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SYNCHRONOUS FLASH MEMORY COMMAND 
SEQUENCE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to non 
volatile memory and in particular the present invention 
relates to synchronous ?ash memory. 

BACKGROUND OF THE INVENTION 

[0002] Memory devices are typically provided as internal 
storage areas in the computer. The term memory identi?es 
data storage that comes in the form of integrated circuit 
chips. There are several different types of memory. One type 
is RAM (random-access memory). This is typically used as 
main memory in a computer environment. Computers typi 
cally contain a small amount of read-only memory (ROM) 
that holds instructions for starting up the computer. Unlike 
RAM, ROM cannot be Written to. An EEPROM (electrically 
erasable programmable read-only memory) is a special type 
non-volatile ROM that can be erased by eXposing it to an 
electrical charge. Like other types of ROM, EEPROM is 
traditionally not as fast as RAM. EEPROM comprise a large 
number of memory cells having electrically isolated gates 
(?oating gates). Data is stored in the memory cells in the 
form of charge on the ?oating gates. Charge is transported 
to or removed from the ?oating gates by programming and 
erase operations, respectively. 

[0003] Yet another type of non-volatile memory is a Flash 
memory. A Flash memory is a type of non-volatile memory 
that can be erased in blocks instead of one byte at a time. A 
typical Flash memory comprises a memory array that 
includes a large number of memory cells arranged in roW 
and column fashion. Each of the memory cells includes a 
?oating gate ?eld-effect transistor capable of holding a 
charge. The cells are usually grouped into blocks. Each of 
the cells Within a block can be electrically programmed in a 
random basis by charging the ?oating gate. The charge can 
be removed from the ?oating gate by a block erase opera 
tion. The data in a cell is determined by the presence or 
absence of the charge in the ?oating gate. 

[0004] A synchronous DRAM (SDRAM) is a type of 
DRAM that can run at much higher clock speeds than 
conventional DRAM memory. SDRAM synchroniZes itself 
With a CPU’s bus and is capable of running at high clock 
speeds. Many computer systems are designed to operate 
using SDRAM, but Would bene?t from non-volatile 
memory. Some synchronous non-volatile memory devices 
have been provided that use SDRAM commands to alloW 
for easy implementation in current SDRAM systems. These 
memory devices, hoWever, are susceptible to restrictions and 
limitations of the SDRAM speci?c commands. 

[0005] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a synchronous non 
volatile memory that can be initiated Without using restricted 
SDRAM commands. 

SUMMARY OF THE INVENTION 

[0006] The above-mentioned problems With non-volatile 
synchronous memories and other problems are addressed by 
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the present invention and Will be understood by reading and 
studying the folloWing speci?cation. 

[0007] In one embodiment, a synchronous ?ash memory 
device comprises an array of non-volatile memory cells, and 
control circuit to initiate a command operation in response 
to a prede?ned sequence of externally provided ACTIVE 
and READ or ACTIVE and WRITE commands. 

[0008] In another embodiment, a synchronous ?ash 
memory device comprises an array of non-volatile memory 
cells, and a command register to store command data used 
to control ?ash memory operations. The command register 
is coupled to receive the command data through memory 
address connections during an initiate command operation 
mode. The initiate command operationmode is initiated 
using a sequence of ACTIVE/WRITE commands Where 
WRITE is de?ned as CAS# signal loW, a RAS# signal high, 
and a WE# signal loW. 

[0009] A method of providing commands in a synchro 
nous ?ash memory comprise initiating a command register 
load operation using a prede?ned combination of ACTIVE/ 
WRITE commands, Where WRITE is de?ned as a loW 
column address strobe (CAS#) signal, a high roW address 
strobe (RAS#) signal, and a loW Write enable (WE#) signal. 
Command data is loaded into the command register using 
address connections of the synchronous ?ash memory in 
response to the command register load operation. 

[0010] A method of providing commands in a synchro 
nous ?ash memory comprises initiating a command register 
load operation using a prede?ned combination of ACTIVE/ 
WRITE commands, Where WRITE is de?ned as a loW 
column address strobe (CAS#) signal, a high roW address 
strobe (RAS#) signal, and a loW Write enable (WE#) signal, 
and ACTIVE is de?ned as a high column address strobe 
(CAS#) signal, a loW roW address strobe (RAS#) signal, and 
a high Write enable (WE#) signal. Command data is loaded 
into the command register using address connections of the 
synchronous ?ash memory in response to the command 
register load operation. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] FIG. 1 is a block diagram of an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE DRAWING 

[0012] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings, Which form a part hereof, and in Which is shoWn 
by Way of illustration speci?c preferred embodiments in 
Which the inventions may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the 
art to practice the invention, and it is to be understood that 
other embodiments may be utiliZed and that logical, 
mechanical and electrical changes may be made Without 
departing from the spirit and scope of the present invention. 
The folloWing detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present 
invention is de?ned only by the claims. 

