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(57) ABSTRACT 

The subject technology relates to a ?ash storage system for 
accessing a boot program for a computing system, the ?ash 
storage system comprising a ?ash storage, a random access 
memory and a ?ash controller coupled to the ?ash storage and 
the random access memory, the ?ash controller con?gured to 
load the boot program from the ?ash storage into the random 
access memory. In certain aspects, the ?ash control is further 
con?gured to generate a ready signal indicating the boot 
program is accessible from the random access memory. Com 
puting systems and methods are also provided. 
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FLASH STORAGE SYSTEM AND METHOD 
FOR ACCESSING A BOOT PROGRAM 

[0001] This application is a continuation of US. patent 
application Ser. No. 12/508,528, ?led Jul. 23, 2009, and 
entitled “FLASH STORAGE SYSTEM AND METHOD 
FOR ACCESSING A BOOT PROGRAM,” the entirety of 
Which is incorporated by reference herein. 

BACKGROUND 

[0002] The present invention generally relates to ?ash stor 
age, and more particularly to a ?ash storage system and 
method for accessing a boot program of a computing system. 
[0003] A typical computing system executes a boot pro 
gram upon the occurrence of a system reset to initialiZe vari 
ous devices in the computing system, such as hard drives, 
?oppy drives, and compact disc (CD) drives. Such a boot 
program is sometimes referred to as a basis input/output 
system (BIOS). In addition to initialiZing the various devices 
in the computing system, the boot program may also perform 
diagnostic self-tests on the devices to determine Whether the 
devices are operating properly. The computing system then 
loads one or more softWare programs, such as an operating 
system, from the storage devices into a main memory of the 
computing system and executes the softWare programs to 
control operation of the computing system. 
[0004] In many computing systems, the boot program is 
stored in a non-volatile memory, such as a read-only-memory 
(ROM), an erasable read-only-memory (EPROM), or an elec 
trically erasable read-only-memory (EEPROM). Because the 
memory access time of the non-volatile memory is relatively 
sloW, some computing systems load the boot program from 
the nonvolatile memory into a main memory having a faster 
memory access time. The computing system then executes 
the boot program from the main memory. Loading the boot 
program from the nonvolatile memory into the main memory, 
hoWever, consumes processing time and resources in the 
computing system. Moreover, the boot program consumes 
memory locations in the main memory, Which Would other 
Wise be available for softWare programs. 
[0005] In light of the above, a need exists for an improved 
system and method for accessing a boot program. 

SUMMARY 

[0006] In certain implementations the subject technology 
relates to a ?ash storage system for accessing a boot program 
for a computing system, the ?ash storage system comprising 
a ?ash storage, a random access memory and a ?ash control 
ler coupled to the ?ash storage and the random access 
memory, the ?ash controller con?gured to load the boot pro 
gram from the ?ash storage into the random access memory. 
In certain aspects, the ?ash control is further con?gured to 
generate a ready signal indicating the boot program is acces 
sible from the random access memory. 

[0007] In another implementation, the subject technology 
relates to a computing system, comprising a processor, a data 
memory coupled to the processor and a ?ash storage device 
coupled to the processor, the ?ash storage device comprising, 
a ?ash storage, a random access memory and a ?ash control 
ler coupled to the ?ash storage and the random access 
memory, the ?ash controller con?gured to load a boot pro 
gram from the ?ash storage into the random access memory. 
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In certain aspects, the ?ash controller is further con?gured to 
generate a ready signal indicating the boot program is acces 
sible from the random access memory. 
[0008] In yet another implementation, the subject technol 
ogy relates to a method of accessing a boot program in a 
computing system comprising a ?ash storage device, the 
method comprising, receiving a start signal, loading the boot 
program from a ?ash storage of the ?ash storage device to a 
random access memory of the ?ash storage device based on 
the start signal and generating a ready signal indicating the 
boot program is accessible in the random access memory. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are incor 
porated in and constitute a part of this speci?cation. The 
draWings illustrate embodiments of the invention, and 
together With the description, serve to explain the principles 
of the invention. In the draWings, 
[0010] FIG. 1 is a block diagram of a computing system 
including a ?ash storage device, in accordance With an 
embodiment of the present invention; and 
[0011] FIG. 2 is a ?oW chart ofa method ofaccessing a boot 
program of a computing system, in accordance With an 
embodiment of the present invention. 

