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(57) ABSTRACT 

A system on chip (SoC) includes an internal read-only 
memory (ROM) configured to store a first bootloader; a first 
internal static random access memory (SRAM) configured to 
receive a second boot loader output from a booting device, 
store the second bootloader, and perform a booting sequence 
according to control of the first bootloader, a second internal 
SRAM configured to receive a third bootloader output from 
the booting device, store the third bootloader, and perform a 
wake-up sequence according to control of the first boot 
loader, and a dynamic random access memory (DRAM) con 
troller configured to load an operating system (OS) from the 
booting device into a DRAM according to control of the 
second bootloader. 
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SYSTEM ON CHIP FOR REDUCING 
WAKE-UPTIME, METHOD OF OPERATING 

SAME, AND COMPUTER SYSTEM 
INCLUDING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119(a) from Korean Patent Application No. 10-2013 
0094.442 filed on Aug. 8, 2013, the disclosure of which is 
hereby incorporated by reference in its entirety. 

BACKGROUND 

0002 1. Field 
0003. Example embodiments of the inventive concepts 
relate to a booting technique, and more particularly, to a 
system on chip (SoC) capable of using a boot loader for a 
booting sequence and a boot loader for a wake-up sequence, 
a method of operating the same, and a computer system 
including the same. 
0004 2. Related Art 
0005. In computing, the terms booting and booting up 
may refer to the initial set of operations that a computer 
system including a central processing unit (CPU) performs 
when power is supplied to the CPU. Booting may be per 
formed when power is Supplied to the computer system or 
when power Supply to the computer system is resumed after 
the computer system is turned off. After the booting is com 
pleted, the computer system performs its normal operation. 
0006. The computer system may perform the booting 
using a boot loader. The boot loader is a computer program 
that loads an operating system into a main memory. When a 
user does not use the computer system for a predetermined 
period of time, the computer system may enter power-down 
mode in order to reduce power consumption. The computer 
system may performs the booting to wake up from the power 
down mode. 

