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Abstract:- In hard disk drive (HDD) manufacturing processes, a quality inspection mainly focuses on detecting the scratches on the
magnetic disk since it could essentially affect the read/write ability of the HDD. In this research, a non-destructive technique using light
reflection technique to detect the scratch on the magnetic disk is proposed. The red and blue laser diodes are performed as a detector
to identify the size and position of scratches where an optimistic intensity of laser power is measured. It is clearly indicated that the
scratches on the magnetic disk can be experimentally detected by this newly invented instrument. The size and position of scratches can
be also examined by using either red or blue laser. It is intriguingly found from the laser power intensity analysis that the detected
signal is independent on distance between magnetic disk and laser source. The scratched characteristics are well agreed with those
obtained from Scanning Electron Microscope (SEM) and Stereoscopic Microscope (SM). One of its advantages is that it is able to utilize
during the fly testing in order to rejection of damaged disk prior to further HDD manufacturing process.
Keywords - Hard disk drive, Light reflection technique, Magnetic disk, Scratches detection.

I. INTRODUCTION
Scratch detection on magnetic disk is an important process of a quality inspection of the hard disk drive (HDD) manufacturing,
since the scratches could possibly affect the read/write performance of the HDD [1]. The scratches are mainly caused by the
contamination in the HDD assembly processes and the crash between the magnetic recording heads and the magnetic disk [2]. So
far, the scratch inspection process in manufacturing processes is required in order to reject the damaged disks before the disks are
transported to the assembly process. This inspection process also prevents the waste of production time and cost [3].
The scratch detection techniques are normally categorized into two types which are destructive and non-destructive methods. The
destructive method can be done by using many techniques such as Scanning Electron Microscope (SEM) [4], Atomic Force
Microscopy (AFM) [5] and etc. However, the non-destructive method is more suitable for HDD manufacturing because it is no
need to destroy magnetic disk. This method can be performed using several approaches consisting of stereoscopic microscope
(SM), laser scanning [6], laser Doppler heterodyne interference system [7] and infrared camera [8, 9]. Since the scratches on
magnetic disk is difficult to detect due to its hair-line type and its glossy surface. Todtong et al. proposed a new inspection
approach by using laser beam from CD pick-up head [9, 10]. It showed a good ability to locate the scratch position during the
disk-running process but there are still some limitations in classifying the significant details of scratch, such as the scratch
characteristic and dimension [11]. The authors demonstrated a shape measurement of scratches by using laser beam of CD pickup head but, nevertheless a large noise in the detection process was still occurred [12]. Various laser lights have been used to
detect scratches on magnetic disk, such as SEM, AFM, laser Doppler, CD and DVD pick up head [13]. Some major limitations
of these techniques are the ability to perform in running process of manufacturing and the indistinctness of scratch characteristics.
Therefore, this paper will propose a new approach of non-destructive scratch detection to identify the position on magnetic disk
by light reflection technique. The red and blue laser diodes are used as a detector to specify the size and position of scratches. The
intensity analysis of suitable laser light for scratch detection on magnetic disk is also demonstrated. The shapes of scratches are
also examined by the SM and SEM in order to compare with the experimental results.
II. EXPERIMENT SETUP
II.I Light reflection technique for scratch detection
The diagram of the proposed light reflection technique for laser wavelengths of blue and red light, 405 and 650 nm, respectively,
is shown in Fig. 1 [14]. A laser beam is propagated onto a surface of magnetic disk and then, reflected to a portion of photodiode
detector. The specifications of the red and blue lasers are shown in Table 1.
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In order to analyze an output signal of photodiode, it is
converted by photodiode detector to a current signal and
then, amplified by a non-inverting amplifier circuit as
shown in Fig. 2 [15]. An output voltage (Vo) can be
calculated by equation (1) where R2 is a feedback resistance,
R1 is a source resistance and Vi is a 5 V input voltage [16].

