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Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
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same. No Lattice products should be used in conjunction with mission- or safety-critical or any other application in which the failure of Lattice’s
product could create a situation where personal injury, death, severe property or environmental damage may occur. The information provided in this
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products at any time without notice.
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1. Introduction

NOR Flash memory provides random access capabilities to read and write data in specific locations in the memory
without having to access the memory in sequential mode. Its high-speed read capacity allows the NOR Flash memory
to be the first choice for code storage and direct execution in a variety of systems from computer BIOS to portable
electronic devices.

In today’s NOR Flash market, most NOR Flash memory devices share common basic design concepts. These memory
devices are controlled by chip enable (CEn), output enable (OEn) and write enable (WEn). Device operations are
executed by a standard set of command codes. These command codes are supported by most NOR Flash memory
devices in the market. The command codes are combined with addresses and data, and are written sequentially to the
command registers using microprocessor write timing.

This reference design describes the use of Lattice programmable devices to implement a NOR Flash memory controller

through a WISHBONE bus. It supports several common operational modes of a NOR Flash, including reset operation,
autoselect manufacturer ID operation, read operation, program operation, chip erase operation and sector erase

operation. It is available in both Verilog and VHDL languages.

2. Features

e  WISHBONE host interface
e Supports reset operation, autoselect manufacturer ID operation, read operation, program operation, chip erase

operation and sector erase operation of NOR Flash memory
e  Supports both Word configuration Flash memory and Byte configuration Flash memory

e Address width of NOR Flash memory configurable from 1 to 32 bits

e Read/write cycle access time can be optimized for a specific NOR Flash memory through the setting of timing

parameters in the design

3. Functional Description

The functional block diagram of the NOR Flash Memory controller with WISHBONE interface is shown in Figure 3.1. This
design has a standard WISHBONE slave bus that connects the NOR Flash memory device with a microprocessor and
other on-chip components. From the WSHIBONE bus, this design appears as a set of addressable registers that can be
read from or written to. Through these registers, the WISHBONE master can transmit and receive data and control the
operation of the NOR Flash memory. The control Finite State Machine (FSM) is used to enter the appropriate
operational modes of NOR Flash based on the WISHBONE code (wb_code) register which is set by the WISHBONE
master. For every operational mode of NOR Flash, the control_FSM calls a timing FSM to generate appropriate control
signals to access the NOR Flash based on the NOR Flash memory timing specification.

NOR Flash Interface with WISHBONE

__ kT IWISHBONE Slave Interface
rst_i
| seccter_addr Register | cEn
wb_addr_i
wh_dat_i ’ | other_addr Register | — OEn
flash_timing WEn
wb_dat_o | wh_code Register l_ Control_FSM rsm
i {ent,_state) (flash_state) | BYTEn
M. | txdata Register | - RESETN
i ———
wb_stb_i ESET
wh_cyc_i | rxdata Register | ABDR
wb_ack_o -
rdy_by Register ba
[—>

Figure 3.1. NOR Flash interface with WISHBONE Block Diagram
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4. Interface

Table 4.1. NOR Flash Interface with WISHBONE 1/0 Interface Descriptions

Signal Name | Signal | Active State Definition
WISHBONE Slave Interface
clk_i Input N/A System clock signal.
rst_i Input High Asynchronous system reset signal.
wb_addr_i[3:0] Input N/A Slave address bus.
wb_dat_i[15:0] Input N/A Slave data input bus.
wb_dat_o[15:0] Output N/A Slave data output bus.
wb_we_i[3:0] Input 1 write; O read Slave write/read signal.
wb_stb_i Input High Slave strobe signal.
wb_cyc_i Input High Slave cycle signal.
wb_ack_o Output High Slave acknowledge signal.
NOR Flash Memory Interface
CEn Output Low Chip enable signal.
OEn Output Low Output enable signal.
WEn Output Low Write enable signal.
BYTEn Output 1 word; 0 byte Word/Byte selection.
RESETn Output Low Hardware reset signal.
RY_BYn Input 1 ready; 0 busy Ready/Busy signal.
ADDR[addr_width-1:0] Output N/A Address signal.
DQ[15:0] Input/Output N/A Data inputs/outputs.
4.1. WISHBONE Interface

The WISHBONE slave interface consists of six registers which are used to interact with the WISHBONE master. A
description of each of these addressable registers is shown in Figure 4.2.