DESCRIPTION 

[0012] In various embodiments, a ?ash storage device 
stores a boot program in ?ash storage and loads the boot 
program into a random access memory of the ?ash storage 
device based on a start signal. Additionally, the ?ash storage 
device generates a ready signal indicating the boot program is 
accessible from the random access memory. 
[0013] FIG. 1 illustrates a computing system 100, in accor 
dance With an embodiment of the present invention. The 
computing system 100 may be any computing or electronic 
device, such as a computer Workstation, an embedded com 
puting system, a netWork router, a portable computer, a per 
sonal digital assistant, a digital camera, a digital phone, or the 
like. The computing system 100 includes a ?ash storage 
device 105, a data memory 140, a communication bus 145, a 
system bus 150, a processor 155, and an input/output device 
160. The ?ash storage device 105 and the processor 155 are 
coupled in communication With each other through the com 
munication bus 145. Additionally, the ?ash storage device 
105, the data memory 140, the processor 155, and the input/ 
output device 160 are coupled in communication With each 
other through the system bus 150. 
[0014] The data memory 140 may include be any memory, 
computing device, or system capable of storing data. For 
example, the data memory 140 may be a random access 
memory (RAM), a dynamic random access memory 
(DRAM), a static random access memory (SRAM), a syn 
chronous dynamic random access memory (SDRAM), a ?ash 
storage, an erasable programmable read-only-memory 
(EPROM), an electrically erasable programmable read-only 
memory (EEPROM), or the like. The processor 155 may 
include a microprocessor, a microcontroller, an embedded 
controller, a logic circuit, softWare, ?rmWare, or any kind of 
processing device. The input/output device 160 may include 
any system or device for communicating data With the com 
puting system 100. For example, the input/output device 160 
may include a keyboard, a computer mouse, a video display, 
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a hard drive, a ?oppy drive, a compact disc (CD) drive, a read 
only memory (CD-ROM) drive, a digital versatile disc (DVD) 
drive, or the like, or any combination thereof. 

[0015] The ?ash storage device 105 includes a ?ash storage 
110, a random access memory (RAM) 115, a ?ash controller 
125, a bus interface 130, and a bus interface 135. The ?ash 
storage 110 and the random access memory 115 are coupled 
in communication With the ?ash controller 125. The bus 
interface 130 is coupled in communication With the random 
access memory 115, the ?ash controller 125, and the system 
bus 150. The bus interface 135 is coupled in communication 
With the ?ash controller 125 and the communication bus 145. 
In some embodiments, the bus interface 130 is optional. In 
these embodiments, the processor 115 is coupled to the ran 
dom access memory 115 and the ?ash controller 125. In some 

embodiments, the bus interface 135 is optional. In one 
embodiment Without the bus interface 135, the processor 135 
is coupled to the ?ash controller 125. In another embodiment 
Without the bus interface 135, the processor 155 communi 
cates With the ?ash controller 125 through the bus interface 
130. In other embodiments, the bus interface 130 or the bus 
interface 135, or both, are external of the ?ash storage device 
105. 

[0016] The ?ash storage 110 may be any type of ?ash 
storage, such as a ?ash storage system, a ?ash storage device, 
a ?ash storage array, or the like. The ?ash controller 125 may 
include a microprocessor, a microcontroller, an embedded 
controller, a logic circuit, software, ?rmware, or any kind of 
processing device. The random access memory 115 may be 
any type of memory, such as a dynamic random access 
memory (DRAM), a static random access memory (SRAM), 
a synchronous dynamic random access memory (SDRAM), 
or the like. In some embodiments, the random access memory 
115 is a dual-port memory. The bus interface 130 may be any 
type of computer or communication interface, such as inte 
grated drive electronics (IDE) interface. The bus interface 
135 may be any type of computer or communication inter 
face, such as a universal serial bus (UBS) interface, a serial 
peripheral interface (SPI), a multimedia card (MMC) inter 
face, or a solid-state drive (SD) interface. In some embodi 
ments, the ?ash storage device 105 has more than one ?ash 
storage 110. In some embodiments, the ?ash storage device 
105 has more than one random access memory 115. 

