POWER MANAGEMENT INTEGRATED CIRCUIT AND SEMICONDUCTOR
PACKAGE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to Korean Patent Application No. 10-
2022-0084223 filed on 8 July 2022 and Korean Patent Application No. 10-2022-0106120
filed on 24 August 2022 in the Korean Intellectual Property Office, the disclosures of each

of which being hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to a power management integrated circuit and
a semiconductor package, and more particularly, to a power management integrated circuit

with increased endurance.

BACKGROUND
[0003] A power management integrated circuit (PMIC) has recently emerged as an
important issue due to an increase in need for effective power management of mobile
products such as smart phones or tablet personal computers (PCs). In particular, a decrease
in power consumption and an increase in efficiency are essential aspects of power
management integrated circuits in mobile devices. Switching regulators, such as pulse width
modulation direct current-to-direct current (PWM DC-DC) converters, capable of providing
power with high driving voltage and excellent power efficiency have been widely used in

power management integrated circuits.



SUMMARY

[0004] It is an aspect to provide a power management integrated circuit that
prevents a drop in snapback breakdown voltage and prevents an increase in specific on-
resistance.

[0005] It is another aspect to provide a semiconductor package using a power
management integrated circuit.

[0006] According to an aspect of some embodiments, a power management
integrated circuit may comprise a buck converter that includes a first metal oxide
semiconductor field effect transistor (MOSFET) having a first conductivity type and a
second MOSFET having a second conductivity type, wherein the first MOSFET includes a
plurality of transistor sets that are two-dimensionally arranged, wherein each of the plurality
of transistor sets includes a plurality of source regions, a plurality of drain regions, and a
plurality of gate electrodes between the plurality of source regions and the plurality of drain
regions, wherein each of the plurality of source regions and each of the plurality of drain
regions includes an impurity region having the first conductivity type, wherein each of the
plurality of source regions further includes a plurality of segment regions having the second
conductivity type, wherein a first source region of the plurality of source regions is spaced
apart from a second source region of the plurality of source regions in a first direction, and
wherein a first number of the plurality of segment regions in the first source region is
different from a second number of the plurality of segment regions in the second source
region.

[0007] According to another aspect of some embodiments, a power management
integrated circuit may comprise a buck converter that includes a first metal oxide
semiconductor field effect transistor (MOSFET) having a first conductivity type and a

second MOSFET having a second conductivity type, wherein the first MOSFET includes a
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plurality of transistors sets that are two-dimensionally arranged, wherein a transistor set of
the plurality of transistor sets includes a source region, a drain region, and a gate electrode
between the source region and the drain region, wherein each of the source region and the
drain region includes an impurity region having the first conductivity type, wherein the
source region further includes a plurality of segment regions having the second conductivity
type, wherein the gate electrode extends in a first direction, and wherein the plurality of
segment regions are spaced apart from each other along the first direction.

[0008] According to yet another aspect of some embodiments, a power management
integrated circuit may comprise source regions and drain regions that are alternately
disposed in a first direction on a substrate; gate electrodes correspondingly between the
source regions and the drain regions; a source electrode connected in common to the source
regions; and a drain electrode connected in common to the drain regions, wherein each of
the source regions and each of the drain regions includes a first impurity region having a
first conductivity type, wherein each of the source regions further includes a second
impurity region having a second conductivity type, wherein the second impurity region
includes a plurality of segment regions that are spaced apart from each other, and wherein a
first density of the plurality of segment regions in a zone between the source electrode and
the drain electrode is greater than a second density of the plurality of segment regions in a
remaining zone other than the zone.

[0009] According to yet another aspect of some embodiments, a semiconductor
package may comprise a lower semiconductor package and an upper semiconductor
package on the lower semiconductor package, wherein the lower semiconductor package
includes a redistribution substrate; a first die and a power management integrated circuit
that are mounted on the redistribution substrate; an upper redistribution layer on the first die;

and a conductive pillar that vertically connects the upper redistribution layer to the
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redistribution substrate, wherein the upper semiconductor package includes an upper
substrate electrically connected to the upper redistribution layer; and a second die mounted
on the upper substrate, wherein the power management integrated circuit includes a buck
converter including a first metal oxide semiconductor field effect transistor (MOSFET)
having a first conductivity type and a second MOSFET having a second conductivity type,
wherein the first MOSFET includes a plurality of transistor sets that are two-dimensionally
arranged, wherein a transistor set of the plurality of transistor sets includes a source region,
a drain region, and a gate electrode between the source region and the drain region, wherein
each of the source region and the drain region includes an impurity region having the first
conductivity type, and wherein the source region further includes segment regions having

the second conductivity type.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates a block diagram showing an electronic device including a
power management integrated circuit according to some embodiments.

[0011] FIG. 2 illustrates a block diagram showing a power management integrated
circuit according to some embodiments.

[0012] FIG. 3 illustrates a circuit diagram showing a DC-DC converter according to
some embodiments.

[0013] FIG. 4 illustrates a plan view showing a semiconductor device according to
some embodiments.

[0014] FIGS. 5A and 5B illustrate cross-sectional views respectively taken along
lines A-A’ and B-B’ of FIG. 4.

[0015] FIG. 6 illustrates a plan view showing a semiconductor device according to a

comparative example.



[0016] FIG. 7 illustrates a cross-sectional view taken along line A-A’ of FIG. 6.
[0017] FIG. 8 illustrates a plan view showing a power management integrated
circuit chip according to some embodiments.

[0018] FIG. 9 illustrates a plan view of one DC-CD converter in a buck converter
region of the power management integrated circuit chip shown in FIG. 8, according to some
embodiments.

[0019] FIG. 10 illustrates an enlarged plan view showing one transistor set of the
DC-CD converter of FIG. 9 according to some embodiments.

[0020] FIGS. 11A, 11B, and 11C illustrate cross-sectional views respectively taken
along lines A-A’, B-B’, and C-C’ of FIG. 10.

[0021] FIGS. 12, 13, 14 and 15 illustrate enlarged plan views showing one transistor
set of the DC-CD converter of FIG. 9 according to some embodiments.

[0022] FIGS. 16 and 17 illustrate cross-sectional views showing a semiconductor

package including a power management integrated circuit according to some embodiments.

DETAILED DESCRIPTION

[0023] FIG. 1 illustrates a block diagram showing an electronic device including a
power management integrated circuit according to some embodiments.

[0024] Referring to FIG. 1, an electronic device 1000 may include a power
management integrated circuit (PMIC) 1100, an application processor (AP) 1200, an input
device 1300, a display 1400, a memory 1500, and a battery 1600. For example, the
electronic device 1000 may be one of apparatuses included in an automotive vehicle. In
some embodiments, the electronic device 1000 may be one of a smart phone, a personal
computer (PC), a tablet PC, a net-book computer, an e-reader, a personal digital assistant

(PDA), a portable multimedia player (PMD), an MP3 player, an ultra-mobile PC (UMPC), a



workstation, a portable computer, a web tablet PC, a tablet computer, a wireless phone, a
mobile phone, an e-book, a portable game console, a navigation system, a black box, a
digital camera, digital multimedia broadcasting (DMB) player, a three-dimensional
television, a smart television, a digital audio recorder, a digital picture player, a digital video
recorder, a digital video player, a storage included in a data center, a device capable of
communicating information under wireless environment, one of various electronic devices
included in a computer network, one of various electronic devices included in a telematics
network, a radio frequency identification (RFID) device, or one of various components
included in a computing system. In some embodiments, the electronic device 1000 may be a
wearable device, such as an electronic bracelet or an electronic necklace.

[0025] The power management integrated circuit 1100 may receive power from the
battery 1600. The power management integrated circuit 1100 may supply power to AP 1200,
the input device 1300, the displayer 1400, and/or the memory 1500, and may manage the
power in relation to the application processor 1200, the input device 1300, the displayer
1400, and/or the memory 1500. The electronic device 1000 may include at least one power
management integrated circuit 1100. For example, the electronic device 1000 may use a
single power management integrated circuit 1100 to supply power to the application
processor 1200, the input device 1300, the display 1400 and/or the memory 1500. For
another example, the electronic device 1000 may include a plurality of power management
integrated circuits 1100 for individually supplying power to the application processor 1200,
the input device 1300, the display 1400, and the memory 1500.