Table 4.2. Register Descriptions

Register Width WISHBONE Address Description
Access
sector_addr SECTOR_ADDR_WIDTH Read/Write 0x0 Sector address.
other_addr OTHER_ADDR_WIDTH Read/Write 0x1 Least significant bits of the ADDR.
txdata 16 Read/Write 0x2 Data to be sent to the NOR Flash.
rxdata 16 Read Only 0x3 Data to be received from the NOR Flash.
rdy_by 1 Read Only 0x4 Ready/Busy status register.
wb_code 4 Read/Write 0x5 Code in this register indicates the
operation the WISHBONE master initiates.

The address (defined by the ADDR signal) of a NOR Flash is divided into two parts. The most significant bits of ADDR
indicate the address of a sector/bank/block. Different manufacturers may use any of these terms to describe this. The
least significant bits of ADDR indicate a certain address in the specified sector. The sector_addr register contains the
most significant bits of ADDR and the other_addr register contains the least significant bits. The width of the
sector_addr register and other_addr register is defined by the parameters SECTOR_ADDR_WIDTH and
OTHER_ADDR_WIDTH, respectively. The width of the ADDR signal is defined by the parameter ADDR_WIDTH. These

parameters are described in Figure 4.3.
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Table 4.3. Parameter Descriptions

Parameter Description Active Value Default Value
SECTOR_ADDR_WIDTH Specifies the sector address width. 1to 16 8
OTHER_ADDR_WIDTH Specifies the address width in a certain sector. 1to 16 8
ADDR_WIDTH Specifies the width of the ADDR signal. Equals to the sum of 1to 32 16
SECTOR_ADDR_WIDTH and OTHER_ADDR_WIDTH.
WORD_BYTEn ‘1’ indicates Flash in Word configuration. ‘0’ indicates Flash in 0,1 1
Byte configuration.

The txdata register contains the data that is written to the Flash memory and the rxdata register contains the data that
is read from the Flash memory.

The wb_code register contains the code that indicates the operation the WISHBONE master initiates. Table 4.4. lists the
coding of wb_code register. The rdy_by register indicates whether the NOR Flash finishes the current operation. ‘1’
means the NOR Flash is ready for the next operation and ‘0’ means the NOR Flash is busy.

Table 4.4. Coding of wb_code Register Descriptions

Coding of wb_code Register Description
“0001” WISHBONE master initiates the reset operation to the Flash.
“0010” WISHBONE master initiates the read manufacturer ID operation to the Flash.
“0011” WISHBONE master initiates the sector erase operation to the Flash.
“0100” WISHBONE master initiates the chip erase operation to the Flash.
“0101” WISHBONE master initiates the read operation to the Flash.
“0110” WISHBONE master initiates the program (write) operation to the Flash.

4.2. WISHBONE Master Command Sequence

Each operation to the NOR Flash memory has its own event sequence initiated by the WISHBONE master. This section
details the command sequence for each operation.

Reset operation:

1. Write code “0001” to the wb_code register.

2. Read the rdy_by register until the value of this register is ‘1.

Read manufacturer ID:

1. Write code “0010” to the wb_code register.

2. Read the rdy_by register until the value of this register is ‘1.

Sector erasure:

1. Write the sector address to the sector_add register.
2. Write code “0011” to the wb_code register.
3. Read the rdy_by register until the value of this register is ‘1.

Initiating chip erase:

1. Write code “0100” to the wb_code register.
2. Read the rdy_by register until the value of this register is ‘1.
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Read operation:

1. Write the sector address (most significant bits of ADDR) to the sector_addr register.
Write to the other_address with the least significant bits of ADDR.

Write code “0101” to the wb_code register.

Read the rdy_by register until the value of this register is ‘1".

vk wnN

Read the rxdata register which contains the data from the Flash.

Program/write operation:

1. Write the sector address (most significant bits of ADDR) to the sector_addr register.
Write to other_address with the least significant bits of ADDR.

Write to the txdata register with the data to be written to the Flash.

Write code “0110” to the wb_code register.

