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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 mm

Compatible with a wide variety of interfaces and memories

» 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
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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

Bank 6
0xD000 0000 256 Mbytes

SDRAM
OXCFFF FFFF e
0xC000 0000 256 Mbytes

OXFFFF FFFF

ol OX9FFF FFFF

Memory Map 0x9000 0000

(~4G space) OX8FFF FFFF
S } NAND Flash
0x8000 0000 yies

Ox7FFF FFFF

0x0000 0000

Bank 1 } NOR/PSRAM/SRAM

0x6000 0000 4 x 64 Mbytes
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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

OXFFFF FFFF

0xD000 0000
OXCFFF FFFF

0xC000 0000

CPU OX9FFF FFFF

Bank 5
BRG] 0x9000 0000 _

(~4G space) OX8FFF FFFF
S } NAND Flash
0x8000 0000 ytes
OX7FFF FFFF s
256 Mbytes
SDRAM

0x6000 0000 256Mbytes

0x0000 0000 0 '00 0000

0x6000 0000t X| 2 SWAPS}O = 7=
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NOR/PSRAM address mapping mm

« 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
OXDFFF FFFF BAnk 6
0xD000 0000 256 Mbytes
OXCFFF FFFF P
OxC000 0000 256 Mbytes Bank 1 - Chip Select 4 OX6FFF FFFF
0x9000 0000 Bank 1 - Chip Select 3 Ox6BFF FFFF
Ox8FFF EFFF Bank 3 64MBytes 0x6800 0000
0x8000 0000 Z56HVIDYLES
Ox67FF FFFF

Bank 1 - Chip Select 2

Ox7FFF FFFF
0x7000 0000
OxGFFF FFFF Bank 1 Bank 1 - Chip Select 1 Ox63FF FFFF
0x6000 0000 4 x 64 Mbytes 64MBytes 0x6000 0000

Lys
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NOR/PSRAM address mapping

« NOR/PSRAM Controller Memory Mapping
- HADDR][27:26] : Bank select
- HADDR[25:0] :

e 8-bit bus width : HADDR[25:0]
e 16-bit bus width : HADDR[25:1] >> 1
e 32-bit bus width : HADDR[25:2] >> 2

OX6FFF FFFF Bank 1 - Chip Select 4

Pseudo Code 0x6C00 0000
Ox6BFF FFFF Bank 1 — Chip Select 3

I_DR RO, OXE4)O OOOO 0x6800 0000 64MBytes Select Memory

Bank 1 - Chip Select 2 (Connected to CS 2)

%o 64MBytes

0100
Ox63FF FFFF Bank 1 — Chip Select 1 Load
0x6000 0000 64MBytes

Lys
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NOR/PSRAM address mapping

« NOR/PSRAM Controller Memory Mapping
- HADDR][27:26] : Bank select
- HADDR[25:0] :

«  8-bit bus width : HADDR[25:0] e 1 6.bit address

« 16-bit bus width : HADDR[25:1] >> 1 Data (x8) x BYTE
. 32-bit bus width : HADDR[25:2] >> 2 = 64MByte

Address (x26) Memory
>

OX6FFF FFFF Bank 1 - Chip Select 4

Pseudo Code 0x6C00 0000
Ox6BFF FFFF Bank 1 — Chip Select 3

I_DR RO, OXE4)O OOOO 0x6800 0000 64MBytes Se|eCt Memory

Bank 1 - Chip Select 2

%o 64MBytes

0100
Ox63FF FFFF Bank 1 — Chip Select 1 Load
0x6000 0000 64MBytes

(Connected to CS 2)
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NOR/PSRAM address mapping

« NOR/PSRAM Controller Memory Mapping
- HADDR][27:26] : Bank select

Address (x25) Memory
- HADDR[25:0] : E—
. 8-bit bus width : HADDR[25:0] C— N TN TN

« 16-bit bus width : HADDR[25:1] >> 1 Data (x16) BEEEIRA[e]:»)
. 32-bit bus width : HADDR[25:2] >> 2 = 64MByte

