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Abstract 
 

In present days the technology improves a lot off with rapidly because of 

usage of technology was improved. In present day’s portable flash memory 

devices are used in the technology, examples are smart phones, MP3 players, 

digital recorders, electronic toys, pagers etc. These memory devices are having 

the more memory capacity. In this paper we proposed a new architecture to 

establish the communication between the E-MMC interface signals and 

NAND Flash memory through NAND Flash Controller. The proposed 

architecture inputs are outputs of the E-MMC. The information from sender is 

decoded; the decoded outputs are inputs for the flash controller. This 

controller generates the required control signals and as well as the data transfer 

signals between the E-MMC interface and NAND Flash memory. The 

proposed architecture has the capabilities of high density device sizes. 

Advanced mobile devices and handsets, which can use E-MMC (Embedded 

Multimedia Card) memory technology, it provides the  expanded computing 

power, content storage supporting with high-definition audio-video playback, 

other high multimedia features and as well as to provides booting 

functionality. Enhanced storage solutions for mobile devices such as smart 

phones and tablet PCs, which use E-MMC to provide high-density solid state 

memory, it can be easily integrated into system designs. E-MMC memory 

provides smooth functioning with minimization techniques and it uses in 

advanced mobile designs with a short time to market. Reduced design, high 

development, and testing time for product by isolating the host from changes 

in NAND memory technology. Flash memory uses NOR/NAND structure it is 

a non-volatile memory that is used to replace previous technology i.e. 

EEPROM and hard disks for its low cost and versatility. 
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Introduction 
As semiconductor technology has change genetic composition over successive 

generations through the process to allow vastly increased storage density, it has 

become more efficient for usage of Portable flash memory devices. We propose Low 

Power Design, Development, and Testing Time for new product by isolating the host 

changes in NAND memory technology [1]. Flash memory uses NOR/NAND structure 

it is a non-volatile memory that is used to replace previous technology i.e. EEPROM 

and hard disks for its low cost and versatility. In the past, flash memory has required a 

translations controller to control the reading and writing of data, driven by the 

application CPU [4]. It has become inefficient for the controller to control these 

functions from outside the flash memory die. E-MMC was developed in a standard 

method for bundling the controller into the flash die. E-MMC eliminates these 

processes and it provides to develop interface between software and for all types of 

NAND memory by integrating the embedded controller into the memory chip and 

providing an easy-to-use memory solutions package for high-speed data 

transmissions. It also eliminates the need for a memory expansion slot by stacking 

several memory functions vertically, resulting in a very small footprint for the 

memory devices. Enhanced storage solutions for mobile devices such as tablet PCs, 

digital book readers, cameras, organizers, smart phones, MP3 players, digital 

recorders, electronic toys, pagers etc. Which use  

E-MMC to provide high-density solid state memory that can be easily integrated 

into portable system designs. 

 

 

Proposed System Design 
The Block diagram shown below Fig1 represents the Internal Architecture of E-MMC 

Interface with NAND Flash Controller. 

 

 
 

Figure 1: Internal Architecture of E-MMC Interface with NAND Flash Controller 
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Command Interface Block 

The inputs for this command interface block are clock, negative edge reset, and 

command line. The command line input is a bidirectional input which sends command 

bit by bit serially to the command block interface. It sends command to command 

interface block and receives response from flash device. This command block 

generates to signals one is 48-bit protocol and second one is valid signal. With 

positive edge of the clock the serial bit is taken and formed into 48-bit [5]. In order to 

check the received command is valid or not a 7-bit CRC is used to calculate CRC on 

the received command. After calculating the CRC it is cross checked with the CRC 

bits send in the command. If both are matched or similar 48-bit protocol is send out 

by the command block interface with valid signal indication high. Converting single 

bit command to 48-bit protocol it require 48 clock cycles.  

 

Decoder: 

In this decoder logic there are three sections  

 Separation of 6-bit command  

 32-bit argument 

 16-bit CRC. 