[0026] The application processor 1200 may control an overall operation of the
electronic device 1000. For example, in response to an input signal generated from the input

device 1300, the application processor 1200 may allow the display 1400 to display data



stored in the memory 1500. The input device 1300 may be implemented as a keyboard, a
keypad, or a pointing device such as a touch pad or a computer mouse.

[0027] The power management integrated circuit 1100 according to some
embodiments may operate with an extended operating bandwidth and a relaxed phase
margin by securing additional zero and pole. In addition, the power management integrated
circuit 1100 according to some embodiments may operate with improved frequency
response properties by adjusting zero and pole based on an operating frequency.

[0028] FIG. 2 illustrates a block diagram showing a power management integrated
circuit according to some embodiments. A power management integrated circuit 10 of FIG.
2 may be understood as an example of the power management integrated circuit 1100 of
FIG. 1.

[0029] Referring to FIG. 2, the power management integrated circuit 10 may supply
power and/or clock signals for the electric apparatus (see 1000 of FIG. 1). The power
management integrated circuit 10 may receive power externally, may convert and/or rectify
the received power into a stable voltage or current, and may then distribute and control the
voltage or current. The power management integrated circuit 10 may be implemented either
as a single semiconductor chip or as a set of a plurality of semiconductor chips.

[0030] The power management integrated circuit 10 may include a controller 100, a
DC-DC converter 200, a sense circuit 300, and a load 400. The sense circuit 300 may
include a capacitive element 310.

[0031] The controller 300 may control the power management integrated circuit 10
and intelligent elements (e.g., the DC-DC converter 200 and the sense circuit 300) in the
power management integrated circuit 10. For example, the controller 100 may output
control signals that control the intelligent elements in the power management integrated

circuit 10.



[0032] In an embodiment, the controller 100 may generate output power (e.g.,
voltage or current) provided to the load 400 by adjusting a switching time (or intermittence
period) of the DC-DC converter 200. The controller 100 may be provided with a variation
in output power that is provided through the sense circuit 300 to the load 400. In response to
a fluctuation in output power, the controller 100 may adjust the switching time of the DC-
DC converter 200.

[0033] The controller 100 may be implemented as a central processing unit (CPU),
an arithmetic logic circuit (ALU) that performs an arithmetic logic operation or a bit
shifting, a digital signal processor (DSP), a microprocessor, an application specific
integrated circuit (ASIC), or a control logic, but embodiments are not limited thereto. In
some embodiments, the controller 100 may include a state machine constituted by a
plurality of logic gates, or a combination of processor and memory that stores instructions
executable by the processor.

[0034] The DC-DC converter 200 may convert a direct current (DC) having a
certain level into DC power having another level. In an embodiment, the DC-DC converter
200 may use a switching element to intermit input DC power that is externally provided.
The DC-DC converter 200 may adjust a switching period to generate output DC power. The
input DC power externally provided may be supplied from the battery (see 1600 of FIG. 1).
The output DC power may be provided to the load 400 included in the power management
integrated circuit 10. The output DC power may be used as a source voltage of signal
fluctuation that the sense circuit 300 is intended to detect.

[0035] A switching regulator may be used as one of various examples of the DC-DC
converter 200. The switching regulator may generate DC power by adjusting a switching

period of a switching element. For example, the switching regulator may use a ramp signal



to generate a pulse width modulation (PWM) signal, and in response to the PWM signal,
may raise or reduce an input voltage to generate an output voltage.

[0036] The DC-DC converter 200 may include at least one of a buck converter that
generates power whose level is less than a level of an input power that is input to the DC-
DC converter 200, a boost converter that generates power whose level is greater than the
level of the input power that is input to the DC-DC converter 200, and a buck-boost
converter that generates power whose level is greater or less than the level of the input
power to the DC-DC converter 200.

[0037] The sense circuit 300 may detect output power supplied to the load 400.
According to some embodiments, the sense circuit 300 may monitor output power (e.g.,
output voltage, output power, output frequency, etc.) supplied through a first node N1 to the
load 400, thereby providing the controller 100 with information about voltage drop or
voltage rise associated with the output power. In response to a variation in voltage, the
controller 100 or a system (e.g., the electronic device 1000 of FIG. 1) that includes the
power manage integrated circuit 10 may take action for a stable operation. This action may
be implemented in the form of hardware or software. For measurement accuracy, the sense
circuit 300 may be connected through a second node N2 to ground power GND. The ground
power GND may be called ground.

[0038] The sense circuit 300 may monitor a state of output power within a preset
operating bandwidth range. There may be a trend of increase in size and variation of output
power (e.g., output current) that is output from the DC-DC converter 200. A sudden
variation in output current may cause an output voltage to drop to a level less than a critical
value, and the load 400 may not be provided with an output voltage having an appropriate

level, which may result in malfunction. The DC-DC converter 200 may have a restriction in



operating bandwidth because of structural characteristics and may experience switching loss,
and thus there may be a limitation in raising an operating frequency.

[0039] According to some embodiments, the sense circuit 300 may include the
capacitive element 310. The capacitive element 310 may be a device in which a phase of
current is ahead of a phase of voltage in an alternating current circuit. In an embodiment,
the capacitive element 310 may include at least one capacitor. The capacitive element 310
may include a variable capacitor. The capacitive element 310 may include a capacitor array
made of one or more capacitors. Embodiments, however, are not limited thereto, and in
some embodiments, the capacitive element 310 may be implemented in the form of a
combination of various passive elements capable of changing capacitance.

[0040] According to some embodiments, the capacitive element 310 may be added
to a negative feedback path of the sense circuit 300. Since the capacitive element 310 is
added to the sense circuit 300, it may be possible to generate an additional zero and pole in
relation to the sense circuit 300. The additional zero and pole may increase an operating
bandwidth and a phase margin of the capacitive element 310.

[0041] According to some embodiments, a total capacitance of the capacitive
element 310 may be adjusted. For example, the total capacitance of the capacitive element
310 may be previously determined in accordance with an allowable operating frequency or
an allowable operating bandwidth of the power management integrated circuit 10. The total
capacitance of the capacitive element 310 may be adjusted such that optimal pole and/or
zero may be achieved in accordance with a requirement of the load 400 or control of a
system (e.qg., the electronic device 1000 of FIG. 1).

[0042] The load 400 may be a certain element that consumes electrical energy
managed by the power management integrated circuit 10 or a system including the power

management integrated circuit 10. For example, the load 400 may be a modeling of total
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resistance required for an operation of the electrical device 1000. The load 400 may be
provided with current or voltage from the power management integrated circuit 10. In some
embodiments, the load 400 is described as being included in the power management
integrated circuit 10, but this is merely an example for convenience of description. The load
400 may be understood as a modeling of various intellectual properties that require voltage
and/or current for operating the electric device 1000.

[0043] Since the power management integrated circuit 10 includes the capacitive
element 310 in the sense circuit 300, it may be possible to overcome a structural limitation
of the DC-DC converter 200. According to some embodiments, because the power
management integrated circuit 10 includes the capacitive element 310 in the sense circuit
300, it may be possible to expand an operating bandwidth and a phase margin and to
stabilize a system including the power management integrated circuit 10.

[0044] FIG. 3 illustrates a circuit diagram showing a DC-DC converter according to
some embodiments. A DC-DC converter 210 depicted in FIG. 3 may be an exemplary
embodiment of the DC-DC converter 200 shown in FIG. 2.

[0045] Referring to FIG. 3, the DC-DC converter 210 may be a buck converter
capable of generating output power having a level less than that of input power. The DC-
DC converter 210 may include a P-type metal oxide semiconductor field effect transistor
(MOSFET) MP, an N-type metal oxide semiconductor field effect transistor (MOSFET)
MN, an inductor L, a converter resistor Rp, and a converter capacitor Co.

[0046] The DC-DC converter 210 may be provided through the controller 100 with
one or more of a first control signal PD and a second control signal ND, and may convert
the power voltage VDD into a direct current (DC) voltage having a different level. The DC-

DC converter 210 may generate a DC voltage whose level is less than a level of the power
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voltage VDD. The DC-DC converter 210 may generate an output voltage Vo as an output.
The output voltage Vo may be connected or provided to a first node N1.

