 WiFiPhone 25.4
207 26 Tablet 304.8
226 27 WalkieTalkie 254
243 28 WalkieTalkie 300.8
366 29 WiFiRouter 304.8
284 30 WiFiPhone 152.4
113 375 CellPhone 152.4
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C. Electrical Performance of TGMR pre and post actions simulating

HGA assembly process

Purpose of this experiment is to see agreement from previous experiment to

the actual result of electrical performance of TGMR. If thermal change or DC voltage

of TGMR head while placing in the field of wireless communication device is lower

than with TGMR failure threshold, the elecirical performance of TGMR on HGA

process should not have negative change and vice versa.

Measuring equipment:

CTM048 EM Field Meter with CTS001 directional antenna and

electromagnetic field module.

o QST2002 Quasi-Static Tester with HGA probing fixture

Other tools/equipment:

° HGA automation trays (22 sets)

L Grounded metal, Grounded non-metal, Pick & Place module
o Wrist straps and ground cords for persons who handle HGA

Field sources:

L Walkie-talkie

* WiFi router

o Cellutar phone

® Tabliet computer
. WiFi phone
Sample:

Good HGAs, passed electrical test, random from normal HGA processes total

220 HGAs. Prepare sample in automation trays, 10 HGAs per tray on the mark

position 1-10.
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1. Collect HGAs Sample in automation trays
10 HGAs per tray x 22 trays

S

2. Electrical performance test all HGAs sample with QST-2002 (PRE)

NS

3. Set up HGA assembly simulation

N

4, Turn OFF all wireless communcation devices in the test rcom

N/

5. Place selected wireless communication device on significant direction to HGA

at distance of closest to TGMR in automation process (100 mm.)

&

6. Turn only selected wireless communication device ON and push it to transmit

mode

NI

7. Record electric field with CTM048

S2

8. Simulate action to HGA per assignment plan in Figure 3.11 and 3.12

NV

9. Complete all trays per test plan in Table 3.5

NP4

10. Electrical performance test all HGAs sample with QST-2002 (POST)

NS

11. Data analysis

Figure 3.14 Experiment C steps diagram
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Detail of experiment:

Wireless communication devices, which are in top five of electric field from
experiment A, have been chosen to be field sources in this experiment. HGAs are
placed in the field generated from each wireless communication device at significant
direction from previous experiment. From experiment B, calculated distance to the
TGMR failure threshold is too short to be set up in HGA automation process. So the
closest distance set in this experiment is 100 mm far between HGA and field source.
And the other distance is at 600 mm, which is typical rule limit that wireless
communication devices are allowed to come close to TGMR in the HGA automation

process. Set up and assignment of actions are illustrated in Figure 3.15 and 3.16.

Measurement precaution:
Only open one HGA tray under simulation-or testing. Always keeps other
waiting HGAs in closed trays. Follow ESD handling protocol and packaging plan while

handling and transfer HGAs in this experiment.

Four actions of HGA' process have been simulated during the HGAs are in
electric field of wireless communication device-as shown in Figure 3.15. There are,

() No contact to HGA at all

(I Grounded-Metal: 10 times contact to open traces of TGMR
{1l Grounded-Non-Metal: 10 times contact to open traces of TGMR
(IV) * 10 times pick-and-place on base plate with Non-Metal End-Effector

l. Il 1. V.
~

-

10X Pick and Place
with Non-Metal
End-Effector

No contact to
HGA atall

b
Grounded Metal,

" 10X contact to
TMR open trace

-
E’Srounda&c Non-Metal,

~ 10X contact to
TMR open trace

No contactto
TMR open trace

Figure 3.15 Four simulation actions representing HGA process
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Table 3.4 Test plan for ‘Simulating HGA assembly processes during the HGAs are in

electric-field of wireless communication device’

Sample quantity of HGA for each | Total HGA
action sample
Tray Field Direction Experiment | Action | Action | Action | Action
Source C. Distance () (I (i (V)
2 No source none none 1+1 343 3+3 343 20
2 Walkie- [X] 100 mm 1+1 3+3 3+3 3+3 20
2 Talkie 600 mm 141 3+3 3+3 3+3 20
2 WiFi router [Y] 100 mm 1+1 3+3 343 3+3 20
2 600 mm 1+1 3+3 343 343 20
2 Cellular [X] 100 mm 1+1 343 343 343 20
2 phone 600 mm 1+1 3+3 3+3 343 20
) Tablet [Z] 100 mm 1+1 3+3 343 343 20
2 Computer 600 mm 1+1 3+3 3+3 3+3 20
2 WiFi phone [Z] 100 mm 1+1 343 343 3+3 20
2 600 mm 11 3+3 3+3 3+3 20
Position of
() No contact to HGA atall HA !‘T-iw ﬁWirelgss communif.:ation
e l device at transmitted
(I) Grounded-Metal Contact 2,58 Leand &+ Z - mode as field source
() Grounded-Non-Metal Contact 3,6,9 {
(V) Pick-and-Place 4,7,10 : = (myye)

SR

Posmon of HGAs in Automatlon Tray

Figure 3.16 Setup and assignment of simulating actions for HGAs in automation tray.

Electrical performance of HGAs has been tested before and after the actions

simulating HGA process, with Quasi-Static Tester QST-2002, to see how the
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experiment impacts to electrical performance of HGAs. Both catastrophic failure
parameters (TGMR resistance, amplitude, slope) and instability parameters
(asymmetry, Barkhausen jump, hysteresis loop, and Spectral Maximum Amplitude

Noise/ S.M.A.N.) were observed and compared with total sample size of 220 HGAs.

Figure 3.18 QST-2002 fixture and probing for HGA
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Quasi-Static test parameters in this experiment

L TGMR resistance (ohms)
° TGMR amplitude (uV)

° Slope (nV/Oe)

° Asymmetry (%)

° Barkhausen jump (%)

] Hysteresis loop (%)

° Spectral Maximum Amplitude Noise/ S.M.A.N.) (uV)
V-bias mode: Read Bias 140 mV , starts current at 0.1 mA, Maximum 3 mA.
Transverse: fietd-sweep +/- 700 Oe in 2 Oe-increments [Oe pk-pk]

SMAN Test: +/--700 Oe field sweep, 50 Oe increments. 10 ps read window, 25

cycles, frequency. 235 MHz, 80 MHz filter.

B YO0At B 7

RT RT ‘1 1 Production 1

) [System Mead [ 13 Port Dinput |

el MR Head
Tester Corfiuration | 24BAR Gend / HGA Gend ) MR Head Type  [THR -
Feld Channel | Field Cr-1._ NG KBeta 00032
Preamp Chig | TISA1SEE 7] Head Prehest Tene (3} D
Pid Polarty Odd Heads (Facing DOWN %] HGA Preamp Gan Formula |
Field Polarty Even Heads *[Facng DOWN o) Startp Preteat Time (s) 0

Resistance Range (mV) |+/- 6500mV
Ampitude Range (mV) |(+/- 65mV

Total #Of Heads 2 System n Effect | System_Recel | Resat ]
Designators h Default Pammeters )
PaalD TRAYI2 . Voltage Bias Mode 0.1
OpenatoriD 18613 gy, gy, L LG Read BasHd 0 140
TesterID ISHOS ReadBasHd1 140
SpecID GNLUNEMAPPING —— Defaut Fieki (Oe) D
Lot iD Vidle Cumert nA) 25
Comments TEST Wrte Frequency (MHz) 125
Part Reference I Wrte Stop [ Posttive -
Limts S—
Maxmum Field Oe) 200 Clamp Vokage (V) 03 Maximum Read Bias 3

Figure 3.19 QST V-bias setting



69

m. YO A .
: RT[RT 1 1 Preduction 1

¥ TransverseRT (€3 Production] | 4% SystemMenu | 53 PartiD Input
£

|Head  Gade  Cydes  TestTwe  TesMome  Datecdl  Trm Cyces 8 [¥] Mutiple Curves
fvemges 3 7] Swess Each Cycle
—_— = . Measure & Oe) 700 & Smmettcal
Sweep O¢) Fom 700 To: 700 e 2
Transverse.RT Sope Fieid Range (+-:0¢} 700
] f— Mo Sepe ol Fange 00y S0 (D SrssOims
180 — Topkuid sl Max Slope Field Step O} 2 [7] Use Defaut Step
w0 Amp Yty T2 Comtie Mo S
E Max Siope Var Range (0} 700
160 1
150_5 Resits |Data | Parameters | Grades|
E Resut Avg  Max  Mn  Range
140
% g E
g 130 T
£ 120 ~§ |
£ o
1004
oL
oL
7D-IL'IIIIIIIII,llllfIlIII'I
20 40 60 g0 100 120
Field (Oe)
[ CeorRenas 1] Fesct Pit 1 Show Al ] o
Figure 3.20 QST transverse test setting
Fiter [F2:0-80 MHz | Gain:
Cycles 2 [/} DoNotWrite  [Z] Bias On Quring Write
Wrie (us) 10 Delay (us) 1 Read (us) 10
Write Current (m&) 40 Frequency (MHzZ) 235
Field (Oe} From ' 700 To 700 Inc 50
[] Enable Initial Thr Indial Thr (uV) 10
[] Fixed Field D Preconddioning
[] Enable Early Abort
Early Abort Max Noise (uV) S0

Figure 3.21 QST S.M.AN. test setting



Transverse.RT
ID=WOLMLOF5Q1 Hd=SR 2 DR=WDLMLOF5Q1-151002-162039-1-3
Ea Ea

Forward Reverse

6000

4000+

2000+

Amplitude (uV)
o
1

-4000+

-6000+

-80002

Field (Oe)

Figure 3.22 Example of QST-2002 Transfer Curve to be recorded PRE & POST

simulating HGA process action
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S.M.AN. TestRT
ID=WDLMLOF551 Hel=SR: 2 DR=WDLMLOFSS1-151002-161832-1-5

== =
Noise Amp Noise RMS Max Noise Amp

7004 A

650 iy

T

i
Y,
..
X
¥
{
{
7

(uv)
o
g
1

300+

IT TIAT TITT ITTY T LI fy ITrr 1171

Il 1 - — 1 e | Il 1l
T 1)

-$00 -400 200 0 200 400 600
Field (Oe)

Patent #6343545

Figure 3.23 Example of QST-2002 S.M.A.N graph to be recorded PRE & POST

simulating HGA process action
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Noise Stability Test.RT: Digitizer
ID=TRAY1_1 Hé=SR 1 DR=TRAY1_1-160405-143114-0-11

= I s |
Fid 0_0 Fid 0_1
90
85+ |
s -
3 -
w
b
© 80
i
o
=z
o
4

Il 1 1 1 1 1 1 L 1 L 1 1 - = L 1 1 1 1 | — 1 1 L L 1 L L

] 1 1 U 1 U T
0 S00 1000 1500 2000 2500 3000 3s00
Yndow #
: 1 1 | 1 1 1 1 1 1 = 1 1 L 1 L 1 1 1 1 : 1 1 1 1 I[ 1 1 1 1 :
5 10 15 20 13 30 35
Time Duration (ms)

Figure 3.24. Example of QST-2002 Noise Instability graph to be recorded PRE & POST

simulating HGA process action
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CHAPTER 4

EXPERIMENTAL RESULT AND DISCUSSION

In this chapter, detailed result and discussion from methodology in chapter 3,

is elaborated. There are three main experiments,

A. Wireless communication devices — electric field survey, how direction
placing wireless communication device and distance impact to electric field
magnitude had been observed. Result of significant type of electric field sources,
direction and distance from this experiment were used for the setup in the rest of
experiments.