The 48-bit protocol separates into the two sections, one is Separation of the 6-bit 

command and another one is 32-bit argument [6]. The 48-bit protocol always first 

checks the valid signal, if the valid signal is high, then it takes and separates the 6-bit 

command and 32-bit argument. If the valid signal is low i.e. the protocol is not valid 

and there itself the operation is terminated for that particular command. 16-bit CRC 

section, the input for this section is 8-bit bidirectional data. Because it transmits data 

during write operation and receives data during read operations. With   8-bit input 

data a 16-bit CRC is calculated. After calculating CRC data is given to write FIFO 

[7]. 

 

FSM:  

FSM is for State transition. The state transition depends on the command and 

argument. For each command more than one state is available. The states are 

mentioned in the state table. Based on the command and the argument and depending 

on the registers the state transitions occur.  

 

FIFO’S:  

First In First Out (FIFO) is less to memory and more to the register. In the E-MMC 

FIFO’S are used to store data from host as well as to store data from device. In the E-

MMC FIFO’S are used because of host and Flash memory frequency is different.   To 

transmit the data into flash memory from host Asynchronous FIFO’s are used. FIFOs 

are frequently used to pass data from one clock domain to another asynchronous clock 

domain safely [8]. 

 

FLASH CONTROLLER:  

The Flash controller is used to controller the Flash memory. The flash controller takes 

inputs from the main FSM, Command Interface block, FIFO’s, Data Block and 
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generates the controlling signal to the Flash memory. The controlling signals are 

generated based on the reference timing diagram of the micron Vendor. The Flash 

controller consists of timing FSM, which helps to interface the flash drive with timing 

interface [3]. 

 

 
 

Figure 2: Flash Controller Internal Architecture 

 

Fig.2 shows block diagram of flash controller. The designed flash controller is 

limited to the micron vendor of NAND Flash memory. The Designed flash controller 

is interfaced with micron NAND flash of 4GB. The inputs for Flash controller are E-

MMC interface signals. The internal modules of Flash Controller are FSM, Signal 

Controller, Write/Read counter, Storage Registers (address storing). The below Fig.3 

shows FSM module in the Flash controller controllers the state transition for the 

generation of control signals and it is enabling for Write and Read counter. The 

generation of Control signal is based on the State [2]. 
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Figure 3: FSM Block Diagram 

 

 

Signal Controller 

The below Fig.4 shows block diagram of Signal Controller module controls signals 

such as write enable, Read enable, Chip enable, Command Latch Enable, Address 

Latch Enable. These are the main control signal for the Flash memory. These control 

signals are generated based on the state and Write or Read counter[9]. 

 

 
 

Figure 4: Signal Controller Module 

 

The transitions of these signals are independent to each state and counter value of 

write or read operation. The data while Reade operation is latched on I/O bus at 

negedge of Write enable (We) signal. During Read operation the flash memory writes 

data on I/O bus at negedge of Read enable (Re), the flash controller accepts at 

posedge of Read enable signal. During low level of Read enable signal the data is 

high impedance. 
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Write/Read Counter 

The main inputs for the Write or Read counter shown above Fig.5 is State because the 

write counter is enabled during state3 and state5 only and for read counter is enabled 

during State6 and state8 only. So, it acts as an enable signal for counter. 

 

 
 

Figure 5: Write or Read Counter 

 

It increments form 0 to 2112 based on state. Maximum count is 2112. The 

following Table 1 shows the Input, Output Signal Description and Bus Width. 

 

Table.1 Input, Output signal description 
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Asynchronous Interface 
The bus on the device is multiplexed. Data I/O, addresses, and commands all share 

the same pins. I/O [15:8] is used only for data in the x16 configuration. Addresses and 

commands are always supplied on I/O[7:0].The command sequence typically consists 

of a COMMAND LATCH cycle, address input cycles, and one or more data cycles, 

either READ or WRITE show in Table.2. 

