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ABSTRACT

Ultrasonic cleaner widely uses in Head Disk Drive assembly industry to reduce
contamination from cleaning part after assembly process completion. With recent
Head Gimbal Assembly design, the number of interconnections between slider and
suspension is increased to increase storage capacity and transfer rate caused by the
smaller solder joint pad. Crack or fracture was found at the solder bond joint after
passing though ultrasonic cleaning. In this thesis, three types of crack, straight line
crack, small crack and functional crack were introduced based on electrical test
failure in terms of resistance change and Scanning Electron Microscopy image. Only
functional crack has an effect té resistance change at the electrical tester, while
resistance is not a significant change for both straight line and small crack, but small
crack can grow to be functional crack after 6 ultrasonic cleaning times. In addition,
the effect of ultrasonic cleaning parameter, which are frequency, power and time, on
the solder bonding joint crack also studied and reported. Crack rate was increased
when ultrasonic power or time increasing, and in contrast crack rate was reduced
‘when the ultrasonic frequency was increased. Moreover, the sound pressure signal
measurement method is presented to measure the ultrasonic energy for solder bond

joint crack rate prediction.
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CHAPTER 1

Introduction

1.1. Problem statement

In data storage industry, the reliability is one of critical concerned parameter.
There are many testing steps in Hard Disk Drive components, especially Electrical
Test. In Head Gimbal Assembly, solder bonding method, which is one technique
provided for interconnect between slider and suspension pad, is provided to join
gold bond pad of slider and bonding lead of suspension and then cleaned by the
ultrasonic cleaner; most ultrasound frequency range is between 68 - 192 kHz. After
part cleaning, Head Gimbal Assembly will send to test by Electrical Test machine.
With current Head Gimbal Assembly design, the number of interconnections between
slider and suspension is increased to increase storage capacity and transfer rate
caused by the smaller solder joint pad. Occasionally, ultrasonic cleaning can cause
solder joint damage such as cracking or fracture énd interconnect failure.

During ultrasonic cleaning, mechanical oscillation of the solder bonding joint
is generated by ultrasonic energy. Aqueous ultrasonic cleaning experiments show
that ultrasonic can promote crack on the solder bond joint. The characteristic of
solder bonding joint need to be identified based on electrical test and crack
characterization by images from Scanning Electron Microscopy (SEM). The effect of
the critical aqueous ultrasonic cleaning parameters, which are frequency, power and
time on the solder bond joint will also be investigated for more understanding the
critical parameters that develop cracks or fracture in the solder bond joint. In
addition, two measurement methodology, cavitation and sound pressure meters, will
be provided to predict and monitor, ultrasonic energy in cleaner tank that correlated

with the solder bond crack rate.



1.2. Objective

To study the solder bond joint crack characterization and understanding
ultrasonic cleaning parameters including ultrasonic frequency and power that
effected to solder bonding joint of Head Gimbal Assembly, the effect is to cause a
crack or fracture to the solder bond joint, and then identifying ultrasonic energy

measurement methodology that can predict the solder bond joint damage.

1.3. Research Benefit

13.1 To obtain Head Gimbal Assembly solder bond joint crack
characterization that effect from aqueous ultrasonic cleaning.

1.3.2 To obtain aqueous ultrasonic cleaning parameter that effect to solder
bond joint crack for Head Gimbal Assembly in order to prevent solder

bond joint damage

1.4. Research Methodology

1.4.1 To study the solder bond joint crack characterization based on
electrical test and Scanning Electron Microscopy (SEM) image

1.4.2 To study ultrasonic cleaning parameter including ultrasonic frequency,
power and time that effect to solder ball joint of Head Gimbal
Assembly.

1.4.3 To study two ultrasonic energy measurement tools, cavitation meter
and sound pressure meters, which can correlate with solder bond
joint damage to develop suitable aqueous ultrasonic energy for Head
Gimbal Assembly in order to prevent solder bond joint damage.

1.4.4 Research conclusion.

1.5. Scope of Research

This thesis is aimed to study aqueous ultrasonic cleaner theory and main
parameters of ultrasonic cleaner in order to understand which parameters that has
an effect to solder bonding joint crack rate and select a suitable ultrasonic energy

measurement tool for aqueous ultrasonic cleaning in order to develop the suitable



ultrasonic energy conditions for Head Gimbal Assembly for preventing solder bond

Jjoint damage.