OX6FFF FFFF Bank 1 - Chip Select 4

Pseudo Code 0x6C00 0000
Ox6BFF FFFF Bank 1 — Chip Select 3

I_DR RO, OXE4)O OOOO 0x6800 0000 64MBytes Se|eCt Memory

Bank 1 - Chip Select 2

%o 64MBytes

0100
Ox63FF FFFF Bank 1 — Chip Select 1 Load
0x6000 0000 64MBytes

(Connected to CS 2)
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NOR/PSRAM address mapping

« NOR/PSRAM Controller Memory Mapping
- HADDR][27:26] : Bank select

Address (x24) Memory
- HADDR[25:0] : E—
. 8-bit bus width : HADDR[25:0] — N VR TN

« 16-bit bus width : HADDR[25:1] >> 1 Data (x32) x WORD
. 32-bit bus width : HADDR[25:2] >> 2 = 64MByte

OX6FFF FFFF Bank 1 - Chip Select 4

Pseudo Code 0x6C00 0000
Ox6BFF FFFF Bank 1 — Chip Select 3

I_DR RO, OXE4)O OOOO 0x6800 0000 64MBytes Se|eCt Memory

Bank 1 - Chip Select 2

%o 64MBytes

0100
Ox63FF FFFF Bank 1 — Chip Select 1 Load
0x6000 0000 64MBytes

(Connected to CS 2)
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NOR/PSRAM interface signals with SRAM

* The FMC generates the appropriate signals to drive

FMC

NOR/PSRAM

memory
controller

NAND
memory
controller

SDRAM

memory
controller

Lys
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—“l'ﬂ_
0.2 -
Address —
: A18
[180] e A o 61D

—> FMC_NE[4:1] = A5 VO14 et — 512K
—> FMC_NL (or NADV) RS A fg 'iggf 5 D1
—> FMC_NBL[2:0] Data A&, yon [R2 DT X
—> FMC_CLK [15:0] T A A e e 16-bit

=— A9 1/08 {—g—s _

o A Vo7 % D6 -
—> FMC_A[25:0] - — A7 VOB ez
> FMC_D[31:0] ¢ s =Z——1 1MByte
— FMC_NOE - o M 103 R

— A3 1102 ——>s
_>FMC_NWE A g A2 17101 | B6 DO
<— FMC_NWAIT ® Az A 90

pGn R® x B5 | == DSEN'B Ce3
#I FSMC NEB W AGS %EE Sg = : H
Ot
PE Al | == D1 100nF
s A T = EE clz}_
. RME NG D = 100nF="



CubeMX Configuration for SRAM Connection

Iél---Pgripherals
-- & ADC1
- % ADC2
- & ADC3
- % CAN
8 H- @ CRC
e AT? G1 D15 A G- & DAC
Nae—F A6 1015 —E—22]
AT ] A5 VO14 —=—p g - &% FSMC
A A4 1013 —S—5—) :
N AR 1012 g [ % NOR Flash/PSRAM/SRAM/ROM/LCD 1
NAT T | A2 1ol T D/ [#- % NOR Flash/PSRAM/SRAM/ROM/LCD 2
&BU P A0 109 E—22] [ & NOR Flash/PSRAM/SRAM/ROM/LCD 3
NAE_F2 ] e L;'gf DT/ [#- % NOR Flash/PSRAM/SRAM/ROM/LCD 4
Qﬁg 2 a7 V0B E2—B0 j [ NAND Flash 1
Nae__ G| o 108 (B b1/ [#- % MAND Flash 2
N __ B4 g 1103 2203 _/] [#- & Compact Flash
+3V3 NAS_ BB ] [ 6Dz _/
NA2___ A5 ﬁ :ﬁg% Cs__DI_/ G- @ T2C1
N v 1100 2/
L) NAD A3 L4 - W 1202
0K +3\V3
PGD R®B B5 | == o6 T e [ W 1252
[ FBMC NB W = %EE E% 5 R & 1253
2 o i -8
[ FSMC NBID —bi A _BE VS = 100nF - % TWDG
[ FSMC NBH omii E g vs = ca - ReCC
e
FSMC_NWE 3 [
[ FSMC NCE o 100nF= G- % RTC