[0013] Asynchronous ?ash memory device is described in 
US. patent application Ser. No. 09/627,682 ?led Jul. 28, 
2000 and incorporated herein by reference. The ?ash 
memory provides the bene?ts of a non-volatile memory and 
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the communication speeds of a synchronous DRAM. The 
synchronous ?ash memory can be operated using a standard 
SDRAM bus and basic SDRAM commands. Because the 
?ash memory has operational functions not present in 
SDRAM, and SDRAM requires commands not used by the 
?ash, the command sequences betWeen the memories are not 
identical. 

[0014] Referring to FIG. 1, a block diagram of one 
embodiment of the present invention is described. The 
memory device 100 includes an array of non-volatile ?ash 
memory cells 102. The array is arranged in a plurality of 
addressable banks. In one embodiment, the memory con 
tains four memory banks 104, 106, 108 and 110. Each 
memory bank contains addressable sectors of memory cells. 
The data stored in the memory can be accessed using 
externally provided location addresses received by address 
register 112. The addresses are decoded using roW address 
multiplexer circuitry 114. The addresses are also decoded 
using bank control logic 116 and roW address latch and 
decode circuitry 118. To access an appropriate column of the 
memory, column address counter and latch circuitry 120 
couples the received addresses to column decode circuitry 
122. Circuit 124 provides input/output gating, data mask 
logic, read data latch circuitry and Write driver circuitry. 
Data is input through data input registers 126 and output 
through data output registers 128. Command execution logic 
130 is provided to control the basic operations of the 
memory device. A state machine 132 is also provided to 
control speci?c operations performed on the memory arrays 
and cells. A status register 134 and an identi?cation register 
136 can also be provided to output data. The command 
circuit 130 and/or state machine 132 can be generally 
referred to as control circuitry to control read, Write, erase 
and other memory operations: Acommand or mode register 
140 is used to store command information indicating a 
command operation to be performed by the memory. 
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After opening a roW (issuing an ACTIVE command), a 
READ or WRITE command may be issued to that roW. 

[0017] In contrast to the present invention, to initiate a 
?ash memory operation in the synchronous ?ash memory 
device described in US. patent application Ser. No. 09/607, 
041 ?led Jun. 30, 2000 (incorporated herein by reference), 
a sequence of three commands are used. A load command 
register command (de?ned by CS# loW, RAS# loW, CAS# 
loW, WE# high) is used to load an internal command register. 
The command and corresponding data on address lines 
indicate Which operation is to be performed. The load 
command register commandis the same command signal 
con?guration as an SDRAM REFRESH command. 

[0018] AnACTIVE command (de?ned by CS# loW, RAS# 
loW, CAS# high, WE# high) is used to open (or activate) a 
roW in a particular array bank for a subsequent access. The 
ACTIVE command folloWs the LOAD COMMAND REG 
ISTER command. The value on the bank address inputs 
selects the bank, and the address provided on address inputs 
selects the roW. This roW remains active for accesses until 
the next ACTIVE command, poWer-doWn or RESET. 

[0019] The READ command (de?ned by CS# loW, RAS# 
high, CAS# loW, WE# loW) is used to initiate a read access 
to an active roW. The value on the band address inputs 
selects the bank, and the address provided on address inputs 
selects a starting column location. Read data appears on the 
DQ’s. 
[0020] AWRITE command (de?ned by CS# loW, RAS# 
high, CAS# loW, WE# loW) is used to initiate a single 
location Write access on an active roW. The value on the bank 
inputs selects the bank, and the address provided on address 
inputs selects a column location. Examples of an SDRAM 
Refresh command as used by the synchronous ?ash memory 
to begin a command sequence are provided in Table 1. Table 
1 illustrates some example command sequences and corre 
sponding addresses for a synchronous ?ash. 

TABLE 1 

Command Command Command 
Operation 1 Address 2 Address 2 Address Data 
Read ID Refresh 90 h Active XX Read IDiAdd ID 

info 
Read Refresh 70 h Active XX Read XX Status 
Status 

Program Refresh 40 h Active RoW Write Column Data 
Erase Refresh 20 h Active RoW Write XX DO h 

[0015] An initiate command operation is used to initiate 
?ash memory control commands to the Command Execu 
tion Logic (CEL) 130. The CEL receives and interprets 
commands to the device. This initial command operation is 
used to load a command register With externally provided 
command information. These commands also control the 
operation of the Internal State Machine 132 and the read 
path (i.e., memory array 102, ID Register 136 or Status 
Register 134). 