SUMMARY 

0007 Example embodiments of the inventive concepts 
provide a system on chip (SoC) capable of using a bootloader 
used for a booting sequence and a boot loader used for a 
wake-up sequence independently from each other to wake up 
a computer system quickly from a power-down mode, a 
method of operating the same, and a computer system includ 
ing the same. 
0008 According to example embodiments, a method of 
operating a system on chip (SoC), an SoC, and an application 
processor may selectively use one of two bootloaders stored 
in different locations to initiate an operating system (OS) 
code. According to example embodiments, a method of oper 
ating a system on chip (SoC) includes executing a first boot 
loader stored in an internal read-only memory (ROM) based 
on a reset signal; selecting one of non-volatile memories as a 
booting device using the first boot loader, loading a second 
bootloader from the booting device into a first internal static 
random access memory (SRAM) and loading a third boot 
loader from the booting device into a second internal SRAM: 
and loading an operating system (OS) from the booting 
device into a main memory as the second boot loader is 
executed. 
0009. The method may further include executing the sec 
ond bootloader, wherein the second bootloader is executed 
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after the third boot loader loaded into the second internal 
SRAM passes integrity checking. 
0010. The non-volatile memories may be flash-based 
memories. 
0011. The method may further include causing the SoC to 
enter a power-down mode; cutting off a power Supply to the 
internal ROM and the first internal SRAM during the power 
down mode; and continuing Supplying power to the second 
internal SRAM in the power-down mode. 
0012. The method may further include executing the first 
boot loader based on a wake-up interrupt signal; executing, 
using the first bootloader, the third bootloader stored in the 
second internal SRAM; and jumping to the OS loaded into the 
main memory, using the third bootloader. 
0013 The method may further include performing integ 
rity checking on at least one of the second boot loader, the 
third bootloader, and the OS. 
0014. The reset signal may be one of a hardware reset 
signal, a watchdog reset signal, and a Software reset signal. 
0015. According to example embodiments, a system on 
chip (SoC) includes an internal read-only memory (ROM) 
configured to store a first boot loader; a first internal static 
random access memory (SRAM) configured to receive a sec 
ond boot loader output from a booting device, store the sec 
ondbootloader, and perform a booting sequence according to 
control of the first boot loader; a second internal SRAM 
configured to receive a third boot loader output from the 
booting device, store the third boot loader, and perform a 
wake-up sequence according to control of the first boot 
loader, and a dynamic random access memory (DRAM) con 
troller configured to load an operating system (OS) from the 
booting device into a DRAM according to control of the 
second bootloader. 
0016. The first internal SRAM and the second internal 
SRAM may be respectively implemented in different power 
domains, the SoC being configured to control the different 
power domains independently with respect to one another. 
0017. The SoC may further include a power management 
unit (PMU) configured to cut off a power supply to the inter 
nal ROM, the first internal SRAM, and the DRAM controller 
and to continue Supplying power to the second internal 
SRAM after the SoC enters a power-down mode. 
0018. The PMU may resume supplying power to the inter 
nal ROM, the first internal SRAM, and the DRAM controller 
based on a wake-up interrupt signal, the first bootloader may 
be executed based on the wake-up interrupt signal; and the 
third bootloader may jump to the OS loaded into the DRAM, 
the first bootloader being executed by the first bootloader. 
0019. According to example embodiments, an application 
processor may include an internal read-only memory (ROM) 
configured to store a first boot loader; a first internal static 
random access memory (SRAM) configured to receive a sec 
ond boot loader output from a booting device, store the sec 
ondbootloader, and perform a booting sequence according to 
control of the first boot loader; a second internal SRAM 
configured to receive a third boot loader output from the 
booting device, store the third boot loader, and perform a 
wake-up sequence according to control of the first boot 
loader, and a dynamic random access memory (DRAM) con 
troller configured to load an operating system (OS) from the 
booting device into a DRAM according to control of the 
second bootloader. 
0020. The application processor may further include a 
power management unit (PMU) configured to cut off a power 
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supply to the internal ROM, the first internal SRAM, and the 
DRAM controller and to continue supplying power to the 
second internal SRAM after the SoC enters a power-down 
mode. 
0021. The PMU may resume supplying power to the inter 
nal ROM, the first internal SRAM, and the DRAM controller 
based on awake-up interrupt signal; the first bootloader may 
be executed based on the wake-up interrupt signal; and the 
third bootloader may jump to the OS loaded into the DRAM, 
the first bootloader being executed by the first boot loader. 
0022. According to example embodiments, a computer 
system may include a system on chip (SoC), a booting device 
connected to the SoC, and a dynamic random access memory 
(DRAM) connected to the SoC, wherein the SoC includes, an 
internal read-only memory (ROM) configured to store a first 
boot loader; a first internal static random access memory 
(SRAM) configured to receive a second boot loader output 
from a booting device, store the second boot loader, and 
perform a booting sequence according to control of the first 
bootloader; a second internal SRAM configured to receive a 
third boot loader output from the booting device, store the 
third bootloader, and perform a wake-up sequence according 
to control of the first boot loader; and a dynamic random 
access memory (DRAM) controller configured to load an 
operating system (OS) from the booting device into a DRAM 
according to control of the second bootloader. 
0023 The first internal SRAM and the second internal 
SRAM may be respectively implemented in different power, 
the SoC being configured to control the different power 
domains independently with respect to one another. 
0024. The computer system may further include a power 
management unit (PMU) configured to cut off a power Supply 
to the internal ROM, the first internal SRAM, and the DRAM 
controller and to continue Supplying power to the second 
internal SRAM after the SoC enters a power-down mode. 
0025. The PMU may resume supplying power supply to 
the internal ROM, the first internal SRAM, and the DRAM 
controller based on a wake-up interrupt signal; the first boot 
loader may be executed based on the wake-up interrupt sig 
nal; and the third bootloader may jump to the OS loaded into 
the DRAM, the first boot loader being executed by the first 
bootloader. 
0026. The computer system may further include a power 
Supply control device configured to cut off a power Supply to 
the booting device when the SoC is in a power-down mode 
and to resume the Supplying power to the booting device 
when the SoC wakes up. 
0027. The computer system may be at least one of a smart 
phone, a tablet personal computer, a wearable computer, and 