Lys
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CubeMX Configuration for SRAM Connection

EI---Pgr'lpherals
- & ADC1
[ & ADC2
(OO il @ ADCH
-- @ CAN
NATS  H1 [ [ @ CRC
NALL_ DS | g7
&E =— A6 U015 Sl — ; -1 DAC
A AS V014 m—p) E- % FSMC
Ao A4 1013 E—5—) !
NAT? A13 11012 D2 DIl A = & NOR Flash/PSRAM/SRAM/ROM/LCD 1
NAT T ] ﬂ% :ﬁg}é (2 D10 /] ~Chip Select | Disable -
NATD__ Hd ‘09 |C1_D9
N a0 1 F B
NAE_ 2 | o 107 =8 D7/
NAL__ D4 | V06 (228 _~
::g g A6 /05 {2 ;
BE_ D4
N R B
e 1@ e Dataj/Address |Disabl
L A2 1/01 ~Data Address | Disable
N v 1100 2/ _
DE NAO A3 L ag . ~{lock | Disable
RS —_ T T
[ FSMC NB PGD_ T4, B | = v 28 CE3 - [ ] Address valid
0 S W v 2 —]|
A2 | == 1 1I[I}0nF ~WWait | Disable
] A ] =— D1
[ FSMC NBD S—s BIE VS | "
[ FSMG NBU =] E 5 vs LB c Byte enable
FSMC_NWE 55 = i [#- % NOR Flash/PSRAM/SRAM/ROM/LCD 2
[ FSMC _NCE l—0 [+~ % NOR Flash/PSRAM/SRAM/ROM/LCD 3
[+ & MNOR Flash/PSRAM/SRAM/ROM/LCD 4
[#- & MNAND Flash 1
[+ % MNAND Flash 2
[+ # Compact Flash

Lys
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CubeMX Configuration for SRAM Connection

E---Pgripherals
-- o ADC1
- % ADC2
(OO il B-Y ADCS
[+ % CAN
NAIS  HI [ & % CRC
NALL__ D3} aq7
NTE_E ] s uots -8B g% DAC
AT A5 V05— =44 FSMC
N A :,’:g}g (2 D /] S NOR Flash/PSRAM/SRAM/ROM/LCD 1
NATZ G2 DZ_D11_/ | :
NaT B A2 ot Memm Chip Select |NE3 v
04 DS/ s ;
NAD 3| ﬁ;o ”gg Bl D8/ ~Memory type |Disable -
NAS 2| o Vo7 [ G6_D7__/ ) R
NAT Da_] 2 los D6/ - Address | DisalDisable
N A lios — -LCD Register {4OR Flash
G = PSRAM
£33 H A4 1103 %’ i /| ~Data | Disable
N A3 1102 .
\H. AD 1101 H/ ~Data/addreszpam
NaL_2d | p4 oo =20/ ;
OE N8 W ~(Clock | Disable|LCD Interfacy
+;
_-—" PGD ﬁ'& B | = v Loe T ce Address 1 Muxed MOR. Flash
0 DT v = —l = Muxed PSRAM
A2 | = 1 1 ~Wait | Disable
) Al_| == D1 100nF
[ FSMC NBD S—s BIE VS | »
[ FSMG NBL =] Rlaore ve LB cx Byte enable
[ FSMC NWE — i [#- 1% NOR Flash/PSRAM/SRAM/ROM/LCD 2
[ MG NOE o—m2 100nFP=" [ 1" NOR Flash/PSRAM/SRAM/ROM/LCD 3
-1, NOR Flash/PSRAM/SRAM/ROM/LCD 4
[+ % MNAND Flash 1
[+~ % MNAND Flash 2
-4 Compact Flash

Lys
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CubeMX Configuration for SRAM Connection