B. Thermal change and DC voltage of TGMR head while placing in the field
of wireless communication device, actual thermal change and DC voltage of TGMR
head while placing in the field of wireless communication device had been observed
and compared with TGMR failure threshold. From this experiment, we can get
prediction model and preliminary result of possibility of wireless communication
dewce to damage or not damage TGMR head in HGA process.

C. Electrical performance of TGMR pre and post actions s:mulatmg HGA
assembly process. Result of thermal change and DC voltage of TGMR head while
placing in the field of wireless communication devices against TGMR failure threshold
from previous experiment, had been confirmed by the actual electrical performance

of TGMR whether they are in the same way.
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A. Result of wireless communication devices — electric field survey

Figure 4.1 illustrates overall result of electric field survey from experiment A.
Distance and direction between field sources and target play important role.
Obviously, the shorter distance reflects higher electric field from the strong field
sources such as walkie-talkie, WiFi router, cell phone, tablet, WiFi phone.

The Bubble plot in Figure 4.1 also compares different types of wireless
communication as electric field sources, power range of the devices can inform
tendency of the electric field they generate while transmitting. Ranking of the electric
field gtrength is from walkie-talkie, WiFi router, cell phone 1, tablet, WiFi phone, cell
phone 2, laptop, wireless mouse and wireless keyboard, used in the experiment,
respectively. We do not have sample of electric field sources which have different
frequencies but same transmitting power in this experiment. So the conclusion about
relationship between frequency of the wireless communication device and electric
field could not be drawn.

Electric field interval plot, main effect p{o‘t, interaction plot and analysis of
variance from individual sources inform that distance is more significant to the
electric field strength than direction. Anyway, it can tell the most influence direction
of some wireless communication devices and the directional antenna as shown in
Figure 4.2.1-4.2.7.2. Here is the legend of the graphs, Distance 1 = 25.4 mm, Distance
2 = 76.2 mm, Distance 3 = 152.4 mm, Distance 4 = 304.8 mm, Direction 1 = X,
Direction 2 =Y, Direction 3 = Z. Direction X is the most influence direction of walkie-
talkie and cell phone 1. Direction Y is the most influence direction of WiFi router.
Direction Z is the most influence direction of the tablet and WiFi phone. There is no
sign of influence direction of electric field from laptop computer, wireless mouse
and wireless keyboard since the magnitude of their electric filed strength is about the
same as background baseline.

In Figure 4.2.1-4.2.7.2, the analysis of variance is based on null hypothesis for
direction H: u, = K, = iy distance H; u, = p, = p, = g, and interaction H: No
interaction. The risks involved in these hypothesis tests are type | Error, rejecting the

null hypothesis when it is true. Probability of this error equals o {by convention).
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The critical value, @, is the level of significant in hypothesis testing. It is the threshold
tolerable error probability. In this experiment, H, is rejected at P-Value less than o,

which is 0.05.

Analysis of variance in Figure 4.2.1 for walkie-talkie results the P-Value of
0.487 for direction, 0.000 for distance and 0.428 for direction interact to distance. It
means, only distance is significant to the electric field strength from walkie-talkie.
Direction and interaction are not significant. Analysis of variance from Figure 4.2.6 and
4.2.7.2 for tablet and wireless keyboard can be interpreted in the same way.

Analysis of variance in Figure 4.2.2, 4.2.3 and 4.2.4.1 for WiFi router, WiFi
phone, and cell phone 1 result the P-Value of 0.000 for direction, 0.000 for distance
and 0.000 for direction interact to distance. It means, distance, direction and their
interaction are significant to the electric field strength from WiFi router, WiFi phone,

and cell phone 1. -Analysis of variance in Figure 4.2.7.1 can be interpreted in the

same way.
Bubble Plot of E-Field vs Distance
Bubble size: E-Field
100 200 300
Cell Phone (iPhone 5) ell Phone (Note 2 I Keyboard Y Direction
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Y |
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Panel variable: Field Source

Figure 4.1 Overall result of electric field survey from experiment A: distance and

direction between field sources and target playing important role.



Interval Plot of E-Field1 (V/m) : Walkie-Talkie
95% CI for the Mean
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Distance is main effect. No interaction with direction.

Analysis of Variance

Source DFE Adj SS Adj MS
Model i 980.88 89.171
Linear 5 dgNE6 190.772
Direction 2 6. 49 3.247
Distance 3 947. 8N 315.789
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Error 48 213.38 4,445
Total 28 1194 26
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Figure 4.2.1 Electric field interval plot, main effect plot and interaction plot from experiment A - Walkie-talkie



Interval Plot of E-Field2 (V/m) : WiFi Router
95% CI for the Mean
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Individual standard deviations were used to calculate the intervals.
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Figure 4.2.2 Electric field interval plot, main effect plot and interaction plot from experiment A — WiFi router

Distance and direction are main effect, and interact each other.
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Interval Plot of E-Field3 (V/m): WiFi Phone
95% CI for the Mean
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Individual standard deviations were used to calculate the intervals.
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Figure 4.2.3 Electric field interval plot, main effect plot and interaction plot from experiment A — WiFi phone

Distance and direction are main effect, and interact each other,

Analysis of Variance

Source DF Adj SS
Model 11 16.306
Linear 5 14.246
)i 1.2%l
12.97%

2-Way Interactions 2.061
DiecticnfRistance o 2.061
Brrof 48 2.991
Total 58 .19.298

Interaction Plot for E-FieldWiFiPhone
Fitted Means

1 2 3 4

Distance 1 = 25.4 mm Distige ° Diractiag

Distance 2 = 76.2 mm y 4

3 -
g b \‘\
§ Distance 3 = 152.4 mm . i
H \‘l;* T
S Distance 4 = 304.8 mm A = 4
E L3 Direction * Distance
5 { Fe e "
E L /}/ Direction 1 = X
2 AT Direction 2 =Y
e
M g i;r_: Direction 3 = Z
00
1 2 3
Direction Distance

All displayed terms are in the model

Adj MS F-Value
1.48240 23.79
2.8491 45,72
0. 10.20
4. 3. 1 69.40
0.34346 5.51
L 34346 5563
0.06232
20 Direction
. 1
15 ; §
10
05
00
Distance
—— 1
- 2
- 3
—A £l

Distance 1
Direction Z

P-Value

0.
0.

=

(=N =}

000
000

.000
.000
.000

.000

79

TP ———



Interval Plot of E-FieldCellPhonel
95% CI for the Mean
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Individual standard deviations were used to calculate the intervals.
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Figure 4.2.4.1 Electric field interval plot, main effect plot and interaction plot from experiment A - Cell phonel

Distance and direction are main effect, and interact each other.

Analysis of Variance

Source DF Adj SS Adj MS F-Value
Model 11 237.66 21.606 10.41
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D1 nect 1o P 0 . O ( 24.26
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Figure 4.2.4.2 Electric field interval plot, main effect plot and interaction plot from experiment A - Cell phone2



Interval Plot of E-Field5(V/m): Laptop
95% CI for the Mean

Not found main effect, or interaction.
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Figure 4.2.5 Electric field interval plot, main effect plot and interaction plot from experiment A - Laptop

All displayed terms are in the model
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Interval Plot of E-Field6(V/m): Tablet

e Distance is main effect. No interaction with direction.
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Figure 4.2.6 Electric field interval plot, main effect plot and interaction plot from experiment A - Tablet



Interval Plot of E-Field7_1(V/m): Wireless Mouse

95% Cl for the Mean Distance and direction are main effect, and interact each other.
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Figure 4.2.7.1  Electric field interval plot, main effect plot and interaction plot from experiment A — Wireless mouse



Interval Plot of E-Field7_2( V/m) Wireless Keyboard H H H H 1 H H 1
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Figure 4.2.7.2 Electric field interval plot, main effect plot and interaction plot from experiment A — Wireless keyboard



Interval Plot of E-Field @ 1 inch (V/m)

95% CI for the Mean
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Figure 4.3 Electric field of wireless communication devices at 1 inch distance
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Table 4.1 Regression analysis: Electric field (V/m) VS distance (mm), direction (X, Y,