[0047] In some embodiments, the power voltage VDD may be applied to one end
(e.g., source) of the P-type MOSFET MP. A third node N3 may be connected to another
end (e.g., drain) of the p-type MOSFET MP. A first control signal PD may be provided to a
gate of the P-type MOSFET MP.

[0048] In some embodiments, the third node N3 may be connected to one end (e.g.,
drain) of the N-type MOSFET MN. A ground power GND may be applied to another end
(e.g., source) of the N-type MOSFET MN. A second control signal ND may be provided to
a gate of the N-type MOSFET MN.

[0049] In some embodiments, based on the first control signal PD, the DC-DC
converter 210 may control the P-type MOSFET MP. Based on the second control signal ND,
the DC-DC converter 210 may control the N-type MOSFET MN. The DC-DC converter
210 may control the P-type MOSFET MP and the N-type MOSFET MN to convert the
power voltage VDD into a voltage having a different level.

[0050] The P-type MOSFET MP and the N-type MOSFET MN may share the third
node N3. For example, a drain electrode of the P-type MOSFET MP and a drain electrode
of the N-type MOSFET MN may be connected to each other by sharing the third node N3.
The third node N3 may also be connected to a first line LX.

[0051] In some embodiments, a voltage converted by the P-type MOSFET MP and
the N-type MOSFET MN may be provided through the first line LX. The converted voltage
provided through the first line LX may drop to an intermediate voltage Vol on passing
through the inductor L. A potential between the converter resistor Rp and the inductor L
connected to the first line LX may be Vol. The output voltage Vo may be generated as a

result of the passing of the intermediate voltage Vol through the converter resistor Rp. The
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converter capacitor Co may charge or discharge electric charge that corresponds to the
output voltage Vo.

[0052] Based on information about a variation in voltage provided by the sense
circuit 300, the controller 100 may output the first control signal PD to allow the P-type
MOSFET MP to turn on for a period of time longer than that of the N-type MOSFET MN.
Accordingly, the converter capacitor Co may be recharged, and the output voltage Vo may
rise again to a level required for a system. Similarly, when a required current of the system
is instantaneously reduced, the N-type MOSFET MN may be turned on for a period of time
longer than that of the P-type MOSFET MP.

[0053] FIG. 4 illustrates a plan view showing a semiconductor device according to
some embodiments. FIGS. 5A and 5B illustrate cross-sectional views respectively taken
along lines A-A’ and B-B’ of FIG. 4. A complementary metal oxide semiconductor (CMQS)
may be constituted by the P-type MOSFET MP and the N-type MOSFET MN of FIG. 3.
The CMOS may include a plurality of PMOSFETs and a plurality of NMOSFETs. A
semiconductor device shown in FIGS. 4, 5A, and 5B is represented by way of example as
one of a plurality of transistors included in the CMOS.

[0054] Referring to FIGS. 4, 5A, and 5B, a semiconductor substrate SUB may be
provided which includes an active section ACT. The semiconductor substrate SUB may be
a bulk silicon substrate, a silicon-on-insulator (SOI) substrate, a germanium substrate, a
germanium-on-insulator (GOI) substrate, a silicon-germanium substrate, or a substrate of a
thin epitaxial layer obtained by performing selective epitaxial growth (SEG).

[0055] A well impurity layer WR may be provided in the semiconductor substrate
SUB. The well impurity layer WR may be positioned in an upper portion of the

semiconductor substrate SUB. The well impurity layer WR may be formed by implanting
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the semiconductor substrate SUB with first impurities (e.g., boron). The doped first
impurities may allow the well impurity layer WR to have a first conductivity type.

[0056] When an NMOS transistor is adopted as a semiconductor device according
to some embodiments, the well impurity layer WR may have a P-type as the first
conductivity type. For example, a concentration of the first impurities (e.g., boron (B)) in
the well impurity layer WR may range from about 1.0E16 atoms/cm® to about 1.0E17
atoms/cm®. When a PMOS transistor is adopted as a semiconductor device according to
some embodiments, the well impurity layer WR may have an N-type as the first
conductivity type

[0057] A gate electrode GE may be disposed on the active section ACT. For
example, the gate electrode GE may extend in a second direction D2 while running across
the active section ACT. A gate dielectric layer GI may be provided between the gate
electrode GE and the active section ACT.

[0058] The gate electrode GE may include at least one of a doped semiconductor, a
conductive metal nitride, or a metal. In an embodiment, the gate electrode GE may include
doped polysilicon. The gate electrode GE may further include a conductive metal nitride
layer and a metal layer that are stacked on a polysilicon layer.

[0059] The gate dielectric layer GI may include a silicon oxide layer, a high-k
dielectric layer, or a multiple layer in which a silicon oxide layer and a high-k dielectric
layer are sequentially stacked. The high-k dielectric layer may include a high-k dielectric
material whose dielectric constant is greater than that of a silicon oxide layer. For example,
the high-k dielectric layer may include at least one of hafnium oxide, hafnium silicon oxide,
lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium silicon oxide,
tantalum oxide, titanium oxide, barium strontium titanium oxide, barium titanium oxide,

strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, or
14



lead zinc niobate. In some embodiments, the gate dielectric layer Gl may include a thermal
oxide layer formed by thermally oxidizing a top surface of the semiconductor substrate
SUB.

[0060] The active section ACT may include a source region SR and a drain region
DR that are correspondingly provided on opposite sides of the gate electrode GE. For
example, the source region SR may be adjacent to one side of the gate electrode GE, and the
drain region DR may be adjacent to another side of the gate electrode GE. The source and
drain regions SR and DR may be disposed in the well impurity layer WR.

[0061] The drain region DR may include a first impurity region NIR and a lightly
doped impurity region LDR that extends from the first impurity region NIR toward a
location below the gate electrode GE.

[0062] The first impurity region NIR and the lightly doped impurity region LDR
may have a second conductivity type (e.g., N-type). The first impurity region NIR and the
lightly doped impurity region LDR may include second impurities (e.g., phosphorus (P)). A
concentration of the second impurities in the first impurity region NIR may range from
about 1.0E20 atoms/cm?® to about 1.0E21 atoms/cm®. The concentration of the second
impurities in the first impurity region NIR may be greater than a concentration of the
second impurities in the lightly doped impurity region LDR.

[0063] In some embodiments, the source region SR may further include a second
impurity region PIR in addition to the first impurity region NIR and the lightly doped
impurity region LDR (best seen in FIG. 4). A description of the first impurity region NIR
and the lightly doped impurity region LDR of the source region SR may be substantially the
same as the description of the first impurity region NIR and the lightly doped impurity
region LDR of the drain region DR discussed above and thus a repeated description thereof

is omitted for conciseness. Referring back to FIG. 4, the second impurity region PIR in the
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source region SR may be disposed to contact the first impurity region NIR. The lightly
doped impurity region LDR of the source region SR may extend in the second direction D2
from the second impurity region PIR to the first impurity region NIR.

[0064] The second impurity region PIR of the source region SR may have the first
conductivity type (e.g., P-type). The second impurity region PIR may include the first
impurities (e.g., boron (B)). A concentration of the first impurities in the second impurity
region PIR may range from about 1.0E20 atoms/cm? to about 1.0E21 atoms/cm®.

[0065] The gate electrode GE may be provided with gate spacers SP on opposite
sidewalls thereof in the first direction D1. The gate spacers SP may be correspondingly
disposed on the source and drain regions SR and DR. The gate spacers SP may include a
dielectric material, such as one or more of silicon oxide and silicon nitride.

[0066] The active section ACT may further include a channel region CHR, having
the first conductivity type (e.g., P-type), provided below the gate electrode GE. A top
surface of the channel region CHR may be in contact with a bottom surface of the gate
dielectric layer GI. The channel region CHR may be interposed between the source and
drain regions SR and DR that are spaced apart from each other. In some embodiments, a
length in the first direction D1 of the channel region CHR may be a first length Lg as a gate
length. In some embodiments, the length in the first direction D1 of the channel region
CHR may be less than the first length Lg of the gate length.

