Apparatus, control method and control device of semiconductor packaging

Field of the Invention

The present invention relates to a field of semiconductor manufacturing technology,

particularly to an automated control of semiconductor manufacturing and assembly.

Background of the Invention

In the manufacture process of semiconductor components, especially in the assembly
and packaging process of semiconductor components, it is often necessary to move
semiconductor components from one location to another, such as transferring and bonding a
die from a wafer to a substrate. In order to complete the transfer, it is generally necessary to
arrange a motor on a transfer device for transferring the semiconductor components, the
motor being capable of driving the transfer device to move according to a predetermined
trajectory. Meanwhile, in prior arts, it is usually necessary to install a precise touch sensor
on a transfer device to detect a touch event between a semiconductor component and other
devices or a substrate during the transfer. A motion control unit can automatically update
the trajectory settings of the transfer device according to the touch event obtained by the

touch sensor, to achieve precise control of the component assembly and manufacture.

However, for a semiconductor manufacturing apparatus with multiple transfer devices
(such as a multi-head bonding device), if each of the transfer devices is provided with a
touch sensor, the entire semiconductor manufacturing apparatus becomes abnormally
complicated and expensive. Nowadays, semiconductor manufacturing apparatus are
pursuing compact modularity, which may not have enough space to install touch sensors.
These problems, as well as many other problems caused by touch sensors, make it
impossible to accurately control and operate a semiconductor manufacturing apparatus with

multiple transfer devices.

Summary of the Invention




At least one object of the present invention is to provide a semiconductor packaging

apparatus for the above problems existing in the prior arts.

In one aspect of the invention, a semiconductor packaging apparatus is provided, the
semiconductor packaging apparatus comprising: a bonding device for bonding a component
to a substrate; a motor for driving the bonding device to operate according to a
predetermined motion trajectory; a position sensor for detecting a position of the bonding
device at a specific time point and generating a position signal; a motion control unit
comprising a path planner for generating a position-time command for the bonding device,
the motion control unit being configured to enable the path planner to update the
position-time command based on the touch information between the component and the

substrate.

Preferably, the motion control unit is further configured to: obtain the position signal
generated by the position sensor at a specific time point; compare the position signal with a
position command generated by the path planner; produce a corresponding rectifying
command relating to force or torque to control the motion of the motor according to a result

of the comparison.

Preferably, the semiconductor packaging apparatus further comprises a motor driver,
the motor driver being configured to: obtain a rectifying command; obtain a present phase
current of the motor and generate a corresponding feedback signal; compare the rectifying
command with the feedback signal, and adjust the outputted phase current to the motor

according to a result of the comparison.

Preferably, the touch information comprises: a time point when the component
touches the substrate; and/or a position where the component touches the substrate; and/or a

speed of the component before touching the substrate.

Preferably, the update of the position command makes the bonding device to move at
a preset speed for a preset time period before and after the component and the substrate

being touched.

Preferably, the updated position-time command enables the component to reach a
preset pressing force in a shorter time and continue to maintain a preset pressing time after

the touch information occurs.

Preferably, the semiconductor packaging apparatus further comprises a touch

detecting unit for detecting the touch information, the touch detecting unit being configured



to: obtain a plurality of rectifying commands within the most recent sample period from the
motion control unit; determine a mean value of the plurality of rectifying commands during
the most recent sample period; obtain the latest rectifying command after the most recent
sample period; calculate a difference between the mean value and the latest rectifying
command; determine whether there is a touch between the component and the substitute

according to the difference.

Preferably, if the difference is greater than a predetermined threshold, it is determined

that the touch occurs.

Preferably, if signs for a preset of successive said difference values remain unchanged,

then it is determined that the touch occurs.

In another aspect, a method of controlling a semiconductor packaging apparatus is
provided, the semiconductor packaging apparatus comprising a bonding device for bonding
a component to a substrate, a motor for driving the bonding device, and a motion control
unit for controlling the motor, the method comprising: receiving a plurality of rectifying
commands relating to force or torque within the most recent sample period from the motion
control unit; determining a mean value of the plurality of the rectifying commands;
obtaining the latest rectifying command after the most recent sample period; determining a
difference between the mean value and the latest rectifying command; determining whether
there is a touch between the component and the substitute according to the difference;
updating the position command, stored in the motion control unit, relating to the

predetermined motion trajectory of the bonding device, when the touch occurs.

Preferably, if the difference is greater than a predetermined threshold, it is determined

that the touch occurs.