Z). Categorical predictor coding (1, 0), Box-Cox transformation A = 0. Blue fonts

indicate prediction with R® > 50%

Source | Direction Regression Equation
1: X R* = 92.61% : In(E-Field1 (V/m) X) = 2.591 - 0.014606 Distance(mm)
Walkie- Y R? = 88.46% : In(E-Field1 (V/m)_Y) = 2.358 - 0.01539 Distance(mm)
Talkie: z Rz = 90.87% : In(E-Field1 (V/m) Z) = 2.390 - 0.01381 Distance(mm)
2 X R? = 44.98% : In(E-Field2 (V/m) X) = 1.205 - 0.003487 Distance(mm)
WiFi ¥ R? = 79.94% : In(E-Field2 (V/m) Y) = 2.216 - 0.008395 Distance(mm)
Router Z R? = 24.76% : In(E-Field2 (V/m) Z) = 0.4217 - 0.001249 Distance(mm)
35 X R? =38.96% +In(E-Field3 (W/m) X) = -0.646 - 0.00441 Distance(mm)
WiFi ¥ R? = 25.82% : In(E-Field3 (V/m)_¥).=-0.155 - 0.00333 Distance(mm)
Phone Z R2.="56.04%.:\In(E-Field34V/m)- Z) = 0.09 % 0.00646 Distance(mm)
4 1: X R? =£50.26% : \n(E-Fieldd - 1XV/m) (X)-= 1.478,30.00573 Distance(mm)
Cell Y R2 2 14,78%  \n(E-Fieldfs 100 An) ¥) = 118998 -10.003556 Distance(mm)
Phone 1 P ] R? = .34.59% : In(E-Fieldd 1 (V/m) Z2) = -1.068 - 0.00324 Distance(mm)
4 2: X R? = 6.17% : \n(E-Fieldd_2 (V/m) X) = -1.9351 - 0.000385 Distance(mm)
Cell o d R? = 15.10% : In(E-Fieldd_2 (V/m) Y) = -1,764 - 0.001065 Distance(mm)
Phone2 E R%= 7.54% ; In(E-Fieldd 2 (V/m)_Z) =-2.1183 +0.000374 Distance(mm)
5: X R?'= 0.28% : In(E-Field5(V/m) X) = -1.958 + 0.00025 Distance(mm)
Laptop b R?'= 0.10% : In(E-Field5(V/m) Y) = -1,9989 - 0.000048 Distance(mm)
computer Z R? '=10.11% : In(E-Field5(V/m) Z) =-1.847 +0.00015 Distance(mm)
6: X RE=1.56.03% btk je ld6(V7m)9X) = 0.495<.0.00649 Distance(mm)
Tablet Y R? = 152039 In(E-Rield&(VZm) V) = 0:573 000549 Distance(mm)
computer 4 R« 55.59% : In(E-Field6(V/mNEP= 0842°- 0.00694 Distance(rmm)
7 1: X R?'=.0.96% : (n(E-Field7_1(V/m) X)= -1.9499 - 0.000118 Distance(mm)
Wireless ¥ R? = 15.87% +In(E<Field7_1(v/m) Y) = -2.001 + 0.001172 Distance(mm)
mouse z R? = 34.47% : In(E-Field7_1(v/m) Z) = -1.406 - 0.002306 Distance(mm)
7.2 X R? = 30.62% : (n(E-Field7_2V/m) X) = -1.9078 - 0.000926 Distance(mm)
Wireless Y R? = 6.85% : n(E-Field7_2V/m)_Y) = -1.9164 - 0.000552 Distance(mm)
keyboard z R? = 4.86% : In(E-Field7_2V/m) Z) = -1.8907 - 0.000380 Distance(mm)
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Comparison of electric field at one inch (254 mm) distance from all wireless
communication devices in this experiment are illustrated in Figure 4.3. Again ranking of the
electric field is from walkie-talkie, WiFi router, cell phone 1, tablet, WiFi phone, cell phone 2,
laptop, wireless mouse and wireless keyboard, used in the experiment, respectively. The red
dots illustrate the direction with has maximum electric field at one inch (25.4 mm) distance.

Regression analysis results exponential decay function of distance, as shown in (4.1)

as well as in table 4.1.
In (Electric field(V/m)) = - a, Distance (mm) - b, (4.1)

The coefficient a; is specific to a wireless communication device while constant b,
related to the X Y Z directions. Coefficient of determination, Rz, is @ numier that indicates
the proportion of the variance in the dependent variable that is predictable from the
independent variable. The R® of walkie-talkie and cell phone 1's regression equations are
about 90%. While R® of WIFi router, WiFi phone and tablet’s regression equation are around
50%. The R of laptop computer, wireless mouse and keyboard’s regression equations are
less than 40%. Thought the regression equation does not fit for the weak-power field

sources.

Table 4.2 summarized analysis result of this experiment. Five out of nine wireless
communication devices , as shown in blue fonts, been chosen to be field sources in
experiments B and C, as they have significant magnitude of the electric field strength. They
are walkie-talkie, WiFi router, cell phone 1, tablet, WiFi phone. Summary of the analysis of

variance, electric field at 25.4 mm, and the most influencing direction is illustrated



Table 4.2 Selected significant electric field sources, distance and direction to be used in experiments B and C.
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Significant Electric

field source

Analysis of Variance P-value [<0.05, reject H,]

At 1” distance

Direction Distance Interaction Electric field | The most influence
i g = B 1, Hy g, = a1, = K= A, H,: Nointeraction (V/m) direction
1 Walkie-Talkie 0.487 [Not significant] 0.000 {Significant] 0.428 [Not significant] 12.084 X
2 WiFi Router 0.000 [Significant] 0.000 [Significant] 0.000-[Significant] 10.081 Y
3 WiFi Phone 0.000 [Sienificant] 0.000 [Significant] 0.000 {Significant] 1.839 Z
4 1 Cell Phonel 0.000 [Significant] 0.000 [Significant] 0.004 [Significant] 8.437 X
4_2 Cell Phone2 0.052 [Not significant] 0.054 [Not significant] 0.334 [Not significant] 0.197 Y
5 Laptop 0.423 [Not significant] 0.722 [Not significant] 0.279 [Not significant] 0.147 ¥4
6 Tablet 0.694 [Not significant] 0.000 [Significant] 0.393 [Not significant] 2.661 z
7.1 Mouse 0.010 [Significant] 0.033 [Significant] 0.000.[Significant] 0.319 Z
7.2 Keyboard 0.336 [Not significant] 0.006 [Not significant] 0.852 [Not significant] 0.170 Z
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B. Result of Thermal change and DC voltage of TGMR head while

placing in the field of wireless communication device

Actual thermal change to the read head and DC voltage dropped on TGMR
been observed while HGAs are in the simulated assembly process, and in the electric
field of wireless communication device.,

In the same way as result from experiment A, magnitude of DC voltage and
DETCR temperature of TGMR in the field of walkie-talkie signal are obviously higher
than other wireless communication devices. It is about 400 times of DC voltage and 4
times of DETCR temperature of HGAs in the field from WiFi router, which has second
rmagnitude in the rank. Likewise, the ranking order of maenitude from this experiment
is consistence with ranking result from experiment A, which is walkie-talkie, WiFi
router, cell phone, tablet and WiFi phone, respectively. Figure 4.4.1 and 4.4.2 show
voltage dropped on TGMR in electric field of wireless communication devices in
different scale. Figure 4.5.1 and 4.5.2 show temperature of DETCR adjacent to TGMR
in electric field of wireless commmunication devices in different scale as well.

From the result of experiment A, the most influence direction of wireless
communication device to the HGA has been fixed in this experiment. Meanwhile,
distance between wireless communication devices to HGA still plays important role
to the magnitude of the DC voltage dropped to TGMR as well as change of DETCR
temperature. Regression equation can be explained in exponential decay function, as
expressed in equation (4.2) and (4.3). The coefficients a,, b, a; and bs including R’
for each wireless communication device are identified in the equation in Table 4.3.1

and Table 4.3.2.
In(DC V) = - a, (Distance mm) +b, (4.2)

In(DETCR Temp C) = - as (Distance mm) +b; (4.3)
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Correlation between DETCR temperature and voltage drop on TGMR s
observed in Figure 4.6.1 with P-Value of 0.000. The regression equation of voltage
drop on TGMR with the DETCR temperature has coefficient of determination, R’ of
90.5%. It means DETCR temperature can predict voltage drop on TGMR and vice
versa.

Now, we need to compare result from this experiment, to TGMR damage
threshold, which will be different based on its design and structure. The comparison
with current specification or controt limit that organization defined is able to do as
well. Supposing the TGMR, had been used in this experiment, withstands to the
Joule heating power of less than 20 nJ/s to 25 nJ/s and accumulated temperature of
not more than 100 °C to 120 °C.

Calculation of the power is basically done through equation P = v/ A, while
V is measurement result of DC voltage dropped on TGMR and R is typical TGMR
resistance which average value is about 300 @. The calculation result has been
plotted and shown in Figure 4.6.2 Joule heating power of TGMR in electric field of
wireless communication devices. \

Calculation from regression equation (4.4) as expressed in Table 4.3.3
concluded that the electric field from walkie-talkie at the distance of less than 61.06
mm. is possible to result DC voltage dropped on TGMR exceeding its withstanding
point of 25 nJ/s and the electric field from walkie-talkie at the distance of less than
70.34 mm. is possible to result DC voltage dropped on TGMR exceed its withstand of
20 nJ/s.

(n(Power (J/s)) = -16.036 - 0.024048 Distance (mm) (4.4)

Temperature is quite direct. Calculation from regression equation (4.5) for
walkie-talkie (4.5) concluded that, the calculated distance from walkie-talkie to TGMR
is 79.85 mm or closer is possible to make DETCR temperature exceed its
withstanding of TGMR damage at 120 °C and at the distance of 110.80 mm or closer
is possible to make DETCR temperature exceed its withstanding of TGMR damage at
100 °C.
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In(DETCR Temperature (*C)) = 5.2577 - 0.005889 Distance (mm) (a.5)

As walkie-talkie is the worse-case example, it should not come closer to HGA
than 61.06, 70.43, 79.85 or 110.80 mm, depend on which threshold number are
comparing. Other wireless communication device got negative distance from
calculation, as shown in Table 4.4, which means there is not enough power or
temperature to harm TGMR even those wireless communication devices come as
close as almost contact to TGMR head.

Graph of the prediction models of joule heating power on TGMR (nJ/s) and
DETCR temperature (OC), versus distance (mm) from walkie-talkie based on regression
analysis are illusirated in Figure 4.7.1 and Figure 4.7.2.

Figure 4.7.1, power in TGMR (nJ/s) is in Y-axial. Figure 4.7.2, DECTR
temperature (°C) is on Y-axial. In both figures distance from wireless communication
device to the TGMR in millimeters is in X-axial. From the exponential decay function
plotting, the critical distance could be found by varying TGMR failure base on design
and technology.