 

Table 2: Asynchronous Interface Mode Selection 

 

 
 

Asynchronous Enable/Standby When the device is not performing an operation, 

the CE# pin is typically driven HIGH and the device enters standby mode. The 

1memory will enter standby if CE# goes HIGH while data is being transferred and the 

device is not busy. This helps reduce power consumption[10]. 

 

Asynchronous Commands 

An asynchronous command is written from I/O [7:0] to the command register shown 

below Figure.6 on the rising edge of WE# when CE# is LOW, ALE is LOW, CLE is 

HIGH, and RE# is HIGH. Commands are typically ignored by die (LUNs) that are 

busy (RDY = 0); however, some commands, including READ STATUS (70h) and 

READ STATUS ENHANCED (78h), are accepted by die (LUNs) even when they are 

busy. For devices with a x16 interface, I/O [15:8] must be written with zeros when a 

command is issued. 

  

 
 

Figure 6: Asynchronous Command latch cycles. 

 

Asynchronous Addresses 
An asynchronous address shown below Fig.6. is written from I/O [7:0] to the address 

register on the rising edge of WE# when CE# is LOW, ALE is HIGH, CLE is LOW, 

and RE# is HIGH. Bits that are not part of the address space must be LOW. The 
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number of clock cycles required for each command varies. Depends on the command 

descriptions to determine addressing requirements. 

 

 
 

Figure 1: Asynchronous Address Latch Cycles 

 

Asynchronous Data Input: 

Data is written from I/O [7:0] to the cache register of the selected die (LUN) on the 

rising edge of WE# shown in Figue.8 when CE# signal is LOW, ALE is LOW, CLE 

signal is LOW, and RE# signal is HIGH. Data input is ignored by die (LUNs) that are 

not selected or are busy (RDY = 0). Data is written to the data register on the rising 

edge of WE# when CE#, CLE, and ALE are LOW, and the device is not busy. Data is 

input on I/O [7:0] on x8 devices and on I/O [15:0] on x16 devices 

 

 
 

Figure 2: Asynchronous Data in Cycles 

 

Asynchronous Data Output 
Data can be output from a die (LUN) if it is in a READY signal state. Data output 

supports READ operation from the NAND Flash Memory array. Data is output from 

the cache data register of the selected die (LUN) to I/O [7:0] on the falling edge of 

RE#(Read Enable)  shown in Figure 9 when CE# negedge signal is LOW, ALE is 

LOW, CLE is LOW, and WE# is HIGH.  
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Figure 3: Asynchronous Data Out Cycles 

 

If the host controller is using a tRC of 30 nanoseconds or greater, the host can latch 

the data on the rising edge of RE# (see the figure below for proper timing). If the host 

controller is using a tRC of less than 30 nanoseconds, the host latches the data on the 

next falling edge of RE#. Using the READ STATUS ENHANCED (78h) command 

prevents data contention following an interleaved die (multi-LUN) operation. 

 

Read Operation 

The READ ID (90h) command is used to read identifier codes are programmed. This 

command is accepted by the flash memory, when all die (LUNs) on the target are idle. 

Writing 90h to the command register puts the target in read ID mode. The target stays 

in this mode until another valid command is issued. When the 90h command is 

followed by a 00h address cycle, the target returns a 5-byte Identifier code that 

includes the manufacturer ID, device configuration, and part-specific Information. 

When the 90h command is followed by a 20h address cycle, shown in below Figure 

10 the target returns the 4-byte ONFI identifier code 

 

 
 

Figure 40: READ ID (90h) with 20h Address operation 

 

Erase Operation 

Erase operations are used to erase or clear the contents of a block (filling all logic 

one’s) in the NAND Flash array to prepare its pages for program operations. The 
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ERASE BLOCK shown below Figure 11 (60h-D0h) command, (60h-D1h) command, 

erases one block in the NAND Flash array. When the die (LUN) is ready (RDY = 1, 

ARDY = 1), the host should check the FAIL bit to verify that this operation 

completed successfully. 

