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FMC (Flexible Memory Controller)
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Overview 3

• FMC supports external memory via

• NOR Flash/PSRAM controller

• NAND memory controller

• SDRAM  memory controller

• RAM extension

• Flash memory extension

• Parallel interface (Intel 8080 / Motorola 6800)

Application benefits
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Key features

• Fully independent banks

• Four banks to support separate external memories

• Independent Chip Select for each memory bank

• Independent configuration for each memory bank

• Flexible configuration

• FMC external access frequency is up to HCLK/2 

• Programmable timings to support a wide range of devices

• 8- ,16- or 32-bit data bus

• External asynchronous wait control

• Extended mode (read timings and protocol different to write timings)

• Supports burst mode access to synchronous devices (NOR Flash and PSRAM)

• Write FIFO with 16 x32-bit depth
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Supported devices

• Static memory-mapped devices including

• Static random access memory (SRAM)

• Read-only memory (ROM)

• NOR / OneNAND Flash memory

• PSRAM

• NAND Flash memory

• Includes ECC hardware to check up to 8 Kbytes of data read/written

• 3 possible interrupt sources (level, rising edge and falling edge)

• SDRAM memory

• Interfaces with Synchronous DRAM (SDRAM) memory-mapped

6

Compatible with a wide variety of interfaces and memories 



FMC Bank memory mapping

• External memories are divided into 4 fixed-size banks

• Bank 1 (4 x 64 Mbytes) for NOR Flash, SRAM or PSRAM

• Bank 3 (256 Mbytes) for NAND Flash

• Banks 2 is used for SDRAM bank remap and Bank 4 is reserved.

• Banks 5 & 6 for SDRAM
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CPU
Memory Map
(~4G space)

0x0000 0000

0xFFFF FFFF

Bank 4
Reserved

Bank 6
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256 Mbytes
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256 Mbytes

NAND Flash
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0x7FFF FFFF

0x8FFF FFFF
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4 x 64 Mbytes
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Reserved



FMC Bank memory mapping

• External memories are divided into 4 fixed-size banks

• Bank 1 (4 x 64 Mbytes) for NOR Flash, SRAM or PSRAM

• Bank 3 (256 Mbytes) for NAND Flash

• Banks 2 is used for SDRAM bank remap and Bank 4 is reserved.

• Banks 5 & 6 for SDRAM
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CPU
Memory Map
(~4G space)

0x0000 0000

0xFFFF FFFF

Bank 4
Reserved

Bank 6
256 Mbytes

Bank 5
256 Mbytes

Bank 3
256 Mbytes

NAND Flash

NOR/PSRAM/SRAM

SDRAM

0x6000 0000

0x7000 0000

0x8000 0000

0x9000 0000

0x6FFF FFFF

0x7FFF FFFF

0x8FFF FFFF

0x9FFF FFFF

0xC000 0000

0xCFFF FFFF

0xD000 0000

0xDFFF FFFF

Bank 1
4 x 64 Mbytes

Bank 2
Reserved

0x6000 0000번지로 SWAP하여 코드 수행 가능

Bank 6
Reserved

Bank 5
4 x 64 Mbytes

Bank 1
256Mbytes

Bank 2
256 Mbytes



NOR/PSRAM address mapping 9

• Bank 1 is divided into 4 banks of 64 Mbytes each to interface with 4 
external NOR / PSRAM memories (4 Chip Selects) which support

• NOR Flash: 8/16/32-bit synchronous/asynchronous, multiplexed or non-multiplexed

• SRAM: 8/16/32-bit 

• PSRAM: 8/16/32-bit synchronous/asynchronous

Bank 4
Reserved

Bank 6
256 Mbytes

Bank 5
256 Mbytes

Bank 3
256 Mbytes

0x6000 0000

0x7000 0000

0x8000 0000

0x9000 0000

0x6FFF FFFF

0x7FFF FFFF

0x8FFF FFFF

0x9FFF FFFF

0xC000 0000

0xCFFF FFFF

0xD000 0000

0xDFFF FFFF

Bank 1
4 x 64 Mbytes

Bank 2
Reserved

0x6000 0000

0x6400 0000

0x6800 0000

0x6C00 0000

0x63FF FFFF

0x67FF FFFF

0x6BFF FFFF

0x6FFF FFFF

Bank 1 – Chip Select 1
64MBytes

Bank 1 – Chip Select 2
64MBytes

Bank 1 – Chip Select 3
64MBytes

Bank 1 – Chip Select 4
64MBytes



Load

NOR/PSRAM address mapping 10

• NOR/PSRAM Controller Memory Mapping

• HADDR[27:26] : Bank select

• HADDR[25:0] :