With the same calculation and modelling concept from this experiment, we
can make decision for setting up proper distance of using wireless communication

devices in HGA assembly areas.
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Figure 4.4.1 Voltage dropped on TGMR in electric field of wireless communication devices.
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Figure 4.4.2 Interval plot of voltage dropped on TGMR in electric field of wireless

communication devices, exclude walkie-talkie.
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Interval Plot of DETCR Teamp (C)
95% CI for the Mean
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Figure 4.5.1 Temperature ‘of DETCR adjacent to TGMR in electric field of wireless

communication devices,
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Figure 4.5.2 Temperature of DETCR adjacent to TGMR in electric field of wireless

communication devices, excluding walkie-talkie.
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Table 4.3.1 Regression Equation; y = TGMR Voliage (uV), x = distance (mm)

Regression Equation

y = TGMR Voltage (uV), x = distance {mm)

Electric field Source

Linear Regression Equation

Exponential Decay

Walkie-Talkie

R? = 94.53%
y = -118.5X + 3569.2

R = 90.04%
In(y) = 8.6493 - 0.012024 x

y =0.0112x+0.9173

WiFi Router R? = 97.62% Rz = 91.46%

y =-0.253 x + 8.3565 (n{y) = 2.3581 - 0.007996 x
Cell Phone Rz = 71.76% R2 = 36.69%

y = -0.1288 x + 4.0068 n(y) = 0.988 - 0.006032 x
Tablet R2 = 89.37% Rz = 87.40%

y = -0.0929 x + 3.1989 Inly) = 1.3681 - 0.007205 x
WiFi Phone Rz = 77.83% Rz = B.75%

Iny) = <0.1611 + 0.001104 x

Table 4.3.2 Regression Equation: y = DETCR Temperature (°C), x = distance (mm)

Reegression Equation

y = DETCR Temperature 0), x = distance (mm)

Electric field Source | Linear Regression Equation Exponential Decay

Walkie-Talkie R? = 97.42% Rz =90.51%

y =-4.0804 x + 157.09 In{y) = 5.2577 - 0.005889 x
WiFi Router R? = 85.13% Rz = 87.51%

y = -0.4325x + 36.672 In(y) = 3.6038 - 0.001418 x
Cell Phone R? = 67.74% R? = 37.89%

y = -0.0397 x + 23.173 (n(y) = 3.14212 - 0.000174 x
Tablet R? = 94.72% Rz = 92.01%

y =-0.041x + 23.278 In{y) = 3.14740 - 0.000180 x
WiFi Phone R? = 59.38% R? = 12.46%

y = 0.0022 x + 21.872 nly) = 3.09711 - 0.000012 x




Table 4.3.3 Regression Equation; y = Power on TGMR (J/s), x = distance (mm).

26

Regression Equation

y = Power on TGMR (nJ/s), x = distance (mm)

Electric field Source

Exponential Decay

Walkie-Talkie

R? = 90.04%
\nly) = -16.036 - 0.024048 x
Inly(nJ/s)) = 4.687 - 0.024048 x

WiFi Router

Rz = 91.46
In(y) = -28.619 - 0.015993 x
ln(y(nJ/s)) = -7.895 - 0.015993 x

Cell Phone

R2 = 36.69%
(nfy} = -31.360 - 0.01206 x
Inly(nJ/s)) = -10.636 - 0.01206 x

Tablet

Rz = 87.40%
In(y) = -30.599 - 0.014410 x
{n(y(nJ/s)) = -9.875 - 0.014410 x

WiFi Phone

R? = 8.75%
Inly) = -33.657 + 0.002208 x
Iny(nt/s)) = -12.934 + 0.002208 x

Table 4.4 Distance limit between wireless communication devices to TGMR head

Distance from Wireless communication devices to TGMR head (mm)

Power threshold of Temperature threshold of
Electric field Source 25 nl/s 20 nJ/s 120 °C 100 °C
Watkie-Talkie 61.06 70.33 79.85 110.80
WiFi Router -694.97 -681.01 -834.76 -834.76
Cell Phone -1148.89 -1130.39 -9456.16 -9456,16
Tablet -908.72 -893.23 -9111.62 -9111.62
WiFi Phone Skip calculation, R’ is too low due to reading is close to backeround
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Fitted Line Plot
V_TGMR (micro Volts) = - 28.88 - 2.829 DETCR Temp (C)
+ 0.1799 DETCR Temp (C)*2

[s 284.883
5000 E R-5q 90.5%
{ R-Sqfadj)  90.5%
— 4000
2
(=]
>
2 3000
S
E
o '
S 2000
O
I_I
= 1000
0

0 20 40 60 80 100 120 140 160 180
DETCR Temp (C)

Correlation: DETCR Temp (C), V.TGMR (micro Volts)

Pearson cerrelation of DETCR Temp ((C) ‘and V. TGMR (micro Volts) ='0.937
P-value = 0.000

Polynomial Regression Analysis: V.TGMR (micro Volts) versus DETCR Temp (C)

The regression eguation is
V_TGMR (micro Volts) = - 28.88 - 2.829 DETCR Temp (C), +.0.1799 DETCR Temp (C)"2

S = 284.883 R-Sq = 90.5% - R=8q(adj) /= 90.5%

Analysis of Variance

Source DF S8 MS e P
Regression 2. 288921350 144460675-1779.99 0.000
Error 378 30190825 81158

Total 374 Ngl%121%6

Sequential Analysis of Variance

Source DF 55 F P
Linear 1 280110178 2678.87 0.000
Quadratic I 8811172 108.57 0.000

Figure 4.6.1 Correlation of DETCR temperature and voltage dropped on TGMR in

electric field.
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Interval Plot of Walkie-talkie Power (Jouls/second)
95% CI for the Mean
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Figure 4.6.2 Joule heating power of TGMR in electric field of wireless communication.
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Figure 4.7.1 Graph of prediction model of power-on TGMR(nJ/s) versus distance (mm) from walkie-talkie based on regression analysis
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C. Result of Electrical Performance of TGMR pre and post actions

simulating HGA assembly process

Wireless communication devices, which are in top five of electric field from
experiment A, have been chosen to be field sources in this experiment. HGAs are
placed in the field generated from each wireless communication device at the most
influence direction as learnt from experiment A. From experiment B, calculated
distance to the TGMR failure threshold of 100°C and 120°C are 110.80 mm and 79.85
mm for walkie- talkie, and no close distance limit for other wireless communication
devices to harm the TGMR. As limit of the HGA automation tools, the closest
distance able to set in this experiment is 100 mm far between HGA and field source.
And the distance of 600 mm. had been also studied to confirm whether the typical
rule limit of contraband distance, at 600 mm, is able to be applied to control the
wireless communication devices. So, the expected result is not to observe obvious
electrical or magnetic properties change or damaged on all TGMR at Quasi-Static
Tester QST-2002, or in worse case, we might see very little change in stébility(
parameter at studied distance of 100 mm from walkie-talkie or WiFi-router only.

Table 4.5 is summary of QST measurement result from all HGAs samples (220
HGAs), tested pre and post HGA process. It showed that, HGA sample variations are
large enough to cover range of all parameters and able to represent normal HGAs in

the process. From overall data, there is no significant difference of pre and post test

result of all test setup parameters base on Pair-T test, Null Hypothesis is Hy L = Hy,
P-Value > 0.05, accept Hy.

Scatter plot of individual measurement data from QST of HGAs in the field of
transmitting wireless communication devices, pre-HGA-process versus pose-HGA
process in Figure series 4.8 (Figufe 4.8.0-4.8.7), confirmed agreement with Experiment
B that, there is no change in both catastrophic, or hard failure parameters (TGMR
resistance-Figure 4.8.1, Amplitude-Figure 4.8.2, Slope-Figure 4.8.3) and instability
parameters (Asymmetry-Figure 4.8.4, Barkhausen Jump-Figure 4.8.5, Hysteresis Loop-
Figure 4.8.6, and Spectral Maximum Amplitude Noise-Figure 4.8.7) were observed,

with total samples of 220 HGAs in all experiment conditions.
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Table 4.5 Summary of QST measurement result from all HGAs samples.(220 HGAs), Pair-T test pre and post HGA process with exposure.

QST PARAMETER TEST SET MAX MIN Mean STDEV 95% ClI for mean difference P-Value
RESISTANCE Pre HGA Process 192 a47 287.59 37.88 (-0.478, 0.400) 0.860
(Ohms) Post HGA Pfogess 190 444 28763 38.20 Not significant difference
AMPLITUDE Pre HGA Process 555 27162 14256 3847 (-64.2, 53.8) 0.826
(mVv) Post HGA Process 5871 27300 14261 3869 Not significant difference
SLOPE_AVG Pre HGA Process =20 -4 -10.006 2.845 (-0.0295, 0.0469) 0.655
(mV/0e) Post HGAProcess =21 -4 10,075 2.865 Not significant difference
ASYMMETRY Pre HGA Process -16 23 4.611 7.138 (-0.251, 0.339) 0.767
(%) Post HGA Pracess 21 22 a.566 7.199 Not significant difference
BARK_JMP Pre HGA Process 2 25 6.392 3.400 (-0.0802, 0.2452) 0.319
(%) Post HGA ‘Process 2 22 6.309 3258 Not significant difference
HYST_PCT Pre HGA Process 2, 15 3.926 2252 (-0.0364, 0.2158) 0.162
(%) Post HGA\Process 1 15 31836 2312 Not significant difference
SMANAMP_MAX (mV) Pre HGA Process 187 2465 773.0 3719 (-18.84, 2.98) 0.153
Post HGA Process 197 2726 781.0 3976 Not significant difference

Null Hypothesis, Hy: L4, = L4, P-Value > 0.05, accept H,
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Figure 4.8.0 Reference legend for Figure 4.8.1-4.8.7
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Scatterplot of PostRESISTANCE vs PreRESISTANCE
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Figure 4.8.1 Scatter plot from QST TGMR resistance (ohms) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-process VS post-

HGA process.
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Figure 4.8.2 Scatter plot from QST TGMR amplitude (uV) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-process VS Post-

HGA process.
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Scatterplot of PostSLOPE_AVG vs PreSLOPE_AVG
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Figure 4.8.3 Scatter plot from QST TGMR slope (uV/Oe) measurement of HGAs in the

field of transmitting wireless communication devices, pre-HGA-process VS post-HGA

process.
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Figure 4.8.4 Scatter plot from QST TGMR asymmetry (%) measurement of HGAs in
the field of transmitting wireless communication devices, pre-HGA-process VS post-

HGA process.
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Figure 4.8,5 Scatter plot from TGMR Barkhausen jump (%) measurement of HGAs in

the field of transmitting wireless communication devices, pre-HGA-process VS post-

HGA process.
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Figure 4.8.6 Scatter plot from QST TGMR hysteresis (%) measurement of HGAs in the

field of transmitting wireless communication devices, pre-HGA-process VS post-HGA

process.
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Figure 4.9.1, 4.10.1, 4.11.1, 4.12.1, 4.13.1 show actual example of QST
transverse of TGMR Amplitude {uV) sweep range +/-700 Oe, while HGA is on the field
of transmitting wireless communication devices at distance of 100 mm far from TGMR
while operating Ground-Metal-Contact actions. There is no significant difference
between (a) pre-HGA process and (b) post HGA process.

Figure 4.9.2, 4.10.2, 4.11.2, 4.12.2, 4.13.2 show actual example of QST S.M.A.N.
(LV) sweep range +/-700 Oe, while HGA is on the field of transmitting wireless
communication devices at distance of 100 mm far from TGMR while operating
Ground-Metal-Contact actions. There is no significant difference between (a) pre-HGA
process and (b) post HGA process.