a mobile internet device. 
0028. According to example embodiments, a method of 
operating a system on chip (SoC) includes executing a first 
bootloader code stored in the in a read-only memory (ROM) 
of SoC, causing, using the first boot loader code, a second 
boot loader code and a third boot loader code to be loaded 
from a boot device into the SoC, the second and third boot 
loader codes being loaded into a first static random access 
memory (SRAM) of the SoCanda second SRAM of the SoC, 
respectively, causing, using the second boot loader code, 
operating system (OS) code to be loaded from the boot device 
into main memory of the SoC and executed; entering a power 
down mode of the SoC in which power is cut for at least some 
elements of the SoC, the at least some elements including the 
first SRAM and not including the second SRAM; performing 
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a wake-up operation of the SoC in which power is restored to 
elements of the SoC, and causing, using the third bootloader 
code, the OS code to be executed during the wake-up opera 
tion. 
0029. The method may further include during the wake-up 
mode, executing the first bootloader code; and jumping to an 
address of the third bootloader code in the second SRAM and 
causing the third boot loader code to be executed, using the 
first bootloader code. 
0030. During the wake-up operation, execution of the OS 
may be initiated without using the second boot code or load 
ing boot code from the boot device. 
0031. The second boot loader code, the third boot loader 
code and the OS may be loaded from a nonvolatile memory 
included in the boot device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The above and other features and advantages of 
example embodiments of the inventive concepts will become 
more apparent by describing in detail example embodiments 
of the inventive concepts with reference to the attached draw 
ings. The accompanying drawings are intended to depict 
example embodiments of the inventive concepts and should 
not be interpreted to limit the intended scope of the claims. 
The accompanying drawings are not to be considered as 
drawn to Scale unless explicitly noted. 
0033 FIG. 1 is a block diagram of a computer system 
according to example embodiments of the inventive concepts: 
0034 FIG. 2 is a flowchart of a booting sequence of the 
computer system illustrated in FIG. 1; 
0035 FIG. 3 is a flowchart of a wake-up sequence of the 
computer system illustrated in FIG. 1; 
0036 FIG. 4 is a block diagram of a computer system 
according to example embodiments of the inventive concept; 
and 
0037 FIG. 5 is a flowchart of a booting sequence of the 
computer system illustrated in FIG. 4. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0038. Detailed example embodiments of the inventive 
concepts are disclosed herein. However, specific structural 
and functional details disclosed herein are merely represen 
tative for purposes of describing example embodiments of the 
inventive concepts. Example embodiments of the inventive 
concepts may, however, be embodied in many alternate forms 
and should not be construed as limited to only the embodi 
ments set forth herein. 
0039. Accordingly, while example embodiments of the 
inventive concepts are capable of various modifications and 
alternative forms, embodiments thereofare shown by way of 
example in the drawings and will herein be described in 
detail. It should be understood, however, that there is no intent 
to limit example embodiments of the inventive concepts to the 
particular forms disclosed, but to the contrary, example 
embodiments of the inventive concepts are to cover all modi 
fications, equivalents, and alternatives falling within the 
Scope of example embodiments of the inventive concepts 
Like numbers refer to like elements throughout the descrip 
tion of the figures. 
0040. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
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terms are only used to distinguish one element from another. 
For example, a first element could be termed a second ele 
ment, and, similarly, a second element could be termed a first 
element, without departing from the scope of example 
embodiments of the inventive concepts. As used herein, the 
term “and/or includes any and all combinations of one or 
more of the associated listed items. 
0041. It will be understood that when an element is 
referred to as being “connected' or “coupled to another 
element, it may be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected 
or “directly coupled to another element, there are no inter 
vening elements present. Other words used to describe the 
relationship between elements should be interpreted in a like 
fashion (e.g., “between versus “directly between”, “adja 
cent versus “directly adjacent”, etc.). 
0042. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of example embodiments of the inventive con 
cepts. As used herein, the singular forms “a”, “an and “the 
are intended to include the plural forms as well, unless the 
context clearly indicates otherwise. It will be further under 
stood that the terms “comprises”, “comprising.”, “includes’ 
and/or “including', when used herein, specify the presence of 
stated features, integers, steps, operations, elements, and/or 
components, but do not preclude the presence or addition of 
one or more other features, integers, steps, operations, ele 
ments, components, and/or groups thereof. 
0043. It should also be noted that in some alternative 
implementations, the functions/acts noted may occur out of 
the order noted in the figures. For example, two figures shown 
in Succession may in fact be executed Substantially concur 
rently or may sometimes be executed in the reverse order, 
depending upon the functionality/acts involved. 
0044 FIG. 1 is a block diagram of a computer system 
100A according to example embodiments of the inventive 
concepts. 
0045. In the example illustrated in FIG. 1A, the computer 
system 100A includes a system on chip (SoC) 200, a main 
memory 300, and a plurality of non-volatile memories 400-1 
through 400-n. The computer system 100A may be an elec 
tronic system that requires booting or booting up. The com 
puter system 100A may be personal computer (PC), a data 
server, consumer electronics (CE), or a portable electronic 
device. 
0046 Examples of CE may include audio equipment, tele 
vision (TV) sets, SmartTV, and Smart refrigerators. Examples 
of portable electronic devices may a laptop computer, a cel 
lular phone, a Smart phone, a tablet PC, a personal digital 
assistant (PDA), an enterprise digital assistant (EDA), a digi 
tal still camera, a digital video camera, a portable multimedia 
player (PMP), a personal navigation device or portable navi 
gation device (PND), a handheld game console, a mobile 
internet device (MID), a wearable computer, or an e-book. 
0047. The SoC 200 may communicate with the main 
memory 300 and each of the non-volatile memories 400-1 
through 400-in through an interface. The SoC 200 may func 
tion as a control device that controls data communication 
between the main memory 300 and each of the non-volatile 
memories 400-1 through 400-n. 
0048. The SoC 200 may be embedded in an application 
processor. The SoC 200, the main memory 300, and the 
non-volatile memories 400-1 through 400-n may be mounted 
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on a printed circuit board (PCB) or a main board. In the 
example illustrated in FIG. 1, the SoC 200 includes an inter 
rupt controller 205, a central processing unit (CPU) 210, a 