1.6. Thesis Organization

This thesis is organized in the following manner. Chapter 2 presents the
literature review, Head Gimbal Assembly process flow, principle ultrasonic cleaning,
acoustic cavitation and streaming and factor that effect for ultrasonic energy,
including ultrasonic cleaning measurement method with the theory and application
of Scanning Electron Microscopy (SEM). Chapter 3 presents the thesis methodology
and design of experiment. Chapter 4 presents the solder bond joint crack
characterization and Chapter 5 presents the effect of ultrasonic cleaning parameters
to solder bond joint damage. Finally, Chapter 6 presents the conclusions of this

research work with some important issue for future work.

-
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High ultrasound power in liquid is the increase in the number of cavitation
per unit volume, high power causes a lot of formation of large amount of bubbles in
the liquid which can scrubbing cleaning surfaces effectively. However, the increasing
in ultrasonic power is adding stress on the ultrasonic transducer due to dimension of
transducer changed during vibration. These factors cause transducers fail and
reduced equipment lifetime. In the design, the compromise of this parameter is
essential to provide the maximum performance and longevity.

In addition, part exposure to ultrasonic energy and cleaning chemical is also
important. Basket or part fixture must be designed to allow area of part being clean

and contact with cleaning chemical.

® Ultrasound Frequency

In the production of gas or vapor bubble completely imploded in a liquid at
ultrasonic cleaning require some certain time. In high ultrasonic frequency, the time
that needed to create a bubble is longer than available of rarefaction time from
sound wave. For example, at 20 kHz ultrasonic frequency, the sound wave cycle
time is 25 ps (=%f) with negative pressure peak at 12.5 Hs, at 20 MHz ultrasonic
frequency, cycle time is 0.025us. Therefore, as the frequency increases creating
bubbles cavitation becomes more difficult that is result in smaller cavitation bubble
size. At high ultrasonic frequency, there is a small bubble, which is lower scrubbing
energy, in contrast at low frequency, there is a large bubble generation in liquid that
is stronger scrubbing energy. The normal range of ultrasonic frequency in cleaning
application is between 20-500 kHz.

Cavitation is related directly to ultrasonic power while inversely related to
ultrasonic frequency. At the higher power, cavitation intensity increase and effect
from implosion is more violent from the larger energy. But at the higher frequency
cavitation intensity is decreased because of smaller size of bubble and less violent
implosion. However, the effect from higher frequency might be compensated by

increasing. ultrasonic power instead.

® Cleaning Time

Both ultrasonic power and frequency parameter are the equipment

depending parameters. Both parameters are have a limitation for change or adjust
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due to cost and time of equipment modification. Cleaning parameter is come to be
an adjustable parameter for ultrasonic cleaning. In common sense, cleaning
effectiveness is increasing when increasing of ultrasonic cleaning time but it need to

be optimized with part failure from fatigue.

®  Liguid Temperature

Liquid temperature increasing causes a decrease in the intensity of the
ultrasound that needed for the bubble formation within the ultrasonic cleaning
agent. This is likely due to lower surface tension of the liquid that will lead to a
reduction in cohesive forces and energy within the fluid. The cavitation energy is
lower near the boiling point of liquid causes an increase in significant vapor pressure,
so while the high temperature favors nucleation of cavities, the presence of water
vapor within the bubble leads the impact of the explosion during compression so
stable cavitation However, each liquid have and ideal temperature that is maximize
the cavitation intensity such as the cavitation of water is most effective at
temperature near 70 °C while the caustic water solution has a maximizing cavitation

temperature at 80 °C.

" Dissolved Gas and Particulate Matter

Dissolved gas is also the factor that should be contains in liquid as less as
possible, because the dissolved gas will block or delay bubble to collapse for
implosion. During cavitation phenomenon, there will be both “stable bubble” and
“transient bubble” . The transient bubble is a large bubble that growth and implode
rapidly, this may not effect from effect of dissolved gas, but the stable bubble is
formed in a small bubble size will oscillate many cycle before collapse, this really ‘

effect from dissolved gas that might make incomplete process of cavitation. To avoid

this problem, the higher temperature can reduce the dissolved gas in liquid.
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Ultrasonic cleaning is might not a future cleaning technology, but it widely
use as today technology from its effective result. In order to get more or the most
benefit from this cleaning process, all relative parameter should be considered
carefully to match with purpose of what to clean and enhance cleanliness result

from understanding about each.parameter or each property of ultrasonic cleaning.