Figure 4.9.3, 4.10.3, 4.11.3, 4.12.3, 4.13.3 show actual example of QST Noise
Stability (uV) sweep range +/-700 Oe, while HGA is on the field of transmitting
wireless communication devices, at distance of 100 mm far from TGMR while
operating Ground-Metal-Contact actions. There is no significant difference between
{a) pre-HGA process and {b) post HGA process.

QST ftransverse, SMAN, and Noise Stability of all other HGAs for all
conditions in this experiment act the same way. There is no significant difference
between test result of pre-HGA process and post HGA process in the field of wireless
communication devices,

The results are in agree with result and calculation in experiment B that if the
wireless communication devices been placed at the distance of larger than significant
distance to reach TGMR failure threshold, the thermal stress and Joule heating power
will not high enough to make change to electrical and magnetic properties of the

TGMR in HGA process,
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Figure 4.9.1 Example of QST transverse of TGMR amplitude (pV), source = walkie-
talkie, D = 100 mm, Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process.
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Figure 4.9.2 Example of QST SMAN. (uV), source = walkie-talkie, D = 100 mm.,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.9.3 Example of QST noise stability (uV), source = walkie-talkie, D = 100
mm., Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.10.1 Example of QST transverse of TGMR amplitude (uV), source = WiFI
router, D = 100 mm, Ground-Metal-Contact, (a) pre-HGA process (b) post HGA

process.



113

(a)
S.M.AN. TestRT
TRAY3_8 SR 1 TRAY3_8-160405-152134-0-5
== =3
Noise Amp Noise RMS MaxNoise Amp
oo | P
7 \ \
- / \ /
800+ \\ / \ / { i
ARV & § 4 7%

¢

TTTT 117171

oise (uV)
§ s
;(
~
Z
S
X (
/

4004
3004
200
- e T ... ., s ons
l[)(J"_I L 1 T 1 1 1 1 1 1 y 1 1 1 T 1 | 1 - 1 | 1 1 1 L r 1 l 1
-600 -400 200 0 200 400 600
Field (Oe)
Patent #6943545
(b)
S.M.AAN. TestRT
TRAY3_8 SR1 TRAY3_8-160408-144329-0-5
) =
Noise Amp Noise RMS Max Noise Amp
oS00+
B A
200 / \‘\ ff \
2 LT N ; \
r \ \ 2 = N\ / A
o Ny U o208 /\ /\
N, o “ // \
600 \_*—-\ \
s = / /\\‘_,_\_‘_V__w/,\
3 C
5 500 oSN/ n
a '
= L
Z r
400+
w0
200
E T T el et
100 _! 1 L r 1 1 1 : L 1 L - 1 1 1 I 1 [ O | - 1 1 1 : 1 1 1 T | 1 1
-600 400 -200 0 200 400 600
Field (Oe)
Palent 6943545

Figure 4.10.2 Example of QST SM.AN. (uV), source = WiFl router, D = 100 mm.,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.10.3 Example of QST noise stability (1V), source = WiFI router, D = 100 mm,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.11.1 Example of QST transverse of TGMR amplitude (uV), source = cell
phone, D = 100 mm, Ground-Metal-Contact, (a) pre-HGA process (b) post HGA

process.
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Figure 4.11.2 Example of QST SMAN. (uV), source = cell phone, D = 100 mm,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.11.3 Example of QST noise stability (uV), source = cell phone, D = 100 mm.,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.12.1 Example of QST transverse of TGMR amplitude (uV), source = tablet, D
= 100 mm, Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process.
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Figure 4.12.2 Example of QST S.M.AN. (uV), source = tablet, D = 100 mm, Ground-
Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.12.3 Example of QST noise stability (uV), source = tablet, D = 100 mm,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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Figure 4.13.1 Example of QST transverse of TGMR amplitude (pV), source = WiFi
phone, D = 100 mm., Ground-Metal-Contact, (a) pre-HGA process (b) post HGA

process.
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Figure 4.13.2 Example of QST S.MAN. (pV), source =

Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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WiFi phone, D = 100 mm,
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Figure 4.13.3 Example of QST noise stability (uV), source = WiFi phone, D = 100 mm,
Ground-Metal-Contact, (a) pre-HGA process (b) post HGA process
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CHAPTER 5

CONCLUSION AND SUGGESTION

5.1 Conclusions

The major objectives of this research are to investigate the effect of using
wireless communication devices in Head Gimbal Assembly process on the Tunneling
Giant Magnetoresistive read head of hard disk drive. Research overview is illustrated

in Figure 5.1.

The first objective is to find out what kind of wireless communication
devices generate significant electromagnetic interference (EMI), in the form of electric
or magnetic fields, than others. And to know the most influence direction of the
wireless communication device to its field strength. The measurement results from

experiment A showed that,

v Distance is the main effect to electric field. The maximum electric field strength
was found at the closest measurement distance, 25.4 mm, as expected.

v’ Direction or orientation of wireless communication devices to the measurement
antenna plays important role to the electric field strength as well.

4 Walkie-talkie, WiFi router, cell phone 1, tablet, WiFi phone propagated
descending strong electric field of 12, 10, 8.4, 2.7 and 1.8 V/m accordingly.

v Regression analysis fit to reverse exponential model ((n (Electric Field (Wm)) = -
a; Distance {mm) - by), with coefficient of determination (Rz) of about 90%. The
coefficient g, is specific to a wireless communication device while constant b,

related to the X Y Z directions.
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v Electric field from cell phone 2, laptop, mouse and keyboard were as weak as
backeround noise of less than 1 V/m. The weak signals result unpredictable
electric field versus distance and direction as explained by R” of less than 40%.

v’ Result of this experiment makes understanding of the ‘causes’, sources of

interference which are the wireless communication devices.

The second objective is to observe actual voltage dropped and estimate
temperature of TGMR, which are primary effects, while it exposed to the field of
wireless communication device. Then compare actual measurement result with

TGMR damage threshold. Result from experiment B,

v Observed change of voltage drops on TGMR and change of DETCR temperature,
while placing HGA in the field of wireless communication.

v’ The voltage dropped and temperature of TGMR rank the same way of electric
field ranking in experimeﬁt A. The highest to lowest field strength are from
walkie-talkie, WiFi router, cell phone, tablet, WiFi phone respectively.

v/ TGMR experience 3518.96 WV or 4.28x10° J/s and 140.89 °C when exposing to
walkie-talkie at 25.4 mm. This is way higher than the 2™ rank, WiFi router, which
gave 4.766 uV or 2.14x10™ J/s and 37.15 °C experiences to TGMR.

v The 3rd to the Sth rank, cell phone, tablet, WiFi phone made only less than 1.5 °c
change on TGMR temperature and Joule heating power of 4.74x10™ to 1.89x10™
J/s in average.

v Regression to the distance of DC voltage and DETCR temperature can be
explained in reverse exponential decay.

v From calculation, only Walkie-Talkie field can make TGMR reach its damage
threshold of power and temperature. The other wireless communication devices

are not able to, no matter how close they are to the TGMR
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4 Compared with the TGMR damage threshold at 20 nJ/s and 100 °C, using walkie-
talkie at closer than 110.80 mm seem to be only possible threat to TGMR
darmage. But if the TGMR damage threshold changes to be 25 nJ/s and 120 °C,
the critical distance is changed to be 79.85 mm.

¥’ Invention of tools and technique from this experiment is the application of build-
in Differential-End Temperature Coefficient Resistance (DETCR), Agilent 34410A
DMM with shielded-cables and Modified Gryphic probe to measure TGMR
temperature while exposing to the electric field. This technique could be applied

to observe TGMR behavior in variety of situation.

The third objective is to confirm actual effect to performance of TGMR in

HGA assembly process while exposing to the field of wireless communication device.

v’ Actual result of Quasi-Static test Pre-HGA-Process VS Pose-HGA Process came out
as expelcted. It confirmed agreement with Experiment B.

v’ There is no change in both catastrophic or hard failure parameters (TGMR
resistance, amplitude, slope} and soft failure or instability parameters
(asymmetry, Barkhausen-Jump, hysteresis loop, and Spectral Maximum Amplitude
Noise) were observed. )

v" Individual test data had been compared with total samples of 220 HGAs in all
experiment conditions. Final conclusion is that, wireless communication devices
in the distance of not less than 100 mm to TGMR, in HGA processes, are harmless

to the TGMR.

The forth objective is to provide guideline of methodology to assess risk as
well as suggestion of controlling its effect to TGMR heads in HGA assembly process.

Table 5.1, summary of the methodology, illustrated design of experiment, output
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parameters, tools and technique for each step of thought to assess risk from wireless

communication devices to TGMR read head. The steps of thought consist cf,

v’ Understand sources of interference (wireless communication devices)

v Understand how TGMR response to interference at the moment of exposure

v Predict critical distance (mm) of wireless communication devices compared to
TGMR failure threshold

v Confirm the effect of electric field in HGA process to TGMR performance

v Decision & control of using the wireless communication in HGA process

In conclusion, this research meets all objectives and contributes o the
industry to provide methodology to understand effect of wireless communication
devices on TMR sensor in Head Gimbal Assembly process. As the technology has
never been stopped developing, the knowledee from this research would help
understanding how to assess risk from wireless communication devise and make
proper control condition. ~ Optimum selection and control of using wireless
communication devices in the manufacturing environment will benefit to efficiency,

guality, time to market and cost of the manufacturing.




Table 5.1 Methodology to assess risk from wireless communication devices to TGMR read head
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STEPS OF THOUGHT

EXPERIEMENT

OUTPUT PARAMETERS

TOOLS & TECHNIQUES

Understand sources of interference

{wireless communication devices)

Experiment A. Wireless
communication devices — electric

Field Survey

Significant Sources {V/m)
Significant Direction (X, Y, Z)

Significant Distance (mm)

CTM048 EM Field Meter with CTS001
directional antenna and electromagnetic

field module.

Understand how TGMR response to
the interference at the moment of

exposure

Predict critical distance {mm) of

wireless communication devices

Experiment B. TGMR in the field of

wireless communication device

Thermal chanee (°C)
DC voltage dropped (v} : Calculate

to Power (J/s)

Agilent 34410A DMM with shielded-cables
Modified Gryphic probe to match with HGA
leads to be probed HGA with build-in
DETCR.