Preferably, if signs for a preset of successive said difference values remain unchanged,

then it i1s determined that the touch occurs.

Preferably, before the touch between the component and the substrate occurs, the
bonding device moves at a preset constant speed and the motion control unit notifies a

touch detection unit to start touch detection.

Preferably, the position-time command updated after the occurrence of the touch
information enables the component to reach a preset pressing force in a shorter time and

continuously maintain the preset pressing time.



Preferably, the method further comprises: obtaining an actual position of the bonding
device at a specific time point through a position sensor and generating a position signal;
comparing the position signal with a position command generated by a path planner in the
motion control unit; controlling the motion of the motor based on the corresponding

rectifying command produced from the comparison result.

Preferably, the method further comprises: obtaining the latest rectifying command of
the motion control unit; obtaining the latest phase current of the motor and generating a
corresponding feedback signal; comparing the latest rectifying command with the feedback
signal; adjusting the actual outputted phase current to the motor according to a comparison

result.

In another aspect, a control device for semiconductor packaging apparatus is provided,
wherein the semiconductor packaging apparatus comprises a bonding device for bonding a
component to a substrate and a motor for driving the bonding device, the control device
comprising: a motion control unit for controlling motion of the motor to control a motion
trajectory of the bonding device; a touch detection unit being set to: receiving a plurality of
rectifying commands relating to force or torque within the most recent sample period from
the motion control unit; determining a mean value of the plurality of rectifying commands;
obtaining the latest rectifying command after the most recent sample period; determining a
difference between the mean value and the latest rectifying command; determining whether
there is a touch between the component and the substitute according to the difference;
wherein the motion control unit being set to: updating the position-time command by the

path planner when the touch detection unit determines that the touch occurs.

Preferably, if the difference is greater than a predetermined threshold, it is determined

that the touch occurs.

Preferably, if signs for a preset of successive said difference values remain unchanged,

then it is determined that the touch occurs.

Preferably, the updating of a position command makes the bonding device to move at
a preset speed for a first predetermined period of time before and after the component and

the substrate being touched.

Preferably, the updating of the position command makes the component to be
continuously pressed to the substrate with a predetermined force for a second

predetermined period of time.



Preferably, the motion control unit is further configured to: obtain a position of the
bonding device at a specific time point by a position sensor and generate a position
feedback signal; compare the position feedback signal to a position command generated by
the path planner in the motion control unit; generate a corresponding rectifying command

based on the result of the comparison to control the motion of the motor.

Preferably, the control device further comprises a motor driver, the motor driver being
configured to: obtain the latest rectifying command of the motion control unit; obtain the
latest phase current of the motor and generate a corresponding input feedback signal;
compare the latest rectifying command with the input feedback signal; adjust the outputted

phase current to the motor according to the result of the comparison.

According to the technical solution of the present invention, the use of the touch
sensor in the prior arts can be omitted, thereby overcoming various defects in the prior arts
due to the use of the touch sensor. In addition, the invention can effectively ensure or even
improve the manufacturing quality of semiconductor components by using the touch

detection module.

The above is a summary of the present application, and may be simplified,
summarized, and partially omitted. It is to be understood by those skilled in the art that this
part is only illustrative and not intended to limit the scope of the application. This summary
is not intended to identify key features or essential features of the claimed subject matter,

nor intended to be used as an aid in determining the scope of the claimed subject matter.

Brief Description of Drawings

The above and other features of the present invention will be fully understood through
the following specification and claims combining with figures. It is to be understood that
the figures do not limit the scope of the invention. The invention will be illustrated by the

figures and become more clear.

Figure 1 is a schematic diagram of a bonding device of a semiconductor packaging

apparatus according to the present invention.

Figure 2 is a motion trajectory diagram of the first half bonding process of a bonding
device shown in Fig. 1 and shows a variation of speed, acceleration and position of the

bonding device as time changes.



Figure 3 is a schematic diagram of a control structure for a semiconductor packaging

apparatus according to the present invention;
Figure 4 is a schematic flow chart of the TDA (touch detection algorithm) in Fig. 3;

Figure 5A is a motion trajectory diagram of a prior art bonding device obtained by an

oscilloscope;

Figure 5B is a schematic diagram of a motion trajectory of the bonding device with

the TDA according to the present invention;

Figure 6 shows an exemplary mathematical model for the touch detection algorithm of

the present invention.