 

 
Figure 11: Erase Block (60h-D0h) Operation 

 

Write Operation 

Program operations are used to move data from the cache or data registers to the 

NAND array. During write operation the data or contents of the cache and/or data 

registers are modified by the internal control logic. Within a block, pages must be 

programmed sequentially from the least significant page address to the most 

significant page address (0, 1, 2… 63).  

 

 
 

Figure 12: Waveforms of Write/Program Operation 
 

The above figure represents the waveform of the write operation. The encircled 

numbers represents the states. The description of each state is mentioned below. 

State0: In this state the power on reset will takes place i.e. all the signals of the 

device will be transitioned into a default state from a high impedance state. 

State1: In this state the device reset takes place i.e. the contents of the device are 

reset to FF.  

State2: In this state the device is checked for logic1 of  config_load and pwrite_i 

signals, if so then the device is transitioned into state3. 

State3: In this state the 80h command is send to flash memory indicating the write 

operation is going to start followed by five address cycles as shown below 
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Table 3: Cycles of Write Operation 

 

.  

 

The address cycles are followed by 2112 bytes of data sending serially followed by 

10h command indicates the completion of data and state is transitioned into state4. 

State4: In this state the data is written into the flash memory after 220us from 10h 

command. The state is transitioned into state5 on the posedge of the R/B# signal. 

State5: In this state the read status of the memory can be accessed by sending the 

command 70h to the NAND Flash Memory.    

 

 

Simulations Using Cadence 

 

 
 

Figure 13: Simulation Results for Write Logic (1) 
 

Figure 13 Shows to write a data into the memory first we need to send 80h 

command to the Flash memory from the host followed by five address cycles i.e. 



25428  J. Rajesh 

 

column, page, block are loaded into the memory  these are observed on IO [7:0] bus. 

The write counter starts incrementing from 80h it continues till 2119 cycles. 

 

 
 

Figure 14: Simulation Results of Write Logic (2) 

 

Figure 14 Shows to counter reaches 2119 cycles and the IO [7:0] bus shows the 

end of data and followed by 10h command, and the state changes from state3 to state 

4.  

 

 
 

Figure 15: Simulation Results for Memory used 
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Figure 16: Simulation Results for Read Logic (1) 

 

Figure 16 shows the Read operation i.e. the data of the locations specified in the Io 

[7:0] bus are read from the memory. The cnt_rd is the read counter for reading the 

data. 

 

 
 

Figure 17: Simulation Results for Read logic (2) 

 

Figure 16 shows the cnt_rd approaches the 2112 clock cycles, hence the 

completion of the data read from the memory is completed. 
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Figure 18: Comparison of Power Dissipation, Cells and Area with and without Clock 

Gating Technique 

 

 
 

Figure 18: RTL Schematic for E-MMC Interface with NAND Flash Controller 

 

 

Conclusion 
Flash memory, whether it is in NOR or NAND in structure, is a non-volatile memory 

that is used to replace traditional EEPROM and hard disks for its low cost and 

versatility. Difference in the structure of interconnection of the neither memory cells, 

NOR Flash is known for its random access capability. The proposed architecture 

provides a controller that targets the NAND Flash memory. In general, NAND Flash 

must be accessed one page at a time, erase must be done on a per-block basis, and 

NAND Flash must be written sequentially. As mobile product capabilities continue to 

expand, so does the demand for high-density Static memory storage. Due to Highest 

memory density available at the lowest possible cost, it is widely accepted for non-

volatile data storage applications. NAND Flash memory is moving to the forefront, 

evolving rapidly to meet this ever-growing demand.  

Using the low-level commands (READ/PROGRAM/ERASE) to read and program 

data to NAND Flash devices is only one aspect of NAND Flash operation within a 
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system. NAND Flash controllers can be implemented in a system to enhance NAND 

Flash performance.  
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