
Summary This application note describes the use of a Xilinx CoolRunner™ CPLD to implement a NAND 
Flash memory interface. CoolRunner CPLDs are the lowest power CPLD available and the 
ideal target device for memory interface applications. The code for this design may be 
downloaded from the Xilinx web site, refer to section HDL Code, page 14. This design fits 
XCR3032XL CooRunner or XC2C32 CoolRunner-II CPLDs.

Introduction The flash memory market has been rapidly growing over the past several years due in part to 
increasing demands of portable and embedded devices. This market is driven by embedded 
code storage and bulk data storage applications. Flash technology has been optimized to meet 
the needs of these two target applications.

NAND Flash is a sequential access device appropriate for mass storage applications, while 
NOR Flash is a random access device appropriate for code storage applications. NAND 
technology organizes cells serially to achieve higher densities. This reduces the number of 
contacts needed in the memory array. The trade-off between the two technologies is NAND 
Flash data must be accessed sequentially compared with NOR Flash which offers fast random 
access.

NAND Flash memory offers low cost per bit, high performance, and the highest density non-
volatile memory available. NAND Flash is ideal for applications ranging from MP3 players and 
digital cameras to applications requiring mass storage of data, especially when the data is 
packetized, or sequentially arranged.

This application note describes the design of a basic NAND Flash interface. The NAND devices 
used for testing this interface include the AMD UltraNAND™ Flash and the Samsung NAND 
Flash memory.

The AMD UltraNAND flash memory (AM30LV0064D) is a 64 Mbit storage device. This memory 
device utilizes a multiplexed command/data/address bus as well as other control signals for 
read, erase and program commands. This memory device has an initial page read access time 
of 7 µs, with subsequent byte access times of less than 50 ns per byte.

The Samsung K9F4008W0A is a 512K x 8-bit NAND Flash memory device. The command, 
data, and address are multiplexed through an 8-bit I/O port. This memory device supports a 32-
byte frame read, with random access times of 15 µs and sequential access times of 120 ns.

NAND Interface The NAND interface described here is implemented in a CoolRunner CPLD. The NAND 
interface design can interact with both AMD and Samsung NAND memory devices. 

Figure 1 shows the overall system diagram for a single AMD UltraNAND Flash or Samsung 
memory device. The CoolRunner CPLD reads the 4 least significant bits in the system address 
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in order to decode the flash interface commands. The interface signals to the Flash device are 
asserted by writing to a specific port of the CPLD.

The NAND Flash interface signals and functionality is shown in Table 1.

Figure 1:  System Block Diagram

Table  1:  UltraNAND Pin Descriptions

Pin Name Function

I/O[7:0] I/O pins used to send commands, address, and data to the 
device, and receive data during read operations.

CLE Command Latch Enable. The CLE input controls writing to the 
command register. When CLE is high, the command is loaded 
on the rising edge of WE#.

ALE Address Latch Enable. The ALE input controls writing to the 
address register. When ALE is high, the address is loaded on the 
rising edge of WE#. ALE must remain high during the entire 
address sequence.

CE# Chip Enable. The CE# input controls the active vs. standby 
mode of the device. During a command or address load 
sequence, CE# must be low prior to the falling edge of WE#.

RE# Read Enable. The RE# input controls the data and status output 
on the I/O lines. The data output is triggered on the falling edge 
of RE#.

WE# Write Enable. The WE# input controls the data and command on 
the I/O lines during a write sequence. The I/O lines are latched 
on the rising edge of the WE# signal.

WP# Write Protect. The WP# input provides protection when 
programming or erasing the device. The internal voltage 
regulator is reset when WP# is low, preventing any program or 
erase operations.

SE# Spare Area Enable. The SE# input controls access to the 16 
bytes of spare area on each page. When SE# is not asserted 
(high), the spare area for the selected page is not enabled. When 
SE# is asserted (low), access to the spare area is enabled.