Critical distance (mm) from wireless

device to TGMR

Regression analysis and Modeling of power
and temperature versus distance.
Calculate and compare with TGMR failure
threshold

Confirm the effect of electric field in
HGA process to TGMR performance

Experiment C. TGMR pre and post
HGA assembly process with

exposure to wireless device

TGMR: Resistance {ohms), Amplitude
(uv), Slope (UV/0e), Asymmetry (%),
Barkhausen-Jump (%), Hysteresis

Loop (%), S.M.AN. (V)

Simulating HGA in Autormnation Process,
TGMR exposure to EM-Field /

Quasi-Static Tester

Decision & control of using the
wireless communication in HGA

process

Data Analysis

Type {power/freq/electric field)
Critical Direction (X, Y, 2)

Critical Distance {mm)

Analysis of result and regression model

from Experiment A and B
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PROBLEM

Using wireless communication in HGA processes will/will not harm TGMR reader or not

Understand sources of interference (wireless communication devices)

Experiment A. Wireless communication devices - Electric field survey
Significant sources (V/m) Direction (X, Y, Z) Distance (mm)

et

PRAIMARY EFFECTS

Understand how TGMR response ta the. interference at the moment of exposure

i jl_‘}:rermalthange ia |

v wrwrvs . WL

Resistance

Decision & control of using the wireless communication in HGA process
Source type (P/F/Electric field) Direction (X, Y, Z) Distance (mm)

¥

SOLVED

Figure 5.1 Overview of the research
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5.2 Suggestions for further work

This study is limited to specific design of TGMR, HGA, iis process, type and
specification of wireless communication devices as electric field sources. Same
methodology can be applied to study different designs and technologies, whenever
it is desired to be used.

In this study, the cause portion, as shown in Figure 5.1 is only secondary causes,
which are electric field, direction and distance. But primary causes such as
transmitting frequency and power of wireless communication devices have not been
yet measured and controlled in the experiment. The effect from transmitting
frequency and power of wireless communication devices shall be studied as well.
Since it may help selecting the wireless system from its technical specification.

Due to limitation of distance setup in real HGA automated process is not to closer
than 100 mm, the QST pre and post exposure cannot be done at critical distance to
the TGMR damasge threshold at 79.8 mm or closer. Further study shall find the way
to setup process simulation at closer distance, to confirm the negative effect to the
TGMR.

To prevent victim from radiating coupling not only separate them by distance, but

shielding technique could be applied as well.
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metl shield Example of simplified structure of GMR
and TGMR rocosding resder head are eplunad m
Figurel and Figurel. Actual structure and msteria] may
e i fference hase on desygn and [abncanon

Figurel. Example of sirglilied GMR hed smucmre.
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Figurel. Example ol sueglified TOMR hexd anctue.

22 Head-Gimbal Assembly and its process

Heand Ciombal- Assewibly (HGAD v imguortan paeoe part
of Hand Disk Dhive 1w which | sxler body, which
comammg resd-wnie head locmed and Mes above
magnelic recardm g wechia,

Figure). Head Ginbal Assembly proces 4 ks

The mamufactring  roces of el Gunbal
Assembly 15 bawally my full subssuon, As diowsn m
Fgwed ot endellfocdor mokand place ench jreve
part, meke  wechmucal | cotmecton amd | elecineal
camnection beween Trace Gimbal Assembly { TG A and
Shide rhody. Then check petlonmance nia sechamcal kest
and electrical e processes. Picoe parts of HGA e
comtacid and meontacid with grounded metal or Ashe

dimmpative motenal mamy tmes alng the aularated
roces.

3 Experiment and discussion

3.1 Wireless communication devices in factory
environment - Electromagnetic interference

Hectne Fiekd from wirekss commumestion devices 15
measured wsmg CTMOME, EM Freld Meter wath CTS001
directional amenns anxd elecwromagneic feld mdule
Ths mexswrmg murument hx Pexk sl Averape
Messuremsent Ramge of (001 Vim 20.00 Van,
Freuency Bandwidth of 1 MHz to 2.5 Gliz, Antenm
Factor Range of 400 10 4.0 dBm- 1, Anterma Frequency
Respnse of 10 Mie 2.5 GHz. The measurement 15
performad in ewpty lbarge shield room, at distance of 1
mches {254 nmm) between CTS001 antema snd wirchess
commmumcstion devices, which are (1) Portable Two-way
Rxbo Tranwever (wallie-tlhicl, (2) Wirclew LAN
Access Point {W1Fi router), (3) GSM Cellular phone, (4)
Cindless phone, {5) Laplop oomputer, and (61 Wireless
mouse & Keybaard set

In_Figured, thie result shows that E-Field of higher
than 5 Vim s observed from three types of wirchess
ommuumicaion wevices, Poroblke  Two-way Radio
Trsuscever, GEM Cellular Phone and Cordless Phone.
Wherext the E-Fiekd of hwher than 1 Vim u ohsorved

Fr s e 4 185 m s

Figored. Relt of Hlectrie ficd survey of wirckss
oo caton dev ioes

3.2 Thermal change and DC voltage of TGMR
head while placing in the fieid of wireless
communication device

Daukl-m Dl ksental-Enled Terperature Coclligient of
Reustivity (DETCRY sewsor (9] (18] hat boen used 1o
wheerve schnl thermal change 31 TGMR hed. In this
expermnail, fic hiildin DETCR sensor was| locsed
imside the slider body, spproxamately 1 moron ¢(1x10% my
troms JUMR resder.

Agilent 581104 with shielded cables snd Cryphic
frobe wad madified (o measure DETUR resstance and
DE whage of TGMR while placmp TGMR hesd 1 the
field of wirekes s comarpmcation devices,

The regmse_to local clanpes m semperature 3t the
DETCR semor s haed o equiwa (1) and {21 The
change of (DETCR resoume |ARorrce = Roren -
Ro cerenl 1% moponioml 10 the change of DETCR
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s origimal revistance of e DETCR, Rorror 8 resitmce
of e DETCR 3t he poimt of 1ane b commpare, Ty mrcr
mpgml  Eempestwe of te DETCR, Torar ©
kenperature of the DETCR ot #he pomt of time 10
oompare, snd & 18 specilic to DETCR matenal.

ARorrax = @ ATperex i
Rorms o neren ™ 3 (Tpoex Ty peen) i
HGA with
DETCR Sourze Agilent
oim) J44104

, Shielded cables

Gryphic probe to DETCR leads and TGMR Leads

FigureS. Mexswement sctag on Thermal change aml
DC volage of TGMR hesd whike placing m the fekd
s from wireles commamnication device.

Result 15 shown n Fipured ], the tenmperaure
clamges when plscing TGUMR m the fickl of wirckess
ammruncstion device. The ongmal enperatize {Ty)
22 desmee Celsms and the clange of terperstue [AT) o
lexs tha 3 degree Celums, s maximm temgersure 15
less than 25 dhegree Uehin which » neaded 10 be
compared - whether 4o high enuugh ta resch the
threshokl of solt-devel of sisbahiy. (uhire off TGMR.
Tymeally, the dlgeshold should be mwore dian 104 degree
Celsius.

Figure6.? siows e ssurement result of DC wiltge
drops on TGMR, while placamg TGMR head in the field
of wirckss commumestion devicds ) Overall average of

the liekl ol wirchkess consmmcstion device
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Figureé. 1. DC wiltage of TGMR head while placing in
the liekl of wireless communcation device

33 Electrical Performance of TGMR pre and post
actions HGA bl

yP

Four types of wireless commumestaom devices: GSM
Cellular Phane, Cordles Mhone, WiF1 Router and Tablet
Comrgputer have boen chosen o be fickl sources in this
opoamen because they are nostly wsed nowadays.
1K As ate placed in the fiekl genersted from each device
D {em ) distance far away x setup shown n Figures.

Four sctwoms of HGA mocess have boen simulsted
during the HGAs sre in field as shown in Figure?. There
are; (1) Nocontast 1 1IGA st al] (1 Grounded-Metal 10
mes contact k open traces of TGMR (1) Grounded
Non Metal 10 tmees conlact 10 open trxces o TGMR
(VT e s pick-and place on base plate with Non
Menl Ead -Elecior

Figure?, Fous sctow represent HGA process.

e wl:,p i L2X10° VDC amd ovetall ®
TLTEIT VIXC, As avertie TGMR nesistance 15 st
MM s, so maxmum cxkulaad powsr on TGMR i
AR0T Wans or 04K pico Joulesecond. Next, i
should be comgparal with dreshokl of TGMR Lalwre
which i typrcally swsocplible (e the encrgy mwane Joule
Tange,

FPCE Vrwpestare Ervinl
b s TV 4 e T o Wassbe | e er et e
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Figuret. |. Temperature of TOMR hed while plscmy n

1 ¥ of HGAs has heem tested
hetoreand alier e acixm with Quxsisiatic Tester (QST)
W see how the exporgnent mpack W elecncal
performance | af  INiAs.  Both  ostastrophie. Failure
T (TGMR. Auplawle, Slapel and
mstabulity parmoeters (Asymwewy, Barkhausen Juinp,
Hysteress Loog sud Spociral Maximum (Auphude
No e SALAN) wete pbserved and comquned with 1otal
mple size ol O HGAs. OST TGMR. reustance
mexsuremen! 13 gabc test and quile divect (o see ohnody
phyical change of TGMR semor such x msulsir of
axule byer reskdown The ather following parsmeters
are wexnmad and calkculsied fom e Tramfer Curve a8
shown m Figures:

Amrphimde’is the kcy § ol veder senson,
The test meawres, pesk smpliwde m wcro-vall o
defined pomt ol magnetic feld Ampliude s dimectly
relatad i the change o P TGMR resstance sy abown in (3).
While [ is the bnxs ctrrent Fis the wltuge drop on the
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sensar, ARR, s the murinsic TGMR o, « 13 the
elficiency o amouni of free byer rotshon. Extermal
encrgy such as Themmal, FOSESD cam cause Pinned
Layer reversal m TGMR and Slope test can reveal the
mamituce amd locanon of reveral over the swoep fest
range. Asymanciry el basically shows #he symmmnetry of
the mamler curve which can indicste performanoe of
magetc layes m TGMR. Fquaton {(4) shows
ckulaton of aymmetry from atsolite value of the

anl litude. Iysteresn test o
mexvurement area between Ia'vrnd amplitude {F1) and
reverse swphmde (Rip of the smplinde. Equation (51
shows cakubston of hysteress, m the unn of mcro-

Asymmctryfs) it w0
4)= x
% [ e+

Hysteresisi "/ Oy = tmcx 3 |Fi - ki [L]]