Detailed Description of the Embodiments

Specific embodiments of the present invention will be specifically described below
with the figures. In the figures, similar symbols generally indicate similar components
unless otherwise noted. The embodiments described in the detailed description, figures and
claims are intended to be illustrative and not defining. Other embodiments may be utilized,
and other changes may be made, without departing from the spirit or scope of the subject
matter of the application. It will be understood that various configurations, substitutions,
combinations and designs of various aspects of this application described in general in this
article and illustrated in the figures can be made in various forms, all of which will form

part of this application.

Figure 1 is a schematic diagram of a bonding device 100 of a semiconductor
packaging apparatus. The bonding device 100 can also be used in a variety of other types of
semiconductor manufacturing apparatus. For example, a semiconductor packaging
apparatus suitable for use in connection with the present invention is patent application
PCT/CN2016/071706 entitled “Apparatus and method for packaging components” filed by
this applicant on January 22, 2016, and patent application PCT/CN2016/076233 entitled
“Chip packaging apparatus and method thereof”, filed on March 14, 2016. The contents of

the two applications are hereby incorporated by reference in its entirety.

Referring to Fig. 1, the bonding device 100 comprises a substantially cylindrical
housing 120 having a cavity therein for receiving a spring 110 and a slider 150. The size of

the main body of the slider 150 is substantially identical to the size of the cavity of the



housing 120 such that the slider 150 can smoothly slide along Z-axis within the cavity. The
upper end of the slider 150 is in connection with the helical spring 110, and the other end is
connected to a shaft 160. The slider 150 is connected to the shaft 160 through a mounting
portion, which extends from the housing 120. The shaft 160 can be provided with a suitable
mechanism (such as a suction cup) to pick up a component 300, such as a die. It can be
understood that in the process of bonding the component 300 to the substrate (not shown),
the component 300 picked up by the bonding device 100 will stop moving due to touching
the substrate, but the housing 120 of the bonding device 100 will continue to move toward
the substrate and to compress the spring 110 in the housing 120 such that the component
and the substrate are bonded to each other by an adhesive under a certain pressure. The
pressure can be adjusted and set by the spring 110. The inner cavity surface of the housing
120 is provided with a flange that abuts one end of the main body of the slider 150, to block
the slider 150 from slipping out of the cavity. The housing of the bonding device 100 is
further mounted with a motor 140 for driving the bonding device 100, and a position sensor
130 for detecting the position of the bonding device 100 at a specific time point, generating
a position signal and sending the signal to a motion control unit 170 (see Fig. 3). The
motion control unit 170 will form a closed loop control of the movement of the bonding

device 100 according to the position signal (described in further detail below).

As described above, the shaft 160 of the bonding device 100 of Fig. 1 can be equipped
with a component pick-up device (not shown), such as a vacuum suction cup. For example,
when the mechanism is moved to a wafer, the bonding device 100, under the drive of the
motor 140, will pick up the die 300 from the wafer through the suction cup. Then, when the
mechanism moves to a dipping platform, the bonding device 100 is moved by the motor to
the dipping platform to apply the die to the adhesive. Finally, as the mechanism moves over
the bonding plane, the bonding device 100 is driven by the motor to the bonding plane
shown in Fig. 1, ready to bond the die to the substrate on the bonding plane. In order to
achieve the bonding, the bonding device 100 starts to accelerate toward the substrate
located on the bonding plane from a predetermined position above the bonding plane. After
reaching a preset speed, the bonding device 100 moves at a constant speed for a preset
period of time, and then decelerates until stop, thereby completing the bonding of the die to
the substrate. After completing the above bonding, the suction cup releases the die. It then
returns according to the opposite motion trajectory, and moves to the picking platform to

restart the bonding process for the next die.



Fig. 2 is a motion trajectory diagram of the first half bonding process of the bonding
device shown in Fig. 1 and also shows an acceleration curve 200, a speed curve 210, and a
position curve 220 representing changes in acceleration, speed, and position of the bonding
device, respectively. The horizontal axis in Fig. 2 represents time in milliseconds; the
vertical axis is in micrometers, and the values on the vertical axis represent the bonding
device 100’s acceleration on the acceleration curve 200, speed on the speed curve 210 and

position on the position curve 220.