[0067] The channel region CHR may include the first impurities (e.g., boron (B)) to
have the first conductivity type (e.g., P-type). In an embodiment, a concentration of the first
impurities in the channel region CHR may be greater than the concentration of the first
impurities in the well impurity layer WR and less than the concentration of the first

impurities in the second impurity region PIR. For example, the concentration of the first
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impurities in the channel region CHR may range from about 1.0E16 atoms/cm?® to about
1.0E17 atoms/cm®,

[0068] A silicide layer SCL may be provided on each of the drain region DR, the
source region SR, and the gate electrode GE. The silicide layer SCL may include a metal-
semiconductor compound. For example, the silicide layer SCL may include at least one of
titanium silicide, tantalum silicide, tungsten silicide, nickel silicide, or cobalt silicide.

[0069] The first impurity region NIR and the second impurity region PIR may be
connected at a same potential through the silicide layer SCL on the source region SR. For
example, the first and second impurity regions NIR and PIR in the source region SR may be
electrically connected through the silicide layer SCL.

[0070] A first contact CNT1 may be provided on the drain region DR, and a second
contact CNT2 may be provided on the source region SR. A gate contact GCT may be
provided on the gate electrode GE. The first contact CNT1 may be electrically connected
through the silicide layer SCL to the drain region DR. The second contact CNT2 may be
electrically connected through the silicide layer SCL to the source region SR. The gate
contact GCT may be electrically connected through the silicide layer SCL to the gate
electrode GE.

[0071] Referring back to FIG. 3, the ground power GND may be applied through
the second contact CNT2 to the source region SR. The drain region DR may be connected
through the first contact CNT1 to the third node N3. The second control signal ND may be
provided through the gate contact GCT to the gate electrode GE.

[0072] The second impurity region PIR according to some embodiments may serve
as a P-body tap. The second impurity region PIR may increase a snapback breakdown
voltage of a transistor according to some embodiments. For example, the second impurity

region PIR may increase endurance of a transistor to prevent issues such as a burnt failure
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or electrical over stress (EOS). However, the second impurity region PIR may increase a
specific on-resistance of the transistor to cause problems such as degradation in electrical
properties.

[0073] When turning on the transistor according to some embodiments, a current
may flow from the drain region DR toward the source region SR. For example, a second
current CUR2 may directly flow from the drain region DR toward the first impurity region
NIR of the source region SR. A first current CUR1 may flow from the drain region DR
toward the first impurity region NIR of the source region SR. For example, the first current
CUR1 may bypass the second impurity region PIR and flow through the lightly doped
impurity region LDR toward the first impurity region NIR of the source region SR.
Therefore, a path of the first current CUR1 may be longer than a path of the second current
CURZ2. Since the first current CUR1 has a relatively longer path, a current loss may be
induced and a specific on-resistance may be increased.

[0074] FIG. 6 illustrates a plan view showing a semiconductor device according to a
comparative example. FIG. 7 illustrates a cross-sectional view taken along line A-A’ of FIG.
6. Referring to FIGS. 6 and 7, the second impurity region PIR may be omitted from the
source region SR according to the comparative example. For example, according to the
comparative example, the source region SR may include only the first impurity region NIR
and the lightly doped impurity region LDR.

[0075] When turning on a transistor according to the comparative example, a current
CUR may flow from the drain region DR toward the source region SR. Since the second
impurity region PIR is omitted from the source region SR, all current CUR may directly
flow from the drain region DR toward the source region SR. For example, the current CUR

may move along the shortest path from the drain region DR to the source region SR.

18



[0076] Compared to a transistor according to some embodiments, a transistor
according to the comparative example may have reduced current loss and decreased specific
on-resistance. In contrast, the transistor according to a comparative example may
experience an excessive dropdown in snapback breakdown voltage. Accordingly, a burnt
failure may easily occur in the transistor according to the comparative example.

[0077] In a semiconductor device according to some embodiments, the source
region SR may include the second impurity region PIR as well as the first impurity region
NIR, and thus a drop in snapback breakdown voltage may be prevented. However, the
second impurity region PIR may cause an increase in specific on-resistance. In other words,
there may be a trade-off relationship between a drop in snapback breakdown voltage and an
increase in specific on-resistance.

[0078] According to some embodiments, the second impurity region may be made
of segmented second impurity regions concentrated on a vulnerable region of a transistor.
Hence, embodiments may prevent both a reduction in snapback breakdown voltage and an
excessive increase in specific on-resistance.

[0079] FIG. 8 illustrates a plan view showing a power management integrated
circuit chip according to some embodiments. Referring to FIG. 8, a power management
integrated circuit chip PMIC according to some embodiments may include a buck converter
region BCR, a low-dropout regulator region LDOR, and a logic circuit region LGR. For
example, the logic circuit region LGR may constitute the controller 100 of FIG. 2. In other
words, the controller 100 of FIG. 2 may be implemented in the logic circuit region LGR.
The buck converter region BCR may include a plurality of DC-DC converters (see 210 of
FIG. 3). The buck converter region BCR may be the largest area in the power management
integrated circuit chip PMIC. Therefore, a fineness of the buck converter region BCR may

directly affect integration of the power management integrated circuit chip PMIC.
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[0080] FIG. 9 illustrates a plan view of one DC-CD converter in the buck converter
region of FIG. 8, according to some embodiments. FIG. 9 is a plan view showing the N-
type MOSFET MN of the DC-DC converter 210 of FIG. 3.

[0081] Referring to FIG. 9, the N-type MOSFET MN may include a plurality of
transistor sets TAS that are two-dimensionally arrayed on a substrate SUB. For example,
about 100 transistor sets TAS to about 500 transistor sets TAS may be two-dimensionally
arranged to constitute a single giant N-type MOSFET MN. FIG. 9 shows 32 transistor sets
TAS by way of example for clarity and ease of explanation.

[0082] A source electrode SME and a drain electrode DME may be provided on a
plurality of transistor sets TAS. The source electrode SME and the drain electrode DME
may each have an inter-digital electrode shape. In some embodiments, the source electrode
SME may have a plurality of fingers (e.g., extending to the left in the first direction D1 in
FIG. 9) and the drain electrode DME may have a plurality of fingers (e.g., extending to the
right in the first direction in FIG. 9), where the fingers of the source electrode SME and the
fingers of the drain electrode DME are interlaced with each other in the second direction D2.
In some embodiments, each transistor set TAS may cross the source electrode SME and the
drain electrode DME. In some embodiments, each transistor set TAS may cross a portion
of the source electrode SME and a portion of the drain electrode DME as illustrated in FIG.
9.

[0083] The source electrode SME may be connected in common to sources of the
plurality of transistor sets TAS. The drain electrode DME may be connected in common to
drains of the plurality of transistor sets TAS. The source electrode SME may be connected
to the ground power GND of FIG. 4, and the drain electrode DME may be connected to the

third node N3 of FIG. 3.
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[0084] FIG. 10 illustrates an enlarged plan view showing one transistor set of FIG. 9
according to some embodiments. FIGS. 11A, 11B, and 11C illustrate cross-sectional views
respectively taken along lines A-A’, B-B’, and C-C’ of FIG. 10.

[0085] Referring to FIGS. 10 and 11A to 11C, a transistor set TAS may include a
plurality of source regions SR and a plurality of drain regions DR on a substrate SUB. The
source regions SR and the drain regions DR may be provided in an upper portion of a well
impurity layer WR of the substrate SUB. Each of the source and drain regions SR and DR
may have a linear or bar shape that extends in a second direction D2. The source and drain
regions SR and DR may be alternately arranged along a first direction D1.

[0086] A plurality of gate electrodes GE may be provided on the substrate SUB.
According to the example illustrated in FIGS. 10-11C, eight gate electrodes GE may be
provided. The gate electrodes GE may extend in parallel to each other in the second
direction D2.

[0087] Each of the drain regions DR may include a first impurity region NIR and a
lightly doped impurity region LDR. Each of the source regions SR may further include at
least one second impurity region PIR in addition to the first impurity region NIR and the
lightly doped impurity region LDR.

[0088] The second impurity region PIR may include a guard ring region GIR and a
plurality of segment regions ISR. The guard ring region GIR of the second impurity region
PIR may surround an edge of the transistor set TAS. For example, the guard ring region
GIR of the second impurity region PIR may have a guard ring shape that surrounds the
transistor set TAS. The guard ring region GIR may define a boundary of the transistor set
TAS.