[0017] The ?ash storage device 105 also contains a boot 
program 120 for initialiZing the computing system 100. The 
boot program 120 may be a basic input output system (BIOS), 
an application level program, an operating system, or the like. 
As illustrated in FIG. 1, the ?ash storage 110 contains the boot 
program 120. In various embodiments, the ?ash controller 
125 loads the boot program 120 from the ?ash storage 110 
into the random access memory 115. In some embodiments, 
the ?ash controller 125 is directly coupled to both the ?ash 
storage 110 and the random access memory 115 and directly 
controls the ?ash storage 110 and the random access memory 
115 Without intervening components, such as an arbiter or a 
communication interface. In this Way, the ?ash controller 125 
transfers the boot program 120 from the ?ash storage device 
105 to the random access memory 115 more quickly than a 
system that requires an arbiter or a separate communication 
interface for such a transfer. In some embodiments, the ?ash 
controller 125 performs a direct memory access to transfer 
the boot program 120 from the ?ash storage 110 to the ran 
dom access memory 115. 
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[0018] The processor 155 accesses the boot program 120 
from the random access memory 115 and executes the boot 
program 120. Because the memory access time of the random 
access memory 115 is generally faster than the random access 
time of the ?ash storage 110, the processor 155 accesses and 
executes the boot program 120 from the random access 
memory 115 more quickly than Would occur in accessing and 
executing the boot program 120 from the ?ash storage 110. In 
this Way, execution performance of the computing system 
100 is improved. 
[0019] In one embodiment, the ?ash controller 125 receives 
a start signal from the processor 155, and loads the boot 
program 120 from the ?ash storage 110 into the random 
access memory 115 in response to the start signal. For 
example, the start signal may be a hard system reset signal or 
a soft system reset signal of the computing system 100. In one 
embodiment, the ?ash controller 125 receives the start signal 
directly from the processor 155. In another embodiment, the 
?ash controller 125 receives the start signal from the proces 
sor 155 through the bus interface 130. In still another embodi 
ment, the ?ash controller 125 receives the start signal from the 
processor 155 through the bus interface 135. In other embodi 
ments, the ?ash storage device 105 generates the start signal 
upon poWer-on of the ?ash storage device 105 or receives the 
start signal from a device external of the ?ash storage device 
105 upon poWer-on of that device. In one embodiment, the 
device includes a capacitor that charges to a voltage level 
upon poWer-on of the computing system 100. In this embodi 
ment, the device provides the start signal to the ?ash control 
ler 125 When the voltage on the capacitor reaches a threshold 
voltage. 
[0020] In a further embodiment, the ?ash controller 125 
provides a ready signal to the processor 155 indicating the 
boot program 120 is accessible from the random access 
memory 115. In one embodiment, the ?ash controller 125 
provides the ready signal directly to the processor 155. In 
another embodiment, the ?ash controller 125 provides the 
ready signal to the processor 155 through the bus interface 
130. In still another embodiment, the ?ash controller 125 
provides the ready signal to the processor 155 through the bus 
interface 135. In response to the ready signal received from 
the ?ash controller 125, the processor 155 accesses the boot 
program 120 from the random access memory 115 and 
executes the boot program 120. 

[0021] In various embodiments, the ?ash controller 125 
loads the boot program 120 from the random access memory 
115 into the data memory 140 before providing the ready 
signal to the processor 155. In one embodiment, the ?ash 
controller 125 controls operation of the bus interface 130 to 
load the boot program 120 from the random access memory 
115 through the bus interface 130 and the system bus 150 into 
the data memory 140. In this embodiment, the ?ash controller 
125 provides control signals to the bus interface 130 for 
transferring the boot program 120 from the random access 
memory 115 to the data memory 140. In response to the 
control signals received from the ?ash controller 125, the bus 
interface 130 obtains access to the system bus 150 and trans 
fers the boot program 120 from the random access memory 
115 to the data memory 140. 

[0022] In another embodiment, the ?ash controller 125 pro 
vides a control signal to the bus interface 130 for transferring 
the boot program 120 from the random access memory 115 to 
the data memory 140. In response to the control signal 
received from the ?ash controller 125, the bus interface 130 
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obtains access to the system bus 150 and performs a direct 
memory access to transfer the boot program 120 from the 
random access memory 115 to the data memory 140. Because 
the memory access time of the random access memory 115 is 
generally faster than the random access time of the ?ash 
storage 110, the bus interface 130 transfers the boot program 
120 from the ?ash storage 110 to the data memory 140 more 
quickly than Would occur in transferring the boot program 
120 from the ?ash storage 110 to the data memory 140. In this 
Way, execution performance of the computing system 100 is 
improved. 
[0023] In some embodiments, the siZe of the boot program 
120 is larger than the memory siZe of the random access 
memory 115. In this case, the ?ash controller 125 loads the 
boot program 120 into the data memory 140 by transferring a 
portion of the boot program 120 to the random access 
memory 115 and transferring the portion from the random 
access memory 115 to the data memory 140. The ?ash con 
troller 125 repeats this process until the boot program 120 is 
contained in the data memory 140 and sends the ready signal 
to the processor 155 indicating the boot program 120 is acces 
sible from the data memory 140. 