• 8-bit bus width : HADDR[25:0]

• 16-bit bus width : HADDR[25:1] >> 1

• 32-bit bus width : HADDR[25:2] >> 2

0x6000 0000

0x6400 0000

0x6800 0000

0x6C00 0000

0x63FF FFFF

0x67FF FFFF

0x6BFF FFFF

0x6FFF FFFF

Bank 1 – Chip Select 1
64MBytes

Bank 1 – Chip Select 2
64MBytes

Bank 1 – Chip Select 3
64MBytes

Bank 1 – Chip Select 4
64MBytesPseudo Code

LDR R0, 0x6400 0000

0  1 0  0
26 25 24 23

Memory
(Connected to CS 2)

Select



Load

NOR/PSRAM address mapping 10

• NOR/PSRAM Controller Memory Mapping

• HADDR[27:26] : Bank select

• HADDR[25:0] :

• 8-bit bus width : HADDR[25:0]

• 16-bit bus width : HADDR[25:1] >> 1

• 32-bit bus width : HADDR[25:2] >> 2

0x6000 0000

0x6400 0000

0x6800 0000

0x6C00 0000

0x63FF FFFF

0x67FF FFFF

0x6BFF FFFF

0x6FFF FFFF

Bank 1 – Chip Select 1
64MBytes

Bank 1 – Chip Select 2
64MBytes

Bank 1 – Chip Select 3
64MBytes

Bank 1 – Chip Select 4
64MBytesPseudo Code

LDR R0, 0x6400 0000

0  1 0  0
26 25 24 23

Memory
(Connected to CS 2)

Select

Memory

26-bit address
x BYTE

= 64MByte
Data (x8)

Address (x26)



Load

NOR/PSRAM address mapping 10

• NOR/PSRAM Controller Memory Mapping

• HADDR[27:26] : Bank select

• HADDR[25:0] :

• 8-bit bus width : HADDR[25:0]

• 16-bit bus width : HADDR[25:1] >> 1

• 32-bit bus width : HADDR[25:2] >> 2

0x6000 0000

0x6400 0000

0x6800 0000

0x6C00 0000

0x63FF FFFF

0x67FF FFFF

0x6BFF FFFF

0x6FFF FFFF

Bank 1 – Chip Select 1
64MBytes

Bank 1 – Chip Select 2
64MBytes

Bank 1 – Chip Select 3
64MBytes

Bank 1 – Chip Select 4
64MBytesPseudo Code

LDR R0, 0x6400 0000

0  1 0  0
26 25 24 23

Memory
(Connected to CS 2)

Select

Memory

25-bit address
x Half WORD
= 64MByte

Data (x16)

Address (x25)



Load

NOR/PSRAM address mapping 10

• NOR/PSRAM Controller Memory Mapping

• HADDR[27:26] : Bank select

• HADDR[25:0] :

• 8-bit bus width : HADDR[25:0]

• 16-bit bus width : HADDR[25:1] >> 1

• 32-bit bus width : HADDR[25:2] >> 2

0x6000 0000

0x6400 0000

0x6800 0000

0x6C00 0000

0x63FF FFFF

0x67FF FFFF

0x6BFF FFFF

0x6FFF FFFF

Bank 1 – Chip Select 1
64MBytes

Bank 1 – Chip Select 2
64MBytes

Bank 1 – Chip Select 3
64MBytes

Bank 1 – Chip Select 4
64MBytesPseudo Code

LDR R0, 0x6400 0000

0  1 0  0
26 25 24 23

Memory
(Connected to CS 2)

Select

Memory

24-bit address
x WORD

= 64MByte
Data (x32)

Address (x24)



NOR/PSRAM interface signals with SRAM

• The FMC generates the appropriate signals to drive
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FMC_NBL[2:0]

FMC_A[25:0]

FMC_D[31:0]

FMC_NOE

FMC_NWE

FMC_NE[4:1]

FMC_NWAIT

FMC_NL (or NADV)

FMC_CLK

FMC

NOR/PSRAM
memory 
controller

NAND
memory 
controller

SDRAM
memory 
controller

Address

[18:0]

Data

[15:0]

512K

X

16-bit

=

1MByte



CubeMX Configuration for SRAM Connection 15
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CubeMX Configuration for SRAM Connection 15