RY/BY# Ready/Busy Output. The RY/BY# output indicates the operation 
status of the device. When RY/BY# is high, the device is ready 
for the next operation. When RY/BY# is low, an internal program, 
erase, or random read operation is in progress.
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AMD UltraNAND Memory Device
The AM30LV0064D is organized as 8 kB (+ 256 byte spare area) blocks (1,024 blocks total). 
Each block has 16 pages of 512 bytes (+ 16 bytes spare area) or 16,384 pages total. Figure 2 
is a block diagram of the AMD UltraNAND device.

Table 2 describes the AMD UltraNAND command set and functionality. The command register 
does not occupy any addressable memory location. This register holds the command, along 
with any address and data information needed to execute the command. Programming data 
into the Flash array is a two step process. The data to be programmed is loaded into the data 

Figure 2:  AMD UltraNAND Block Diagram
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registers using the "Input Data" command. After the data is loaded, the "Page Program" 
command is performed to write data from the data registers to the Flash array.

Samsung NAND Memory Device
The K9F4008W0A is a 512K x 8-bit NAND Flash memory. A Program operation programs a 32-
byte frame in typically 500 µs and an Erase operation erase a 4 kB block in typically 6 ms. Data 
in a frame can be read out at a burst cycle rate of 120 ns/byte. The array organization of the 
Samsung device is such that 32 bytes are equal to one accessible frame. A row consists of four 
frames (or 128 bytes) and one block consists of 32 rows (or 4 kB). The total size of the device 

Table  2:  AMD UltraNAND Command Set

Operation Cycle (Hex) Functionality

Read Data 00h or 01h Reads out flash array starting with First Half Page 
(00h) or reads out data starting with the Second Half 
Page (01h).

Gapless Read 02h Allows reading from multiple pages with only one 7 
µs latency occurring on the first page transfer

Read Spare Area 50h Only reads data from the 16 byte spare area in each 
page (address locations 512 through 527).

Read ID 90h Read the manufacturer and device ID.

Read Status 70h Checks the device status to determine if the device 
is ready, in the write protect mode, erase 
suspended, or if the previous program/erase 
operation completed without error.

Input Data 80h First command that allows the device to be 
programmed. This command loads the data 
registers from the I/O lines to program the device.

Page Program 10h Issued after the "Input Data" operation has loaded 
the proper data. The command transfers information 
from the data registers to the Flash array in 200 µs 
or less, and the Flash device will appear busy during 
the data transfer operation.

Block Erase 60h & D0h In the first command (60h), two address cycles are 
used to input the address of the block to erase. Once 
the second command (D0h) is issued, the Flash 
device will begin the "Block Erase" operation.

Erase Suspend B0h Only valid during a "Block Erase" command 
sequence. On the rising edge of WE#, the erase 
operation will be suspended.

Erase Resume D0h Only valid during an "Erase Suspend" command 
sequence. On the rising edge of WE#, the Flash 
device will resume the "Block Erase" operation.

Reset FFh Used to initialize the Flash device.
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is 128 blocks (or 4 MB). Data is programmed via the Frame Register which holds 32 bytes of 
data. Figure 3 is a block diagram of the Samsung K9F4008W0A.

All address and command instructions are multiplexed through the 8 I/O lines. Similar to the 
AMD UltraNAND, data is latched on the rising edge of WE# when CE# is low. The address is 
latched in when ALE = ’1’ and CLE = ’0’ and the command is latched when ALE = ’0’ and CLE 
= ’1’. Table 3 describes the Samsung NAND Flash memory command set. 

Figure 3:  Samsung Block Diagram

Table  3:  Samsung Command Set

Command Cycle Data Description

Read 00h Device default mode. After the frame address is 
changed, 32 bytes of data are transferred to the data 
registers in less than 15 µs. Each data byte in the 
frame can be read on the high to low transition of the 
RE# signal.

Reset FFh Reset operation can abort a read, program, or erase 
operation. The device enters the Read mode after a 
Reset command.

Frame Program 80h & 10h Frame Program consists of loading the 32 byte Frame 
Register and a nonvolatile programming period when 
the data is programmed into the appropriate cells.
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CPLD Design
For more information on the ABEL implementation of the CoolRunner CPLD design, refer to 
AMD Application Note # 22363 (see References, page 15). The design described here and 
available on the web is implemented in both VHDL and Verilog (see "HDL Code" on page 14 for 
more information).