security Sub System 215, an internal read-only memory 
(ROM) 220, a power management unit (PMU) 230, a memory 
controller 235, a first internal static random access memory 
(SRAM) 245, a second internal SRAM 255, and a main 
memory controller 265. 
0049. The interrupt controller 205 may generate an inter 
rupt INT2 corresponding to a reset signal INT1 received at the 
SoC 200 from outside the SoC 200. The reset signal INT1 
may be, for example, a hardware reset signal, a watchdog 
reset signal, a Software reset signal, or a wake-up reset signal 
for wake-up from power-down mode. The interrupt INT2 
may be, for example, an interrupt for hardware reset, watch 
dog reset, or software reset or a wake-up interrupt for wake 
up. 
0050. The CPU 210 may control the operation of the SoC 
200. For example, the CPU 210 may control the operations of 
the elements 205, 215, 220, 230, 235, 245, 255, and/or 265. 
The CPU210 may be implemented as a multi-core CPU. The 
security sub system 215 may perform data security on the 
SOC 200. 
0051. A first boot loader BL 1 may be stored in a storage 
area 225 of the internal ROM 220. The SoC 200 may boot 
from the first bootloader BL 1 stored in the storage area 225 
of the internal ROM 220 to enable secure booting. The first 
bootloader BL1 may be composed of, for example, small and 
simple code, and may be platform-independent. When a reset 
operation or a wake-up operation is executed based on the 
interrupt INT2, the first bootloader BL1 in the internal ROM 
220 may cause a program counter to start. 
0052. The PMU 230 may control the supply of an operat 
ing voltage or power to any or all of the elements 205, 210, 
215, 220, 235, 245, 255, and 265. Any or all of the elements 
205, 210, 215, 220, 235, 245, and 265 (excluding the second 
internal SRAM 255) may be implemented together in a power 
domain or may be implemented separately in different power 
domains. 
0053. The memory controller 235 may control the transfer 
of commands and/or data among the first internal SRAM 
(hereinafter, referred to as iSRAM1) 245, the second internal 
SRAM (hereinafter, referred to as iSRAM2) 255, the main 
memory controller 265, and the non-volatile memories 400-1 
through 400-m. 
0054) The iSRAM1 245 may receive and store a second 
bootloader BL2 output from a booting device, i.e., the non 
volatile memory 400-1 according to the control of the 
memory controller 235. The iSRAM2 255 may receive and 
store a third bootloader BL3 output from the booting device 
400-1 according to the control of the memory controller 235. 
0055. The capacity of the iSRAM2255 may be configured 
to be less than that of the iSRAM1 245 in order to reduce 
power consumption in power-down mode. The main memory 
controller 265 may control the transfer of commands and/or 
data among the CPU 210, the memory controller 235, and the 
main memory 300. 
0056. For clarity of the description, it is assumed in the 
embodiments illustrated in FIG. 1 that the iSRAM1 245 is 
included in a first power domain 240, the iSRAM2 255 is 
included in a second power domain 250, and the main 
memory controller 265 is included in a third power domain 
260. However, other arrangements may be used. Further, 
according to example embodiments, it may be desirable to 
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arrange the first power domain 240 including the iSRAM1 
245 and the second power domain 250 including the iSRAM2 
255 to be separated from each other. The PMU 230 may 
independently control the cut-off and Supply of the operating 
voltage to the power domains 240,250, and 260. 
0057 The main memory 300 may store, for example, an 
operating system (OS), an application (or application code), 
and data. The main memory 300 may be implemented as a 
dynamic random access memory (DRAM). 
0058. The booting device 400-1 may be a non-volatile 
memory. The booting device 400-1 may store the second boot 
loader BL2, the third boot loader BL3, and the OS. The 
second boot loader BL2 may be a boot loader for a booting 
sequence including, for example, a hardware reset, watchdog 
reset, or software reset. According to example embodiments, 
the third bootloader BL3 may be an exclusive bootloader for 
a wake-up sequence including, for example, wake-up from a 
power-down mode. 
0059. The non-volatile memories 400-1 through 400-n 
may, for example, be flash-based memories. Examples of the 
first non-volatile memory 400-1 include a multimedia card 
(MMC), an embedded MMC (eMMC), or a secure digital 
(SD) card. The second non-volatile memory 400-2 may be an 
embedded solid state drive (eSSD), a NAND flash memory, a 
NOR flash memory, or a universal flash storage (UFS). The 
n-th non-volatile memory 400-n may be a storage device 
having a universal asynchronous receiver/transmitter 
(UART) or universal serial bus (USB) interface. 
0060. During a booting sequence, the first bootloader BL1 
may select one of the non-volatile memories 400-1 through 
400-m as a booting device based on a state OMPS of operating 
mode pins. Here, it is assumed that the first non-volatile 
memory 400-1 is selected by the first boot loader BL1 as a 
booting device. As an example, according to at least one 
example embodiment of the inventive concepts, when the 
state OMPS 5:1 of the operating mode pins is 5b'00010, the 
first bootloader BL1 selects non-volatile memory 400-1 as a 
booting device; when the state OMPS 5:1 of the operating 
mode pins is 5b'01000, the first boot loader BL1 selects 
non-volatile memory 400-2 as a booting device; and when the 
state OMPS 5:1 of the operating mode pins is 5b'1 1000, the 
first bootloader BL1 selects non-volatile memory 400-n as a 
booting device. 
0061 The memory controller 235 may be, for example, a 
set of controllers that control the non-volatile memories 
400-1 through 400-n, respectively. The memory controller 
235 may include one or more of an MMC controller, an 
eMMC controller, an SD card controller, an eSSD controller, 
a NAND flash controller, a NOR flash controller, a UFS 
controller, a UART controller, and a USB controller. Accord 
ing to example embodiments, the type or and the number of 
controllers included in the memory controller 235 may be 
determined based on the type of and the number of the non 
volatile memories 400-1 through 400-m included in the com 
puter system 100A. 
0062 FIG. 2 is a flowchart of a booting sequence of the 
computer system 100A illustrated in FIG. 1. The booting 
sequence (or boot) of the computer system 100A will be 
described in detail with reference to FIGS. 1 and 2. 
0063. The PMU 230 may supply an operating voltage to 
the elements 205, 210, 215, 220, 235, 245, 255, and 265 in 
response to the interrupt INT2 corresponding to the reset 
signal INT1, which may be, for example, the hardware reset 
signal, the watchdog reset signal, or the Software reset signal. 
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0064. When the SoC 200 is reset in operation S110, the 
first boot loader BL1 stored in the storage area 225 of the 
internal ROM 220 may be executed according to the control 
of the CPU 210 in operation S112. The first bootloader BL1 
selects one non-volatile memory 400-1 as a booting device 
from among the non-volatile memories 400-1 through 400-n 
based on the state OMPS of the operating mode pins in 
operation S114. The first boot loader BL 1 loads the second 
boot loader BL2 from the booting device 400-1 into the 
iSRAM1 245 using the memory controller 235 in operation 
S118. The size of the second bootloader BL2 may be deter 
mined based on software. 