[=I-Peripherals
-- o ADC1
- % ADC2
- & ADC3
- % CAN
8 - % CRC
AE—E AT G1_D15 -8 DAC
k 2——— A6 UOi5 =222 ; :
= A15 Vo014 - = Y
k’:f g A4 1013 —% gi ; & L\' FeMc
Na—— A3 012 ] &% NOR Flash/PSRAM/SRAM/ROM/LCD 1
NATL_T5 ] A2 1ol C& D0 ~Chip Select | NE3 v
NAIO__HE | a0 109 e—R2 /] M e '
INAY H3 | g /o BL_D8 /1 emory type -
N o7 86 DT/ _ = _
A7 A % D6 /] -Address | 19 bits = Max:zﬁbltsl
N A Vo6 —E—p5—A
N ﬁ :::82 B i/ --LCD Register Select | Disable
N\ B3}y 1103 [ D5 D5 /] -Data | Disable -
T Ne—r] 8 12 155_37/ Data/Address | Disabl ]| Max: Disable
| A2 1101 —DatafAddress |Disable —|Ma: Disable
N v 1100 2/ _
DE NAD__ A3 | ag . ~Clock | Disable
[ FBMC NB PG A E‘g E vac e T (I:IEB - || Address valid
0"' E1 _ r 1
o i ~Wait |Disable .
PH Al | = D1 - /
e o w2 (o - Cloye e
— 1 [ NOR Flash/PSRAM/SRAM/ROM/LCD 2
FSMC NVE = = AN / / [ROM/
[ ’SMC NCE 100nF= [#- 1% NOR Flash/PSRAM/SRAM/ROM/LCD 3
EEI---L"'-.I NOR Flash/PSRAM/SRAM/ROM/LCD 4
[+ % MNAND Flash 1
[+ % NAND Flash 2
-3 Compact Flash

Lys

life.augmented



CubeMX Configuration for SRAM Connection

EI---Pgripherals
-- @ ADC1
[ @ ADC2
CSE R 9 ADG
" W CAN
NAIS  HI [ - & CRC
N D8 5 a7 .
&E =— A6 U015 611 g:‘; - % DAC
\A; = A15 Vo114 7R EI'L'"‘: FSMC
NATT—oi ] (0 ol (2 D2 &% NOR Flash/PSRAM/SRAM/ROM/LCD 1
NATZ__G3 D2__D11_/] / .
NATT_F5 | 17 :,‘:813 [C2_DW0_/ - Chip Select | NE3 B
NATD _ H4 Cl_D9_/ . :
R H3 | ﬁ;o ”gg Bl D8 /] ~Memory type | SRAM -
NAE 2| o Vo7 [ G6_D7__/ . = L
NAT D4_| o6 D8/ --Address | 19 bits + Max: 26 bits
NAE___CA | os D5 A T .
NAS G | e oa LB_Di_/ -LCD Register Select |Disable
N __ B4 g 1/03 {223 --Data |Disable ]
+3V3 NAG B b D2 | >l
L A3 1/02 ,
222w o1 ——21 --Dzta |Disable
" Nol__2d ] A /oo 220
RE Ok 1 AD +§\_|'3
pPGD RB BS | =— D6 ofi<}
[ FSMC NB W = %EE E% = N _
A ] = 1 1 -Wait | Disable
PH Al | = D1 100nF -
I gmg HEE [5=] B %EE 3% B c - || Byte enable
[ FSMC NWE »—pgmr = - i 1, NOR Flash/PSRAM/SRAM 2
[_FSMC NCE 10nF= - 1, NOR Flash/PSRAM/SRAM/RONGA
[+~ 1, NOR Flash/PSRAM/SRAM/ROM /B
[+ % MNAND Flash 1
[+ % MNAND Flash 2
-t Compact Flash

Lys
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CubeMX Configuration for SRAM Connection

