
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084     Volume-5, Issue-9, Sep.-2017 
http://iraj.in 

ASIC Implementation of NAND Flash Controller 
 

28 

ASIC IMPLEMENTATION OF NAND FLASH CONTROLLER 
 

1VENKATA SWATHI.A, 2I.B.K.RAJU 
 

1,2Department of ECE, B V Raju Institute of Technology, Narsapur, Medak (Dt.) 502313, Telangana, India. 
E-mail: 1a.venkataswathi@gmail.com, 2balaram.indukuri@bvrit.ac.in 

 
 
Abstract - Flash memories are non-volatile in nature and these memories can be electrically erased and reprogrammed. Its 
small physical size, low power consumption, high shock resistance and high performance have made. The NAND Flash 
memory controller may be an internal device, built into the application processor or host, or designs can incorporate an 
external, stand-alone chip. The important applications of NAND flash are the highest-density memory is offered in the 
smallest footprint. The important applications of NAND flash are the highest-density memory is offered in the smallest 
footprint. The main objective of this paper work is to design and implement ASIC design flow for the NAND flash controller 
for SAMSUNG K9F1G08R0A NAND flash Device. It supports the reset, read ID, block erase, page program and page read 
commands. The read status command is supported for the program and erases operations. In this dissertation planning to 
perform different optimization techniques for simulation, synthesis using Synopsys tool at SAED Process Design Kit 32nm 
technology node. 
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I. INTRODUCTION 
 
Samsung has proposed K9F1G08X0A Flash memory. 
The existing NAND Flash memory controllers cannot 
support high speed read/ write operations and it is an 
internal device which is used to interface NAND 
flash memory with external devices, it is a standalone 
chip and widely used in modern digital products and 
built into the application processor are host. Users 
can perform read and write operation on controller 
without considering the timing sequence of memory 
chip. Flash hybrid SSD architecture will overcome 
the bottle neck of inefficiency of flash memory. 
Multichip parallelism is effectively exploited by few 
flash memory architecture called Hydra. Controller 
has an powerful instruction set to organize internal 
operation of memory chip. To meet the characteristics 
of K9F1G08X0A, the NAND Flash Controller which 
is proposed here is compatible with any type of host 
device. NAND or NOR flash memory is non volatile 
memory which replaced EEPROM and hard disks 
because of its low cost and adoptability. Random 
access capability of NOR flash is because the 
structure of interconnection of memory cells, While 
the size of the NAND flash is very less. In this paper 
proposed controller for the NAND flash memory. In 
NAND flash memories one page at a time can be 
accessed and whole block can be erased and data can 
be written sequentially. These limitations can be over 
looked when designing for high memory density at 
low cost.    
 
II. PROPOSED SYSTEM 

 
The system proposed here is made compatible with 
any type of host device. In order to interface NAND 
Flash devices and embedded systems for simple host 
end interface the NAND flash controller is used. This 
NAND flash design consist buffer select signal, 
buffer write signal, address bus, data bus and error 

status signal. This design improves the performance 
and also reduces the programming time. 
 

 
Figure 1.NAND Flash interfacing diagram 

 
A. FUNCTIONAL DESCRIPTION 
The NAND flash consist of multiplexed signals those 
are command signal, data signal and address signal. 
For input/output write the input/output data port is 
operatable on rising edge of WE_n and the CE must 
below. For input/output address the input/output data 
port is operating on level triggering when ALE is low 
and CLE is high. 

 
Figure 2. Pin Diagram Of NAND Flash Interface 

 
The NAND flash interface consists of two FSM’s 
those are main FSM and timing FSM having state 
machines. The main FSM interrupts the state machine 
then passes the control signals to timing FSM. The 
timing FSM creates all necessary control signals for 
the NAND flash according to the signal from the 
main FSM module. In order to control the address 
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control signals the address counter module is used. In 
order to detect or correct error correction code the 
ECC generator module is used at the time of program 
operation and this ECC code is stored in NAND 
flash. 

 
III. INTERNAL ARCHITECTURE OF NAND 
FLASH MEMORY 

 
The 1G bit K9F1G08X0A is having a capacity of 
spare 32M bit. The NAND cell which is present in it 
brings the better cost effective result for the solid 
state mass storage market. This program is allowed to 
perform up to 200µs on the 2112-byte page, an erase 
operation can be result up to 2ms on 128kilo bytes 
block. The Data can be read out up to 30nano seconds 
cycle time per byte 

Figure 3.K9F1G08X0A Functional Block Diagram 
 
Through input or output pin’s along with command 
input the host can send address and data. The write 
controller which is present at the on-chip which 
brutalize all programs like erases functions including 
pulse repetition when it is required, in internal 
verification and encircle the data. Even in the write 
comprehensive systems which can take 
improvements of the K9F1G08X0A’s extended 
reliability of 100K program or erase cycles by 
replenish error correcting code along with real time 
mapping –out algorithm. The K9F1G08X0A provides 
a minimum amount of solution for non-volatile 
applications like solid state file is preserved and other 
compact applications which are non-volatility. 
 