0065. When secure boot is desired (in case of YES) in 
operation S120, the first bootloader BL1 performs integrity 
checking on the second boot loader BL2 loaded into the 
iSRAM1 245 in operation S122. When the second bootloader 
BL2 passes the integrity checking (in case of YES) in opera 
tion S122, the first bootloader BL 1 loads the third bootloader 
BL3 from the booting device 400-1 into the iSRAM2 255 
using the memory controller 235 in operation S126. 
0066. When the second bootloader BL2 fails the integrity 
checking (in case of NO) in operation S122, the first boot 
loader BL1 is stopped and the boot operation is stopped in 
operation S124. When the secure boot is not desired (in case 
of NO) in operation S120, the first bootloader BL 1 loads the 
third bootloader BL3 from the booting device 400-1 into the 
iSRAM2 255 using the memory controller 235 in operation 
S126. 

0067. When secure boot is desired (in case of YES) in 
operation S128, the first bootloader BL1 performs integrity 
checking on the third boot loader BL3 loaded into the 
iSRAM2 255 in operation S130. When the third boot loader 
BL3 passes the integrity checking (in case ofYES) in opera 
tion S130, the first bootloader BL 1 jumps to an address of the 
second bootloader BL2 loaded to the iSRAM1 245 in opera 
tion S133. The address may be determined depending on a 
user's software. 

