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55306205 : Major (PHYSICS)
Keyword : perpendicular magnetic recording wrap around shield finite element simulation
MR. Ritthirong BANYEN: Finite element simulations of a magnetic write head with

different magnetic shield designs Thesis advisor : Badin Damrongsak, Ph.D.

Perpendicular magnetic write heads used in hard disk drive applications was generally
composed of a main write pole surrounded by magnetic shields in order to reduce the fringing field
expansion and thus improve area storage density of a hard disk drive. In this thesis, finite element
simulations based on Maxwell's equations was employed to investigate the effects of magnetic
shields and spacing gaps on the performance of the magnetic write heads. A three dimensional
magnetic write head, having almost all parameters close to the actual device, was constructed in
this study. In the first study, the different types of magnetic shields, including trailing shield (TS),
side shield (SS), wrapped around shield (WAS) and fully wrapped around shield (FWAS) designs,
were investigated and compared with the write head without any magnetic shield, called single pole
(SP) design. Simulation results revealed the trade- off between magnetic flux density and the
fringing field expansion. Although the magnetic shields offered a reduction of the fringing field
expansion, they decreased the intensity of the magnetic field generated from the main write pole.
The effect of the spacing gaps between the main pole and the magnetic shields was also
investigated, only for the magnetic write head with a FWAS design. Results showed that when the
spacing gap between the main pole-and magnetic shields was reduced, the magnetic field gradient
increased, but, on the other hand, the intensity of magnetic field decreased. In the last section, we
compared simulation results with experimental results obtained from magnetic force microscopy
(MFM). The FWAS magnetic write heads with three different spacing gaps were evaluated. A
comparison showed that the magnetic field intensity and the field width obtained from the

simulations with a soft under layer had a similar trend to results from MFM measurements.
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fan : Magnetic Materials - eolss.net. May 2017. Available from

https://www.eolss.net/sample-chapters/C05/E6-36-02-01.pdf
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131 : COMPACT MODEL FOR A MAGNETIC TUNNEL JUNCTION. May 2017.
Available from

http://shodhganga.inflibnet.ac.in/bitstream/10603/6516/7/07_chapter%202.pdf
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131 : COMPACT MODEL FOR A MAGNETIC TUNNEL JUNCTION. May 2017.
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2.2.2 duilsznovvesansananlasil
a1saadanlasnilsznoulddredrudsenoundn 2 dau laun druveseniaaan

(hard disk assembly : HDA) tlag ﬁ’?ﬂﬂl@ﬂ?ﬁﬁ]ﬁalgﬂﬂiﬂﬁﬂﬁ: (printed circuit board assembly :


http://shodhganga.inflibnet.ac.in/bitstream/10603/6516/7

24

J 3 J v 1 2 T v < g ' <3
PCBA) Tagluaiuusnazitluaiulsznouveariienuivou unuiiunntoyausiman
' L4 {1 { 3 J
nazaIulsznauvedgUnIsiniana (mechanic) Tuvaznarunaosrzludiuliznoy
Yy adg A 2R q 9 o s a 7 | "o @
nududiannseiindaldlumsaiugumsiauvesaiaaan lasfluaziyendeiuginsal
] a 4 J a I 1 ! [ !
AMeusn 15U AeuInes a13aadan lasil Usznoulifedrulsznounis q dgii 2.13 Tae
J J ! o 1 < 1 o
Usznon'lidre 1d (file) druvesdoyangniiniinluglyewimanuuuiutiuiindoya
1 <] & J ] ' 1 v =2 9 i v KX 9
wiman TasnillWaeivezgnuiianszargesn I luuaazuriniuiindoya uruiuiindoya
= . X o A v A Y rod v
u31Man (magnetically coated platter) 4111910 Tane HI0UNUAADUAIBTAQUUINAN HYUAIY

o < A ' ) A INE, . S a o
DATUITI 5400 1139 7200 IDUNDUIN ﬂ’JEJﬂJ'E]W]’E]iUl‘V\I‘V\h (electric motor) ﬂ'ﬂiJ*ﬂq"llENEﬂ‘iﬂﬂ’dﬂ-