[0089] The plurality of segment regions ISR of the second impurity region PIR may

each have an island shape (or a square shape in FIG. 10). In one source region SR, the
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segment regions ISR may be disposed spaced apart from each other in the second direction
D2. In the example illustrated in FIG. 10, there are six segment regions ISR spaced apart
from each other in the second direction D2 in two of the source regions SR and ten (10)
segment regions ISR spaced apart from each other in the second direction D2 in one of the
source regions SR. However, this is only an example and, in some embodiments, the
number of segment regions ISR in the source regions SR may be different.

[0090] The number of the segment regions ISR may be different on different source
regions SR. For example, the source region SR on a center of the transistor set TAS may
include the largest number of the segment regions ISR. The source region SR on the center
of the transistor set TAS may include ten segment regions ISR, as in the example illustrated
in FIG. 10. Other source regions SR of the transistor set TAS may include six segment
regions ISR, as in the example illustrated in FIG. 10.

[0091] The transistor set TAS may include a central region CTR and a peripheral
region PER that surrounds the central region CTR. In other words, the peripheral region
PER may be a border of the transistor set TAS, and the central region CTR may be in the
middle of the transistor set TAS. A length in the first direction D1 of the central region
CTR may be defined to include m/2 gate electrodes GE centrally arranged among m gate
electrodes GE of the transistor set TAS. A length in the second direction D2 of the central
region CTR may be defined to be half a length in the second direction D2 of the transistor
set TAS.

[0092] The number of the segment regions ISR of the second impurity region PIR in
the central region CTR may be greater than the number of the segment regions ISR of the
second impurity region PIR in the peripheral region PER. For example, in the example
illustrated in FIG. 10, the number of the segment regions ISR in the central region CTR

may be about 18, and the number of the segment regions ISR in the peripheral region PER
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may be about 4. A first density of the segment regions ISR in the central region CTR may
be greater than a second density of the segment regions ISR in the peripheral region PER.
[0093] In some embodiments, the term “density” may indicate the number of the
segment regions ISR per unit area of a related region. For example, the central region CTR
may have an area of about 2 um?, and the peripheral region PER may have an area of about
3 um?. In this case, the segment regions ISR of the central region CTR may have a density
of about 9 /um? (18 segment regions ISR / 2 pm?) The segment regions ISR of the
peripheral region PER may have a density of about 1.333 /um? (4 segment regions ISR / 3
um?). In some embodiments, the term “density” may denote a total area of the segment
regions ISR per unit area of a related region.

[0094] The central region CTR of the transistor set TAS may be a vulnerable region
where there is an excessive dropdown in snapback breakdown voltage. A thermal
disturbance generated in the substrate SUB, a potential imbalance caused by line resistance,
and a mechanical stress resulting from the source and drain electrodes SME and DME, a
drop in snapback breakdown voltage may be greater on the central region CTR than on the
peripheral region PER of the transistor set TAS.

[0095] The following will describe in detail the effect of a breakdown voltage
caused by mechanical stress resulting from the source and drain electrodes SME and DME.
On a zone between the source and drain electrodes SME and DME, or a zone that does not
overlap any of the source and drain electrodes SME and DME (i.e., a lightly shaded region
in FIG. 10), a strong tensile stress may be applied to the substrate SUB. The central region
CTR of the transistor set TAS may be positioned between the source and drain electrodes
SME and DME. Therefore, a transistor in the central region CTR may experience a

breakdown voltage drop caused by tensile stress.
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[0096] In some embodiments, the central region CTR may be defined to refer to a
zone between the source and drain electrodes SME and DME in the transistor set TAS. For
example, the central region CTR may be defined to refer to a zone that does not overlap any
of the source and drain electrodes SME and DME. In some embodiments, the density of the
segment regions ISR in the central region CTR may be greater than a density of the segment
regions ISR in a zone other than the central region CTR.

[0097] According to some embodiments, as discussed above by comparing the
transistor of FIG. 4 with the transistor of FIG. 6, the second impurity region PIR may
increase a snapback breakdown voltage, but may decrease a specific on-resistance.
Therefore, according to some embodiments, the second impurity region PIR may be divided
into a plurality of segment regions ISR, and the plurality of segment regions ISR may be
concentrated on the central region CTR as a vulnerable region where a breakdown voltage
is reduced. The segment regions ISR may not be disposed or may be disposed at low
density on the peripheral region PER where there is no drop in breakdown voltage.
Therefore, some embodiments may prevent a burnt failure caused by drop in a breakdown
voltage of the transistor set TAS and simultaneously may suppress a large reduction in a
specific on-resistance.

[0098] A silicide layer SCL may be provided on each of the source and drain
regions SR and DR. The silicide layer SCL may also be provided on each of the gate
electrodes GE. A first interlayer dielectric layer ILD1 may be provided on the gate
electrodes GE and the source and drain regions SR and DR.

[0099] First contacts CNT1 may be correspondingly provided on the drain regions
DR. Second contacts CNT2 may be correspondingly provided on the source regions SR.

Gate contacts GCT may be correspondingly provided on the gate electrodes GE (see FIG.
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5A). The contacts CNT1, CNT2, and GCT may penetrate the first interlayer dielectric layer
ILD1.

[0100] The contacts CNT1, CNT2, and GCT may be provided on a first metal layer
M1, a second metal layer M2, a third metal layer M3, and a fourth metal layer M4 that are
sequentially stacked. The first metal layer M1 may include a second interlayer dielectric
layer ILD2 and first wiring lines MI1 provided in the second interlayer dielectric layer ILD2.
The first wiring lines MI1 may be electrically connected through first vias VI1 to the
contacts CNT1, CNT2, and GCT.

[0101] The second metal layer M2 may include a third interlayer dielectric layer
ILD3 and second wiring lines MI2 provided in the third interlayer dielectric layer ILD3.
The second wiring line MI2 may be electrically connected through a second via VI2 to the
first wiring line MI1.

[0102] The third metal layer M3 may include a fourth interlayer dielectric layer
ILD4 and third wiring lines MI3 provided in the fourth interlayer dielectric layer ILD4. The
third wiring line MI13 may be electrically connected through a through via VI3 to the second
wiring line MI2.

[0103] The fourth metal layer M4 may include a fifth interlayer dielectric layer
ILD5 and fourth wiring lines MI4 provided in the fifth interlayer dielectric layer ILD5. The
fourth wiring line MI14 may be electrically connected through a fourth via V14 to the third
wiring line MI3.

[0104] In some embodiments, the fourth wiring lines MI4 may include a source
electrode SME and a drain electrode DME. The drain electrode DME may be connected in
common to a plurality of drain regions DR of the transistor set TAS through the first
contacts CNT1 and the first to third metal layers M1 to M3 (see FIG. 11C). The source

electrode SME may be connected in common to a plurality of source regions SR of the
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transistor set TAS through the second contacts CNT2 and the first to third metal layers M1
to M3 (see FIG. 11B).

[0105] The fourth wiring lines MI4 of the fourth metal layer M4 may have their
line-widths and thicknesses greater than line-widths and thicknesses of the first to third
wiring lines MI1 to MI3 below the fourth wiring lines MI4. Therefore, the fourth wiring
lines MI4 be caused to apply a stress to the substrate SUB. As discussed above, a strong
tensile stress may be applied to a zone between the fourth wiring lines MI4, and the zone
may be formed into a vulnerable region where a breakdown voltage is reduced. In some
embodiments, the segment regions ISR of the second impurity region PIR may be
concentrated on the vulnerable region, and thus the vulnerable region may be prevented
from the breakdown voltage drop.

[0106] The transistor set TAS according to an embodiment with reference to FIGS.
10 and 11A to 11C is illustrated as a portion included in the N-type MOSFET MN of FIG. 3.
The transistor set TAS of some embodiments may also be identically applicable to the P-
type MOSFET MP.

[0107] FIGS. 12 to 15 illustrate enlarged plan views showing one transistor set of
FIG. 9 according to some embodiments. In the embodiments that follow, a detailed
description of technical features repetitive to those discussed above with reference to FIGS.
10 and 11A to 11C will be omitted for conciseness, and a difference thereof will mainly be
discussed in detail.

[0108] Referring to FIG. 12, the guard ring region GIR of the second impurity
region PIR may be omitted. The segment regions ISR of the second impurity region PIR
may be provided on an outermost source region SR, or a boundary region BDR. Similar to
the segment regions ISR on the central region CTR, the segment regions ISR on the

boundary region BDR may be disposed at high density. Neighboring transistor sets TAS
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may be separated from each other through the segment regions ISR on the boundary region
BDR.