Read the rdy_by register until the value of this register is ‘1".

vk v

4.3. Operational Mode of the NOR Flash

Once the wb_code register is set to the appropriate value, the control_FSM is forced to the corresponding state. Figure
4.1. shows the state diagram of the control_FSM.

cnt_reset

cnt_program

RY Byn=1

wb_code = 0001

wb_code = 0100

cnt_chip

_erase

Figure 4.1. State Diagram of the control_FSM

For every operational mode of the NOR Flash, control_FSM calls timing_FSM (flash_timing_FSM) to generate the
appropriate control signals to access the NOR Flash based on the NOR Flash timing specification. Each operational
mode has its own command set. A proper command with specific address and data sequences must be written into the
NOR Flash. The defined command set sequences are shown in Table 4.5. This design supports both Word configuration
and Byte configuration of Flash memory. The parameter WORD_BYTEn defines the Word or Byte configuration (listed
in Table 4.5.).
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Command Sequence | Cycle First Cycle Second Cycle Third Cycle Fourth Cycle Fifth Cycle Sixth Cycle
Word | Byte | Word | Byte | Word | Byte | Word | Byte | Word Byte Word | Byte
Reset Addr 1 XXX
Data 0xfo
Manufacturer | Addr 4 0x555 | Oxaaa | Ox2aa | 0x555 | 0x555 | Oxaaa 0x00
ID Data Oxaa 0x55 0x90 ID from Flash
Sector Erase | Addr | 6 [ 0x555 | Oxaaa | Ox2aa | 0x555 | 0x555 | Oxaaa | 0x555 | Oxaaa | Ox2aa | 0x555 SA
Data Oxaa 0x55 0x80 Oxaa 0x55 0x30
Chip Erase Addr 6 0x555 | Oxaaa | Ox2aa | 0x555 | Ox555 | Oxaaa | Ox555 | Oxaaa | Ox2aa | 0x555 | 0x555 | Oxaaa
Data Oxaa 0x55 0x80 Oxaa 0x55 0x10
Read Addr 1 RA
Data RD
Program Addr 4 0x555 | Oxaaa | Ox2aa | 0x555 | 0x555 | Oxaaa PA
Data Oxaa 0x55 0xa0 PD
Notes:
1. RA:Read Address, located in the sector_addr register and the other_addr register.
2. RD: Read Data, located in the rxdata register.
3. PA: Program /Write Address, located in the sector_addr register and the other_addr register.
4. PD: Program/Write Data, located in the txdata register.
5.  xxx: Don’t care.
6. SA:Sector Address, located in the sector_add register.

The flash_timing_FSM is used to generate every write command and read data cycle timing. In order to write the
command or data to the Flash, CEn and WEn must be low and OEn must be high. Addresses are latched on the falling
edge of WEn and data are latched on the rising edge of WEn. Figure 4.2. shows the Flash write timing. To read the data
from the Flash memory, the CEn and OEn must be low while WEn is high. Figure 4.3. shows the Flash read timing.

ADDR

tAH

f

WEn

DQ

\_

tou

)

Figure 4.2. Flash Write Timing

[
—
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Figure 4.3. Flash Read Timing

Table 4.6. Parameter Descriptions

Symbol Parameter

tAS Address Setup Time
tAH Address Hold Time
tDH Data Hold Time

twPH Write Pulse Width High
tAA Address Access Time

The access timing requirements are different for different NOR Flash devices. These timing parameters are defined as
constants in the source file. They can be modified accordingly to meet the timing of a specific NOR Flash memory
device.

5. Test Bench Description

The test bench simulates every operational mode of NOR Flash timing supported in this design.

Name Value voB0 0 [13ms) 200 . 250 . 300 . 350 ., | 400 . 450 . 500 . 550 . GO0 ns
R= rst 0 Tl =1
R= wh_cyc_i 1 [
R ok ERLnLOnnEGEGGpnGInGEGLpGLHNnGGnGGEnnG
Rewbsbi 1 L] L] L] L] L] L ] L
= wbacko 0 ] M ] . M ] 1 1
R= wb_we_i 0 ]