V0 = (1+ R2/R1) .Vi

(1)

Fig 1. Principle of laser light reflection [6].
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Fig. 2 The measurement setup of the proposed method for light reflection and amplifier circuit [13,14,17].

Table 1. Specifications of laser diode [17].
Laser diode (LD)

Specification
Laser wavelength (nm)
Maximum threshold current (mA)
Output Power (mW)
DC Input Voltage (V)

Blue Laser
405
300
250
3.6-4.2

Red Laser
650
300
250
3-5

II.II Laser diode technique for scratch characterization
The characteristics of scratches on magnetic disk were experimentally evaluated by using the proposed laser diode technique. The
SM and SEM were also performed to characterize scratches in order to confirm the experimental results. They were done in the
final process because a magnetic disk must be destroyed.
The 8x-40x magnification of SM were used to scan the visible scratches while the SEM (JEOL JSM-6010LA) with image
resolution of 5x-300,000x of magnification at 400-700 nm wavelength was performed to evaluate the size of the scratches. In
addition, the laser intensity is also measured by laser power meter, model 843-R of Newport, which is capable for measuring the
power level from pico- to thousands of Watts. The setup of laser intensity measurement is shown in Fig. 3.
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Fig. 3 The Intensity measurement setup.

II.III Scratches detection system
The light reflection technique and laser diode technique are assembled in the scratch detection system as its block diagram is
shown in Fig. 4.
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Fig. 4 The block diagram of scratch detection system.
A 2.5-inch magnetic disk is set to rotate at 1,500 rpm by using stepping motor and controlled by microcontroller. The components
of proposed system are a laser diode (LD), photodiode circuit, stepping motor, control circuit and amplifier circuit. A maximum
threshold current of LD is 300 mA and an operating voltage is 3-5 V where the output power is 250 mW. The assembly of
proposed detection system is indicated in Fig. 5.
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Fig. 5 An experimental setup of (a) an overall system and
(b) laser and detector section.

III. RESULTS AND DISCUSSION
III.I Positioning comparison of 3 scratch sizes between red and blue lasers with current and distance variation
Three sizes of deliberately marked scratch, i.e. 55, 332 and 94 μm, were measured and later scanned by SEM. The red and blue
laser diodes perform as detector to specify scratch positions on a disk. A 70-250 mA input current source was varied and set at
190, 220 and 250 mA in order to compare these results for 1 and 2 cm distances for both red and blue lights as shown in Fig. 6
and 7, respectively.
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(a)

(b)
Fig. 6 The amplitude of the three scratches on the magnetic disk by
using red laser with varied currents of 190, 220 and 250 mA
at (a) 1cm and (b) 2 cm distances.

It is truly seen that when a current is increased, a voltage output is relatively increased and its signal is more visible. However, a
voltage output of 1 cm distance is larger than that of 2 cm distance. This can be explained in term of intensity variation effect.
Moreover, it is clearly seen that output voltages in Fig. 6 measured by a 650-nm-wavelength red light are about 2.5 times larger
those of a 405-nm-wavelength blue light as shown in Fig. 7.
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(a)

(b)
Fig.7 The amplitude of the three scratches on the magnetic disk by
using blue laser with varied currents of 190, 220 and 250 mA
at (a) 1cm and (b) 2 cm distances.