NOR/PSRAM Interface Protocol and Timing 21

• SRAM Interface Timing



NOR/PSRAM Interface Protocol and Timing 22

Memory Type Extended Mode Access Mode Actual Mode

SRAM/PSRAM
N (default) Don’t care Mode 1

Y 0 Mode A

NOR

N (default) Don’t‘ care Mode 2

Y 0 Mode B

Y 1 Mode C

Y 2 Mode D

• FMC NOR/PSRAM Access Mode

Use the common Read/Write timing

Use the separated Read/Write timing



NOR/PSRAM Interface Protocol and Timing 22

Memory Type Extended Mode Access Mode Actual Mode

SRAM/PSRAM
N (default) Don’t care Mode 1

Y 0 Mode A

NOR

N (default) Don’t‘ care Mode 2

Y 0 Mode B

Y 1 Mode C

Y 2 Mode D

• FMC NOR/PSRAM Access Mode

Use the common Read/Write timing

Use the separated Read/Write timing
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• FMC NOR/PSRAM Access Mode
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Use the separated Read/Write timing
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NOR/PSRAM Interface Protocol and Timing 22

Memory Type Extended Mode Access Mode Actual Mode

SRAM/PSRAM
N (default) Don’t care Mode 1

Y 0 Mode A

NOR
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Y 0 Mode B

Y 1 Mode C

Y 2 Mode D

• FMC NOR/PSRAM Access Mode
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NOR/PSRAM Interface Protocol and Timing 22

Memory Type Extended Mode Access Mode Actual Mode

SRAM/PSRAM
N (default) Don’t care Mode 1

Y 0 Mode A

NOR

N (default) Don’t‘ care Mode 2

Y 0 Mode B

Y 1 Mode C

Y 2 Mode D

• FMC NOR/PSRAM Access Mode

Use the common Read/Write timing

Use the separated Read/Write timing



CubeMX FSMC Configuration for SRAM 30
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CubeMX FSMC Configuration for SRAM 30

For READ

For WRITE



CubeMX FSMC Configuration for SRAM 30

For READ

For WRITE



About NOR Flash Memory 34

• NOR Flash memory

• Advantage

- Random read (XIP: Execute In Place)

- Data stability

• Disadvantage

- Low performance on program/erase op.

- Large unit for atomic erase (and Program) op.

- Limited endurance

• Generally 1~10K program/erase time per cell.



NOR/PSRAM interface signals with NOR 35

FMC_NBL[2:0]

FMC_A[25:0]

FMC_D[31:0]

FMC_NOE

FMC_NWE

FMC_NE[4:1]

FMC_NWAIT

FMC_NL (or NADV)

FMC_CLK

FMC

NOR/PSRAM
memory 
controller

NAND
memory 
controller

SDRAM
memory 
controller

Address

[22:0]

Data

[15:0]

8M x 16-bit

=

16MByte
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CubeMX Configuration for NOR Connection 36
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CubeMX FSMC Configuration for NOR 39
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CubeMX FSMC Configuration for NOR 39



NOR Flash Memory HAL Code Example 45



NOR Flash Memory Command Sequence 46

• Memory Command (8-bit bus)

• Memory Command (16-bit bus)



NOR Flash Memory Command Sequence 46

• Memory Command (8-bit bus)

• Memory Command (16-bit bus)



NOR Flash Memory Command Sequence 46

• Memory Command (8-bit bus)

• Memory Command (16-bit bus)

…
A04
A03
A02
A01
A00

…
A04
A03
A02
A01
A00

…
A04
A03
A02
A01
A00

AHB      F(S)MC     16-BIT    NOR

Address 
Decoder

0

0
1
0
1

Write 0xA

0
1
0
1

Recv. 0b0101



NOR Flash Memory Command Sequence 46

• Memory Command (8-bit bus)

• Memory Command (16-bit bus)

…
A04
A03
A02
A01
A00

…
A04
A03
A02
A01
A00

AHB      F(S)MC     16-BIT    NOR

Address 
Decoder

0

0
1
0
1

Write 0xA Recv. 0b0101

0
1
0
1

…
A03
A02
A01
A00
A-1



NOR Flash Memory Polling Sequence 50

• NOR Status checking by bus polling (DQn)



SDRAM address mapping 51

• Fully programmable SDR (single data rate) SDRAM interface

• Up to 512MB continues memory range split into two banks, can 
be seen as a single device.