IV.OPERATIONS OF NAND FLASH DEVIES 
 
The proposed NAND Flash device will support the 
following operations those are  

 Reset 
 Reset Id 
 Erase 
 Program page 
 Read page 
 Read status 

 

A.RESET 
The nfc_strt is active whenever the interfacing signal 
nfc_cmd is set to 011 for reset operation. The flow 
chart for the reset operation is shown in below figure 
4. In this state whenever 011 is applied the state 
machine in main FSM module sends the control 
signals to the timing FSM to execute the command 
code FFh to NAND flash then the state machine get 
Reset. 

 
Figure 4.Flow chart for Rest operation 

 
B. READ ID OPERATION 
The signal nfc_strt is active whenever nfc_cmd is set 
to 101. The flow chart for the read id operation is 
shown in figure 5. The main FSM module sends the 
signal to the timing FSM to execute the command 
90h and then send the address code 00h to the NAND 
flash . For read id operation it takes the four read 
cycles sequentially. The main FSM calls the timing 
FSM module to generate corresponding control signal 
based on the NAND flash timing requirements. 

 
Figure 5.Read Id Flow Chart 

 
C. BLOCK ERASE OPERATION 
The signal nfc_strt is active whenever the nfc_cmd is 
set to 100. The flow chart for the block erase 
operation is shown in figure 6. The main FSM 
module changes from initial state to the block erase 
operation and the state machine send the signal 60h to 
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the flash and send the address code d0h and wait for 
some time (tWB) where tWB is a parameter of 
Samsung K9F1G08R0A. This time indicates WE 
signal is busy, if R_nB signal is high it indicates the 
block erase operation is finished. After block erase 
operation the state machine send status command 
code as 70h to the flash. If the status returned by flash 
memory is high then the block erase operation is 
successful otherwise the error signal is set to high and 
the block erase operation will be failed. 

                                    

 
Figure 6.Block Erase Flow Chart 

 
D.PAGE PROGRAM OPERATION 
 

 
 
The signal nfc_strt is active whenever the nfc_cmd is 
set to 001. The flow chart for page program operation 
is shown in below figure 7. The main FSM send the 
signal 80h and address code to the flash, the address 
code is set by the host in advance. The state machine 
in the main module sends 2048 bytes of data to the 
flash from the dual port RAM, The address signal 
generates address counter based on the control signals 
send by the timing FSM the programming is done up 
to 2112 bytes at a time and the main FSM begins to 
write 12 ECC bytes which will be generated by ECC 
generator. For the ECC detector the main module 
send the command 85h and address. Then 12 ECC 
bytes are writes on flash memory after completion of 
all the steps the state machine send the command 10h 
to the flash after certain period of time(tWB) the state 
machine read the signals R_nB. If the signal is high 
the page program is completed successfully, Then the 
state machine send the command as 70h which is 
used to set the program operation if the status is high. 

Page program is successful otherwise PErr is set to 
high. 

 
Figure 7. Page Program Operation Flow Chart 

 
E. PAGE READ OPERATION 
The signal nfc_strt is active whenever the nfc_cmd is 
set to 010. The flow chart for page read operation is 
shown in below figure 8. In page read operation mode 
the state machine send the command code 00h to the 
flash and send the command code 30h to the flash 
after certain time the state machine read the signal 
R_nB. If the signal R_nB is high it indicates the flash 
memory is ready to send the data. The state machine 
start reading the data which is send by NAND 
flash(2048 bytes) and store this data buffer after 
completion of read the state machine reads 12 ECC 
bytes generated by the flash memory in order to read 
12 ECC bytes the state machine write command code 
05h and address to the flash memory. If there is any 
error in the ECC bytes the main FSM module set the 
signal RErr to high. 

 
Figure 8.Page Read Operation Flow Chart 

 
V. RESULT 
 
Reset Operation Timing Diagram: 

        
Read Id Operation Flow Chart: 
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Block Erase Timing Diagram: 

 
Page Program Timing Diagram: 
 

 
 
Page Read Operation Timing Diagram:    
 

 
 
Routing of NAND flash controller: 
 

 
 

CONCLUSION 
 
NAND Flash Memory Controller has been designed to 
meet the characteristics of K9F1G08X0A Flash 
memory. The proposed memory controller have 
capability to interface between many types of host 
devices and flash memory K9F1G08X0A. This allows 
to perform a wide range of operations like it can 
operate up to the frequency of 169.2 MHZ and it 
occupies an area of 15554 micron square.  
NAND flash controller can be further configurable by 
incorporating additional commands in future.DMA 
can be incorporated into the controller to minimize the 
processor intervention during memory operation 
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