R wh_add i 4 0 X G

[ R= wh_dat_i 0001 £poo0_oooi

[ & wh_dat_o 0000 ¥0ooo ooon
= RESETh 1 | |
= BYTEn 1
= CEn 1 | |
= WEn 1 1 [

& OEn 1
# = ADDR 0000 ¥0000
[+ & DQ ZZ7z {2222 {0oFo X222z

Figure 5.1. Reset Operation of NOR Flash
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Name Value |+ MO0 . 1500 . 1800 . 1700 . 1800 . 1900 4 2000 . 2100 . 2200 . 2300 . 2400 25 Imloo ns
R= rst 1} =l
R= wh_cyc_i 1
R ck LR 10110y g gy gy gy g gy by
Rwbobi 0 T U U W U U U U WU U
o wh ack_o 0 |
R= wh_we_i 1 i
#R=wh_addii 0 Yo [
wR-wh_dati 0084 XX
[+ & wh dat_o 0001 o001
& RESETn 1
& BYTEn 1
= CEn 1 [ | I l 1 [
r WEn 1 J | | | J | |
= QEn 1
+ = ADDR 0555 355 K028 0655
[ & D ZZzz {o0s0  \zzzz Yooas  ¥z2zzZ Yooss 2222 Koote  ¥Zzzz
Ll ‘-—] AR »
Figure 5.2. Chip Erase Operation of NOR Flash
Name Valug | 2870 o 3200 o 3400 . 3800 . 3800 . 4000 . 4200 . #400 | 4800 4 4300 4 5000 o 6200 NS
R= st 0 =
R=wh_cyc_i 1
R= clk 1}
R= wh_sth_i 1 1]
o owh_ack_o 0 ﬂ_
R=wh_we_i 0 []
#IR= wh_addr_i 4 piC
R= wh_dat_i 0003 “Y{oooz
# & wh_dat o 0000 X009 ) I (T
& RESETn 1
= BYTEn 1
* Cén O ] 1 L1 - 1
* WEn i N R (e 4 i
& 0En 1
[+ & ADDR 0555 Hozaa {0555 Hozaa Hooas, 0555 Yozaa ){@
DY onea i X @2 W ezez W ezez X Yezez X Nz X fzez X Mezzz ¥ Xzz X

'I«'ﬁ'»]

2 I
Figure 5.3. Sector Erase Operation of NOR Flash
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Name

4600 ‘4686 800 . 4300 , 6000 , 500 . 6200
ns

v 5300

5400

5500 . 5600 . 5700 . 65800 5300 ns

R= rst

R= wh_cyec_i

R= clk

R=wh_stb_i

& wh_ack_o

R= wh_we_i

JUTUTUUUUI UV U UUU UV U U U U U UV U UUU VUV U WU UL
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| —

G0 Xk 6 %

H® wh dat o

- = ==k

ar RESETn

& BYTEn

ar CEn

= WEn

= 0En

[ |

* & ADDR

f0zaa
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{oooo

R T}

Ndosa  ¥z222 o055

Xzzzz A0030

Xzzzz

]
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Figure 5.4. Read Manufacturer Operation of NOR Flash

Name

Value

5000

© 5300 . 6000

6100 . 6200 . 6300

© 6400 1 6500

6500 + 6700 . 68(0 . 6900 . 7000 . 700 ,

R= st

R= wh_cyc i

R= ck

R= wh_stb_i

w wh_ack_o

R= wh_we_i

#R= wh_addr_i

#R= wh_dat_i

0005

b_dat_o

ooo

RESETn

& BYTEn

& CEn

a ADDR

AABE

Vi

J2as

A05585

#Har DO

Xooaa

Xz2zz

40055 A22z2

Nooan  ¥zzzz

{34 X222z

| vl«lnil»l_J

Figure 5.5. Program Operation of NOR Flash

Name

Value

| 6200 . 630 . 640D . GS00 . G600 . 6700 . 6400 . S0 . 7000 . WO . 720 . 70 . MO0 e
ns

R= st

R=wh_cyc_i

1

R= clk

R= wh_stb_i

® wh_ack_o

R= wh_we_i

#R= wh_addr_i

#R= wh_dat_i

& = wh_dat_o

= RESETn

& BYTEn

&= CEn

= \WEn

= (En

[+ = ADDR

AAGS

Nozan
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FwDg

ZZZZ

T2z

0055

Xzzzz ) ()

Xzzzz Yreze
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Figure 5.6. Read Operation of NOR Flash
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6. Implementation

Table 6.1. Performance and Resource Utilization

Device Family Language Speed Grade Utilization fmax (MHz) 1/0s Architecture
(LUTSs) Resources
MachX02™1 Verilog -6 185 >80 80 N/A
VHDL -6 190 >80 80 N/A
MachXO™ ? Verilog -3 182 >80 80 N/A
VHDL -3 187 >80 80 N/A
Notes:

1. Performance and utilization characteristics are generated using LCMX02-1200HC-6TG144CES, with Lattice Diamond™ 1.1 or
ispLEVER® 8.1 SP1. When using this design in a different device, density, speed, or grade, performance and utilization may vary.

2. Performance and utilization characteristics are generated using LCMX01200C-3T144C, with Lattice Diamond 1.1 or ispLEVER 8.1
SP1 software. When using this design in a different device, density, speed, or grade, performance and utilization may vary.

© 2010-2019 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
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