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Abstract — Electrical overstress (EOS) damage to magnetiording heads due to repetitive, sinusoidal, low
voltage noise is studied for the first time. A testthod is described and used to measure thedaihitage
and current for various combinations of signal @mtions from 200 kHz to 1 GHz. A resonance at 324zM
where the current flow increases dramatically aaugses severe sensor damage at only 550 mV, wasvetise

A lumped-element SPICE model is developed and usedxtend the experimental measurements. It is
concluded that it is important to measure and wtdad the effect of low voltage, high frequencyseoi
transients on extremely ESD sensitive devices.

. thresholds can be applied to any extremely ESD
|. Introduction sensitive device.

Connection of static sensitive devices to ground :
during handling and processing is a standard and 1. Device Model

accepted electrostatic discharge (ESD) contr@digyre 1 shows a simplified lumped-element model
practice. However, when “ground” is the chassianf for 5 recording head on a suspension and shows the
automated tester with repetitive, low voltage bighh resistive and capacitive coupling between the
frequency “noise” transients, device damage due &Qspension, slider, shields, reader and writer. The
electrical overstress (EOS) can result [1]. recording head has six locations for transientagmit

Many real-ife manufacturing process steps caliPut: suspension, slider body, and the pairs aflee
expose magnetic head assemblies to voltage trassiefRd+ and Rd-) and writer (Wr+ and Wr-) inputs. If
that can exceed the device failure level. Inadegudwo or more of these six inputs have a net voltage,
grounding and electrically-noisy tools is one cafase connected across them, a curremb)¥ Vi(w)/Z(w)
EOS exposure. EOS damage is possible when twoil result, where Z is the impedance between e t
more of the multiple inputs of a device are coneéct terminals andv is frequency of the noise voltage. The
to “ground” points with transients at different tage

levels or phase. It is not uncommon to observers¢ve Wr + Writer wr -
volts of high-frequency noise on ground that is % % | (5]
otherwise proved to be adequate for ESD and safety | 3 T Reader £ T

purposes. An analytical study of the impact of such L
exposure and the factors influencing damage is
therefore important.

}i

Shields

This paper defines a simple EOS test method for
studying the susceptibility of a magnetic recording Slider (conductive)
heads to damage from low-voltage, high-frequency
signals. A SPICE model is developed to further L

understand the current flow. While the setup isduse Suspension
to measure the EOS failure of magnetic recording
devices, the concept of testing EOS damage

Fig.1. Simplified model for a recording head onpmrssion.



current flow through the device will depend on the
impedance in the current path and the amplitude of
the noise voltage. Note that, even if the two devic
inputs arecapacitively coupled, noise transients can
still result in significant current flow through eh
device at higher frequencies. Thus, current flow an
device damage will in most cases depend strongly on
frequency.

To
Signal
Generator

For example, when the noise source is connected
across the reader (Rd+ to Rd-), the impedanceeof th
head will be dominated by the purely resistive &RJl
inductive (L) components, and almost all of theuinp
current will flow through the read sensor. Convifse
when the noise source is connected across one inpu
of the reader and the suspension (Rd+ to suspégnsion Fig. 3. Picture of custom PCB designed for EO8rtgs

a series RLC circuit is formed. At low frequencies, . ) ) )
the impedance of an RLC circuit is high ancF'_gLf[red3 _Shofft"sba p:thu(rF?CoBf) tht‘; (t:ustom 3;'” X 3'3
dominated by the capacitive reactance «fCj. At Print€d circuit boar at was designe
high frequenzies, the Fi)mpedance is alsouﬁi:gh, sut §pecmcally for this high frequency EOS testindneT
dominated by the inductive reactanceolj. In signal generator output was connected to the SMB

between, a resonance occurs with a peak in tﬁgnnector, which was followed by the 50 ohm surface

current flow. Note that there are multiple currenf'ount terminating resistor and wire through the@T-

pahs for current flow and only the racton of INE.TS" FORe 0 mae comnecton 1o @ dadce neut
current flowing through the read sensor will 9

. . . designed for an areal density of 60 Gb/on head
contribute to sensor heating and melting damage. gimbal assemblies (HGA) were used in this study.

—— 3inch ———

I11. Experimental Setup V. Results

Figure 2 shows a schematic representation of the EO _
experimental setup. An Agilent E4421B 3 GHZA. Experimental

sinusoidal signal generator was used to simulate th. .
gnal 9 ﬁglgure 4 shows the total current into the HGA vs.