2.3. Ultrasonic Energy Measurement Principle

2.3.1. Cavitation Meter [22]

In almost every cleaning task, it is important to control the amount of
cavitation energy. Lack of cavitation energy is resulting in longer cleaning time to
achieve a desired cleaning level. To clean or in some cases the desired level. To
clean the surface, may not be successful, while excessive power voids near the
surface with a delicate texture. Or components that cause damage to the sample
surface damage at the surface, including the formation of rocks and / or craters on
the surface factors that affect the size of the bubble cavitation cavitation and
consistent power. Different frequency ultrasonic particular frequency, the higher the
less time for the bubble to grow, the result is a small air bubble and reduce energy
corresponding cavitation factors affecting use. Energy cavitation is the intensity of the
wave ultrasonic (such as pulse width) produced by the transducer (s) in greater
detail, the intensity of the wave'at a higher cause each point along the wave.
Oscillation in the voltage range is large (between transformation and compression)
which will produce larger cavitation bubbles cavitation energy and big, so there is a
direct relationship between. The intensity of the ultrasonic waves, the water pressure

oscillates between cavitation and energy.

One factor to consider Is the fact The intensity of the wave Reduces
ultrasonic propagation through the fluid cavitation energy so typical function of

distance from the transducer. There was also a construction / destruction caused by
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a codec (s) in the bath, depending. Situated within the shower that you may receive
an ultrasound arriving in the process of creating a disturbance, creative and in other
places it is out of the process of creating destructive interference bucket change.
Formed by sweeping the frequency, which will help improve consistency in the
shower as a result, parts of the surface that is in place that vary within the bath will
be exposed to different levels of power voids. It has been quite challenging to clean
surfaces regularly creative / destructive patterns are seen even just one codec to
display power is routed through a codec. Primarily because the overall size of the
codec bigger. The wavelength of the ultrasound wavelength dimension is larger than
the proportion of codecs and it will be seen that the energy will be broadcast in all

directions, and creative / destructive interference to occur for several blocks.

Cavitation meters measure the intensity of cavitation energy and frequency of
cleaning, ultrasonic and high frequency shower megasonic stream nozzle. and the
wafer and single cleaner soak these measures do not hydrophones with sensors tend
to filter high frequency. Signature cavitation they measure the acoustic energy and
cavitation which the RMS of the intensity of power voids (in watts per square inch)
and the frequency of the source of the sound that drove meters allow the
distribution. Shower energy within their borders and helping to establish. To ensure
In cleaning Effective while minimizing any damage probes can also assess the
direction of power voids which. The magazine can be important in applications they
can use. To check that the system is functioning properly and seek to influence and
load variables are effective in cleaning. The following is a general export of data to
be stored in the meter which includes. Memory location, date, time, scan time
average power reading, standard deviation, minimum and maximum frequency of

reads kHz.
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Table 2.1 Data of Cavitation Meter

Location Date Time Scan Average Standard Minimum Maximum kHz
Time  Energy  Deviation

Reading
i 08/01/07 _10:12__ 0:10 45 1 42 46 4.2
2 0B/01/07 _10:13 __ 0:20 46 2 42 48 40.5

Test Aluminum foil is a common method sometimes used to evaluate a
ultrasonic bath John Kolyer Boeing has written an article on this topic , including one
that compared to the use of the foil on . Compared with the measurement of
cavitation He said in the article: "Meter that " at one of his shows dramatic
improvements in accuracy and time to assessment, bathing, using the measure

cavitation ".. The energy meter wave will take over the task of monitoring the
operation of the tank. " Article also charts his path to measure the power

consumption of the unit has changed with the energy difference from the standard.
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CHAPTER 3

Thesis Methodology and Design of Experiment

The researcher started with the solder bond joint crack characterization based
on resistant results from Electrical Testes and Scanning Electron Microscopy (SEM) in
order to classify the effect and severity of the solder bond joint crack to Head
Gimbal Assembly. Then a series of details experiments were carried out to test and
validate the effect of aqueous ultrasonic cleaning parameters to solder bond joint
damage. Finally, two ultrasonic energy measurement methodologies, cavitation and
sound pressure meter, were examined and correlated with solder bond joint damage
in order to develop suitable aqueous ultrasonic cleaning conditions for Head Gimbal

Assembly for solder bond joint damage prevention.