[0109] Referring to FIG. 13, the segment regions ISR of the second impurity region
PIR may include a first segment region ISR1, a second segment region ISR2, and a third
segment region ISR3.

[0110] The second segment region ISR2 may be larger than the first segment region
ISR1.The third segment region ISR3 may be larger than the second segment region
ISR2.For example, a length in the second direction D2 of the second segment region ISR2
may be greater than a length in the second direction D2 of the first segment region ISR1.A
length in the second direction D2 of the third segment region ISR3 may be greater than the
length in the second direction D2 of the second segment region ISR2.

[0111] The first segment region ISR1 may be provided in the central region CTR or
the peripheral region PER. The second segment region ISR2 and the third segment region
ISR3 may be provided only in the central region CTR. The third segment region ISR3 may
be provided in the source region SR at a center of the transistor set TAS. The second
segment region ISR2 may be provided in another source region SR adjacent to the central
source region SR.

[0112] The segment regions ISR of the second impurity region PIR may have sizes
that increase in a direction toward the center of the transistor set TAS. Since the degree of
drop in breakdown voltage is increased in a direction toward the center of the transistor set
TAS, the drop in breakdown voltage may be prevented by allowing the segment regions
ISR to have sizes that increase in a direction toward the center of the transistor set TAS.
[0113] Referring to FIG. 14, there may be a variation in pitch (or interval) between
neighboring segment regions ISR of the second impurity region PIR. For example, a

plurality of segment regions ISR in a central source region SR may be arranged spaced
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apart from each other along the second direction D2. A first pitch PIT1 may be provided as
an interval between neighboring segment regions ISR in the zone between the source
electrode SME and the drain electrode DME in the central region CTR. A second pitch
PIT2 may be provided as an interval between the segment regions ISR adjacent to the zone
between the source electrode SME and the drain electrode DME in the central region CTR.
The second pitch PIT2 may be greater than the first pitch PIT1. A third pitch PIT3 may be
provided as an interval between neighboring segment regions ISR in the peripheral region
PER. The third pitch PIT3 may be greater than the second pitch PIT2.

[0114] According to some embodiments, the segment regions ISR may have pitches
that decrease in a direction toward a center of the transistor set TAS, and thus it may be
possible to maximize a difference in density of the segment regions ISR in the central
region CTR and density of the segment regions ISR in the peripheral region PER. The
arrangement of the segment regions ISR may effectively prevent both a drop in a snapback
breakdown voltage and an increase in a specific on-resistance.

[0115] Referring to FIG. 15, the segment regions ISR of the second impurity
regions PIR may constitute segment groups PTG1 to PTG3. In an embodiment, the segment
groups PTGL1 to PTG3 may include a plurality of segment regions ISR that are arranged in a
diamond shape. For example, first, second, and third segment groups PTG1, PTG2, and
PTG3 may be arranged along the second direction D2 in the transistor set TAS. The first,
second, and third segment groups PTG1, PTG2, and PTG3 may have a same pattern shape.
The second segment group PTG2 may be disposed on a central portion of the transistor set
TAS.

[0116] FIGS. 16 and 17 illustrate cross-sectional views showing a semiconductor

package including a power management integrated circuit according to some embodiments.
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[0117] Referring to FIG. 16, a semiconductor package according to some
embodiments may include a lower semiconductor package LPKG and an upper
semiconductor package UPKG. The lower semiconductor package LPKG may include a
redistribution substrate RSUB, second external terminals SB, connection terminals 1M, a
power management integrated circuit chip PMIC according to some embodiments, a first
die DIE1, a molding layer MOL, conductive pillars CPIL, and an upper redistribution layer
URL.

[0118] The redistribution substrate RSUB may include a first redistribution layer
RLL1, a second redistribution layer RLL2, and a third redistribution layer RLL3 that are
sequentially stacked. The first redistribution layer RLL1 may include first redistribution
patterns RDP1. The second redistribution layer RLL2 may include second redistribution
patterns RDP2. The third redistribution layer RLL3 may include lower bonding pads RDP3.
Each of the lower bonding pads RDP3 may have an upper portion that protrudes upwardly
from the third redistribution layer RLL3. The first redistribution patterns RDP1, the second
redistribution patterns RDP2, and the lower bonding pads RDP3 may each include a seed
pattern and a conductive pattern on the seed pattern.

[0119] A plurality of bump patterns BUMP may be provided below the first
redistribution layer RLL1. The bump patterns BUMP may be correspondingly connected to
the first redistribution patterns RDP1. A plurality of second external terminals SB may be
provided below the bump patterns BUMP. The bump pattern BUMP may lie between and
connect to each other the second external terminal SB and the first redistribution pattern
RDP1. For example, the second external terminal SB may be a solder ball.

[0120] The redistribution substrate RSUB may be provided thereon with the first die

DIE1 and the power management integrated circuit chip PMIC according to some
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embodiments. The first die DIE1 and the power management integrated circuit chip PMIC
may be mounted side by side in a first direction D1 on the redistribution substrate RSUB.
[0121] In some embodiments, the power management integrated circuit chip PMIC
may be disposed below the redistribution substrate RSUB. For example, the power
management integrated circuit chip PMIC may be provided below the first redistribution
layer RLL1 and mounted at the same level as that of the bump patterns BUMP and the
second external terminals SB.

[0122] The first die DIE1 may include a logic chip, for example, an application
processor (AP). As discussed above with reference to FIG. 1, the power management
integrated circuit chip PMIC may provide power to the first die DIE1, and may manage the
power in relation to the first die DIEL.

[0123] The first die DIE1 may be provided with connection members ECT on an
active surface ACS thereof. The connection members ECT may be correspondingly
interposed between the first die DIE1 and the lower bonding pads RDP3 of the
redistribution substrate RSUB, such that the first die DIE1 and the redistribution substrate
RSUB may be electrically connected to each other.

[0124] The connection terminals IM may be correspondingly interposed between
the power management integrated circuit chip PMIC and the lower bonding pads RDP3 of
the redistribution substrate RSUB. The power management integrated circuit chip PMIC
and the redistribution substrate RSUB may be electrically connected to each other through
the connection terminals IM. For example, the connection members ECT and the
connection terminals IM may each include a micro-bump.

[0125] At least one conductive pillar CPIL may be provided on the redistribution

substrate RSUB. The conductive pillar CPIL may be provided on an edge of the
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redistribution substrate RSUB. The conductive pillar CPIL may be horizontally spaced apart
from the first die DIE1 and the power management integrated circuit chip PMIC.

[0126] The conductive pillar CPIL may be connected to its corresponding lower
bonding pad RDP3. In this case, the conductive pillar CPIL may be electrically connected to
the redistribution substrate RSUB. For example, the conductive pillar CPIL may be
electrically connected through the redistribution substrate RSUB to one of the first die DIEL,
the power management integrated circuit chip PMIC, and the second external terminal SB.
The conductive pillar CPIL may be a metallic column including metal such as copper.
[0127] The molding layer MOL may be provided on the redistribution substrate
RSUB to cover the first die DIE1 and the power management integrated circuit chip PMIC.
The molding layer MOL may cover a sidewall of the conductive pillar CPIL. The sidewall
of the molding layer MOL may be aligned with that of the redistribution substrate RSUB.
The molding layer MOL may expose a top surface of the conductive pillar CPIL. For
example, the molding layer MOL may include a dielectric polymer, such as an epoxy-based
molding compound.

[0128] An upper redistribution layer URL may be provided on a top surface of the
molding layer MOL. The upper redistribution layer URL may include a first upper
redistribution layer URL1, a second upper redistribution layer URL2, and a third upper
redistribution layer URL3.

[0129] The first upper redistribution layer URL1 may include first upper
redistribution patterns URP1. The second upper redistribution layer URL2 may include
second upper redistribution patterns URP2. The third upper redistribution layer URL3 may
include upper bonding pads URP3. The first upper redistribution pattern URP1 may be
connected to the top surface of the conductive pillar CPIL. Each of the upper bonding pads

URP3 may protrude upwardly from the third upper redistribution layer URL3. The first,
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second, and third upper redistribution patterns URP1, URP2, and URP3 may each include a
seed pattern and a conductive pattern on the seed pattern.