[0024] In various embodiments, the ?ash storage device 
105 includes an integrated circuit containing some or all of 
the components of the ?ash storage device 105. It is to be 
appreciated that including the components of the ?ash storage 
device 105 in an integrated circuit improves the performance 
of the ?ash storage device 105 in contrast to a ?ash storage 
device having discrete components because communication 
betWeen the components of the ?ash storage device 105 is 
improved. For example, the ?ash controller 125 may more 
quickly transfer the boot program 120 from the ?ash storage 
110 to the random access memory 115 because of higher data 
transfer rates in the integrated circuit. In one embodiment, the 
?ash storage device 105 includes a package that is pin-com 
patible With a DOC-H3 ?ash storage device available from 
Hynix Semiconductor Inc. of Sunnyvale, Calif. In this 
embodiment, the ?ash storage device 105 includes the func 
tionally of such a DOC-H3 ?ash storage device and may be 
used to replace the DOC-H3 ?ash storage device in various 
computing systems. In further embodiments, the ?ash storage 
device 105 includes additional functionality than that of the 
DOC-H3 ?ash storage device, as is describe more fully 
herein. 

[0025] In one embodiment, the processor 155 controls pro 
gramming of the ?ash storage device 105. In this embodi 
ment, the processor 155 communicates With the ?ash control 
ler 125 to store or modify the boot program 120 in the ?ash 
storage 110. In another embodiment, an external device, such 
as a programmer, may be coupled to the bus interface 135 for 
storing or modifying the boot program 120 in the ?ash storage 
110. In still another embodiment, the boot program 120 may 
be initially stored in the ?ash storage 110 during manufacture 
of the ?ash storage device 105. 

[0026] FIG. 2 illustrates a method 200 ofaccessing the boot 
program 120, in accordance With an embodiment of the 
present invention. In optional step 205, the boot program 120 
is loaded into the ?ash storage 110. In one embodiment, the 
boot program 120 is loaded into ?ash storage 110 during 
manufacture of the ?ash storage device 105, for example by 
using a programmer to program the ?ash storage 110. In 
another embodiment, the processor 155 provides the boot 
program 120 to the ?ash controller 125, and the ?ash control 
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ler 125 stores the boot program 120 into the ?ash storage 110. 
The method 200 then proceeds to step 210. 
[0027] In step 210, the ?ash controller 125 receives a start 
signal. In some embodiments, the ?ash controller 125 gener 
ates the start signal on poWer-up of the ?ash storage device 
105. In other embodiments, the ?ash controller 125 receives 
the start signal from the processor 155 or from another device 
external of the ?ash storage device 105. The method 200 then 
proceeds to step 215. 
[0028] In step 215, the ?ash controller 125 loads the boot 
program 120 from the ?ash storage 110 into the random 
access memory 115 based on the start signal. In some 
embodiments, the ?ash controller 125 loads the boot program 
120 from the ?ash storage 110 into the random access 
memory 115 in response to the start signal. The method 200 
then proceeds to step 220. 
[0029] In optional step 220, the ?ash controller 125 loads 
the boot program 120 from the random access memory 115 
into the data memory 140. In some embodiments, the ?ash 
controller 125 provides a control signal to the bus interface 
130, and the bus interface 130 performs a direct memory 
access in response to the control signal to transfer the boot 
program 120 from the random access memory 115 to the data 
memory 140. The method 200 then proceeds to step 225. 
[0030] In step 225, the ?ash controller 125 generates a 
ready signal indicating that the boot program 120 is acces 
sible by the processor 155. In various embodiments, the ?ash 
controller 125 provides the ready signal to the processor 155 
directly, though the bus interface 130, or through the bus 
interface 135. In one embodiment, the ?ash controller 125 
generates the ready signal indicating the boot program 120 is 
accessible from the random access memory 115. In another 
embodiment, the ?ash controller 125 generates the ready 
signal indicating the boot program 120 is accessible from the 
data memory 140. The method 200 then proceeds to step 230. 
[0031] In optional step 230, the processor 155 accesses the 
boot program 120, based on the ready signal received from 
the ?ash controller 125. Further, the processor 155 executes 
the boot program 120 to initialiZe the computing system 100. 
In one embodiment, the processor 155 accesses the boot 
program 120 from the random access memory 115 in 
response to the ready signal received from the ?ash controller 
125. In another embodiment, the processor 155 accesses the 
boot program from the data memory 140 in response to the 
ready signal received from the ?ash controller 125. The 
method 200 then ends. 
[0032] Although the invention has been described With ref 
erence to particular embodiments thereof, it Will be apparent 
to one of ordinary skill in the art that modi?cations to the 
described embodiment may be made Without departing from 
the spirit of the invention. Accordingly, the scope of the 
invention Will be de?ned by the attached claims not by the 
above detailed description. 