@ @ 1 3 A

7 & 1 o ] o Y ] < a {
"lm1/\|ﬁuagﬂmmaumamwunuﬁﬂ%y’amJmammwu@mmaﬁmmmaﬂﬂamﬂﬁauuu
9

Q U

= v W Ao o 1 9

[l @ 1 o 9
HRUUUNNVBYA LLﬂI‘L!%“U’Vi’J'E]TLlﬁIEJ‘L! (head actuator) MY U HWW’J'EHHL%EIHLGUHL'GZ’E]@ﬂiHﬂ
] v =2 9 =2 o 1 = y A P~ i v =2 9
UAHYUNNUBDY A im"lﬂmﬂTuﬂmnmmBuaqmwa‘uslwmaaum”lﬂnuuwuuumﬂmau"a

U

I a

1 4 @ Jd a 4 J
NADIVTIYENIAAEN (protective housing) Tloanusisadansinduuaznisnsznunsziiiou
A ' v o v = ] v R Y = <
11B991NTLHTHINTE NI NN ID IV sULAz LA U YN Yalvuraanu1n Uszuia
A =1 [ Y A A
15 W lwuas iietgunyyuIaveudununyvuInlszu1a 75,000 urTuiuas
' ad A o . : . v o @ J S a 7
UHWI99501ANNTO TN (printed cireuit board : PCB) SDM AN IndIuaIugueIsaadn lasil
HAZHIDIUIVEY (read-write head) V0N 01890 3VUTUHIDIUVBYU TAB1ID1UTIUIL DY
9 9 ] ] v XK 9 = =1 9 ] = 9 9
AUVULAZAMUA YRR ITUNNTOYa HITsuatiuNnTDyaaUuLHITUNNTBYa Tag 19

< { a 1 <3 a ' o '
?fiﬂlll‘ﬁﬁﬂclllﬂ”lilﬂaﬂu‘ﬂﬁVIN"U’t’NﬁTiLLNLﬁﬁﬂ‘UHN’Jﬂlﬂﬁllﬂuﬂuﬁﬂ‘lﬂl}ﬂyjﬁ Lgazmmgfmgamﬂ

[
=1

NAUDIAT K AN UUUHUT U AT

U

v K Y
gnifuin 3



25

A ' J a J| s 1w R Y v w1 a
TlJ‘VI 2.13 ﬁ?uﬂi%ﬂ@ﬂﬂ]ﬂqa'ﬁﬂﬂﬁfﬂ,ﬂﬁw 1. hh/\la 3 LLNHUHVIﬂﬂJ@iJ”a 3. HUUIUNIDTUVSU

U

4. NABIVUTIYITAAAN 5. UAUINTDLANNTOINT 6.~ 8. Wae1mdlou o. Aduusiman
. 1A J A
(magnetic film) 10. BHUATD (disk)
fan Magnetic Srotage. May 2017. Available from http://ffden-

2.phys.uaf.edu/211.fall2000.web.projects/J %20Kugler/magnetic.html

= v v <
2.2.3 NITUIUMILVBHYOYALNITIAN

J a J| @ 1 a a
Tuaianad lasil deyagaiiuinuuuiuteyaunyluuisdn (binary bit) Tngnidou
4 '

S A w I v K 9
'UUEWI'iﬂNﬁHmglﬂu'Nﬂallﬁf)ﬂﬂﬂﬂuaﬂaTﬂﬂlﬂﬂllWHUumﬂﬂlﬂHa [17]

U

9
v A

LY 9 - a o Yy a 3 A
Tumstiunndeyanuunuiag Nem1s (polarity) vesiingnimualiinayunsoas
(] < § o 1 ) Y a YA A 1 o ]
Tagauudianinszihuuurutiuiindoya nizuaums@eudn 19 inam a1 9nuU LAY
o @ { @ o [ < 1
Hufindoya uaasaezdi 2.14 Wandvesadurnutimanildlun1513eu (recording flux)
v A = ~Aq Y = Y A ~ =y A

gnaruqu lasnszualuiivey sanszuanldlumseudosiaminnenazlasuniaves
)=} Y aa Y o a = Y kY

punit lnwsunaziindvesnszualdlunmsiivuaniavesuunil lnesu dremsvyuves

] v =K 9 a v v =K 9 S o w A A = = @ =

uHuuNndeya InuuuruiiunndeyarzgnilsuaIudiay Taslinignysunnaiszl

' S v a A a ' D] = oA A vy ¥

vuaIuiugeunuinfignideunouniin Anusa lumsvyuszgnatuguededme 19 14

32921 9U9UN (channel bit spacing) Miwang e



26

Write head |
current
Recording
Writing process M?d'“m
/
Track Motion .
Direction | | | | | /t | :
B : : ” = Soft
; Recording flux " Underlayer
Top view