The CPLD design decodes system address commands to interface with the AMD UltraNAND 
and Samsung Flash memory devices. The CPLD is responsible for the following functions:

• Decode read or write from address bus

• Interpret system address bus commands

• Assert interface signals to UltraNAND Flash device

• Monitor RY/BY# output from Flash memory device

The CPLD is configured to decode address 00h through 0Fh from a base address. The CPLD 
logic outputs are determined by the system writing to each port address. The port addresses for 
the CPLD are shown in Table 4 with a functional description of each.

Block Erase 60h & D0h The Erase operation is done 4K bytes (or 1 block) at 
a time. Requires a 2 cycle address load to specify 
block address (A18 to A12).

Status Read 70h The device contains a Status Register which may be 
read to determine if a program or erase operation is 
complete and successful. See the Samsung data 
sheet (refer to References, page 15) for a complete 
definition of each bit in the Status Register.

Read ID 90h The device contains product identification, which can 
be read during a Read ID command. Two read cycles 
are required to read the manufacturer code and 
device code.

Table  4:  CPLD Port Address Definition

Port Operation Function

0 Read Data/ID/Status 
or Write 

Address/Data

Read information from previous command loaded.
Write address (ALE high) or data (ALE low).

1 Command All commands are written through this port with ALE low.

2 Set ALE Set ALE (high) to allow addresses to be written.

3 Clear ALE Clear ALE (low) to allow commands or data to be written.

4 Set SE# Set SE# (low) to allow access to the spare area on each 
page.

5 Clear SE# Clear SE# (high) to prevent access to the spare area on 
each page.

6 Set WP# Set WP# (low) to prevent program/erase cycles.

7 Clear WP# Clear WP# (high) to allow program/erase cycles.

8 Set CE# Set CE# (low) to enable the UltraNAND device.

9 Clear CE# Clear CE# (high) to disable the UltraNAND device.

Table  3:  Samsung Command Set

Command Cycle Data Description
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Table 4 is described in more detail in the AMD Application Note #22363 for the design 
implementation in ABEL. Refer to References, page 15 for more information.

Figure 4 is a block diagram of the VHDL/Verilog implementation of the NAND interface. All port 
signals (shown in Table 4) are decoded from the system address when CE# is asserted.

The ALE_SIG process asserts the ALE signal on a write to PORT2 and clears ALE on a write 
to PORT3. The SEN_SIG process asserts the SE# signal upon a write to PORT4 and clears 
SE# upon a write to PORT5. The OUTCE_SIG process asserts the OUTCE# signal upon a 
write to PORT8 and clears OUTCE# upon a write to PORT9. The WPN_SIG process asserts 
the WP# signal upon a write to PORT6 and clears WP# upon a write to PORT7. The 
READY_SIG process assigns the RY/BY# signal from the Flash device to the ready output 
signal. Otherwise, the ready signal is 3-stated.

The CLE signal is asserted on any access to PORT1. The RE# signal is asserted to the Flash 
device when a read is performed on PORT0. The WE# signal is asserted to the Flash device 
when a write is performed on PORT0 or PORT1.

A N/A Not used in this design.

B N/A Not used in this design.

C N/A Not used in this design.

D N/A Not used in this design.

E N/A Not used in this design.

F RY/BY# Status Read the state of all RY/BY# pins through this port.

Table  4:  CPLD Port Address Definition

Port Operation Function

Figure 4:  CPLD Block Diagram
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CPLD 
Implementation

The NAND flash interface was implemented in VHDL and Verilog as described above; and in 
ABEL as described by AMD. Xilinx Project Navigator was used for design compilation, fitting, 
and simulation in a CoolRunner XPLA3 CPLD. Xilinx Project Navigator, which includes the 
ModelTech simulation tool, is available free-of-charge from the Xilinx website at 
www.xilinx.com/products/software/webpowered.htm. The design was targeted for a 3.3V, 32 
macrocell CoolRunner XPLA3 CPLD (XCR3032XL-VQ44). The design utilization is shown in 
Table 5. This utilization was achieved using certain fitting parameters, actual results may vary.