What is claimed is: 
1. A ?ash storage system for accessing a boot program for 

a computing system, the ?ash storage system comprising: 
a ?ash storage; 

a random access memory; and 

a ?ash controller coupled to the ?ash storage and the ran 
dom access memory, the ?ash controller con?gured to 
load the boot program from the ?ash storage into the 
random access memory, and 
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wherein the ?ash control is further con?gured to generate a 
ready signal indicating the boot program is accessible 
from the random access memory. 

2. The ?ash storage system of claim 1, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the ?ash storage into the random access memory in response 
to a start signal. 

3. The ?ash storage system of claim 2 further con?gured to 
generate the start signal upon a poWer-on of the ?ash storage 
system. 

4. The ?ash storage system of claim 1 further comprising 
an integrated circuit comprising the ?ash storage, the random 
access memory, and the ?ash controller. 

5. The ?ash storage system of claim 1, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the ?ash storage into the random access memory by perform 
ing a direct memory access. 

6. The ?ash storage system of claim 1, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the random access memory to a data memory external of the 
?ash storage system and to generate a ready signal indicating 
the boot program is accessible from the data memory. 

7. The ?ash storage system of claim 6, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the random access memory to the data memory by perform 
ing a direct memory access. 

8. The ?ash storage system of claim 6, Wherein the boot 
program comprises a basic input-output system. 

9. A computing system, comprising: 
a processor; 

a data memory coupled to the processor; and 
a ?ash storage device coupled to the processor, the ?ash 

storage device comprising 
a ?ash storage; 
a random access memory; and 
a ?ash controller coupled to the ?ash storage and the 
random access memory, the ?ash controller con?g 
ured to load a boot program from the ?ash storage into 
the random access memory, and 

Wherein the ?ash controller is further con?gured to gen 
erate a ready signal indicating the boot program is 
accessible from the random access memory. 
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10. The computing system of claim 9, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the ?ash storage into the random access memory in response 
to a start signal. 

11. The computing system of claim 9, Wherein the ?ash 
storage device is further con?gured to generate the start signal 
upon a poWer-on of the ?ash storage system. 

12. The computing system of claim 9, Wherein the proces 
sor is further con?gured to generate the start signal upon a 
poWer-on of the computing system. 

13. The computing system of claim 9 further comprising an 
integrated circuit comprising the ?ash storage, the random 
access memory, and the ?ash controller. 

14. The computing system of claim 9, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the ?ash storage into the random access memory by perform 
ing a direct memory access. 

15. The computing system of claim 9, Wherein the ?ash 
controller is further con?gured to load the boot program from 
the random access memory into the data memory. 

16. The computing system of claim 15, Wherein the pro 
cessor is further con?gured to generate a ready signal indi 
cating the boot program is accessible from the data memory. 

17. The ?ash storage system of claim 9, Wherein the boot 
program comprises a basic input-output system. 

18. A method of accessing a boot program in a computing 
system comprising a ?ash storage device, the method com 
prising: 

receiving a start signal; 
loading the boot program from a ?ash storage of the ?ash 

storage device to a random access memory of the ?ash 
storage device based on the start signal; and 

generating a ready signal indicating the boot program is 
accessible in the random access memory. 

19. The method of claim 18 further comprising loading the 
boot program into the ?ash storage. 

20. The method of claim 18 further comprising loading the 
boot program into a data memory of the computing system. 

* * * * * 