TEKTRONIX CT-6 current probe with a 2 GHzIreauency using a 130 mVrms sinusoidal waveform

bandwidth was used to measure the total current’ tw_o different signal connection cases. In oaseg
While Fig. 2 shows the connection between on e signal was connected across the Rd+ and Rd-

reader input and the suspension (Rd+ to suspensidﬁ?ms' and for the other case, the signal was
testing was also performed across the reader inputs

harmonics in high-frequency ground noise.
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Fig. 4. Input current vs. frequency for signal rected

] ] ] ] across reader (Rd+ to Rd-) and across reader iapdt
Fig. 2. Schematic representation of the experineetap. suspension (Rd+ to suspension).




connected across Rd+ and suspension. The two
connection cases show dramatically different curren R 2zgzm:
vs. frequency. When the signal was connected across 4 70 7| _, g o suspension @ 100 Mz [
Rd+ to Rd-, the current vs. frequency behavior is T f f
relatively flat. For this connection case, the witgs

basically an RL circuit, with an impedance that is
constant at low frequencies (R) and has a reactive
component which increases linearly with increasing
frequency (@L). In this case, the inductance is small, —
so it contributes negligible impedance up to 1 GHz. 0 200 400 600 800 1000 1200
contrast, when the signal is connected across Rd+ a Voltage (mV rms)

the suspension, the current peaks at 320 MHz andgjg . GMR sensor resistance vs. input voltagethoee

falls off dramatically at lower and higher frequessc different heads at three different frequencies.

This behavior is consistent with an RLC circuittwat

resonance at 320 MHz. Note that the current damage voltage threshold for Rd+ to Rd- (Rd+ to
resonance is slightly larger than the Rd+ to Rdeca suspension) was 375 mVrms (560 mVrms). For the
with the same input voltage. Rd+ to Rd- case, the damage current was 7.5mA.

At some current level throuah the sensor. the kirer Figure 5 shows that the sensor can be damaged when
9 ' YT 1he signal is connected across a reader input tznd t

the GM.R sensor heat_up sufficiently to .melt, Wh'ctéuspension. The failure level is only 50% highemth
results N an increase in read sensor resistarjcén|2 when the signal is connected directly across the tw
ther t(;esséllng kseh(,zwge;g FI?H'SL"dth?]a:nguih\r/glstﬁgﬁj Wa%ader inputs (Rd+ to Rd-). While most ESD testing
PUrposely - kep W 9 - '8nd control focuses on the voltage across the éad r

d_etermlne the d.amage threshold, t'he frequency WeShsor inputs, EOS testing shows that sensor damage
fixed and the signal voltage was increased furth

€ : . .
The sinusoidal signal was turned on for 1 secomat, s ¢an occur when high-frequency transients are applie

off, and then the resistance was measured. e}frossareader input and the suspension.

resistance increase of 1% was taken to indicafégure 6 shows the GMR sensor resistance vs. input
failure. voltage for three different heads with similar

: : . resistance at three different frequencies. For each
Figure 5 shows the GMR sensor resistance vs. InIQrlfgad, the signal was connected between the reader

voltage for two different heads with almost equa‘ln - -

; ut and suspension (Rd+ to suspension). Note tha

resistance, at the resonance frequency (320 MH%\)sp the frequepncy dec(reases fron? 320 |\3|HZ to 100

ch%r f[)n(()e ?;;C?érthﬁ 'ntF;UtS'CIg+nat‘LW£§ Coggfcttﬁg 3;:%?42, the failure threshold increases. This is expac

heathhe sianal ! gs cor(mected acro-)s.s the reaigr r?f om the current vs. frequency behavior shown i Fi

and 's S elr?s'onw Rd+ to suspension ,\?f{ﬁ 't4 since current flow at frequencies lower and &igh
uspenst ( uspension). an resonance is reduced, requiring a higher gelta

Increase In resistance for each head as the voMage. to reach the failure current through the GMR sensor
increased, signifying sensor damage and melting

similar to that seen during ESD testing [2]. Théigure 7 shows the failure voltage vs. frequenay fo
both input cases: Rd+ to Rd- and Rd+ to suspension.
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Fig.5. GMR sensor resistance vs. input voltage tfoo

different heads. Sinusoidal source set at 320 MHze Fig. 7. Measured failure voltage vs. frequency signal
resistance increase indicates sensor damage. input across Rd+ to Rd- and Rd+ to suspension.
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Fig. 8. Simplified lumped-element SPICE model foregording head with the slider on a suspensioriséNeignal source
(Vnoise) is shown connected across Rd+ and suspensi