[0130] The upper bonding pads URP3 may be electrically connected through the
first and second upper redistribution patterns URP1 and URP2 and the conductive pillars
CPIL to one of the first die DIEL, the power management integrated circuit chip PMIC, and
the second external terminals SB. As the first and second upper redistribution patterns
URP1 and URP2 are provided, the upper bonding pad URP3 may be disposed offset from
the conductive pillar CPIL.

[0131] The upper semiconductor package UPKG may be provided on the lower
semiconductor package LPKG. For example, the upper semiconductor package UPKG may
be mounted on the upper redistribution layer URL. The upper semiconductor package
UPKG may include an upper substrate USUB, a second die DIE2, and an upper molding
layer UMOL. For example, the upper substrate USUB may be a printed circuit board. For
another example, the upper substrate USUB may be a redistribution substrate.

[0132] A first conductive pad CPD1 and a second conductive pad CPD2 may be
respectively disposed on lower and upper sides of the upper substrate USUB. The upper
substrate USUB may have therein a wiring line INL coupled to the first conductive pad
CPD1 and the second conductive pad CPD2. The wiring line INL is schematically
illustrated and may be variously changed in shape and arrangement. The first conductive
pad CPD1, the second conductive pad CPD2, and the wiring line INL may include a
conductive material, such as metal.

[0133] The second die DIE2 may be disposed on the upper substrate USUB. The
second die DIE2 may include an integrated circuit (not shown), and the integrated circuit
may include a memory circuit, a logic circuit, or a combination thereof. The second die

DIE2 may be of a different type from the first die DIEL. For example, the second die DIE2
32



may be a dynamic random access memory (DRAM) chip. The second conductive pad CPD2
and the second die DIE2 may have therebetween a connection terminal IM that connects the
upper substrate USUB to the second die DIE2. The second die DIE2 may be
electrically connected to the first conductive pad CPD1 through the connection terminal IM
and the wiring line INL.

[0134] The upper substrate USUB may be provided thereon with the upper molding
layer UMOL that covers the second die DIE2. The upper molding layer UMOL may include
a dielectric polymer, such as an epoxy-based polymer.

[0135] The upper semiconductor package UPKG may further include a heat
emission structure HES. The heat emission structure HES may include a heat sink, a heat
slug, or a thermal interface material layer. For example, the heat emission structure HES
may include metal. The heat emission structure HES may be disposed on a top surface of
the upper molding layer UMOL. The heat emission structure HES may further extend onto
a sidewall of the upper molding layer UMOL.

[0136] First external terminals BP may be provided between the lower
semiconductor package LPKG and the upper semiconductor package UPKG. The first
external terminal BP may be interposed between the upper bonding pad URP3 and the first
conductive pad CPD1, thereby connecting the lower semiconductor package LPKG to the
upper semiconductor package UPKG. For example, the upper semiconductor package
UPKG may be electrically connected through the first external terminals BP to one of the
first die DIEL, the power management integrated circuit chip PMIC, and the second external
terminals SB. An electrical connection with the upper semiconductor package UPKG may
mean an electrical connection with an integrated circuit in the second die DIE2. The first
external terminal BP may include a solder, a bump, or a combination thereof. The first

external terminal BP may include a solder material.
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[0137] Referring to FIG. 17, a semiconductor package according to some
embodiments may include a lower semiconductor package LPKG and an upper
semiconductor package UPKG. The lower semiconductor package LPKG may include a
redistribution substrate RSUB, second external terminals SB, connection terminals IM,
connection bumps CNBP, a power management integrated circuit chip PMIC according to
some embodiments, a first die DIE1, a molding layer MOL, and a connection substrate
CSUB. The redistribution substrate RSUB, the second external terminals SB, the
connection terminals 1M, and the molding layer MOL may be identical or similar to those
discussed above in FIG. 16.

[0138] The lower semiconductor package LPKG may further include a first under-
fill layer UDFL1 and a second under-fill layer UDFL2. The first under-fill layer UDFL1
may be provided in a first gap between the redistribution substrate RSUB and the first die
DIEL. The first under-fill layer UDFL1 may encapsulate connection members ECT. The
second under-fill layer UDFL2 may be provided in a second gap between the redistribution
substrate RSUB and the power management integrated circuit chip PMIC, thereby
encapsulating the connection terminals 1M.

[0139] The connection substrate CSUB may be disposed on the redistribution
substrate RSUB. The connection substrate CSUB may have a substrate hole SHO that
penetrates therethrough. For example, the connection substrate CSUB may be fabricated by
forming the substrate hole SHO that penetrates top and bottom surfaces of a printed circuit
board. When viewed in plan, the substrate hole SHO may overlap a central portion of the
redistribution substrate RSUB. The first die DIE1 and the power management integrated
circuit chip PMIC may be disposed in the substrate hole SHO of the connection substrate
CSUB. The power management integrated circuit chip PMIC and the first die DIE1 may be

spaced apart from an inner sidewall of the connection substrate CSUB.
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[0140] The connection substrate CSUB may include a base layer BASL and a
conductive pillar CPIL. The base layer BASL may include a single layer or a multiple layer.
The base layer BASL may include a dielectric material. For example, the base layer BASL
may include a carbon-based material, a ceramic, or a polymer. The conductive pillar CPIL
may be provided in the base layer BASL. The connection substrate CSUB may further
include a first pad PAD1 and a second pad PAD2. The first pad PAD1 may be disposed on
a bottom surface of the conductive pillar CPIL. The second pad PAD2 may be disposed on
a top surface of the conductive pillar CPIL. The second pad PAD2 may be electrically
connected through the conductive pillar CPIL to the first pad PAD1. For example, the
conductive pillar CPIL, the first pad PAD1, and the second pad PAD2 may each include at
least one selected from copper, aluminum, tungsten, titanium, tantalum, iron, and any alloy
thereof.

[0141] In some embodiments, the power management integrated circuit chip PMIC
may be disposed within the redistribution substrate RSUB. For example, the power
management integrated circuit chip PMIC may be provided within the base layer BASL. At
least one of the conductive pillars CPIL may constitute an inductor (see L of FIG. 3) of a
power management integrated circuit.

[0142] The connection bump CNBP may be disposed between the redistribution
substrate RSUB and the connection substrate CSUB. The connection bump CNBP may be
interposed between the first pad PAD1 and its corresponding lower bonding pad RDP3,
thereby connecting the connection substrate CSUB to the redistribution substrate RSUB.
[0143] The conductive pillar CPIL may be electrically connected through the
connection bump CNBP to the redistribution substrate RSUB. The connection bump CNBP
may include at least one selected from a solder ball, a bump, and a pillar. The connection

bump CNBP may include a metallic material.
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[0144] A third under-fill layer UDFL3 may be interposed between the redistribution
substrate RSUB and the connection substrate CSUB, thereby encapsulating the connection
bump CNBP. The third under-fill layer UDFL3 may include a dielectric polymer.

[0145] The molding layer MOL may be provided on the connection substrate CSUB.
The molding layer MOL may cover the first die DIEL1 and the power management
integrated circuit chip PMIC, while filling the substrate hole SHO. The molding layer MOL
may be interposed between the first die DIE1 and the power management integrated circuit
chip PMIC, between the power management integrated circuit chip PMIC and the
connection substrate CSUB, and between the first die DIE1 and the connection substrate
CSUB.

[0146] In an embodiment, an adhesive dielectric film may be attached to a top
surface of the connection substrate CSUB, a sidewall of the power management integrated
circuit chip PMIC, and a sidewall of the first die DIEL, with the result that the molding
layer MOL may be formed. For example, an Ajinomoto build-up film (ABF) may be used
as the adhesive dielectric film. For another example, the molding layer MOL may include a
dielectric polymer, such as an epoxy-based polymer. For another example, the first and
second under-fill layers UDFL1 and UDFL2 may be omitted, and the molding layer MOL
may further extend onto a bottom surface of the power management integrated circuit chip
PMIC and a bottom surface of the first die DIEL. When the third under-fill layer UDFL3 is
omitted, the molding layer MOL may further extend into a gap between the redistribution
substrate RSUB and the connection substrate CSUB.