- Peripherals
-- @ ADC1
- % ADC2
- & ADC3
- & CAN
8 - & CRC
AE—E AT G1_D®5 5% DAC
Nae—F A6 1015 —E—22]
AT A5 V05— =- 44 FSMC
A A4 1013 —S—5—) :
N A3 o1 ] 5 # NOR Flash/PSRAM/SRAM/ROM/LCD 1
N T a2 o MR Chip Select | NE3 -
04 D3/ — ;
NAS 3] A0 1109 Bl D& /| -Memory type | SRAM -
NAE B A9 /08 =57 /] : -~ :
NA7 DA ] A8 07 D6 ~-Address | 19 bits - Max: 26 hits
N A Vo8 —E—pr—A
N ﬁ :::82 B i/ --LCD Register Select | Disable
s N S s - - Wy ~-Data | 16 bits -
e — A3 1102 gt : :
NAZ__AS | 1101 221/ -Data/Address [Disable ~| Max: Disable
" N A1 1100 2/ ok [
e NAD__AS | . ~Clock | Disable
R — T - T Address vali
[ FSMC NB PGD S Elg % Ve 215‘ (I3|S3 Address valid
vac 2 = :
A2 ] - Wait | Disable
[ FSMC NBID —bi Al EET VS 100nF =
[ FSMC NBE >——2 E g vs LB cn -§[] Byte enable
[ FSMC NWE = - i 1y, NOR Flash/PSRAM/SRAM/ROM/LCD 2
[ MG NOE o—m2 100nFP=" i 1" NOR Flash/PSRAM/SRAM/ROM/LCD 3
EEl"'L"'-.I NOR Flash/PSRAM/SRAM/ROM/LCD 4
[+ @& MAND Flash 1
[+ @ MNAMND Flash 2
¢4 Compact Flash

Lys
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NOR/PSRAM Interface Protocol and Timing

« SRAM Interface Timing

READ CYCLE NO. 213)(CE and OE Controlled)

toHa

tHzoE

CE *_ :I—tLZOE x

- t ACE—»!
tizcE 1= = <« tHzZCE—>
icH N\
- Dout DATA VALID
\___/

CE_AD2eps




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode

Actual Mode

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

0 Mode A

N (default) Don’t’ care Mode 2

0 Mode B

NOR
1 Mode C
2 Mode D

Use the common Read/Write timing
Use the separated Read/Write timing
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NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode | Actual Mode

MODE 1 t Memory transaction o VIO d e 1
SRAM( ™ — i | .

| | |
NBL[3:0] :X i X: MO de 2

| I |
— ’ — Node B

N NEx | ! :
| | i J/lode C

NOE * | (
| | | fode D

NWE ! ' |

] a |

| | |

D[31:0) | ) :
ADDSET ..L DATAST |
~ HCLK cycles T HCLK cycles




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode | Actual Mode

SRAM] MODE A L Memory transaction o Ode 1
AR25:0] J,( | )k ode A
| | I
NEL[3:0] * i * ode 2
| | ;
N e —\ | — ode B
i i | ode C
NOE | ' /
4{ \ i ode D
NWE High i i :
| | i
D[31:0] i \ :
: ADDSET | DATAST
' HCLK cycles '+ HCLK cycles




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode | Actual Mode

SRAM‘ MODE 278 > Memory transaction v MOde 1
e * 5 9( Mode A
naov / \ Wode 2
N — | R
. J/lode C
- | ; Viode D
D[31:0]_D .




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode | Actual Mode

SRAM|

MODE C . Memory transaction |

|
A[25:0] ; ! |
1 ! |
I ! :

1 I
|

NADV {I X \—

1 ! |
I ! |
1 ! |
NEx \ I /
T ! |
| | |

L |

NOE

— A '1

1 |
| |

NWE High |

1
D[31:0] | \

_ 7

ADDSET

DATAST

HCLK cycles

HCLK cycles '