RS | BRI p) Ay, %1000 16}

The resull from QST shows fhat, both catsswophic
Exlure -ll. |lln!|xlny Fxi lure parsneters relsted 10 TGM R
ke (TGMR Amgplitude,
Skipe, .hyn-m:my Barkhousen Jumgp, Hysteresu-Loop,
and Specral Maximmmn  Anplitide Nowne) are mol

swoldle, from amplitale and magnenc feld
{inc),  Barkhsusen-uug  (mucro-wol) o maximum
ampliude umgung betwoen 1wo adjpoent mexiwrement
pomis Percemt of Barkbussen umgp (%8 cm be
cakulated with peak-krpeak arphide (Ampgu)
shown in (6). Speciral Mavomum Asphiude Nobe
(SM.AN) test mexsmires moise demity by swoeping
through a range of DC wmagnentic fiekls. This parameter s
mvenled o provide cxminhty of ligh Fequency
mtsbility idemtificabon. [11] [12] Examgple of SM.AN
ksl i shown i Fq;nn‘l

pass A

Figurel. Fxargle of A hude Test by QST

VAN TednT

Figured), Poampleol SMAN test by QST

Amplile <TnARSes KR 4%'-.“;' .L: M3LL

sgniticantly changped. It 13 11k d by 1 phot
beiween pre and st actions n‘nuln-n naGa .n;emﬂy
moceses, m Figurelbl © Fipurel®Y. This coukd
o fin with dhe result of messuning Thermal change and
DC volage of TGMR hesd while placmg in dhe liekl of
wireless commmncstion device m the section 3.2,

Figure 0.3 Corm latwm of “TGMR Shpe™
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4 Conclusions

In thas study, Elctrons metic Interference of 1-16 Vim
had heen ohserved from GSM cell phone, Cordless Phone,
WiFi Router axl Tablet Cowguier. However, when
placmg TGMR hesd in the elecvomagmetic fekls smed
from #hose wireless commnumcation devices, the thermal
change of TGMR head and the DC voltage of TGMR are
ol crest lity nar dic failure

1 TGMR heads.

It had been proved with key QST jarameters on 180
HGA ssmples fir gre and post sctions simulating HGA
zuembly mocess m the leld of dime wireless
ommmrumcstion devices. There 8 no sgmiicant change in
TGUMR Ampliule, Shpe, Asy Yo
Borkhawsen Jurp, Hyskereus Loop, and
Maxirnn Awplitade Nose (S.MAN) in all exgreriment
conditions.

Wirekess commumecaton devices may he comsiderad
© enhance operation ellicency of operstion cost saving.
Nevertheles, it shoukd be studied & mmke sure the eflec
o encigy sensitive devioes a well s awlomasted
production equpment and lesters 10 be i acoepiable level.
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Effect of Wireless Local Area Network Devices in Head Gimbal
Assembly Process to the properties of Tunneling Giant

Magneto Resistive Reader

Dutharuthai Na Pombejara % *, Chaiyan Jettanasen **", Kraisorn Rirtipad <

Abstract

Neowadays wireless local area netwerk (WLAN) application is growing ™ manufacturing and business faciliyy
‘because it helps improving operanon efficiency. While, Turneling Giant Magneto Resistive (TGMR) Reader, curzent and
fanure techmalogy of magnetic recording read sensor, is cne of the most sexsitive devices to external energy. This study
is to understand actual effect of ElecTomagretic Interference (EMI) from Wireless Local Area Network (WLAN) devices
in Head Gimmbal Aszembly (HGA) process to the properzes of Tunneling Giant Magneto Resistive (TGMR) reader inthe
process by measuring temparanire atproximity of TGMR and voltage drops 2tthe TGMR while in the field of WLAN using
Build-i: Differensal-Ended Temperature Coeficiem of Resistivity (DETCR) senser and Agilen 34410A. Impactte
electrical performance of TGMR pre and post acnions simulating HGA assembly process wil be confirmed using Quasi-
atic tester to see change o Rey process output variables of TGMR which are TGMR resistance Amplivade, Slope.
Asymmexy, Barkhausen [umg, Hywmerests Loop, and Spectral Maximum Amplitude Noise (SMAN) compared with
conolled samples.

Keywords : Local Area Network, Tunneling Giant Magneto Resistive, Head Gimbal Assembly, Differential-Ended
Temperature Coefficient of Resistivity, TGMR. WLAN, WiFi, HGA DETCR

(mmﬁfmmummm
Stagate g (Thailan) 24 b Thatiand

Facully of Engiraerig mnmpuﬂn-mucﬂr«hnitp Lagirabang Thalland
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L. Introduction

TGMR reader is current technology of magnesc
recording read sensor which dramatically improves
readout amplizude. speed and ding areal denty. [o

d ted vools are
increasingly used and wireless local area network (WLAN)
device is aimed to be employed to enhance the operation
efficiency. However, electromagnenc felds from WLAN
devices might harm the mo3tenergy sensitive devices such
a5 TGMR reader sensor. There were Some studies about
Elecromagnetic Interference (EMI) effect to muagnemc
recording head [1 - 7] but net ver any study on effect to
actual TGMR in HGA process and WLAN had not been
included.

This study is to confirm if the electromagnetic fields
from wireless local area network devices will harm the
mos energy sensitive devices, fife-like TGMR recording
reader sensor, in actual assembly process-

2. structure and Process
2.1 Tunneling Giant Magneto Resistive
Keydistnguishing element of TGMR s Magnetic Tunnel
Juncticn (MT. wihich consiss of two feromagnets
separated by an angswom-thin insulatern Electrons can
tunnel from uuhmwnm-mﬁ:hbmt
thin emough. With tus quanmm ‘mechanical phenomuenon.
the MT] can be switched berween two states of electrical

resistance. high and “low  Tesi then
provides higher MR Ratia (AR/RO; change of TGMR
of TGMR). higher readout

amplitade and speed a3 well as Jower areal resiszance (RA;
Resistance XArea) and head pouse (€]
mm:m—&inmudmdem:mmsm
maore siusceptive to excernal energy. Formunately, the TGMR
head does not have insulazor Between buffer and shield. 30

TGMR can dissipate thermal directly through top and
bomom metal shield.

2.2 Head Gimbal Assembly Process

Head-Gmbal Assembly (HGA) is an important piece part
of Hard Disk Drive in which slider body, conzaining read-
mrllwnd.iﬂmudandﬁcsabwlmmlﬁ:ncuﬁn;
media. As io funcooral is to provide mechanical and
electrical connection from read-write head to pre-amplifier
and Head Stack Assembly (HAS), 30 it has copper trace
along the lemgth of reaching the very inmer wact of
recording media. HGA typically has a lengh of arourd 3-5
cm. which is perfecty matched to the size of 2.4 GHz
frequency dipole antennd: one of the most wshzed
frequercy in WLAN network.

Currently, the assembly process of Head-Gimbal

bly is in fall jor. The processes basically

consist of Tobotic pick-and-place, making mechanical
conmection and electrical connecaon between Trace-
Gimbal Asyembaly (TGA) and Slider body. and following with
performance checking +ia mechanical test and electrical
TRSt Processes.

Piece parts of HGA are contacted and in-contacted with
grounded mezal or 3TAtC dissipative material many times
along the agtomated procéss.

3. Experiment and Discussion
2.1 Wireless Local Area Network devices in
factory environment

Ir: this experiment. elecic feld from WLAN devices was
measured using CTMO48, EM Field Mecer with CTS00L
Erectional arterna and elecoromaguiedic Sield module. This
measuring insTument has peak and average measurement
range of 0.001 V/m 10 20.00 V/m frequency bandwidh of 1
m!zuz.scﬂs.mmnmrmgul-motnm dBm
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and anterna frequency response of 10 MHz - 2.5 GHz. The
measuremens &5 performed in empty large room, at distance of
1 inch. 3 inches, 6 inches and 12 inches berween CTS001
antenna and WLAN devices during ransmiting, which are
various sampies of [1) WiFi phone (2) Wireless LAN Access
Point [WiFi rouser) (3) Table: Compuzer (4) Lapmop computer,
and (5) Wireless mouse & Keyboard set.

The resultin Fig 1 shows that E-Field at 1 inch distance
from the WLAN devices used in this study i3 higher than 5
V/m. for WiFi phone. Whereas the E-Field of more than 1
V/m were observed from WiFi router and tablet computer
whereas the E-field of less than 1 V/m was found from Lap
top computer, wireless mouse and wireless keyboard. The
field strength dually d d at the dt of 3
mches, 6 inches and 12 inches, So the WiFi phone, WiFi
router and tablet computer were selected to be E-field
sources for the next two experiments.

E-Habd (Peak] from WLAN Davices

ok L
ot i v e R I iR

rapa W &
e B

fﬁ%ﬁﬁ’f!

W Paae et ey
Dttfiarsm fars CTHH01 ederrag o WLAN i

Fig.d E-Fueld from WLAN Device (V/m)

3.2 Temp e and DC voltage of TGMR
head while placing in the field of WLAN

From the result of pervicus expeniment, CISCO' 7926C
WiF: phone and Cisco Alronet 3500 WiF router, setat2.4 GHz
Tansmiz mode have been selected ™ be E-field source of this
expariment HGA is placed at distance of 1 tnch, § inches and
12 inches from the E-field source Agilent 344104 with
shielded-cables and Gryphic probe were modified to measure
DETCR resistance and DC voltage of TGMR while placing HGA

229

EsIT

‘with TGMR head in the E-field and without E-filed (turm off) as
shownin Fig.2.

Fieid sourca +1)  HGAwh DETCR
it i

‘ ‘ Distance

; Shwlgad cables
—

[

Gryphll:!anxm to
DETCR leads and
TGMR Leacs

T Agilert 344104

Fig.2 TGMR Temperature and DC Veltage measurement setup

“The budd-in DETCR sensor [, 10] was located inside the
slider body, approxxmately 1 micron (1x10* m) from TGMR
reader, 0 observe actual thermal change at TGMR head
Equaton (1) and (2) explain response to local changes mn
temperature at the DETCR semsor. The change of DETCR
nesistance (Ao = Rorme - Ko o) 55 proportional to the
change of DETCR emperature {dTncrow= Toers - Taserex) while
R oeres is onyginal renstance of the DETCR, Reeror is resistance
«of the DETCR at the point of tie to comypars, To corea &5 original
temperature of the DETCR, Toure i3 temperazure of the DETCR
at the pecnt of Sime  compare. and  is specific o DETCR
mazerial

Acrcre T acres W
Rotrta+ Ra cacea = & (Toerea-Toscroy) 2

Recultin Fig3 (a) shows that the temperature changes
when plating TGMR in the field of WLAN device. The
origical emperature (To) 15 22 degree Celnus and the
change of temperature (AT) is less than 1 degree Celsius, 3o
maximum temperasure 15 less than 23 degree Celsius which
isneeded to be compared whether it is high enoughto reach
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the threshold of soft Jevel of stability failure of TGMR.
Typically, the threshold should be more than 100 degree
Celsius.