Referring to the position curve 220 in Fig. 2, the position curve 220 represents the
motion trajectory of the bonding device moving from position A (0, 100) to position B (100,
-50) during a bonding process. The zero position (60, 0) of the position curve 220
corresponds to the position of the bonding device 100 when the picked die 100 touches the
substrate on the bonding plane. In combination with the acceleration curve 200 and the
speed curve 210, the entire bonding process of the bonding device 100 is: the housing 120
of the bonding device 100 is activated from position A and moves downward toward the
bonding plane with an acceleration of 200 pm/ms; at about 20 ms, the housing 120 of the
bonding device 100 reaches 100 um/ms and keeps moving downward at this speed; at about
60ms , the die on the bonding device 100 touches the substrate on the bonding plane; at
about 80ms, the housing of the bonding device 120 begins to move downward at a

deceleration of 100 pm/ms until it stops at position B.

Referring to Fig. 3, it shows a schematic diagram of a control structure for a
semiconductor packaging apparatus according to the present invention. It should be noted
that, for brevity, most of the devices of the packaging apparatus are omitted, and only the
bonding device 100 and its partial control components are shown. Although this
specification is made by taking only the bonding device in the packaging apparatus as an
example, those skilled in the art can understand that the present invention can be applied to
various other semiconductor manufacturing apparatus or components after understanding

the spirit and principle of the present invention. .

In Fig. 3, the semiconductor packaging apparatus comprises the bonding device 100
for bonding a component to a substrate. The bonding device 100 is provided with a motor
140 for driving the bonding device 100, and a position sensor 130 for detecting the position
of the bonding device 100 at a specific time point and generating a position signal. The
motor 140 can be selected according to actual needs, such as a linear motor of type UF3 or

UM6 produced by Dutch company Tecnotion, or a linear voice coil motor AVM3x/4x



produced by Singapore company Akribis. The position sensor can also be selected
according to actual needs, such as various suitable encoders. For example, a linear encoder
manufactured by Micro-E/Renishaw/Heidenhain can be used to match the corresponding

linear motor or voice coil motor.

The semiconductor packaging apparatus also comprises a motion control unit 170 for
controlling the motion of the motor 140. The motion control unit comprises a path planner
171 that can generate a position-time command of the motion trajectory of the bonding
device 100 at various time points in the bonding process. A MEI Synqnet controller can be
selected as the motion control unit 170.The semiconductor packaging apparatus further
comprises a motor driver 180 configured to receive a rectifying command sent from the
motion control unit 170 and provide a corresponding phase current to the motor 140
according to the rectifying command, thereby driving the motor 140 to perform a
corresponding motion. The motor driver 180 can be selected according to specific needs.

For example, an iMx driving unit produced by Singapore Capcon Ltd can be selected.

As shown in Fig. 3, the semiconductor packaging apparatus may further comprise a
touch detection algorithm TDA being configured to: after receiving the start signal “Arm”
of the motion control unit 170, the TDA starts to continuously receive rectifying commands
“Icmd” from the motion control unit 170 regarding the operation of the motor 140, and
detects a touch event “TD-event” that occurs on the bonding device during the bonding
process according to the received rectifying command “Icmd”, and sends the touch event
“TD-event” to the motion control unit. The motion control unit will update the next
location-time command based on the touch event “TD-event”, and/or change the control
flow. The specific working principle and manner of the TDA will be specifically described

and illustrated below in conjunction with Fig. 4.

During operation of the packaging apparatus shown in Fig. 3, the motion controller
170 compares the position command “Pcmd” generated by the path planner with the actual
position “Pfb” fed back by the position sensor 130 to generate a rectifying command
“Iecmd”. The “Icmd” is sent to the motor driver 180 and is compared with the actual phase
current “Ifb” detected in the coil by the motor driver 180 to generate a phase current control
command. The current control command is outputted to the motor through a space vector
conversion module. The motor can drive the bonding device to perform a bonding process
with a predetermined motion trajectory (including acceleration, speed, and position) under

the action of the phase current.



In order to be able to accurately control the movement of the bonding device, a closed
position feedback loop is provided in the control system. As shown in Fig. 3, the position
sensor 130 on the bonding device obtains the position of the bonding device 100, and
generates and sends a position feedback signal “Pfd” of the bonding device to the motion
control unit 170. The motion control unit 170 compares the received position feedback
signal “Pfd” with a preset position command through a comparator 172, and adjusts the
rectifying command “Icmd” based on comparison. The adjustment of the rectifying
command “Iecmd” makes the phase current provided to the motor to be adjusted accordingly,
thereby enabling the actual motion trajectory of the motor to be closest to the
predetermined motion trajectory. In addition, the motor position feedback signal “Pfd” of
the position sensor 130 may also be sent to a space vector converter to optimize the

outputted phase current.

