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IBM RAMAC (First Hard Disk Drive)
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Ed Grochowski at Almaden
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1. EB-patterning process

Spin coating of
resist b

S ~ N -

(1]
100nm X 300nm rectangular dot with 300nm-
spacing
100nm sqguare dot with 300nm-spacing
(2] : 3mm X 3mm
(3] : 300 nm
- = by spin-coating with 5000 rpm rotation

AN NS 1" AaAAANON ASN T

! Development




Clean Room ===
Laboratory

e Electron beam lithography



[1]Etching gas: CF4

(2]Vacuum 3.0X%10-
3Pa

(3])Gas pressure
9.2Pa

2. Dry etching process of Si substrate
(4 JRF power:
400W

L L
(5 ]Etching rate:

Etching
0.1u m/mln Silicon surface after etching




Dry-etching




N

3. /\—7O1DIEDHIAH

Material:

Vacuum 3.0X10°Torr
JAccelerating voltage  4kV
JDeposition rate  1.0A/sec

f v 7\
7 Y

\
/

\
/

AW N =

7

Liis

Embedding of permalloy film by electron
beam deposition




4. Chemical mechanical polishing

[1] Polishing chemicals: Si wafer
grain-size~20nm

2] pH 11

3] polishing rate: 60nm/min

flattening
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AFM image of 3-handles pattern. After CF4 Dry-Etching.

Width: surface 320nm ', bottom 140nm | | |
Depth :109nm 200nm
designing  -large size
100nm
-small size
700nm

Width : surface 368nm, bottom 203nm
Depth : 109nm



SEM #i%

300nm x 100nmsquare dot, 300 nm space

=064 m
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100 nm ¢ Perpendicular
150 nm height
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AFM Line scan - = =Surface roughness~10nm

MFM image - - *magnetization axis along the longer side direction
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Scan direction
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High-moment tip Low-moment tip
(CoPtCr/50nm in Air) (CoPtCr/24nm in HV)
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Crwinl [deqg] =403

75 1 cross3a-0302. xqd 17145 : cross3m-0302 . xqp

cmpld3. 7.3 #2111 plane
- rough:20nm ) L =3

AFM MFM
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200nm X 3000nm
cross dots
( 3000nm space)

MFM image Complicated
pin structure

Zoom up at center
of
a cross dot
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Micromagnetic simulation using
LLG

y (E.A.)
X
Z
H =10kOe — 0 Oe
J
Saturation magnetization (Ms) 800 emu/cm?
Exchange field (A) 1X10%erg/cm?
Anisotropic constant (Ku) 1000 erg/cm?
Gyro magnetic constant (v ) -1.76 X107 rad/(s * Oe)
Damping constant (o) 0.2
Easy axis Y direction
Dot Size 200 nm X 200 nm X 100
nm

Number of dot 1
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Calculation of a single dot -divM
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Force gradient image Spin distribution image
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High-moment tip Low-moment tip .
(CoPtCr/500 A in Air) (CoPtCr/240A in HV) Spin distribution image
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e o. Damping constant
« Heff: Effective field

e Ms: Saturation
magnetization
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Low-moment tip
(CoPtCr/240 A in HV)
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Sqguare dot array

\ 50cm
SC~

- y



Circular dot array



Rectangular dot array

90°



Crossl(empty dots)

1.5cm

camera camera
v/ 7/
/

screen screen




Crossl(permalloy embedded)
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Cross3 (permalloy embedded)
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FEFRFEIF

 Azimuthal SHG pattern with symmetry of dot
array structure

 Magnetization-induced SHG?
e Nonlinear Kerr effect



MSHG Measuring System

Photon counter Computer

A=810nm
Pulse=150fs
- —1 P=600mW _
LD pump A=532nm |Ti: sapphire| repgomHz \ Mirror
SHG laser laser
Electromagnet Filter Berek
Stage . \ \ compensator
controller ,
I Z [— Mirror
Sample
\ \ Chopper
Analyzer — lens polarizer
Lens—
Filter— Photon counting
! :
I |
- i
PMT '
|
|



P-polarized or
S-polarized light
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PinPout

600000

500000 30000
400000 25000
20000
300000 12000
200000 10000
100000 5000
0 0+ 180
100000 18888
200000 15000
300000 20000
400000 %8888
500000 o000
600000 P
SinPout SinS
7 INSout
500000 - 100000 -
400000 - 80000 -
300000 - 60000 1
200000 40000 ]
100000 - 20000 ]
Oi 0; 180
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200000 1 007
300000 40000 -
400000 - 60000 -
500000 - 80000
100000 -

F2Kwk 100nm X 100nm /V\—<
PinSout

35000
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PInPout PinSout
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100000 -
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PinPout | " PinSout
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