The locations and characteristics of the scratch can be determined from an output signal. The locations are estimated from spike
characteristics on the line and dependent on the size of scratch. The location can be observed from the presence of signals and
calculated by the relationship between the velocity and the time of occurrence. In Fig. 6(a), for a 190 mA input current, it is
estimated that maximum amplitudes of 94, 332 and 55 μm scratches are 1.24, 1.3 and 1.18 V where minimum amplitudes are
0.86, 0.74 and 0.88 V. The calculated peak-to-peak voltage of 0.38, 0.56 and 0.3 V indicate the size of the scratches. These results
are well agreed with those of a 250 mA input current where their maximum amplitudes are 1.82, 1.78 and 1.64 volt and minimum
amplitudes of the scratches are 1.08, 0.9 and 1.1 V. The differences are 0.74, 0.88 and 0.54 V. It is intriguingly noticed that the
difference of signal is dependent on the size of scratch.
Three detected scratches show different peaks of amplitude referred to that of smooth surface and this is identifiable of scratches.
It is also observed from Fig. 6(a) and (b) that the distance between disk and laser of 1 and 2 cm has no significantly affect to the
results as their output amplitudes are almost the same.
In Fig. 7(a) and (b) as a blue laser is studied, it is clearly seen that scratches on a disk of input current of 190 and 250 mA are
more visible than that of 220 mA in both 1 cm and 2 cm distances. It is also explicitly seen that three scratch signals represent
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their locations relatively to the velocity and times of occurrence. In addition, the peak-to-peak voltages also showed similar
tendency to those of red laser. For example in Fig. 7(a), as an input current is 190 mA, the maximum amplitudes of 94, 332 and
55 μm scratch are 0.5, 0.52 and 0.46 volts where the minimum amplitudes are 0.3, 0.3 and 0.36 volts, respectively. The peak-topeak voltages are 0.2, 0.22 and 0.1 volts. That means the peak-to-peak voltage may indicate the sizes of scratches. It is possibly
due to the dependence of different power between receiving and transmitting on a scratch size causes relative different voltages
between the near end, or a maximum voltage, and the far end, a minimum voltage. It is more understandable to compare cross
sectional pictures by SEM in Fig 9(a)-(c).
It also present a similar result for a 250 mA current as the peak-to-peak voltages of 94, 332 and 55 μm scratch are 0.2, 0.32 and
0.18 V. It is also noticed that distances between disk and laser of 1 and 2 cm are not effective to the result because output voltages
are nearly the same.
Therefore, it is found from the experiment that this technique can identify the scratch position and a peak-to-peak voltage of signal
seems to depend on scratch characteristics. The distances of 1 and 2 cm between disk and laser show no influence on the
measurement. Finally, the red light provides a larger output voltage or signal amplitude than that of blue light and also, shows
more visible signals in all scratch size than those of blue one. However, one interesting result shows that amplitudes of red laser
are about 2.5 times larger than those of blue. This is can be explained that the shorter the wavelength, the higher the energy.
Although the blue light can carry more photonic energy than the red one, the red light shows less dispersion in the air. In addition,
since the blue light is harmful, the power of intensity is set at lower power, as explained in the next topic. This possibly causes
high amplitude of red light presented in the results.

(a)

(b)
Fig. 8 Power measurement of laser intensity with varying applied current of 70 to 250 mA to (a) red and (b)
blue lasers.
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III.II Dependence of laser current and power
It is essential to find proper laser intensities of red and blue lights to detect a scratch on the magnetic disk. The powers of red and
blue lasers were then measured. The input current of the laser diode was varied from 70 to 250 mA for both lasers and the distance
between the laser and the disk was varied at 1 and 2 cm. As shown in Fig. 8, it is found that the output power of both lasers at a
distance of 1 or 2 cm produces similar light intensity. The maximum energies of red and blue lasers were about 155 and 22
mW/cm2, respectively, at a 250 mA applied current. However, the output power of the blue laser was started when the input
current of the laser diode was more than 110 mA in order to protect the harmful light to eyes.

(a)

(b)
Fig. 8 Power measurement of laser intensity with varying applied current of 70 to 250 mA to (a) red and (b)
blue lasers.