The control system shown in Fig. 3 is also provided with a gain control unit to further
improve the running accuracy of the motor and the bonding device. As shown in Fig. 3, in
the motor driver 180, the phase current outputted by the space vector conversion module is
converted into an input feedback signal “Ifd”. A comparator 182 in the motor driver 180
compares the input feedback signal with the rectifying command “Iemd” and adjusts the
rectifying command “Icmd” based on the comparison. Thereafter, the space vector
converter outputs a new phase current to the motor 140 based on the adjusted “Icmd”, so
that the motor 140 can drive the bonding device 100 to move closest to the predetermined

motion trajectory.

The touch detection algorithm (TDA) 190 in Fig. 3 will be specifically described
below with reference to Fig. 4. The touch detection algorithm 190 includes a memory
module 191 and a calculation comparison module 192. The memory module 191 can obtain
and store a plurality of rectifying commands In.w-In during the most recent sample period.
The number of rectifying commands depends on the duration of the sample period. The
calculation comparison module 192 is configured to calculate an average of the plurality of
rectifying commands In.w-In and receive the latest rectifying command Iy during the
sample period. The average is then compared to the latest rectifying command. The TDA
further includes a touch determination module 193, which is configured to determine
whether there is a touch event (TD-event) based on the comparison. Wherein, if the
difference value is greater than a preset threshold, it is determined that there is a touch; or,

if signs for a preset number of successive said difference values remain unchanged, then it
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is determined that there is a touch. The term “signs of said difference values” means that
the difference is positive or negative. In general, the former often occurs in the case of
high-speed movement of the bonding device, while the latter often occurs in the case of
low-speed movement of the bonding device. The touch determination module may be
configured to determine a touch event only in a high-speed condition, or only in a

low-speed condition, or in both conditions.

Referring to Fig. 4, at time N, by using the concept of sample memory, the following

formula can be obtained:
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At time N, the latest rectifying command “Icmd” is Iy, and the latest sequence In.j,
In2, ..., Inw Of W rectifying commands have been stored in the sample memory. And the
average of the sequence is l,y,. Therefore, Ty can be calculated. When Tn>Th, the threshold
mode detects the occurrence of a touch event. This is generally applicable to a case where a
preset average speed is relatively high before the touch. The sign Sy of Tx can also be
determined. When there are successive m identical signs, it means that a successive sign
mode detects the occurrence of a touch event. This is generally applicable to the case where
the preset average speed is relatively low before the touch. Any one of the detection modes
can be used to detect the occurrence of a touch event; or two modes can be used together.

No matter which mode satisfies the criterion, a touch event is considered to occur.

Referring to Fig. SA and Fig. 5B, wherein Fig. 5A is a motion trajectory diagram of a
prior art bonding device in a bonding process, whereas Fig. 5B is a motion trajectory
diagram of a bonding device using the TDA in a bonding process of the present invention.
By comparing the two, the beneficial effects of the present invention can be more clearly
seen. It must be noted that the motion trajectory diagram is obtained by a digital

oscilloscope and is only for illustrative purposes instead of being for limitation.

Fig. 5A shows a motion trajectory diagram of a prior art bonding device in a back and
forth bonding process. The x-axis represents time and y-axis represents height of the

housing of the bonding device. The height is zero when the component on the bonding
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device touches the bonding surface or the substrate on the bonding surface. It can be
understood that the slope of the trace line in the figure represents the speed of the bonding
device. As shown in Fig. 5A, at time T1, the bonding device starts moving toward the
substrate from height P1 at speed V1. At time T2, the bonding device reaches height P2 and
continues to move toward the substrate at speed V2 that is less than V1. At times T3, the
component on the bonding device touches the substance (height P4, also called “zero point™)
and stops moving. However, the speed of the housing of the bonding device does not
change and continues to move toward the substrate, and compresses the spring within the
housing to apply a predetermined pressure to the substrate through the slider 150 and the
shaft 160. At time T5, the bonding device reaches height P6 and stops moving until T6.
Starting from T6, the bonding device returns in the reverse order of T1-T5 to pick up the

next component for bonding.