[0016] Before any READ or WRITE commands can be 
issued to a bank Within the synchronous ?ash memory, a roW 
in that bank must be “opened.” This is accomplished via the 
ACTIVE command (de?ned by CS#, WE#, RAS#, CAS#), 
Which selects both the bank and the roW to be activated. 

[0021] As illustrated, Command 1 of each three-command 
sequence takes advantage of the SDRAM Refresh com 
mand. The subsequent commands are an Active command 
folloWed by either a Read or Write command. Correspond 
ing address signals are used With the refresh command to 
identify the requested command. 

[0022] Some processors prevent a user from de?ning an 
address during Refresh operations. As such, implementing 
the synchronous ?ash memory Would require additional glue 
logic to arti?cially generate a Refresh command With a user 
speci?ed address. The present invention provides a synchro 
nous ?ash memory embodiment that does not use a refresh 
command code. 

[0023] A ?ash memory of the present invention uses 
multiple commands to implement speci?c operations. The 
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command sequence is initiated using a Write command 
followed by an Active command that is followed by either 
a read or Write command. The ?rst Write command is 
provided With a command address to de?ne the operation to 
be performed. The Write command, therefore, has tWo 
functions. The ?rst function is to specify the internal ?ash 
command to be performed. During the third cycle, the Write 
command may specify address and data information used in 
the command sequence. The present ?ash memory includes 
a command and control circuit that monitors the function of 
the Write command. That is, the control circuit tracks the 
historical use of the Write command. 

[0024] An inadvertent initiation of an internal ?ash opera 
tion may result With the active/(Write or read) command 
sequence. An alternate embodiment of the present invention 
uses a series of speci?c active/Write commands to initiate a 
?ash operation. Address and data patterns can be used to 
further identify the initiation ‘key’. Table 2 illustrates one 
eXample of a command sequence to read a memory identi 
?cation. This sequence uses siX alternating ACTIVE/ 
WRITE and ACTIVE/READ commands With correspond 
ing address data to initiate a load command operation (Write 
operation 90h). 

[0025] The present invention is not limited to the com 
mand sequence of Table 2. The use of both Active and Write 
commands is also not intended to limit the present invention. 

TABLE 2 

Cycle Command Data Address 

1 Active XX 555 
2 Write XX 55 
3 Active XX AAA 
4 Write XX AA 
5 Active XX XX 
6 Write XX 90 h 
7 Active XX XX 
8 Read IDiData IDiAddress 

CONCLUSION 

[0026] Acomputer system comprises a memory controller 
and a synchronous non-volatile memory device coupled to 
the memory controller via a main memory bus. The syn 
chronous ?ash memory device, in one embodiment, has a 
command interface comprising a Write enable connection 
(WE#) to receive a Write enable signal, a column address 
strobe connection (CAS#) to receive a column address 
strobe signal, a roW address strobe connection (RAS#) to 
receive a roW address strobe signal. A command operation is 
initiated in response to a sequence of ACTVE/WRITE or 
ACTIVE/READ commands provided on the WE#, CAS# 
and RAS# connections. 

[0027] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement, Which is 
calculated to achieve the same purpose, may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents 
thereof. 
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In the claims: 
1. A synchronous ?ash memory device comprising: 

an array of non-volatile memory cells; and 

a command register to store command data used to control 
?ash memory operations, Wherein the command regis 
ter is coupled to receive the command data through 
memory address connections during an internal ?ash 
operating mode, Wherein the internal ?ash operating 
mode is initiated using a sequence of ACTIVE/WRITE 
and/or ACTIVE/READ commands. 

2. The synchronous ?ash memory device of claim 1 
Wherein the sequence of WRITE commands are de?ned as 
a loW CAS# signal, a high RAS# signal, and a loW WE# 
signal, and the ACTIVE commands are de?ned as RAS# 
loW, CAS# high and WE# high. 

3. The synchronous ?ash memory device of claim 2 
Wherein the ACTIVE/WRITE and/or ACTIVE/READ com 
mands are accompanied by command information provided 
on address input connections. 

4. The synchronous ?ash memory device of claim 1 
Wherein the ACTIVE/WRITE and/or ACTIVE/READ com 
mands are accompanied by command information provided 
on address input connections. 