of the track

Overlapping previous bit
B: channel bit spacing

A = @ 1 < ]
gﬂ‘ﬂ 2.14 ﬂizuaummsm°1ummuﬁﬂ%agmmmammuumm
1311 : Channel modeling, signal processing and coding for perpendicular magnetic
recording. May 2017. Available from http://escholarship.org/uc/item/49b5n36s.pdf
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23 aumﬁﬁumgmnc{maé (Maxwell’s equation)
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2.4 10SMMHANE ugamaaﬁaﬁﬂu (equivalent magnetic circuit for write head)
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41 : Opposites Attract: A Review of Basic Magnetic Theories. May 2017. Available from

https://www.allaboutcircuits.com/technical-articles/a-review-of-basic-magnetic-theories/

mmf = Ni (2.12)
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41 : Opposites Attract: A Review of Basic Magnetic Theories. May 2017. Available from

https://www.allaboutcircuits.com/technical-articles/a-review-of-basic-magnetic-theories/
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2.5.3 anunuiunszua lWih
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(potential difference)
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=
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B =1, u,H (2.22)
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Start solution process )

k.

Solve for conduction
Current(J)

Perform error analysis Refine Mesh

rF

Error
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satisfied?
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Perform error analysis

Perform error analysis Perform error analysis

F 3

Error
criterion
satisfied?

Start solution process
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NN : K.S. Song. “Resolution of Patterned Magnetic Media.” Massachusetts Institute of Technology,

(2000): 48-52.
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Phase difference,_, (deg) FWHM (nm) Gradient,_(deg/m)
FHAVDIN VY CT DT
CT DT CT DT
L R TS LS
Model A 21.88 21.88 103.60 | 110.40 | 0.52 | 0.41 | 0.64 | 0.79
Model B 21.38 21.38 110.13 | 113.56 | 0.53 | 0.51 | 0.77 | 0.61
Model C 20.78 20.78 126.68 | 102.51 | 0.47 | 0.47 | 0.77 | 0.96
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Model A 051 | 0.64 | 89.96 | 136.06 | 245 | 1.99 | 3.55 | 3.17
Model B 043 | 0.60 | 129.50 | 149.44 | 149 | 136 | 2.58 | 2.18
Model C 0.39 | 057 | 162.62 | 149.87 | 1.04 | 949 | 2.11 | 2.78
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B, (T) FWHM (nm) Gradient_,_ (x10" T/m)
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CT | DT CT DT

L R TS | LS
Model A 143 | 144 | 5218 | 11509 | 6.07 | 6.06 | 578 | 6.56
Model B 1.68 | 1.70 | 56.14 | 117.95 | 5.63 | 620 | 6.93 | 5.70
Model C 1.75 | 1.75 | 56.15 | 117.14 | 7.07 | 6.16 | 7.18 | 7.12
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No. Parameters Size
1 main pole thickness (nm) 450
2 | gap between main pole and coil (nm) 480
3 coil thickness (nm) 637
4 | gap between coil and return pole (nm) 380
5 return pole thickness (nm) 1,912
6 | return pole width (nm) 9,097
7 shield width (nm) 2,919
8 shield thickness (nm) 400
9 | distance between first flare angle and second first flare angle (nm) 1,170
10 | shield length (nm) 1,530
11 | main pole width (nm) 4,625
12 | connect length (nm) 5,775
13 | distance between connect and coil center (nm) 600
14 | distance between coil center point (nm) 4,575
15 | second flare angle (deg) 15
16 | first flare angle (deg) 60
17 | chisel angle (deg) 74
18 | back chisel angle (deg) 64
19 | angle of trapezoid angle (deg) 76
20 | top bevel angle (deg) 24
21 | back bevel angle (deg) 24
22 | pole width (nm) 60
23 | pole thickness (nm) 100
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No. Parameters Size
24 | coil radius (nm) 1,718
25 | connect width (nm) 2,775
26 | coil width (nm) 1,190
27 | gap between coil (nm) 330
28 | major axis of coil (nm) 16,471
29 | minor axis of coil (nm) 11,896
30 | Flying height (nm) 10
31 | media width (nm) 6,000
32 | media length (nm) 17,000
33 | distance between leading (nm) shield and media 583
34 | distance between side shield and media (nm) 850
35 | media thickness (nm) 200
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