Referring to Fig. 5B, in the bonding process of the present invention, at time D1, the
bonding device starts moving toward the substrate from height P1 at speed V1. Normally,
the difference of height between two adjacent bonding positions is close to zero. Since the
exact height is already known by the touch detection method of the present invention when
the previous touch occurs, at time D2, the bonding device can move to height P3 which is
closer to the bonding device with the faster speed V1, and then continues to move toward
the substrate at the safe speed V2 that is less than V1. At time D3, the component on the
bonding device touches the substrate (height P4, also called “zero point”) and stops moving.
However, the housing of the bonding device continues to move toward the substrate and
compresses the spring in the bonding device to apply a predetermined pressure to the
substrate. At time D4, the housing of the bonding device is accelerated to V1°, which is
equal to V1, moving downward. At time D5, when the housing of the bonding device
reaches height P6, it stops moving until D6. Starting from D6, the bonding device returns in
the reverse order of D1-D5 to pick up the next component for bonding. Since the impact
force is proportional to the speed at the touch, it is desirable that the speed before the touch
event is as small as possible; on the other hand, in the entire bonding process, the total time
is desired to be as short as possible. The present invention fully satisfies the demands of
these two aspects, so that movements at high-speed V1 occur in most paths, such as paths
P1-P3 and P5-P6 in Fig. 5B, which greatly save time; at the same time, movements at low
speed V2 occur in a small path to reduce the touch impact, such as the path P3-P5 in Fig.
5B.
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In order to complete the bonding, the bonding device needs to run from height P1 to
P6 and then return from P6 to P1. This process can be seen as the bonding process. The
duration of the bonding process directly affects the manufacturing efficiency for packaging
components. As can be seen from Fig. 5, in the case where the touch detection is not used
(Fig. 5A), it takes time T1-T10 for the bonding process. In the case where the touch
detection according to the present invention is used (Fig. 5B), it takes time D1-D10, which
is shorter than T1-T10, for the bonding process. It can be seen that the touch detection of
the present invention can effectively reduce the process time, thereby greatly improving the
bonding efficiency and the manufacturing efficiency. Reducing the bonding time is taking
advantage of increasing the moving speed of the bonding device without decreasing the

bonding quality.

In the bonding process shown in Fig. SA and Fig. 5B, time T5-T6 and time D5-D6 are
the time periods for a bond holding process, that is, the process which the component and
the substrate are fixedly joined together by an adhesive. During the bond holding process,
the bonding device stops moving and applies a predetermined bonding force to the
component through the spring. The duration of the process directly affects the bonding
quality. It can be understood that when other conditions are same, as the bond holding
process being longer, the adhesive between the component and the substitute can be better
cured, so that the bonding effect is better. As can be seen by comparing Fig. SA and Fig. 5B,
time T5-T6 and time D5-D6 are substantially same. That is to say, after using the touch
detection according to the present invention, even if the duration of a single bonding
process is reduced, the duration of bond holding process is not reduced, so that the
manufacturing efficiency for packaging semiconductors can be effectively improved while

ensuring the bonding quality.

Another determinant of component bonding quality is the speed of the component
right before it touches the substrate, which can be called a touch speed. The component will
have an impact when it touches the substrate. If the speed is too fast, the impact force will
be too large. The excessive impact may damage the component and the substrate. Moreover,
since the component is bonded to the substrate by adhesive, an excessive impact force will
affect the distribution of the adhesive between the component and the substrate. Therefore,
controlling the component to be at a suitable low speed right before touching the substrate
is needed. In one embodiment of the present invention, the specific steps includes:

detecting a touch location of the bonding device when a component touches a substrate;
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rectifying the next position command according to the touch position information, thereby
adjusting the touch speed of the bonding device at the touch position and the touch duration
of the bonding device running at the touch speed constantly, thereby rectifying the motion
trajectory of the bonding device over the entire bonding process. As can be seen from Fig.
5A and Fig. 5B, the bonding device keeps same speed for a period of time before and after
the component touches the substrate. That is, the bonding process shown in the figure using
the touch detection according to the present invention has the same bonding quality as the

bonding process in the prior art without the touch detection.

As a further illustration of the invention, Fig. 6 shows a mathematical model for the
touch detection algorithm of the present invention. It should be noted that the mathematical
model is for illustrative purposes only and is not intended to limit the invention in any way.
During the full operation of the bonding device, the signal characteristics of the rectifying
command are relatively complicated. However, for a predetermined known bonding action
control process, the path planner can roughly estimate the time period during which a touch
may occur. The path planner makes the bonding device move at a predetermined
appropriate speed and activates a TDA (touch detection algorithm) to start the touch
detection before detecting an exact time point and a touch position of the touch event
according to the present invention. The signal of the rectifying command “Icmd” in the
subsequent process has undergone “preset running time period at a constant speed before

touch”, “touch occurrence period”, and “period after touch” as generally shown in Fig. 6.