[0147] The lower semiconductor package LPKG may further include an upper
redistribution layer URL. The upper redistribution layer URL may be disposed on the

molding layer MOL and the connection substrate CSUB. The upper redistribution layer
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URL may be identical or similar to the upper redistribution layer URL discussed above with
reference to FIG. 16.

[0148] The upper semiconductor package UPKG may be provided on the lower
semiconductor package LPKG. For example, the upper semiconductor package UPKG may
be mounted on the upper redistribution layer URL. The upper semiconductor package
UPKG may include an upper substrate USUB, a second die DIE2, and an upper molding
layer UMOL. The upper semiconductor package UPKG and the first external terminal BP
may be substantially the same as those discussed above with reference to FIG. 16. For
example, the first external terminal BP may be interposed between the lower semiconductor
package LPKG and the upper semiconductor package UPKG. The upper semiconductor
package UPKG may further include a heat emission structure HES.

[0149] According to some embodiments, a second impurity region may be separated
into segment regions, and the separated segment regions may be concentrated on a central
region of a transistor set. Therefore, some embodiments may prevent burnt failure caused
by drop in breakdown voltage of the transistor set and simultaneously may suppress a large
reduction in specific on-resistance.

[0150] Although some example embodiments have been discussed with reference to
accompanying figures, it will be understood that various changes in form and details may be
made therein without departing from the spirit and scope of present disclosure. It therefore
will be understood that the embodiments described above are just illustrative but not

limitative in all aspects.
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What is Claimed is:

1. A power management integrated circuit comprising a buck converter that
includes a first metal oxide semiconductor field effect transistor (MOSFET) having a first
conductivity type and a second MOSFET having a second conductivity type,

wherein the first MOSFET includes a plurality of transistor sets that are two-
dimensionally arranged,

wherein each of the plurality of transistor sets includes a plurality of source regions,
a plurality of drain regions, and a plurality of gate electrodes between the plurality of source
regions and the plurality of drain regions,

wherein each of the plurality of source regions and each of the plurality of drain
regions includes an impurity region having the first conductivity type,

wherein each of the plurality of source regions further includes a plurality of
segment regions having the second conductivity type,

wherein a first source region of the plurality of source regions is spaced apart from a
second source region of the plurality of source regions in a first direction, and

wherein a first number of the plurality of segment regions in the first source region
is different from a second number of the plurality of segment regions in the second source

region.

2. The power management integrated circuit of claim 1, wherein

the first number is greater than the second number, and

38



the first source region is closer than the second source region to a center of the

transistor set which includes the first source region and the second source region.

3. The power management integrated circuit of claim 1 or claim 2, wherein:

each of the plurality of gate electrodes extends in a second direction that intersects
the first direction, and

each of the plurality of segment regions are spaced apart from each other along the

second direction.

4. The power management integrated circuit of any one of claims 1 to 3,
wherein:

each of the plurality of transistor sets includes a central region and a peripheral
region that surrounds the central region, and

a first density of the plurality of segment regions in the central region is greater than

a second density of the plurality of segment regions in the peripheral region.

5. The power management integrated circuit of any one of claims 1 to 4,
wherein the plurality of segment regions include:

a first segment region in the first source region; and

a second segment region in the second source region,

wherein a size of the first segment region is different from a size of the second

segment region.

6. The power management integrated circuit of any one of claims 1 to 5,

wherein each of the plurality of transistor sets further includes:
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a source electrode electrically connected to the plurality of source regions; and

a drain electrode electrically connected to the plurality of drain regions,

wherein a first density of the plurality of segment regions in a zone between the
source electrode and the drain electrode is greater than a second density of the plurality of

segment regions in a remaining zone other than the zone.

7. The power management integrated circuit of any one of claims 1 to 6,
wherein each of the plurality of transistor sets further includes a guard ring region that

surrounds a boundary of the transistor set, the guard ring region having the second

conductivity type.
8. The power management integrated circuit of any one of claims 1 to 7,
wherein:

each of the plurality of transistor sets further includes a silicide layer on each of the
plurality of source regions, and
the impurity region and the plurality of segment regions are connected at a same

potential through the silicide layer.

9. The power management integrated circuit of any one of claims 1 to 8,
wherein the plurality of segment regions are configured to prevent a drop in a snapback

breakdown voltage of a transistor set which includes the plurality of segment regions.

10.  The power management integrated circuit of any one of claims 1 to 9,

wherein:
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each of the plurality of source regions further includes a lightly doped impurity
region below a corresponding gate electrode of the plurality of gate electrodes, the lightly
doped impurity region having the first conductivity type,

when a transistor set is operated, a current flows from a drain region toward a
corresponding source region, and

the current bypasses the plurality of segment regions of the corresponding source
region and flows through the lightly doped impurity region toward the corresponding source

region.

11. A power management integrated circuit comprising a buck converter that
includes a first metal oxide semiconductor field effect transistor (MOSFET) having a first
conductivity type and a second MOSFET having a second conductivity type,

wherein the first MOSFET includes a plurality of transistors sets that are two-
dimensionally arranged,

wherein a transistor set of the plurality of transistor sets includes a source region, a
drain region, and a gate electrode between the source region and the drain region,

wherein each of the source region and the drain region includes an impurity region
having the first conductivity type,

wherein the source region further includes a plurality of segment regions having the
second conductivity type,

wherein the gate electrode extends in a first direction, and

wherein the plurality of segment regions are spaced apart from each other along the

first direction.

12.  The power management integrated circuit of claim 11, wherein:
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the transistor set includes a central region and a peripheral region that surrounds the
central region, and
a first density of the plurality of segment regions in the central region is greater than

a second density of the plurality of segment regions in the peripheral region.

13.  The power management integrated circuit of claim 11,

wherein the transistor set includes a central region and a peripheral region that
surrounds the central region,

wherein the plurality of segment regions include:

a first segment region in the central region; and

a second segment region in the peripheral region,

wherein a size of the first segment region is greater than a size of the second

segment region.

14.  The power management integrated circuit of any one of claims 11 to 13,
wherein the transistor set further includes:

a source electrode electrically connected to the source region; and

a drain electrode electrically connected to the drain region,

wherein a first density of the plurality of segment regions in a zone between the
source electrode and the drain electrode is greater than a second density of the plurality of

segment regions in a remaining zone other than the zone.

15.  The power management integrated circuit of any one of claims 11 to 14,
wherein the transistor set further includes a guard ring region that surrounds a boundary of

the transistor set, the guard ring region having the second conductivity type.
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16. A power management integrated circuit comprising:

source regions and drain regions that are alternately disposed in a first direction on a
substrate;

gate electrodes correspondingly between the source regions and the drain regions;

a source electrode connected in common to the source regions; and

a drain electrode connected in common to the drain regions,

wherein each of the source regions and each of the drain regions includes a first
impurity region having a first conductivity type,

wherein each of the source regions further includes a second impurity region having
a second conductivity type,

wherein the second impurity region includes a plurality of segment regions that are
spaced apart from each other, and

wherein a first density of the plurality of segment regions in a zone between the
source electrode and the drain electrode is greater than a second density of the plurality of

segment regions in a remaining zone other than the zone.

17.  The power management integrated circuit of claim 16, wherein:

the second impurity region further includes a guard ring region that defines a
transistor set,

the transistor set includes a central region and a peripheral region that surrounds the
central region, and

a density of the plurality of segment regions in the central region is greater than a

density of the plurality of segment regions in the peripheral region.
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18.  The power management integrated circuit of claim 17, wherein the plurality
of segment regions include:

a first segment region in the central region; and

a second segment region in the peripheral region,

a size of the first segment region is greater than a size of the second segment region.

19.  The power management integrated circuit of any one of claims 16 to 18,
further comprising a silicide layer on each of the source regions,
wherein the first impurity regions of the source regions and the plurality of segment

regions of the source regions are connected at a same potential through the silicide layer.

20.  The power management integrated circuit of any one of claims 16 to 19,
wherein:

each of the source regions further includes a lightly doped impurity region below a
corresponding gate electrode, the lightly doped impurity region having the first conductivity
type,

a current flows from a drain region toward a corresponding source region, and

the current bypasses the plurality of segment regions of the corresponding source
region and flows through the lightly doped impurity region toward the corresponding source

region.
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