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Motivation

- Why do ESD testing of GMR heads vs. temperature?

— GMR sensor experiences higher temperatures at various
steps in the process and in the drive
» deposition, annealing, curing, etc.

— Could the ESD failure voltage or behavior be different at
higher temperatures?

» Fallure voltage expected to decrease
+ Higher resistance and closer to blocking temperature of exchange layer

— Important to know the ESD failure voltage of GMR heads
under every use condition
» Never been done before!



Overview of Exerimental Setp

¢ Quasi-static@ST) tester
— R(H) Tester
+ HBM ESD simulator

— Integrated programmable__
bipolar unit

+ Temperature controlled
substrate

— Closed-loop temperature
control system




Quasi-Static Testm

¢+ |SI QST-2001 MR
Curve Tester

¢ +/- 750 Oe

¢ Testigof upto 8
heads at a time

¢ In-situ testirg of
heads p to 250°C




R(H) Curve QST Testm

¢ Amplitude vs. magnetic field plot is known by many
names

— transfer curve GMR Head MR Curve

— R(H) curve

— MR curve

— Quasistatic test=
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ESD Simulator

+ Human Bo@ Model (HBM) Module

¢ Jedec Standard HBM Waveform
— 100 pF, 150@

¢ Ramge: +/- 500V
¢ Fully software controlled



Tenperature Controlled Substrate

+ 8x Hot Finger *

— Lake Shore Closed
Loop Temperature
Controller LS340

— 100 Watt Heater

— Platinum Resistor
Thermometer

_ 0.01C Stability

*See “Thermal Stability Testing of GMR Heads” by Al Wallash and Nelson Cheng.
Paper DB-07 INTERMAG 99.



Experimental: Degn 1

¢ Desgn 1: $in valve GMR degn
with IrMn exchame layer

¢+ R(H) curve test conditions
—+/-5 MA
—+/- 50 Oe

¢ Test Tenperatures:
— 26°C, 100°C, 125°C, 150°C, 200°C



Experimental: Degn 2

¢ Desgn 2: $in valve GMR degn
with PtMn exchage layer

¢+ R(H) curve test conditions
—+5 MA
—+/- 150 Oe

¢ Test Tenperatures:
— 26°C, 100°C, 150°C, 200°C



Test Methodolgy

+ Ambient tenperature transfer curve was
measured as a benchmark

¢+ Head brognht to taget tenperature and
checked for stabilyt

¢ Head supected to ESD sfestress testm



ESD Testig Configuration

Bias current remained on dugitestirg
except during injection of ESDpulse
Bipolar ESDpulse at each volge

— positive first

Testirg of heads at botpositive and
negative bias currents for IrMn



IrMn:

+ 5 MA: 26°C - e

IrMn 26 °C
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IrMn:

+5 mA: 100°C

+ Magnetic damage at 21
\V/F1Bhﬂ

¢ 241040\, : pinned
layer toggles back and
forth

+ Reset amplitude < initial
amplitude

¢ ~40 V,;, : permanent
resistance increase

70

-2000

—@— +ESD —A—-ESD
- Ir'Mn 100 °C
=
N— 68 ]
(«D]
(&)
[
S
w
(¢D]
[ae
64 ‘
0 10 20 30 40 50
HBM Voltage (V)
2000L
< 1000
=
S o
-
= (
o
=
£ -1000

HBM Voltage (V)




IrMn:

+5 mA:125°C

+ Magnetic damage at 20
VHBM

¢ 241040\, : pinned
layer toggles back and
forth

+ Reset amplitude < initial
amplitude

¢ ~40 V,;, : permanent
resistance increase
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IrMn:
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rMn 150°C

+ Dramatically different
magnetic behavior from

Resistance ( £2)
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IrMn:

+5 mA: 200°C

+ No pinned layer reversal
or toggling of the pinned
layer!

¢ ~40 V,, : same
permanent resistance
Increase

+ Transfer curves showed
more instability and
amplitude variation
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Summay of +5 mA data for IrMn

+ No significant change in resistance failure voltage with temperature
+ No change in onset of pinned layer reversal for T<125C
+ Amplitude after reversal was reduced for T<125C

+ Disappearance of pinned layer reverdalr T > 150°C
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IrMn: Amplitude vs. terperature
with bias current on

+ Positive bias current
reverses the pinned laye
above ~130C

+ Negative bias current at
>130°C resets any pinne
layer reversal due to ESI
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+ Above 130C turning the
bias current on sets or Negative amplitude

resets the pinned layer means slope reversal



PtMn:

+5mA 26°C
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PtMn:

+5mA 150°C

__100 —— +ESD —— -ESD
. E 90
¢ Magnetic damage at24 ¢ PtMn 150°C
V Y 80 - +5mA Bias
HBM | é 70 -
¢ 24 t0 32\, : pinned 2 60
layer toggles back and 0 10 20 30 40
forth HBM Voltage (V)
¢ ~32 Vg, - permanent o ith . 5D
. . 1500 -
resistance increase PtV 150°C
+ Significant amplitude | < 1000 | AR
Instability g 500
g Yk
< I I I L |
0 10 20 yw 40
-500

HBM Voltage (V)




Summay of data for PtMn

¢ Magnetic and resistance failure voltage decrease
with temperature
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PtMn: Heatiig with bias current
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+ No slope reversal due to bias current as
PtMn design is heated with bias current on

+ Dramatically different from IrMn design



Conclusions

+ QST/ESD/hot finger setup permits study of GMR heads as a
function of temperature and ESD

+ Characterization of ESD behavior at higher temperatures has
produced some unexpected results

— expected a simple decrease in magnetic failure voltage vs.
temperature

— measured no decrease In failure voltage in IrMn heads

» “stable” two-statepinned-layer reversal behavior disappeared
above 150C in IrMn Heads due to bias current masking

— PtMn Heads exhibit decrease In failure voltage vs. Temp

» Function of increased head resistance or proximity to blocking
temp?



Conclusions

¢ Different head designs produce significantly different
results

+ Important and interesting to measure the ESD failure
levels of GMR heads as a function of temperature