0068. However, in other embodiments, a program counter 
indicating a start address of the CPU 210 may start from the 
third bootloader BL3 in the iSRAM2 255 in response to the 
wake-up interrupt INT2 in order to reduce a booting time. 
0069. When the third boot loader BL3 fails the integrity 
checking (in case of NO) in operation S130, the first boot 
loader BL1 is stopped and the boot is stopped in operation 
S132. When the secure boot is not desired (in case of NO) in 
operation S128, the first bootloader BL 1jumps to the address 
of the second bootloader BL2 loaded to the iSRAM1 245 in 
operation S133. 
0070. When the secure boot is successfully completed 
with respect to the second and third boot loaders BL2 and 
BL3, or when the secure boot is not desired for the second and 
third bootloaders BL2 and BL3, the second bootloader BL2 
is executed by the CPU 210 in operation S133. The second 
bootloader BL2 initializes desired peripheral devices includ 
ing, for example, a system clock, a storage device having 
UART interface, and/or the main memory controller 265 in 
operation S134. 
(0071. The second bootloader BL2 loads the OS or an OS 
image from the booting device 400-1 into the main memory 
300 using the memory controllers 235 and 265 in operation 
S136. Further, the second boot loader BL2 may jump to an 
address of the OS loaded into the main memory 300. As a 
result, the OS is started in operation S138. The address may 
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be determined depending on a user's Software. Consequently, 
the booting sequence is completed. 
0072 FIG. 3 is a flowchart of a wake-up sequence of the 
computer system 100A illustrated in FIG. 1. The wake-up 
sequence of the computer system 100A will be described in 
detail with reference to FIGS. 1 and 3. 
0073. The computer system 100A that has been normally 
booted using the booting sequence may enter a power-down 
mode according to use conditions in operation S160. The 
power-down mode may be referred to by various names 
including low power mode, sleep mode, standby, sleep, or 
Suspend. 
0074. When the computer system 100A enters the power 
down mode in operation S160, the PMU 230 supplies power 
to only the iSRAM2255 in the second power domain 250 and 
cuts off the power supply to the other power domains 240 and 
260 in operation S162. Further, during the power-down mode 
of the computer system 100A, power supplied to the DRAM 
300 is not cut off. Since the power is not supplied to the 
iSRAM1 245, data stored in the iSRAM1 245 may be lost or 
erased during the power-down mode of the computer system 
100A. However, according to at least one example embodi 
ment of the inventive concepts, data stored in the iSRAM2 
255 and data stored in the DRAM300 are retained during the 
power-down mode of the computer system 100A. 
0075. According to example embodiments, the PMU 230 
may cut off the power supply to all elements 210, 215, 220, 
235, 245, and 265 except for the interrupt controller 205 and 
the SRAM2 255. 
0076. In further embodiments, when the computer system 
100A enters the power-down mode in operation S160, the 
power supply to the non-volatile memories 400-1 through 
400-n may also be cut off and then may be resumed in 
response to the wake-up interrupt INT2. In this case, the 
power supply to the non-volatile memories 400-1 through 
400-n may be controlled by the PMU 230 or a separate power 
Supply control device. The power Supply control device may 
be included in the computer system 100A and the power 
Supply control device may be implemented as a power man 
agement integrated circuit (PMIC). 
0077. When the computer system 100A enters the power 
down mode, the PMU 230 may store the power states of the 
respective elements 205, 210, 215, 220, 235, 245, 255, and 
265 in, for example an, internal memory or register of the 
PMU 230. The interrupt controller 205 may generate the 
wake-up interrupt INT2 in response to the wake-up reset 
signal INT1. 
0078. The PMU 230 may resume the supply of an operat 
ing voltage to the elements 210, 215, 220, 235, 245, and 265 
in response to the wake-up interrupt INT2 in operation S164. 
As described above, unless the computer system 100A is 
powered off, the PMU 230 may continuously supply the 
power to the second power domain 250 including the 
SRAM2 255. 
007.9 The CPU 210 executes the first boot loader BL 1 in 
response to the wake-up interrupt INT2 in operation S166. At 
this time, the CPU210 may execute the first bootloader BL1 
corresponding to the wake-up sequence with reference to the 
power states stored in the internal memory or the internal 
register of the PMU 230. 
0080. The first bootloader BL 1 jumps to an address of the 
third bootloader BL3 loaded into the iSRAM2255 according 
to the control of the CPU210. The address may be determined 
depending on a user's Software. 
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0081. According to example embodiments, a program 
counter indicating a start address of the CPU 210 may start 
from the third boot loader BL3 in the iSRAM2 255 in 
response to the wake-up interrupt INT2 in order to reduce a 
booting time. 
I0082. The third boot loader BL3 is executed by the CPU 
210 in operation S168. The third boot loader BL3 initializes 
the main memory controller 265 and jumps to an address of 
the OS loaded into the main memory 300 in operation S170. 
Accordingly, the OS is started in operation S172 and a desired 
application is started in operation S174. Consequently, the 
OS is restored to a previous state. 
0083. When the third bootloader BL3 does not exist in the 
iSRAM2 255 in the power-down mode, it may be necessary 
for the SoC 200 to re-load the second bootloader BL2 from 
the booting device 400-1 into the iSRAM1 245 and perform, 
again, the integrity checking on the second boot loader BL2 
loaded into the iSRAM1 245 using the first bootloader BL1. 
Through these processes, a wake-up time increases. 
I0084. According to the example embodiments of the 
inventive concepts, the third bootloader BL3 is retained in the 
iSRAM2 255 in the power-down mode, so that the SoC 200 
can start the OS stored in the main memory 300 using the third 
boot loader BL3. 
I0085. According to example embodiments of the inven 
tive concepts, when the SoC 200 wakes up from the power 
down mode, the SoC 200 does not need to re-load the second 
boot loader BL2 from the booting device 400-1 into the 
iSRAM1 245 and does not need to perform the integrity 
checking on the second boot loader BL2, and therefore, the 
wake-up time may be reduced. 
I0086. In addition, the SoC 200 may also avoid consuming 
the power necessary for the re-load of the second bootloader 
BL2 into the iSRAM1 245, for the integrity checking on the 
second bootloader BL2, and for the execution of the second 
boot loader BL2. Moreover, the SoC 200 may not need to 
access the booting device 400-1 when waking up from the 
power-down mode, and therefore, the lifespan of the booting 
device 400-1 may be increased when the booting device 
400-1 is implemented as a flash-based memory. 
I0087. According to example embodiments, the SoC 200 