Measurement result of DC voltage drops on TGMR.
while placing TGMR head in the field of WLAN device(s) as
shown in Fig.3 (b). Overall maximum is L45x10+ VDC. As
average TGMR resistance is about 300 Ohms, 50 calculased
power on TGMR i3 7.4x10= Watts (Joule/second). This
should be compared with threshold of TGMR failure which
s typically susceptible to the energy in nano Joule range.

8. DETCR Tamperaters [Colvsr)
whie placng TGMR i the e of WLAN Devices.

r 1

Mprime . pin e 4 "
P WEidimne

Phstarne from %A% (0 Med sarce

. DC VoRage Drop en TGAR (micrs vavts|
while pladng TGMRA in the filed of WUAN Devices

™ W

o fukt] 1" [ PR T P "

e s L
R

WerThas Wik e

Dortamtm damy TAAN b akd esaepe

Fig.3 Result of Temperature and DC voltage of TGMR head
wile placing in the field of Wireless Local Area Network

3.3 Electrical Performance of TGMR in the
field of WLAN during HGA Process

Four actions of HGA proce:s have been simulated durmg
e HCAs arein field of WLAN. Thereare: (1) No contact to HGA
& ali. (I Grounded-Metal 10 tmes contact 0 open traces of
TGMR. (1) Greunded-Non-Metal 10 tmes conzact to open
races of TGMR. and (TV) L0 simes pick-and-place on basa plate
with Nox-Metal End-Effector.

2
i i
e e Ve L= | | -

280

Elecical performance of HGAs has beer: tested before
and after the actions with Quasi-static Tester (QST) to seehow
the simulation impacts to electmical performance of HGAs. Both

phic failure p ard instability p
were observed and compared wich total sample size of 140
HGAs.

Q5T TGMR resiztance measurement is statc test and
quite direct  see obwvious physical change of TGMR sensar
such as insulator or oxide layer breakdown.

Amplitude is the key performance of reader sensor. The
Tes peak. d woltat defined pomt of
magretic field Amplitude & directly relaced to the change of
TGMR resstar:ce a5 shown m (3). While [ is the bias current. I
is the volzage drop on the sensor, AR/Ru is the inrinsic TGMR
Taso, £ i3 the efficiency or amount of free Layer rotation,

Anplndaef = AR~ ==, »28 gy 3.
®, &,

3

Exvernal energy such as Thermal, EOS/ESD can cause
Pinped Layer reversal in TGMR and Slope test can reveal the
magstude and Jocaton of reversal over the sweep testrange,

Asymmetry test bamcally thows the symmety of the
transfer curve which can indicate performance of magnenc
layers in TGMR. Equancn (4) shows calculagion of asymmety
from

value of the and litud
% oo JALLY amp{ ~|MIN amp] 100
T X amp) | NIV amp| “
H i3 test iz area b forward

amplinide [FT) and reverse amplitude (1) of the amplrmude.
Equation (5] shows calculation of hysteresis, in the wst of
micre-voit/ Oe. from amplitude and magnetic figld increment
(#ne).
Hyzneresizud” O] = e «TFi - R ®
Barkhausen-jump (micro-vols) 5 maxmum ampbtude
jumpi ™o adj points. Percent

of Barkhuasen jump (%87} can be calculated with peak-to-
peak amplitade (Ampm.) as shows i (6).
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noise density by sweeping through a range of DC magnetic

Selds, This p. = to cid

frequency e (111112}
Fig4 illustrates the QST result of this experiment.
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The results from QST show that. boch cazastrophic failure
and inszabidisy fallure paramieters related to TGMR elecTical
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performance (TGMR rexstance Amplimde, Slope. Asymmenry,
Barkhausen Jump, Hysteresis-Loop. and Specwal Maximum
Amplitade Noise) are not sigrificantly changed. Itis illusated
by correlation plot between pre and pest actions smulatng
HGA assembly processes, m Fig4. This is corresponded with
the result of section 3.2 measuring Thermal change and DC
voltage of TGMR head while placing in the field of wireless
comnunication device

4. Conclusions

Iz: this study, thermal change of TCMR head and the DC
voltage of TGMR in HGA Frocess in the electromagnesc
fields issued from WLAN devices are existed but mot
significant emough ™ create neither instabiity mer
catasophic fatlare to TGMR heads. [thad been proved with
key QST parameters on 140 HGA samples for pre and post
actions simulating HGA assembly process in the field of
WLAN, There is no significant charge in TGMR resistance,
Amplitude, Slops, -Asymmetry, Barkhausen [ump,
Hysteresis Loop, and Spectral Maximum Amplinide Noisen
all experiment conditions,

Before introducing new wireless commiumication
ystem or network, orgarization shall consider and stady o
understand the efect on performance of eaergy ensitive
devices using in its process to make sure there is no
unacceptable negative impact to its outcome.

5. Acknowledgements

This work was supported by (i} Seagate Technology,
Thailand, led, (i) National Electromics and Computer
Technology Center (NECTEC) Thailand, (ifi) College of Data
Storage Innevation, King Mongkut's InsStute of Technology
ladkrabang, and (iv) Faculy of Engimeering Kirg
Moagkut's Institute of Techrology Ladlzabang.

232

REFERENCES

[1] A Wallash, D, Smith, "EMI Damage to GMR Recording
Head", EOS/ESD Sympo=um 98, 4B.6.1 (1998).

[2] CF.Lam, D. Martinez, C. Chang, "ESD Sensitivity Study of
GMR Recording Heads with a FOS Head-Gimbal
Assembly”, EO5/ESD Symp 99, 4B.62 (1999).

[3] V. Kraz, A. Wallash, “The Effect of EMI from Cell Phone
on GMR Recording Heads and Test Equipment’,
EOS/ESD Symposium 00, 2C.10.1 (2000).

[4] S Natori, T. Wada, Y. Iow, H. Sakata, K Kataoka, H
Tanabe, T. Ohtsw. “Study of EMI pheonomena for
GMR/TMR Head", EOS/ESD Sympozium 06, 4B.3.1
(2008).

[5] 5. Kaenzrang A, Kaewrawang, "EM] Induce Heaton TMR
Read Sensor”, DSTCON +th, pp. 61 (201

[6] 5 Puapairej, C. Sa-ngiamsak, “Effect of E5D and EMI on
TMR Head during Bording Process of Gold Ball Bonding
Machines”, DSTCON 4th, pp. 149 {2011),

[7] V. Kraz P, Tachamaneekorr, D. Napombejara, EOS
Exposure-of Magneuoc Heads and Assemblies in
Automated Manufactaring”, EOS/ESD Symposium 05,
4A4.1(2005),

[€]'T. Zhaey K. Zhang H. C. Wang. YH. Chen. M. Li, "Low
resistance TMR spnsor with natural oxidized double
MgO barner™, US Patents. US20070111332 AL (2007).

[5] MA. Dufresze, B.W. Kair, G.J, Kunkel, Z, Wei, Resistive
Temperature Sensors for Improved Asperity, Head-
Med:a Spacing, and/or Head-Media Contact Detection”,
US Patents, US20120120982 Al (2012),

[10} D: Liu, K. Haapala, SE. Ryun, L. Zhow, “Head-medium
eoazact deteczion using introduced heat oscillation”, US
Paterts, iS8638349 B1(2014).

[L1} HPatland, WA. Ogle, "Magnetc head tester” °, US
Paterts, US6943545 B2 (2005)

150



Name-Surname:

Date of Birth:

Present Address:

Education:

Scholarships:

Publications:

151

AUTHOR BIOGRAPHY

Ms. Dutharuthai Na Pombejara

May 15th, 1973

1 Soi Ngamwongwan 1/1, Amphure Muang, Nonthaburee

THAILAND 11000

1995: Bachelor of Engineering (Electrical), King Monkut’s
Institute of Technology, North Bangkok

2002: Master of Business and Administration (MBA),
Ramkhamkhang University

2011 Scholarship for study in Master of Engineering in Data
Storage Technology (English program) by NSTDA, KMITL and
Seagate Technology (Thailand) Ltd.

V. Kraz, P.Tachamaneekorn, D. Napombejara, “EQS Exposure of
Magnetic Heads and Assemblies in Automated Manufacturing”,
EOS/ESD Symposium 2005, Anaheim, California, USA,
September 11-15, 2005

D. Na Pombejara, C. Jettanasen , K. Rittipad, “Wireless
Communication and Its Effect to Tunneling Giant Magneto-
Resistive (TGMR) Reader in Head Gimbal Assembly Process™,
2016 the 3rd International Conference on Advances in

Electronics Engineering (), 2016.

D. Na Pombejara , C. Jettanasen , K. Rittipad, “Effect of
Wireless Local Area Network Devices in Head Gimbal Assembly
Process to the properties of Tunneling Giant Magneto Resistive
Reader”, The 2nd International Conference on Engineering

Science and Innovative Technology (ESIT), 2016.




152
Special Qualifications: 1996-Management Problem Solving and Decision Making,
Kepner-Tregoe International, Princeton, New Jersey, USA.

1998- ESD Symposium and Tutorial, Official member of ESD
Association (Member 1D#98242), Santa Clara, CA, USA

2003-1509001 Lead Auditor, IRCA Certificated, {certification
ID#02/5/QMS1/1242), AJA Registration, Thailand

2007- ESD Symposium and Tutorial, Anaheim, CA, USA

2007- International Association for Radio, Telecommunications
and Electromagnetics (iINARTE), Electrostatic Discharge Control
Certified Engineer (ID#ESD-00482-NE), Anaheim, CA, USA

2010-ANSIZESD S$20.20 Auditor Training, John T. Kinnear, ESD

Association Standard Working Group Chairman, Malaysia

2011-Leadership Development Program-Manager, Harvard

Business School Publishing, Thailand

2012-Situation Leadership Il, Ken Blanchard Companies,
Thailand

2013-Working Globally, Apiarian Global, Inc., Thailand
2013-Internal Energy Audit, Ministry of Energy, Thailand

2014-15022301 Business Continuity Management System Lead
Auditor, The British Standard Institute in Corporated by Royal
Charter, (certification [D#THL-141206), Thailand

2015- ANSI/ESD $20.20 certified auditor, ESD Association, NY,
USA

Experience: 1995-Present Seagate Technology (Thailand) Ltd.,
Senior Engineering Manager of ESD Engineering,

Drive Process Engineering, Business Continuity Management.