3.1. Motivation of Experiment

Optimizing Head Gimbal Assembly cleaner to reduce solder bonding joint
crack required understanding of crack characterization. For normal process, Head
Gimbal Assembly is fabricated with automatically process at front of the l-ine and
then submit to clean by ultrasonic cleaning before send to perform electrical test for
monitoring the quality and reliability of the product. Good and fail part can be
detected in the electrical test process. But we found some failures after send Head
Gimbal Assembly to next step. This failure cannot be detected by electrical test and
may be escape or develop in the next assembly process. Solder bonding joint crack
is one of those concerned caused by failure. In our process, we found some solder
boding joint crack characterizations cannot be detected by electrical test, but it can

develop and show failure symptom in the next assembly process.
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3.2. Solder Bond Joint Crack Characterization

In order to characterize the solder bond joint, both fail and good parts in
normal operations and experimental design parts were taken to monitor solder bond
joint crack by Bench top Scanning Electron Microscope (SEM) at 150x magnification
(NeoScope JCM-5000 by Nikon Instruments Inc.) And then submitted to the electrical

tests (Seagate design) for pad resistant measurement.

There were 2 parts of Solder bonding joint crack characterization experiment.

3.2.1. 1** Solder Bond Joint Crack Characterization Experiment

First experiment part was carried out per flowchart in Figure 3.1 in order to
characterization solder bonding joint crack in term of Scanning Electron Microscope
(SEM) image and then mapping physical image with electrical resistant results by

Electrical Tester machine.

HGA Assembly
v

1x Cleaning

v

Electrical Test

SEM

No["Send to next
process

Yes

Matching image with resistant
data

Figure 3.1 Flowchart for 1** Solder Bond Joint Crack Characterization Experiment
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Head Gimbal Assembly parts were built in a normal process, assembly slider
and suspension in automation process and then send to clean by agueous ultrasonic

cleaning at following conditions:-

Ultrasonic Frequency 68 kHz
Ultrasonic Power 750 Watts
Cleaning Time 120 second

After completing part cleaning, HGA part were submitted to test at Electrical
Tester machine. Then all parts were submitted to Scanning Electron Microscope
(SEM) at 150x for physical solder bonding joint verification by SEM image. The solder
bonding joint crack image from SEM will be categorized and mapping each solder

bonding joint crack type image with electrical resistant results by Electrical Tester.

3.2.2. 2™ Solder Bond Joint Crack Characterization Experiment

Second experiment part was carried out per flowchart in Figure 3.2. Head
Gimbal Assembly parts were built in a normal process, assembly slider and
suspension in automation process and then send to clean by aqueous ultrasonic

cleaning at following conditions:-

Ultrasonic Frequency 68 kHz
Ultrasonic Power 750 Watts
Cleaning Time 120 second

After completing part cleaning, HGA part were submitted to test at Electrical
Tester machine. Then all parts were submitted to Scanning Electron Microscope
(SEM) at 150x for physical solder bonding joint verification by SEM image. The solder
bonding joint crack image from SEM will be categorized and mapping each solder

bonding joint crack type image with electrical resistant results by Electrical Tester.
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A series of details experiment were carried out to test the validity of both
crack types growth in next HGA process that cause the resistant failure. To simulate
the production process as the experiment was carried out within the production
cycle and selected 15 parts of each solder bonding joint crack types by SEM image.
And then, the selected parts were continuing 5 ultrasonic cleaning cycle times in the
normal production process, which is a higher cleaning cycle of the Hard disk drive
process. The validation experiment was carried out by comparison, both resistant
results from electrical tester and a solder bonding joint crack image by SEM between

1 time and 6 ultrasonic cleaning time's cycle by pair T-Test hypothesis.
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HGA Assembly
Y
1x Cleaning
v
Electrical Test

\Z
SEM

Collect resistant
data (Ohms)