The laser power was measured according to the experimental setup shown in Fig. 8. The energy of the red and blue lasers was
measured in the three configurations which were the directed light of laser to detector, reflected light of laser to non-scratch disk
to detector, and reflected light of laser to scratch disk to detector of both lasers. From table 2, it was found that the maximum laser
powers of direct measurement of red and blue lasers are 155 and 22 mW/cm 2, respectively. The maximum laser power of reflecting
light to non-scratched disk of red and blue laser are 133.34 and 20.26 mW/ cm 2 which are 86% and 90% comparing to the light
intensity from direct measurement, respectively. In addition, the maximum laser power of reflecting light to scratched disk of red
and blue laser are 123.61 and 5.5 mW/ cm2 which are 79.75% and 25% comparing to the light intensity from direct measurement,
respectively.
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Table. 2 Results of laser power of direct measurement, reflected light to non-scratched disk and reflected light to scratched disk
of red and blue lasers.
Ia

190mA
250mA

Laser direct to detector
1cm
2cm
105.36
109.11
155.00
150.93

Ia

190mA
250mA

Laser direct to detector
1cm
2cm
12.02
12.00
22.00
21.97

Red Laser
Laser Power (mW/cm2)
Non-scratch disk
1cm
2cm
71.79
71.63
133.34
132.92
Blue Laser
Laser Power (mW/cm2)
Non-scratch disk
1cm
2cm
10.40
10.38
20.26
20.21

Scratch disk
1cm
66.61
123.61

2cm
66.03
122.55

Scratch disk
1cm
3.10
5.50

2cm
2.95
5.04

It is seen that the laser power of red light is larger than the blue light because of less dispersion of red light and less power set for
the blue light. However, it is interestingly found that the powers of both lasers tested in 3 configurations are well agreed. The
scenario of laser direct to detector provides larger laser power than that of non-scratch disk. It is obviously seen that the laser
power reflected from a scratch disk shows the least power. This ensures that both light sources at any distances can detect a scratch
by applying an input current more than 130 mA because of the linear dependency between current and laser power. The least
power shows that the scratch occurs on the disk.
III.III Scratches measurement on the magnetic disks by using SEM and SM
In order to confirm the results of the scratches characteristics measured by the proposed technique, three different scratches were
also measured by the SEM with a magnification of 300,000x and the SM with a magnification range of 8x to 40x. Fig. 9(a) - 9(c)
show the SEM measurement results of scratch characteristic with the scratch width of 55, 94 and 332 μm, respectively, while Fig.
9(d) – 9(c) illustrated the scratch characteristic measured by SM at the scratch width of 30, 70 and 230 μm. It was found that the
sizes of small scratch measured by SEM are similar to that of SM. However, a difference of scratch size measured by two
equipment becomes higher at larger scratches as seen from Fig. 9(c). The measurement results were different at the large scratches
measured by SM due to the unclear boundary of the scratches. Due to the very high magnification of SEM, it is appropriate to
identify the scratch characteristic at 10s micrometer scale, while the SM is suitable to analyze the characteristic of larger scratches
that was larger than 10s micrometer scale. Remarkably, it is found that the SEM, SM measurement results of scratches
characteristic show a good agreement with the experiment results done by the laser diode of CD and DVD pick-up heads.
94 μm

55 μm

(a)

(b)

332 μm

(c)

70m

30m

(d)

230m

(e)

(f)

Fig. 9 The scratch characteristic measured by SEM with scratch sizes of (a) 55 μm (b) 94 μm (c) 332 μm and measured by SM with scratch sizes of (d) 30 μm
(e) 70 μm (f) 230 μm
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IV. CONCLUSIONS
A non-destructive technique to detect the scratch on the magnetic disk by light reflection technique was proposed. The detection
system was set up by using the red and blue laser diodes as a scratch detector to detect the size and position of scratches. It was
found that the scratches on the magnetic disk can be detected by using the proposed technique. The detection system is also able
to identify the size and position of scratches by using either red or blue laser. The laser power intensity analysis shows that the
distance between magnetic disk and laser source has no effect on the detected signal. In addition, the characteristics of scratches
obtained from SEM and SM measurement indicates a good agreement to that of proposed technique. It is noted that this technique
can detect the surface roughness and small scratches at the micrometer scale. The proposed technique has the advantages over the
existing techniques since it can be performed to detect the scratches during the manufacturing process as on the fly testing. It also
has shorter time consume, materials and requires much lower cost.
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