may not need to re-load the second boot loader BL2 and the 
third boot loader BL3 from the booting device 400-1 when 
waking up from the power-down mode. Consequently, wake 
up time may be reduced. 
I0088 FIG. 4 is a block diagram of a computer system 
100B according to example embodiments of the inventive 
concepts. Referring to FIGS. 1 and 4, the structure and opera 
tion of the computer system 100B illustrated in FIG.4 may be 
the same or, alternatively, Substantially the same as those of 
the computer system 100A illustrated in FIG. 1, with the 
exception that the booting device 400-1 stores first and sec 
ond sub bootloaders BL2-1 and BL2-2 in addition to the third 
bootloader BL3 and the OS, and the two bootloaders BL2-1 
and BL2-2 are sequentially loaded into the iSRAM1 245. 
I0089. For example, the first sub bootloader BL2-1 may be 
composed of a small and simple code, may be platform 
independent, and may be related with a secure boot operation. 
0090 The second sub boot loader BL2-1 may be com 
posed of a more complicated code than the first sub boot 
loader BL2-1, and may be platform-specific. 
0091 FIG. 5 is a flowchart of a booting sequence of the 
computer system 100B illustrated in FIG. 4. According to 
example embodiments, the process illustrated in FIG.5 may 
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be the same as that illustrated in FIG.2 with the exception that 
the operations S116B and S133-1 illustrated in FIG. 5 may 
replace the operations S116A and S133 illustrated in FIG. 2, 
respectively. 
0092 A procedure for loading the first and second sub 
bootloaders BL2-1 and BL2-2 from the booting device 400-1 
into the iSRAM1 245 will be described in detail with refer 
ence to FIGS. 2, 4, and 5. 
0093. With reference to FIG. 2, when the SoC 200 is reset 
in operation S110, the first boot loader BL1 stored in the 
storage area 225 of the internal ROM 220 is executed accord 
ing to the control of the CPU 210 in operation S112. The first 
bootloader BL1 selects one non-volatile memory 400-1 as a 
booting device from among the non-volatile memories 400-1 
through 400-m based on the state OMPS of the operating 
mode pins in operation S114. With reference to FIG. 5, the 
first boot loader BL1 loads the first sub boot loader BL2-1 
from the booting device 400-1 into the iSRAM1 245 using the 
memory controller 235 in operation S202. 
0094. When a secure boot operation is desired (in case of 
YES) in operation S204, the first boot loader BL 1 performs 
integrity checking on the first sub bootloader BL2-1 loaded to 
the iSRAM1 245 in operation S206. When the first sub boot 
loader BL2-1 passes the integrity checking (in case ofYES) in 
operation S206, the first bootloader BL1 or the first sub boot 
loader BL2-1 loads the second sub bootloader BL2-2 from 
the booting device 400-1 into the iSRAM1 245 using the 
memory controller 235 in operation S210. 
(0095. When the first sub bootloader BL2-1 fails the integ 
rity checking (in case of NO) in operation S206, the first boot 
loader BL1 or the first sub bootloader BL2-1 is stopped and 
the boot is stopped in operation S208. 
0096. When the secure boot is not desired (in case of NO) 
in operation S204, the first boot loader BL1 or the first sub 
boot loader BL2-1 loads the second sub boot loader BL2-2 
from the booting device 400-1 into the iSRAM1 245 using the 
memory controller 235 in operation S210. 
0097. When secure boot is desired (in case of YES) in 
operation S212, the first bootloader BL1 or the first sub boot 
loader BL2-1 performs integrity checking on the second Sub 
bootloader BL2-2 loaded into the iSRAM1 245 in operation 
S214. When the second sub boot loader BL2-2 passes the 
integrity checking (in case of YES) in operation S214, the first 
bootloader BL1 or the first sub bootloader BL2-1 loads the 
third boot loader BL3 into the iSRAM2 255 in operation 
S126. When the second sub bootloader BL2-2 fails the integ 
rity checking (in case of NO) in operation S214, the first boot 
loader BL1 or the first sub bootloader BL2-1 is stopped and 
the boot is stopped in operation S216. 
0098. When secure boot is not desired (in case of NO) in 
operation S212, the first bootloader BL1 or the first sub boot 
loader BL2-1 loads the third bootloader BL3 from the boot 
ing device 400-1 into the iSRAM2255 in operation S126. 
0099. When secure boot is desired (in case of YES) in 
operation S128, the first bootloader BL1 or the first sub boot 
loader BL2-1 performs integrity checking on the third boot 
loader BL3 loaded into the iSRAM2 255 in operation S130. 
When the third bootloader BL3 passes the integrity checking 
(in case ofYES) in operation S130, the first bootloader BL1 
or the first sub boot loader BL2-1 jumps to the second sub 
bootloader BL2-2 loaded into the iSRAM1 245 in operation 
S133-1. When the third boot loader BL3 fails the integrity 
checking (in case of NO) in operation S130, the first boot 
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loader BL1 or the first sub bootloader BL2-1 is stopped and 
the boot is stopped in operation S132. 
0100 When secure boot is not desired (in case of NO) in 
operation S128, the first bootloader BL1 or the first sub boot 
loader BL2-1 jumps to an address of the second sub boot 
loader BL2-2 loaded into the iSRAM1 245 in operation S133 
1. The address may be determined depending on a user's 
software. 
0101 The second sub boot loader BL2-2 initializes 
desired peripheral devices, e.g., a system clock, a storage 
device having UART interface, and/or the main memory con 
troller 265 in operation S134 (FIG. 2). The second sub boot 
loader BL2-2 loads the OS or an OS image from the booting 
device 400-1 into the main memory 300 using the memory 
controllers 235 and 265 in operation S136 (FIG. 2). 
0102) According to example embodiments the second sub 
bootloader BL2-2 may jump to an address of the OS loaded 
into the main memory 300 and, afterwards, the OS is started 
in operation S138 (FIG. 2). The entrance (S160) of the com 
puter system 100B, which has been normally booted through 
the booting sequence, into the power-down mode and the 
wake-up sequence of the computer system 100B are substan 
tially the same as described with reference to FIG. 3. 
0103) As described above, according to example embodi 
ments of the inventive concepts, a computer system may use 
a bootloader used for a booting sequence and a boot loader 
used for a wake-up sequence independently, and thus, the 
computer system may quickly wake up from power-down 
mode, thereby reducing a wake-up time. In addition, a com 
puter system according to example embodiments may reduce 
an amount of power consumed during the loading, checking 
and executing of bootloaders used for the booting sequence. 
Moreover, since a computer system according to example 
embodiments may not need to access a booting device that 
stores the bootloader used for the booting sequence when it 
wakes up from the power-down mode, the lifespan of the 
booting device may be increased when the booting device is 
a flash-based memory. 
0104 Example embodiments having thus been described, 