Design 
Verification

Verification of the NAND interface was performed using the Xilinx WebPACK Project Navigator 
VHDL output timing model. The timing model was imported and compiled by Model Technology 
ModelSim. A test bench was utilized to instantiate the memory device (AMD UltraNAND or 
Samsung Flash) and the CPLD interface design as shown in Figure 5. The AMD UltraNAND 
and Samsung devices were instantiated using Denali Memory Maker.

Figure 5 illustrates the operational flow used to test the Denali memory model. Figure 6 
describes the test flow for the AMD UltraNAND device. The test flow for the Samsung Flash 
memory model was modified slightly to match Samsung command cycles.

Table  5:  NAND Interface XPLA3 32-Macrocell Utilization 

Resource Available Used Utilization

Function Blocks 2 2 100%

Macrocells 32 10 31.25%

Product Terms 96 47 48.96%

I/O Pins 32 21  65.63%

Figure 5:  Test Bench Diagram
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Figure 6:  Memory Operational Test Flow
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Denali Memory Maker
The Denali Memory Maker tool is used to simulate the AMD UltraNAND and Samsung devices. 
The Denali tool allows a VHDL or Verilog model to be instantiated in a test bench environment. 
In this simulation, Model Technology ModelSim is the target simulator. For a given memory 
device, a SOMA file (Specification Of Memory Architecture) represents unique timing, features, 
and functionality. The SOMA file is then imported to the Denali MemMaker tool. The SOMA file 
can be edited to meet the design signal names and timing requirements. Figure 7 illustrates 
how to bring a SOMA file into the MemMaker tool.

Figure 8 illustrates how to change any signal name requirements in the MemMaker tool.

Once all signal name and timing requirements have been specified, the VHDL or Verilog 
source code can be generated. To generate VHDL source code, select Options | Simulation 

Figure 7:  Opening a SOMA File in MemMaker

Figure 8:  MemMaker Functional View
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Environment | VHDL | Model Technology ModelSim (Windows). The VHDL code can then be 
saved for use in a test environment as shown in Figure 9.

ModelSim Implementation
Note:

Please refer to XAPP338: Using Xilinx WebPack and ModelTech ModelSim Xilinx Edition as a guide 
to using ModelSim with Project Navigator. The ModelSim Quick Start demo provides a good first step 
for getting familiar with ModelSim.

Model Technology ModelSim was the target simulator in this design. The test bench created for 
the CPLD design generates the necessary system address cycles. A separate test bench 
environment was used to test the AMD UltraNAND device and the Samsung Flash memory. 
This is due to the data buffer size during a program cycle and differences in command codes. 
The Denali MemMaker model is loaded in ModelSim as illustrated by the ModelSim script.

vcom -reportprogress 300 -work work{../amd_flash_tb.vhd}
# Model Technology ModelSim XE vcom 5.3d Compiler 2000.03 Mar 30 2000
# -- Loading package standard
# -- Loading package std_logic_1164
# -- Loading package numeric_std
# -- Loading package pkg_convert
# -- Compiling entity amd_flash_tb
# -- Compiling architecture behavior of amd_flash_tb
# -- Loading entity am30lv0064d
# -- Loading package pxa_pkg
# -- Loading entity nand_int
vsim work.amd_flash_tb