In Fig. 6, the solid-line box represents the sample memory in the control system. The
width w of the sample memory represents that there are w consecutive “Iemd” rectifying
commands temporarily stored in the memory; the height h of the sample memory represents
the difference between the maximum rectifying commands “Imax” and the minimum “Imin”
in the current sample memory; the average of all w samples in the sample memory is “lavg”,
represented by dashed line in the memory. During the entire touch detection process, the
sample memory is slid from position A of Fig. 6 to position B, and then slid to position C.
During the sliding process, w does not change, and h varies with changes in “Imax” and
“Imin”; “lavg” also changes with changes of the sample memory’s w samples at a certain
time. According to the present invention, the signal characteristics of the rectifying
command “Icmd” at the moment when the touch event occurs can be easily and accurately
extracted at a turning position of B as shown in Fig. 6, so that the path planner can optimize

the bonding after the touch occurs to make the bonding safe and more efficient.
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As shown in Fig. 6, hA, hB, hC represent the height of the sample memory at
positions A, B and C, respectively, depending on the signal characteristics. Define the

3xha<Th < NC.

threshold Th to satisfy: 2 where hA is a possible maximum height of the
sample memory in a preset running time period at a constant speed before touch; hC is a
possible maximum height of the sample memory during the touch occurrence period. The m

PTem<,

successive identical signs satisfies: 4 2" where w is the amount of data that can be

stored in the sample memory.

In one embodiment, the motion control has a sampling frequency of 2 KHz, that is, for
every 0.5ms, the motion control unit and the path planner can generate a new rectifying
command. For a 9-bit rectifying command, 32x9bit sample memory is used. When using
50-8 threshold, 8-12 successive signs, for a preset constant speed from 100mm/s to 1mm/s

before touching, bonding devices can accurately detect touch events.

It should be noted that although several units of the electrical connection device of the
embodiments of the present application are mentioned in the above detailed description,
such division is merely exemplary and not mandatory. In fact, according to the
embodiments of the present application, the features and functions of the two or more units
described above may be embodied in one unit. On the contrary, the features and functions

of one unit described above may be further divided into multiple units.

Those skilled in the art can understand and make other variations to the disclosed
embodiments by studying the specification, disclosed contents, figures and claims. In the
claims, “comprise(s)” does not exclude other elements or steps and singular noun do not
exclude plural. In a practical application of the invention, one unit/part can perform the
functions of a plurality of technical features cited in the claims. Any reference signs in the

claims should not be construed as limiting the scope.
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What is claimed is:

1. A semiconductor packaging apparatus, the apparatus comprising:
a bonding device for bonding a component to a substrate;

a motor for driving the bonding device to operate according to a predetermined

motion trajectory;

a position sensor for detecting a position of the bonding device at a specific time point

and generating a position signal,

a motion control unit comprising a path planner for generating a position-time
command for the bonding device, the motion control unit being configured to enable the
path planner to update the position-time command based on a touch information between

the component and the substrate.

2. The semiconductor packaging apparatus according to claim 1, wherein the motion

control unit is further configured to:
obtain the position signal generated by the position sensor at a specific time point;
compare the position signal with a position command generated by the path planner;

produce a corresponding rectifying command relating to force or torque to control the

motion of the motor according to a result of the comparison.

3. The semiconductor packaging apparatus according to claim 2, wherein the
semiconductor packaging apparatus further comprises a motor driver, the motor driver

being configured to:
obtain the rectifying command;

obtain a present phase current of the motor and generate a corresponding feedback

signal;

compare the rectifying command with the feedback signal, and adjust the outputted

phase current to the motor according to a result of the comparison.

4. The semiconductor packaging apparatus according to claim 1, wherein the touch

information comprises:
a time point when the component touches the substrate; and/or

a position where the component touches the substrate; and/or
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a speed of the component before touching the substrate.

5. The semiconductor packaging apparatus according to claim 1, wherein the update
of the position command makes the bonding device to move at a preset speed for a preset

time period before and after the component and the substrate being touched.

6. The semiconductor packaging apparatus according to claim 1, wherein the updated
position-time command enables the component to reach a preset pressing force in a shorter

time and continue to maintain a preset pressing time after the touch information occurs.