Collect image
data

No| Send to next
process

Yes

Identify crack type

4

5X Cleaning
v

Electrical Test

Collect resistant
data (Ohms)

SEM Collect image
M
Report Results Crack criteria

Figure 3.2 Flowchart for 2™ Solder Bond Joint Crack Characterization Experiment

3.3. Effect of Ultrasonic Cleaning Parameters to Solder Bond Joint

To test and validate the effect of ultrasonic cleaning parameters to solder
bond joint damage, the three of ultrasonic cleaning parameters, Frequency, Power
and Time, were varies in agueous ultrasonic cleaning system. The different aqueous

ultrasonic cleaning parameters are shown in Table 3.1.
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Table 3.1 Design of Experiment Parameters for Effect of Ultrasonic Cleaning

Parameters to Solder Bond Joint Damage

Ultrasonic cleaning parameters Level

1. Frequency 68 kHz
132 kHz
192 kHz

2. Power 500 Watts
750 Watts
900 Watts

3, Time 0 second (without clean)
60 seconds

120 seconds

The experiments were performed by as following hypothesis:-

Hypothesis 1: Effect of Ultrasonic Frequency to Solder bond joint

In this hypothesis, all factor levels of ultrasonic frequency were varied by a
fixed ultrasonic power at 500 Watts and cleaning time at 120 seconds to find out the
effect of ultrasonic frequency on solder bond joint crack and then select the worse

ultrasonic frequency to do the next experiment staging.

Hypothesis 2: Effect of Ultrasonic Power to Solder bond joint

The ultrasonic frequency that is highest effect of solder bonding joint crack
rate was selected as a fixed ultrasonic frequency, then varied ultrasonic power at all
levels in order to verify the effect of ultrasonic cleaning power to solder bond joint

crack rate.

Hypothesis 3: Effect of Ultrasonic cleaning time to Solder bond joint
One ultrasonic frequency and power condition was selected as at a fixed
ultrasonic frequency and power, then varied ultrasonic time at all levels in order to

verify the effect of ultrasonic cleaning time to solder bond joint crack rate.
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3.3.1. Experiment Methodology

Al experiments were carried out in the class 100 Cleanroom. 300 Head
Gimbal Assembly per experiment were built and bonded by a solder ball with same
machine and setting. Each Head Gimbal Assembly was 100% monitor joint crack

before sending to clean by aqueous ultrasonic cleaning by using Ultrasonic tank and

generators as following condition:-

Ultrasonic Frequency 68 kHz
132 kHz
192 kHz
Ultrasonic Power 500 - 900 watts
| Controlled
300 HGAs Assembly ® Slider & suspension (ot

¢ Assembly machine

v

Varied Parameter

Ultrasonic frequen
1x Cleaning queney

®  Ultrasonic Power

®  Ultrasonic time

v

SEM Collect image

v

Analysis results

Figure 3.3 Flowchart for Ultrasonic Effect on Solder Bond Joint Crack Experiment

3.3.2. Experiment Equipment

Agueous ultrasonic cleaning in manufacturing factory, “Crest Ultrasonics”
Precision Cleaning System was provided for all experiments. This aqueous ultrasonic

cleaning can be changed the ultrasonic frequency by changing ultrasonic generator
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6.2. The Effect of Ultrasonic Cleaning Parameters to Solder Bond Joint

In the thesis results, they lead to the conclusion that solder bond joint crack
were came from the combination of resonant vibration and cavitation energy of
ultrasonic cleaner, while resonate vibration on the solder bond joint is likely to be
the main effect of cracks or damage like Jiang Yugqi [12] had reported in his studied
on the effect of ultrasonic cleaning on the bond wire using Finite Element Analysis
(FEA). The studied showed that the heel crack of bond wire is induced by resonant
vibration. In the experiment of ultrasonic frequency that effect, to develop cracks or
fracture in the solder bond joint, different frequency (68 kHz, 132 kHz and 192 kHz)
at the same power of ultrasonic cleaning were used to clean the HGAs.
Crack/fractures of the solder bond joint are found only at 68 kHz frequency. This
result lead to conclude that the solder bond joint can be resonated when cleaner of
68 kHz is used and the solder bond joint is not easy to rent when 132 kHz and 192
kHz ultrasonic cleaning are used because the natural frequ.ency of the solder bond
going is not close to 132 kHz or 192 kHz. The failure mechanism of solder bond joint
is fatigue fracture.