Figure 9:  MemMaker Source Code View
XAPP354 (v1.1) September 30, 2002 www.xilinx.com 11
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# vsim work.amd_flash_tb 
# Loading C:/Modeltech_xe/win32xoem/../std.standard
# Loading C:/Modeltech_xe/win32xoem/../ieee.std_logic_1164(body)
# Loading C:/Modeltech_xe/win32xoem/../ieee.numeric_std(body)
# Loading work.pkg_convert(body)
# Loading work.pxa_pkg
# Loading work.amd_flash_tb(behavior)
# Loading work.am30lv0064d(behavior)
# Loading C:\Denali\denali.dll
# *Denali* History enabled for Denali Memory Modeler.
# *Denali*     Debug information will also be saved.
# *Denali* Trace function enabled for Denali Memory Modeler.
# *Denali* Denali Memory Model Version 2.900-0005 
# *Denali* Copyright (c) Denali Software, Inc., 1996-2001, All Rights 
Reserved.
# *Denali* Class: flash_nand  Instance: "/den_model" Size: 8192Kx8
# *Denali* Class: internal  Instance: "/den_model(spare)" Size: 256Kx8
# Loading work.nand_int(structure)
# Loading work.pxa_bufif2(behavioral)

AMD UltraNAND Flash Memory

The test bench for the AMD UltraNAND Flash memory executes the following commands: 
"Page Program", "Read Status", "Read First Half Page", and "Input Data" as described in 
Figure 6. In executing these commands, the test bench fills a 528 byte buffer and programs the 
target page in the UltraNAND device. The status of the operations are checked through the 
"Read Status" operation.
12 www.xilinx.com XAPP354 (v1.1) September 30, 2002
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Figure 10 illustrates loading the page address to the UltraNAND. Notice the ALE signal is high 
and WE# is asserted for each portion of the address write.

Figure 11 illustrates the completion of the "Page Program" command. Notice the RY/BY# 
signal is asserted, representing that the flash device is busy with an operation. After the "Page 
Program" command is sent to the flash, a "Read Status" command is sent. The "Read Status" 
command is used to read the device status. When I/O6 is equal to ’1’, the device is ready for the 
next command. To check if an operation is successful, reading I/O0 will determine the pass/fail 
status. When I/O0 is equal to ’0’, the operation passed and when equal to ’1’, the operation 

Figure 10:  Memory Address Load
XAPP354 (v1.1) September 30, 2002 www.xilinx.com 13
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failed. Notice where the simulation is highlighted in Figure 11, the program operation was 
successful.

Samsung Flash Memory

Testing the NAND interface with the Samsung K9F4008W0A model was performed similar to 
the AMD UltraNAND device. The following commands were executed with the Denali model (in 
ModelSim) with the test bench provided: "Frame Program" and "Status Read". To program a 
frame, the Frame Register must be loaded with data prior to executing the "Frame Program" 
command. The test bench provided loads the Frame Register with 32 bytes of data. The status 
of the device is checked with the "Status Read" command.

HDL Code THIRD PARTIES  MAY HAVE PATENTS ON THE CODE PROVIDED. BY PROVIDING THIS 
CODE AS ONE POSSIBLE IMPLEMENTATION OF THIS DESIGN, XILINX IS MAKING NO 
REPRESENTATION THAT THE PROVIDED IMPLEMENTATION OF THIS DESIGN IS FREE 
FROM ANY CLAIMS OF INFRINGEMENT BY ANY THIRD PARTY. XILINX EXPRESSLY 
DISCLAIMS ANY WARRANTY OR CONDITIONS, EXPRESS, IMPLIED, STATUTORY OR 
OTHERWISE, AND XILINX SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF 

Figure 11:  Program Status: "Ready"
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MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR A PARTICULAR 
PURPOSE, THE ADEQUACY OF THE IMPLEMENTATION, INCLUDING BUT NOT LIMITED 
TO ANY WARRANTY OR REPRESENTATION THAT THE IMPLEMENTATION IS FREE 
FROM CLAIMS OF ANY THIRD PARTY. FURTHERMORE, XILINX IS PROVIDING THIS 
REFERENCE DESIGN "AS IS" AS A COURTESY TO YOU.

XAPP354 - http://www.xilinx.com/products/xaw/coolvhdlq.htm

Conclusion Xilinx CoolRunner XPLA3 CPLDs are the perfect target device for interfacing with system 
memory devices. This NAND Flash interface can be modified to support multiple memory 
banks and suit any application requirements. CoolRunner CPLDs are ideal for any memory 
interface needs in portable and handheld devices. CoolRunner CPLDs are low power and easy 
to design with using the WebPOWERED software tools.
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射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 
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