• Each Bank can address up to 256MBytes memory

Bank 4
Reserved

Bank 6
256 Mbytes

Bank 5
256 Mbytes

Bank 3
256 Mbytes

0x6000 0000

0x7000 0000

0x8000 0000

0x9000 0000

0x6FFF FFFF

0x7FFF FFFF

0x8FFF FFFF

0x9FFF FFFF

0xC000 0000

0xCFFF FFFF

0xD000 0000

0xDFFF FFFF

Bank 1
4 x 64 Mbytes

Bank 2
Reserved

0xC000 0000

0xD000 0000

0xCFFF FFFF

0xDFFF FFFF

Bank 5 – SDRAM Bank 1
256MBytes

Bank 6 – SDRAM Bank 2
256MBytes



SDRAM address mapping 51

• Fully programmable SDR (single data rate) SDRAM interface

• Up to 512MB continues memory range split into two banks, can 
be seen as a single device.

• Each Bank can address up to 256MBytes memory

Bank 4
Reserved

Bank 6
256 Mbytes

Bank 5
256 Mbytes

Bank 3
256 Mbytes

0x6000 0000

0x7000 0000

0x8000 0000

0x9000 0000

0x6FFF FFFF

0x7FFF FFFF

0x8FFF FFFF

0x9FFF FFFF

0xC000 0000

0xCFFF FFFF

0xD000 0000

0xDFFF FFFF

0x6000 0000

0x7000 0000

0x6FFF FFFF

0x7FFF FFFF

Bank 1 – SDRAM Bank 1
256MBytes

Bank 2 – SDRAM Bank 2
256MBytesBank 2

256 Mbytes

Bank 1
256 Mbytes

Bank 6
Reserved

Bank 5
4 x 64 Mbytes



SDRAM interface signals 52

• SDRAM Memory

• Synchronous

• Dynamic

• Random Access

FMC_A[11:0]

FMC_D[31:0]

FMC_SDCKE[1:0]

FMC_SDCLK

FMC_SDNE[1:0]

FMC_SDNWE

FMC_NRAS

FMC_NCAS

FMC_BA[1:0]

FMC_NBL[3:0]

FMC

NOR/PSRAM
memory 
controller

NAND
memory 
controller

SDRAM
memory 
controller

Address

[11:0]

Data

[31:0]



About SDRAM Memory 54

• SDRAM Memory Structure

BANK 0
DRAM Cell ArrayBANK 1

DRAM Cell ArrayBANK 2
DRAM Cell ArrayBANK 4

DRAM Cell Array

R
O

W
D

e
co

d
e
r

COLUMN Decoder

BA[n]

A[n]
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R
O
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COLUMN Decoder
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A[n] Copied Row Buffer
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About SDRAM Memory 54

• SDRAM Memory Structure

BANK 0
DRAM Cell ArrayBANK 1

DRAM Cell ArrayBANK 2
DRAM Cell ArrayBANK 4

DRAM Cell Array

R
O

W
D

e
co

d
e
r

COLUMN Decoder

BA[n]

A[n] Copied Row Buffer DAT

DQ[n]



About SDRAM Memory 54

• SDRAM Memory Structure

BANK 0
DRAM Cell ArrayBANK 1

DRAM Cell ArrayBANK 2
DRAM Cell ArrayBANK 4

DRAM Cell Array

R
O

W
D

e
co

d
e
r

COLUMN Decoder

BA[n]

A[n] Copied Row Buffer DAT

DQ[n]

BA ROW COLUMN BMMSB LSB

AHB to FMC address decode

FMC
BANK

+

28th-bit



SDRAM interface signals 59

• SDRAM Memory

• Synchronous

• Dynamic

• Random Access

FMC_A[11:0]

FMC_D[31:0]

FMC_SDCLK
FMC_SDCKE
FMC_SDNE
FMC_SDNWE
FMC_NRAS
FMC_NCAS

FMC_BA[1:0]

FMC_NBL x 4

FMC

NOR/PSRAM
memory 
controller

NAND
memory 
controller

SDRAM
memory 
controller

Address

[11:0] Data

[31:0]

A(2+12+8)

X 32-bit

=

16Mbytes



SDRAM Commands 60



SDRAM State Diagram 61

PRECHARGE
ALL

BANK
CLOCK

EN

AUTO
REFRESH

MODE
REGISTER

IDLE

READ WRITE

ACTIVE
(BANK/ROW)

PRECHARGE
(DEACTIVE)

READ
CMD

WRITE
CMDREAD

CMD

READ
w/ AP

WRITE
CMD

WRITE
w/ AP

WRITE
(READ)
CMD

PRECHG PRECHG

PRECHG

REFRESH
AUTOMATIC

(by FMC)



SDRAM READ Operation 62

ACTIVE READ

RAS Latency       CAS Latency

Configure RAS/CAS Latency
FMC side: by SDC(T)R Reg.
SDRAM side: by Mode Reg.