For the Rd+ to Rd- input case, the failure voltégye Rslider-shield and Rsuspension-slider actually have
relatively flat from 100 MHz to 700 MHz. In conttas little or no effect on the high-frequency curreloty.

the failure voltage for the Rd+ to SUSPENSION Caggy, e g compares the experimental and SPICE total
depends strongly on frequency and has a minimum a

current vs. frequency for a 130 mVrms signal

320 MHz. This behavior is consistent with theconnected across the Rd+ and suspension. The SPICE

minimum in input impedance and higher current fIOV}Iesults are an excellent fit to the data. Initialues

atresonance. for the components were based on reasonable
estimates. Then, the values for R_s, L_interconnect
Cleft_trace and Cright_trace were adjusted to match

B. SPICE Modeling the experimental data.

It is always instructive to construct a lumped-edain

circuit for use in SPICE circuit simulations. Orite 4 -e- Experimental —
model is verified, SPICE simulations can help | - SPICE Simulation | " omVims

develop a deeper understanding by simulating other
component values or signal sources that may be
difficult to test experimentally.

w
I

Figure 8 shows a simplified lumped element SPICE

model for a recording head with the slider on a

suspension [3]. The voltage source is shown <
connected to the Rd+ and suspension, but the source !

was also connected across the reader inputs. While /

one normally concentrates on the DC resistances at ‘

RMS Current (mA)
N

[uny
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low frequencies, it is the capacitive coupling whic Frequency (MHz)
leads to current flow and failure at high frequesci
Therefore the DC resistances of Rleft, Rright, RS, Fig. 9. Comparison of measured and SPICE simulafsat

current vs. frequency.



Using the measured failure current vs. frequenomnfr As the head damage threshold decreases and the
Fig. 7, with the signal source connected across thember of automated manufacturing processes with
Rd+ and Rd- inputs, in the SPICE model, the failurelectrical and electronics equipment increases, the
voltage vs. frequency for the signal source coratecteffect of electrical noise on chassis “ground” den
across Rd+ and suspension can be simulated. Figedpected to become increasingly important to
compares the measured failure voltage vs. frequenggderstand and control. In addition to traditional
to the failure voltage calculated from the SPICHEnanagement of ground for ESD and safety, a new
model. The failure level data from the SPICE modeequirement is needed to manage electrical noise on
agrees extremely well with the measured failurgrounds. Management of noise, or electromagnetic
voltage in the 100 to 700 MHz range. At 10 MHz, thinterference (EMI), can reduce defects in produrctio
SPICE model predicts a failure voltage of 11.3V.  The greatest benefits of such EMI management will
be realized if addressed in a methodical and
concentrated effort, as has been done for ESD@ontr

1500 —o— Measured
1 —B— SPICE Simulation

_” V1. Summary and Conclusions

The low voltage, high frequency behavior of magneti
+ recording heads using a sinusoidal signal was
00T investigated. When the signal was applied across th
T two reader inputs, the failure voltage from 200 kbiz
o 1 GHz was a constant 300 mV. But when the signal
0 200 400 600 800 was applied across a reader input and the suspensio
Frequency (MHz) the failure voltage varied strongly with frequency,
with a minimum of about 550 mV at 320 MHz. This
Fig. 10;(53;23%?%‘)2 st Treeaiuerr?g apgezf"g:h;fygr']mﬁgs behavior is explained by an RLC resonance at 320
Zi?jgsrareader inp?]t ana theqsusp)(;.nsion (Igdﬂmperssion). MHz. At resonance, t.he fallure. voltage for high
frequency voltage transients applied across theerea
input and the suspension is surprisingly closeht t
failure level when the voltage is applied directly
across both reader inputs.

1000

Vfail (mV rms)

. . It is concluded that characterization across gilts
V. Discussion of a device from DC to 1 GHz is useful in
l{nderstanding failure thresholds due to high

One practical application of EOS testing is to s . .
requency noise transients.

realistic voltage and current specifications in
manufacturing operations that involve repetitive,
high-frequency transients being applied across any References
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