it will be obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure from the 
intended spirit and Scope of example embodiments of the 
inventive concepts, and all Such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 

1. A method of operating a system on chip (SoC), the 
method comprising: 

executing a first bootloader stored in an internal read-only 
memory (ROM) based on a reset signal; 

selecting one of non-volatile memories as a booting device 
using the first bootloader; 

loading a second bootloader from the booting device into 
a first internal static random access memory (SRAM) 
and loading a third bootloader from the booting device 
into a second internal SRAM; and 

loading an operating system (OS) from the booting device 
into a main memory as the second boot loader is 
executed. 

2. The method of claim 1, further comprising: 
executing the second bootloader, wherein the second boot 

loader is executed after the third bootloader loaded into 
the second internal SRAM passes integrity checking. 

3. The method of claim 1, wherein the non-volatile memo 
ries are flash-based memories. 
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4. The method of claim 1, further comprising: 
causing the SoC to enter a power-down mode; 
cutting offa power supply to the internal ROM and the first 

internal SRAM during the power-down mode; and 
continuing Supplying power to the second internal SRAM 

in the power-down mode. 
5. The method of claim 4, further comprising: 
executing the first bootloader based on awake-up interrupt 

signal; 
executing, using the first bootloader, the third bootloader 

stored in the second internal SRAM; and 
jumping to the OS loaded into the main memory, using the 

third bootloader. 
6. The method of claim 1, further comprising: 
performing integrity checking on at least one of the second 

bootloader, the third bootloader, and the OS. 
7. The method of claim 1, wherein the reset signal is one of 

a hardware reset signal, a watchdog reset signal, and a soft 
ware reset signal. 

8. A system on chip (SoC) comprising: 
an internal read-only memory (ROM) configured to store a 

first bootloader; 
a first internal static random access memory (SRAM) con 

figured to receive a second boot loader output from a 
booting device, store the second boot loader, and per 
form a booting sequence according to control of the first 
bootloader; 

a second internal SRAM configured to receive a third boot 
loader output from the booting device, store the third 
bootloader, and perform a wake-up sequence according 
to control of the first bootloader; and 

a dynamic random access memory (DRAM) controller 
configured to load an operating system (OS) from the 
booting device into a DRAM according to control of the 
second bootloader. 

9. The SoC of claim8, wherein the first internal SRAM and 
the second internal SRAM are respectively implemented in 
different power domains, the SoC being configured to control 
the different power domains independently with respect to 
one another. 

10. The SoC of claim 8, further comprising: 
a power management unit (PMU) configured to cut off a 
power supply to the internal ROM, the first internal 
SRAM, and the DRAM controller and to continue Sup 
plying power to the second internal SRAM after the SoC 
enters a power-down mode. 

11. The SoC of claim 10, wherein the PMU resumes Sup 
plying power to the internal ROM, the first internal SRAM, 
and the DRAM controller based on a wake-up interrupt sig 
nal; the first boot loader is executed based on the wake-up 
interrupt signal; and the third boot loader jumps to the OS 
loaded into the DRAM, the first bootloader being executed by 
the first bootloader. 
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12-14. (canceled) 
15. A computer system comprising: 
a system on chip (SoC); 
a booting device connected to the SoC; and 
a dynamic random access memory (DRAM) connected to 

the SoC, 
wherein the SoC includes, 

an internal read-only memory (ROM) configured to 
store a first bootloader; 

a first internal static random access memory (SRAM) 
configured to receive a second boot loader output 
from a booting device, store the second boot loader, 
and perform a booting sequence according to control 
of the first bootloader; 

a second internal SRAM configured to receive a third 
bootloader output from the booting device, store the 
third boot loader, and perform a wake-up sequence 
according to control of the first bootloader; and 

a dynamic random access memory (DRAM) controller 
configured to load an operating system (OS) from the 
booting device into a DRAM according to control of 
the second bootloader. 

16. The computer system of claim 15, wherein the first 
internal SRAM and the second internal SRAM are respec 
tively implemented in different power, the SoC being config 
ured to control the different power domains independently 
with respect to one another. 

17. The computer system of claim 15, further comprising a 
power management unit (PMU) configured to cut off a power 
supply to the internal ROM, the first internal SRAM, and the 
DRAM controller and to continue supplying power to the 
second internal SRAM after the SoC enters a power-down 
mode. 

18. The computer system of claim 17, wherein the PMU 
resumes Supplying power Supply to the internal ROM, the 
first internal SRAM, and the DRAM controller based on a 
wake-up interrupt signal; the first boot loader is executed 
based on the wake-up interrupt signal; and the third boot 
loader jumps to the OS loaded into the DRAM, the first boot 
loader being executed by the first bootloader. 

19. The computer system of claim 15, further comprising: 
a power Supply control device configured to cut off a power 

supply to the booting device when the SoC is in a power 
down mode and to resume the Supplying power to the 
booting device when the SoC wakes up. 

20. The computer system of claim 15, wherein the com 
puter system is at least one of a Smartphone, a tablet personal 
computer, a wearable computer, and a mobile internet device. 

21-24. (canceled) 