CubeMX Configuration for SDRAM Connection 63
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CubeMX Configuration for SDRAM Connection 63



CubeMX FMC Configuration for SDRAM 66

AHB HCLK = 180MHz

FMC CLK = 90MHz
(clock period: 11.111ns)



CubeMX FMC Configuration for SDRAM 66

AHB HCLK = 180MHz

FMC CLK = 90MHz
(clock period: 11.111ns)



CubeMX FMC Configuration for SDRAM 66

AHB HCLK = 180MHz

FMC CLK = 90MHz
(clock period: 11.111ns)



CubeMX FMC Configuration for SDRAM 66

AHB HCLK = 180MHz

FMC CLK = 90MHz
(clock period: 11.111ns)

CAS Latency = 3 clock



SDRAM Initialize Sequence 70

PRECHARGE
ALL

BANK
CLOCK

EN

AUTO
REFRESH

MODE
REGISTER

IDLE



SDRAM Initialize Sequence 70

PRECHARGE
ALL

BANK
CLOCK

EN

AUTO
REFRESH

MODE
REGISTER

IDLE



SDRAM Initialize Sequence 70

PRECHARGE
ALL

BANK
CLOCK

EN

AUTO
REFRESH

MODE
REGISTER

IDLE

IDLE
AUTO

REFRESH
SELF

REFRESH

Automatically
(FMC)

Self running
for Dormant



SDRAM Initialize Sequence 70

PRECHARGE
ALL

BANK
CLOCK

EN

AUTO
REFRESH

MODE
REGISTER

IDLE

IDLE
AUTO

REFRESH
SELF

REFRESH

Automatically
(FMC)

Self running
for Dormant

1. SDRAM Refresh rate = 60ms
2. Refresh rate per ROW (60ms / 4096 = 15.625µs)
3. Refresh count (15.625µs / 11.111ns(AHB PCLK) = 1406)

4. Apply safe margin (1406 - 20 = 1386)



SDRAM Initialize Sequence 74

IDLE
SELF

REFRESH

Self running
for Dormant



About NAND Flash Memory 75

• NAND Flash memory

• Advantage

- Non-volatile

- High capacities and cost.

- Fast program/erase op.

- Simple interface

• Disadvantage

- Read/Program w/ PAGE, Erase w/ BLOCK

- Bad cell management

- Worst endurance

• Generally 3~4K program/erase time per cell.



About NAND Flash Memory Structure 76

page (512byte)

X: 512

Y: byte



About NAND Flash Memory Structure 76

page (512byte)

X: 512

Y: byte

page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte) Z: block count (32)

block (x32 page)



About NAND Flash Memory Structure 76

page (512byte)

X: 512

Y: byte

page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte) Z: block count (32)

block (x32 page)

page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)

NAND array (xN blocks)



About NAND Flash Memory Structure 76

page (512byte)

X: 512

Y: byte

page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte) Z: block count (32)

block (x32 page)

page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)

NAND array (xN blocks)

page buffer

External interfacing



About NAND Flash Memory Structure 76



x8

NAND

About NAND Flash Interface Protocol 81

page buffer

page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)

D
E
C
O

D
E
R

HOST
NAND 
CONTROLLER

CMD(READ)

page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)

(READ MODE)



x8

NAND

About NAND Flash Interface Protocol 81

page buffer

page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)

D
E
C
O

D
E
R

HOST
NAND 
CONTROLLER

(READ MODE)

A[15:8]

page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)



x8

NAND

About NAND Flash Interface Protocol 81

page buffer

page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)

D
E
C
O

D
E
R

HOST
NAND 
CONTROLLER

(READ MODE)

A[7:0]

page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)
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NAND

About NAND Flash Interface Protocol 81

page buffer

page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)

D
E
C
O

D
E
R

HOST
NAND 
CONTROLLER

(READ MODE)

page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)

page (512byte)



x8

NAND

About NAND Flash Interface Protocol 81

page buffer

page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)page (512byte)page (512byte)
page (512byte)
page (512byte)page (512byte)page (512byte)

D
E
C
O

D
E
R

HOST
NAND 
CONTROLLER
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NAND
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controller
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controller

Address
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[7:0]
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FMC_A[25:0]

FMC_D[31:0]