In addition, at higher power or longer cleaning time generated both more
fatigue fracture and higher ultrasonic energy to solder bond'joint that the effect of

higher solder bond joint crack rate.

6.3. Measurement Method for Ultrasonic Energy

Two ultrasonic measurement methods, cavitation energy and sound pressure
signal, are examined in order to obtain a suitable measurement method for
predicting 'the ultrasonic energy that effected to the solder bond joint. The
experimental results show sound pressure is a better solder bond joint crack rate

prediction than cavitation energy at R square equal to 96.3 and 63.6%, respectively.

6.4. Future work

From this research, the effect of each critical parameter to solder bonding
joint crack rate were studied with a suitable aqueous ultrasonic cleaning
measurement. More studies of process optimization in term of solder bonding joint

crack prevention and cleanliness optimization by a proper design of experiment base
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on the effect of each critical parameter should be performed in the future in order
to find the suitable aqueous ultrasonic cleaning setting,

In addition, Megasonic cleaning effect to the solder bond joint is another
topic for next researcher. New technology of part cleaning such as Carbon Dioxide
Cleaning (CO, cleaning), Laser cleaning and Plasma cleaning, should perform solder

bond joint damage study.
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i MEASUREMENT METHOD FOR ULTRASONIC ENERGY THAT
| IMPACT TO SOLDER BOND JOINT

The traditional measurement of ultrasonic energy is focused
/‘on cavitation energy, which is related to erosion. The
cavitation is trying to measure in many methods, such as “Foil
.Test” and cavitation meter. John Kolyer from Boeing!'" has
"written articles on this topic, including one that compared the
-ise of the foil test as compared to a cavitation meter.
However, the cavitation energy is not representing overall
energy in cleaning tank as see in Table 3.

TABLE 3
THE COMPARISON BETWEEN CAVITATION ENERGY AND SOUND PRESSURE
[ Ultrasonic Cavitation Sound “Small”
Cleaner Energy Pressure Crack/Total
part
132 kHz 45 207 12/300 = 4%
750 watts
132 kHz 38 109 0
500 watts
68 kHz 114 243 24/300 = 8%
750 watts
68 kHz 105 171 9/300 =2%
k500 watts

The results show that the high frequency (132 kHz)
enerates lower cavitation energy than the low frequency (68
) at the same power, which is corresponded with the
revious paper [9] that introduced that frequency affects the
ize of the cavitation bubbles and the corresponding cavitation
q':nergy is the frequency of the ultrasonic wave. Specifically, at
igher wave frequencies there is less time for the bubble to
row. The result is smaller bubbles and a corresponding
eduction in cavitation energy. The cavitation energy cannot
redict the solder bond joint crack rate as see in Table 3. At
32 kHz, 750 watts that has lower cavitation energy than 68
¢Hz, 500 watts, but it observed a higher crack rate.
The sound pressure measurement (!, another tool that
rovided to measure the ultrasonic energy in cleaner tank, is
“jntroduced in this paper to measure ultrasonic energy both
.qavitation energy and resonant vibration energy in ultrasonic
leaning. The results of sound pressure measurement of each
leaner frequency and power are shown in Table 3. The
results show high sound pressure power has higher solder
bond joint crack rate. The sound pressure meter can be
provided to predict solder crack rate.

68
CONCLUSIONS

The evidence leads one to the conclusion that the
combination of resonant vibration and cavitation energy of
ultrasonic cleaner is the likely cause of the solder bond joint
crack. Low ultrasonic frequency, 68 kHz, generated higher
ultrasonic energy that effect to solder bond joint crack rate
than higher ultrasonic frequency, 132 kHz and 192 kHz, at
same ultrasonic power. In contrast, higher power and longer
cleaning time generated higher ultrasonic energy that effect to
solder bond joint crack rate. In addition, two ultrasonic
measurements are provided to predict the ultrasonic energy
that effected to solder bond joint. Sound pressure is a better
solder bond joint crack rate prediction than cavitation energy
that provided for corrosion monitoring in ultrasonic cleaning.
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