7. The semiconductor packaging apparatus according to claim 1, wherein the
semiconductor packaging apparatus further comprises a touch detecting unit for detecting

the touch information, the touch detecting unit being configured to:

obtain a plurality of rectifying commands within the most recent sample period from

the motion control unit;

determine a mean value of the plurality of rectifying commands during the most

recent sample period;
obtain the latest rectifying command after the most recent sample period;
calculate a difference between the mean value and the latest rectifying command;

determine whether there is a touch between the component and the substitute

according to the difference.

8. The semiconductor packaging apparatus according to claim 1, wherein if the

difference is greater than a preset threshold, it is determined that the touch occurs.

9. The semiconductor packaging apparatus according to claim 1, wherein if signs for a
preset number of successive said difference values remain unchanged, then it is determined

that the touch occurs.

10. A method of controlling a semiconductor packaging apparatus is provided, the
semiconductor packaging apparatus comprising a bonding device for bonding a component
to a substrate, a motor for driving the bonding device, and a motion control unit for

controlling the motor, the method comprising:

receiving a plurality of rectifying commands relating to force or torque within the

most recent sample period from the motion control unit;

determining a mean value of the plurality of the rectifying commands;
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obtaining the latest rectifying command after the most recent sample period;
determining a difference between the mean value and the latest rectifying command,;

determining whether there is a touch between the component and the substitute

according to the difference;

updating a position command, stored in the motion control unit, relating to the

predetermined motion trajectory of the bonding device when the touch occurs.

11. The method according to claim 10, wherein if the difference is greater than a

predetermined threshold, it is determined that the touch occurs.

12. The method according to claim 10, wherein if signs for a preset of successive said

difference values remain unchanged, then it is determined that the touch occurs.

13. The method according to claim 10, wherein before the touch between the
component and the substrate occurs, the bonding device moves at a preset constant speed

and the motion control unit notifies a touch detection unit to start touch detection.

14. The method according to claim 10, wherein the position-time command updated
after the occurrence of the touch information enables the component to reach a preset

pressing force in a shorter time and continuously maintain the preset pressing time.
15. The method according to claim 10, wherein the method further comprises:

obtaining an actual position of the bonding device at a specific time point through a

position sensor and generating a position signal;

comparing the position signal with a position command generated by a path planner in

the motion control unit;

controlling the motion of the motor based on the corresponding rectifying command

produced from the comparison result.
16. The method according to claim 10, wherein the method further comprises:
obtaining the latest rectifying command of the motion control unit;

obtaining the latest phase current of the motor and generating a corresponding

feedback signal;

comparing the latest rectifying command with the feedback signal;
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adjusting the actual outputted phase current to the motor according to a comparison

result.

17. A control device for semiconductor packaging apparatus is provided, wherein the
semiconductor packaging apparatus comprises a bonding device for bonding a component

to a substrate and a motor for driving the bonding device, the control device comprising:

a motion control unit for controlling motion of the motor to control a motion

trajectory of the bonding device;
a touch detection unit being set to:

receiving a plurality of rectifying commands relating to force or torque within the

most recent sample period from the motion control unit;
determining a mean value of the plurality of rectifying commands;
obtaining the latest rectifying command after the most recent sample period;

calculating a difference between the mean value and the latest rectifying

command;

determining whether there is a touch between the component and the substitute

according to the difference;

wherein the motion control unit being set to: updating the position-time command by

the path planner when the touch detection unit determines that the touch occurs.

18. The control device according to claim 17, wherein if the difference is greater than

a predetermined threshold, it is determined that the touch occurs

19. The control device according to claim 17, wherein if signs for a preset of
successive said difference values remain unchanged, then it is determined that the touch

occurs.

20. The control device according to claim 17, wherein the updating of a position
command makes the bonding device to move at a preset speed for a first predetermined

period of time before and after the component and the substrate being touched.

21. The control device according to claim 17, wherein the updating of the position
command makes the component to be continuously pressed to the substrate with a

predetermined force for a second predetermined period of time.
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22. The control device according to claim 17, wherein the motion control unit is

further configured to:

obtain a position of the bonding device at a specific time point by a position sensor

and generate a position feedback signal;

compare the position feedback signal to a position command generated by the path

planner in the motion control unit;

generate a corresponding rectifying command based on the result of the comparison to

control the motion of the motor.

23. The control device according to claim 17, wherein the control device further

comprises a motor driver, the motor driver being configured to:
obtain the latest rectifying command of the motion control unit;

obtain the latest phase current of the motor and generate a corresponding input

feedback signal;
compare the latest rectifying command with the input feedback signal;

adjust the outputted phase current to the motor according to the result of the

comparison.
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