FMC_NOE

FMC_NWE

FMC_NCE

FMC_NWAIT

FMC_INT

FMC

NOR/PSRAM
memory 
controller

NAND
memory 
controller

SDRAM
memory 
controller

Address
A16, A17 Data

[7:0]

0x3FFFF
0x20000

Address
Section

0x1FFFF
0x10000

Command
Section

Data
Section

0x0FFFF
0x00000

A17:16 [0b1x]

A17:16 [0b01]

A17:16 [0b00]



NAND address mapping

• Bank 3 is used to support NAND Flash memory through two memory 
spaces

• Common and Attribute memory space

• Each memory space is divided into 3 subsections

• Data section (64 Kbytes): Used to read or write data

• Command section (64 Kbytes): Used to send a command to NAND Flash memory

• Address section (128 Kbytes): Used to specify the NAND Flash memory address

92

Bank 3
256 Mbytes0x8000 0000

0x8FFF FFFF

Common
64MBytes

Reserved
64 Mbytes

Attribute
64MBytes

Reserved
64 Mbytes

0x8000 0000

0x8400 0000

0x8800 0000

0x8C00 0000

0x83FF FFFF

0x87FF FFFF

0x8BFF FFFF

0x8FFF FFFF

Allow to apply the
independent timing attribute
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Address Section (128K)

Command Section (64K)

Data Section (64K)

NAND address mapping

• Bank 3 is used to support NAND Flash memory through two 
memory spaces

• Common and Attribute memory space

• Each memory space is divided into 3 subsections

• Data section (64 Kbytes): Used to read or write data

• Command section (64 Kbytes): Used to send a command to NAND Flash memory

• Address section (128 Kbytes): Used to specify the NAND Flash memory address

92

Bank 3
256 Mbytes0x8000 0000

0x8FFF FFFF

Common
64MBytes

Reserved
64 Mbytes

Attribute
64MBytes

Reserved
64 Mbytes

0x8000 0000

0x8400 0000

0x8800 0000

0x8C00 0000

0x83FF FFFF

0x87FF FFFF

0x8BFF FFFF

0x8FFF FFFF
Address Section (128K)

Command Section (64K)

Data Section (64K)

Allow to apply the
independent timing attribute
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CubeMX FSMC Configuration for NAND 99

ECC Enable w/ 512 byte page
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NAND Control Code 102

Write to Address Section
(Issue ALE(A17))

1xRead word transaction will 

be divided to sub-transaction 

(4xRead byte) by FMC

Write to Command Section
(Issue CLE(A16))



Quad-SPI Overview

• Three operating modes

• Indirect: all the operations are performed through registers (classical SPI)

• Status polling: periodical read of the flash status registers (interrupt generation)

• Memory mapped: External flash seen as internal for read operations (XIP)

• Communication interface for single/dual/quad SPI flash memories

109
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QUADSPI

Quad-SPI Overview

• Access two flashes in parallel with the same frame format and the 
same instruction (8-bit par cycle)

112
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Management
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Flexible frame format
• Each of the 5 stages(phases) is fully configurable

• Enabled or not

• Length (8-bit to 32-bit)

• Number of lanes (1/2/4)

• Exemple of Read configuration

• Instruction(1 lane), Address/Alternate/Data(4 lanes), 2 dummy cycles
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SCLK

IO0
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output to input

7 6 5 4 3 2 1 0
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CubeMX QUADSPI Configuration 121

Quad SPI CR and DCR register contents
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Instruction Address Dummy Data Out
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Instruction Data Out …

cmd: frame information structure



Construct Framing using QSPI HAL 128

Instruction Data Out …

cmd: frame information structure

INDIRECT MODE
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Automatic Status Polling using QSPI HAL 131

MCU QSPI QSPI Device

STATUS(1byte)

MASK (0x1)

AND: Not Match!



Automatic Status Polling using QSPI HAL 131

MCU QSPI QSPI Device

STATUS(1byte)

MASK (0x1)

AND: Match!

INTERRUPT!

STATUS POLLING MODE



QSPI Memory Mapped Mode 135

• Prefetch for XiP

• External flash seen as internal with wait states

• Read operations are automatically generated on AHB access

• Frame & opcode defined during IP configuration as for indirect mode

• Base address mapped to 0x9000 0000 (* difference each MCU)

• Up to 256Mbytes spaces

• Read operation ONLY
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QSPI Memory Mapped Mode 136

Turn back to the default interface
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QSPI Memory Mapped Mode 136

Turn back to the default interface



END
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