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ESD Phenomena in HDD Head

BEREES  HBTEBTLEW
Y. Mizoh, Matsushita Kotobuki Electronics Industries, Ltd.

It is well known that GMR heads used for hard disk
drives (HDD) are very sensitive to ESD (electrostatic
discharge). ESD damage is very complicated and there
has many modes. In this report, we describe a method
of categorizing ESD damage modes and related phe-
nomena based on magnetic influences on the heads as
observed by QST characteristics, electromagnetic char-
acteristics such as off-track profiles, SEM observation,
and cross section TEM. These ESD damage modes are
classified into three types: hard ESD damage, soft ESD
damage, and quasi-ESD damage. Other degradation
modes are head scratch, corrosion, and electro-
migration. We also present an example of ESD damage
that happened in an actual production process and its
preventive measures as guidelines.

Key words: hard disc drive, GMR head, electrostatic
discharge, soft ESD, hard ESD, quasi ESD, electro mi-
gration, corrosion
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Fig. 1 ESD voltage vs. areal density by hard
ESD melting mode and soft ESD mode.
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Head Process
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Fig. 2 Manufacture and assembly process of magnetic head and hard disk drive.
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Table 1 Classification of ESD of GMR head

Mode Phenomena Defect in HDD
Hard ESD Mechanical breakdown and Melting |t HghMRR _ _  ____|Figd4 ______ ...
Diffusion in Stripe of GMR Head|Diffusion Low dR/R Fig. 5
Defect in Permanent Magnet |Can be classified by Fig. 7(a),7(b),7(c)
Defect in Free Layer QST and off-track profile | Fig. 7(d),7(e),7(f),7(g),7(h)
Soft ESD |Magnetic Destruction Defect in Pin Layer Fig. 7G),7(),7(k),7()
Defectin AFM__ . Fig. 7(),7G),7(k),7()
Otherwise
Quasi ESD GMR is Normal |Capacitance Coupling ESD ___|Noise in reading Fig. 9
EMI
= o
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Fig. 3 Quasi static output vs. HBM voltage:
(a) initial, (b) Barkhausen noise, (¢) noisy
TAA, (d) pin reverse transfer curve.
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Fig. 4 Typical hard melting ESD in GMR stack:
(a) head structure, (b) ABS view, (¢) normal GMR,
(d) melted GMR.
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Fig. 5 Diffusion in GMR stack observed by TEM. White arrow shows amorphous state in Cu layer.
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Fig. 6 (a) GMR stack, (b) magnetization in GMR,
(c) QST measurement setup, (d) transfer curve, (e)
spinstand movement, (f) off-track curve.
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Fig. 7 Typlcal soft ESD defect in GMR stack.

AARICHES Y25 Vol 28, No. 10, 2004

NI | -El ectronic Library Service



The Magnetics Society of Japan

v a YIS OWRBS—IRELN I, AT NS v I A—=T
DOIICEE LRI FET BHTH 5P,

Fig. 7(c) (2 BEHAHEMT, 5§V PMBERSD /A T 2
BADID, 70 —EHEELPT KD, HAEmL
THABEATHS. Fig 3D DLV RT 7 —H—
TWRTIREETH B8, ~y FOA YR I E Y F 190N
WINDEY AR, RS vy Ev IO & ip
IBEDE N,

Fig. 7(d) REET T, PM @D 5D 31 7 ARG
<7 —BhHE—XE>5<{NT, 7a-XFF2x4Mv%
2K b1, HABKTT3HETH 5.

Fig. 7(e) 3/ xnvo ~no ¥y /) 4 XC, 7 —BHICHEX
DFEA LR OB THX AFBE L2, 2BUCHIXElER
TEIEICED NIy Ve v TIBRET BHITH
%% % o kink EFEIFN ABEROP PR VIERIED
MH # —70RELHOSATVEY), Th s oKX, PM
BOMRBENTHL L -0, 7 ) -Bhovr k-
W, e, IBHIcL - THAT B EEbN A,

Fig TH) R 2B VI~ 9€¥ v /4 XT, 7Y —@HE
J— 71D Double Domain 127 » TW AEAIC, QST b
SVYRT s —A—=—TRTC2EDSNVINGEY T v VT
JARXEELS. Ihid, 7 ) - BOMREESRETIR
REIC T LRl thic—B, Zo% 7 ) —BNEHXEED
RIEATIREED SIATIREEIZ & 5 — B SV o B O v v
ThHREETEEEILND,

Fig. 7(g) W3 s@fiEA » 7V v 7/ A X T, EVEET
) — BN RSS2 LTV A4, GMRZT
BBV (7 ) —BowtARE € Y BB AR
DSSEATICIEID SIREE) IcB W T, C OBt E»RRE &
0, 7 —EOWEERA AR & 5B e, s
TEY Ve T I AXEELD, O/ A4 XFEERER
b5, (KR CEERANCRET 219719,

Fig. 7(h) BHDALET, 7 ) —BHELEREE b
B, N4 RF—TVIIREEIC 1T B o Hhs 2 A & o
THAH. TOREBIZDHFBBROBZ b L2tk >
HEEX N 52930,

Fig. 7(0) R & V@R, BRIC L 25 F 7o 3RS
CEBEBICLOE VEMERL, BELUNS VR T 2 —
H—Tx2bofTHB THhiFABSERDO L EDK v
Fu v P IRPFR Y T4 VI TREROL S HERICE L X
NAZTRTRETIEAND 5.

Fig. 7() R ¥ vBXEE T, Fig. 2(d) bRl LI IcH
Hisitnd 28T, L OFIBHMES L THEY 305 C
NGRS L BCVAEE I 5 2 L THET B, NIO,
D & 5 5EEGH OO OB E 13, BER L
L THIEZEREVIERIKRES I LEOHONTV S,

Fig. 7(k) d—# & v ¥z T, —#0 v BOR AR
SEIC 180° EEE L CWAEE, AT Sy TuT A A

BARIGAES S 2 Vol. 28, No. 10, 2004

@ ©

Fig. 8 Effects of re-magnetization: (a) damaged
QST transfer curve, (b) read/write signal, (c) after
re-magnetization QST transfer curve, (d) read/
write signal.
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Capacitance Coupling Noise
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Fig. 9 Quasi ESD example at low temperature:
(a) model of head flying, (b) readback noise at low
temperature, (c) transfer-curve at low tempera-
ture.
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Fig. 10 (a) Head scratch on read element and (b)
TPI scoring.
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Fig. 12 QST output change example by corrosion.
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Fig. 13 TEM figure of corroded GMR element.
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Fig. 14 TAA degradation vs. time at 150
degrees by electro-migration mode.
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