5. The synchronous ?ash memory device of claim 1 
further comprising a control circuit to perform a read 
operation folloWing the initiation of the internal ?ash oper 
ating mode in response to an ACTIVE command and a 
READ command. 

6. The synchronous ?ash memory device of claim 1 
further comprising a control circuit to perform a program 
operation folloWing the initiation of the internal ?ash oper 
ating mode in response to an ACTIVE command and a 
WRITE command. 

7. A synchronous ?ash memory device comprising: 

an array of non-volatile memory cells arranged in addres 
sable blocks; 

external address connections to receive externally pro 
vided address data; 

a mode register to store mode data used to set a mode of 
the synchronous ?ash memory device; and 

a command register to store command data used to control 
?ash memory operations, Wherein the command regis 
ter is coupled to receive the command data through 
memory address connections during an internal ?ash 
operating mode, Wherein the internal ?ash operating 
mode is initiated using a sequence comprising WRITE 
commands de?ned as a loW CAS# signal, a high RAS# 
signal, and a loW WE# signal. 

8. The synchronous ?ash memory device of claim 7 
Wherein the sequence of WRITE commands includes 
ACTIVE commands de?ned as RAS# loW, CAS# high and 
WE# high. 

9. The synchronous ?ash memory device of claim 8 
Wherein the WRITE and ACTIVE commands are accompa 
nied by command information provided on address input 
connections. 

10. The synchronous ?ash memory device of claim 7 
Wherein the WRITE commands are accompanied by com 
mand information provided on address input connections. 

11. The synchronous ?ash memory device of claim 7 
further comprising a control circuit to perform a read 
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operation following the initiation of the internal ?ash oper 
ating mode in response to an ACTIVE command and a 
READ command. 

12. The synchronous ?ash memory device of claim 7 
further comprising a control circuit to perform a program 
operation folloWing the initiation of the internal ?ash oper 
ating mode in response to an ACTIVE command and a 
WRITE command. 

13. A synchronous ?ash memory device comprising: 

an array of non-volatile memory cells; and 

a control circuit to initiate a command operation in 
response to a prede?ned sequence of externally pro 
vided ACTIVE and WRITE commands. 

14. The synchronous ?ash memory device of claim 13 
Wherein the WRITE and ACTIVE commands are accompa 
nied by command information provided on address input 
connections. 

15. A synchronous data system comprising: 

a memory controller; and 

a synchronous ?ash memory device coupled to the 
memory controller and comprising, 

an array of non-volatile memory cells, and 

a control circuit to initiate a command operation in 
response to a prede?ned sequence of externally 
provided ACTIVE and WRITE commands from the 
memory controller. 

16. The synchronous data system of claim 15 Wherein the 
command register is coupled to receive the command infor 
mation through memory address connections coupled to the 
memory controller, the command information is loaded in 
response to the prede?ned sequence. 

17. A synchronous data system comprising: 

a memory controller; and 

a synchronous ?ash memory device coupled to the 
memory controller and comprising, 

an array of non-volatile memory cells, and 

a command register to store command information used 
to control ?ash memory operations, Wherein the 
command register is coupled to receive the command 

Apr. 24, 2003 

information through memory address connections 
during a load command register operating mode, 
Wherein the load command register operating mode 
is initiated using a command sequence comprising a 
plurality of WRITE commands de?ned as a loW 
CAS# signal, a high RAS# signal, and a loW WE# 
signal. 

18. The synchronous data system of claim 17 Wherein the 
command register is coupled to receive the command infor 
mation through memory address connections coupled to the 
memory controller, the command information is loaded in 
response to the command sequence from the memory con 
troller. 

19. A method of providing commands to a synchronous 
?ash memory, the method comprising: 

initiating a command register load operation using a 
prede?ned command sequence comprising a plurality 
of WRITE commands, de?ned as a loW column address 
strobe (CAS#) signal, a high roW address strobe 
(RAS#) signal, and a loW Write enable (WE#) signal; 
and 

loading command information into the command register 
using address connections of the synchronous ?ash 
memory in response to the command register load 
operation. 

20. Amethod of loading commands in a synchronous ?ash 
memory, the method comprising: 

initiating a command register load operation using a 
prede?ned combination of ACTIVE commands de?ned 
as a high column address strobe (CAS#) signal, a loW 
roW address strobe (RAS#) signal, and a high Write 
enable (WE#) signal , and WRITE commands de?ned 
as a loW column address strobe (CAS#) signal, a high 
roW address strobe (RAS#) signal, and a loW Write 
enable (WE#) signal; and 

loading command information into the command register 
using address connections of the synchronous ?ash 
memory in response to the command register load 
operation. 