Ll

Vode 1
Mode A
Modez
VNode B
J/lode C
Viode D




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode | Actual Mode

I(Iode 1

S R AM I MopED Memory transaction
) Y fode A
NADY —\{\—/ \i Jﬂo de 2
— | Node B
N NEx I Xi JﬂOde C
- | ) ; flode D
NWE High ; :
D[31:0] —i_\
_ ADDSET | | DATAST
" HCLK cycles ;«DDHL[—] ACLK cycles
HCLK cycles




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

Memory Type | Extended Mode | Access Mode | Actual Mode

Muxed Mode . Memory transaction
SRAM 4(‘

A[25:16]

)

1
1
NADV ﬂl /

NEx ’1:
NOE (! \

NWE

High |

I
I
I
AD[15:0] X Loweraddresy ——— b5 memd

\_ ADDSET | DATAST
™ HCLK cycles Tﬁ[a-DH—L[;' HCLK cycles™
HCLK cycles

e

flode 1
Node A
J(Iode 2
Node B
J(lode C
flode D




NOR/PSRAM Interface Protocol and Timing

« FMC NOR/PSRAM Access Mode

“““““ A=t 1al Mode

Syndl
Memory transaction = burst of 4 half words

« nhnnnnnnnnnnnn - fedel
SRAM; ] P R e A

lode A
) J(Iode 2
s lode B
P \ i i i i | i a *IOde C
| flode D
NADV *\ I i i i i | i 'y

CLK

A[25:16]

NEx

HH

NOE

NWE

NWAIT
(WAITCFG=
0) L
|
« (DATLAT+2) ingerted wait ptate
CLK cycles -
AD[15:0] | _)_( <:
— Addi[15:0 | data IXdataIX .X data‘x data)—
PR [ r | [ 3 !
1clock 1 clock
cycle  cycle Data strobes Data strobes
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CubeMX FSMC Configuration for SRAM

«// NORJPSRAM 1 | o7 User Constants | o/ GPIO Settings |
Configure the below parameters :

Search :| Search (Crtl+F)

= MOR/PSRAM control

Memary type SRAM
Bank Bank 1 MOR/PSRAM 3
Write operation Disabled
Extended mode Dizsabled
= MOR/PSRAM timing
Address setup time in HCLK dodk cydes 15
Data setup time in HCLK dodk cydes 255

Bus turn around time in HCLK dodk cydes 15

Restore Default




CubeMX FSMC Configuration for SRAM

| FSMC Con x|

«// NORJPSRAM 1 | o7 User Constants | o/ GPIO Settings |
Configure the below parameters :

Search :| Search (Crtl+F)
= MOR/PSRAM control

Memary type
Bank

SRAM

Bark 1 NOR/PSRAM 3

Write operation Disabled

Extended mode
= MNOR/PSRAM timing

Address setup time in HCLK dodk cydes
Data setup time in HCLK dodk cydes
Bus turn around time in HCLK dodk cydes

Extended mode
ExtendedMode 1

Restore Default

Lys
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CubeMX FSMC Configuration for SRAM

o/ NOR/PSRAM 1 | o7 User Constants | =/ GPIO Settings|

Configure the below parameters :

Search : | Search (CrH+F) v &

= MOR/PSRAM control
Memary type SRAM

Bank Bank 1 MOR,/PSRAM 3
Write operation Disabled

Extended mode Enabled

Address setup time in HCLK dodk cydes

Data setup time in HCLK dock cycles FO r R EA D

Bus turn around time in HCLK dodk cydes
Access mode

= MOR/PSRAM timing for write accesses
Extended address setup time

Extended data setup time FO r WR IT E

Extended bus turn around time

Extended access mode

Restore Default

Lys
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CubeMX FSMC Configuration for SRAM

«f NOR/PSRAM 1 | o User Constants | o/’ GPIO Settings|

Configure the below parameters :

Search :| Search (Cril+F)

= MOR/PSRAM contral

Memary type SRAM

Bank Bank 1 MOR/PSRAM 3
-

Extended mode i
= MOR,/PSRAM timing

Address setup time in HCLK dodk cydes

Data zetup time in HCLK dodk cydes

Bus turn around time in HCLK dodk cydes

Access mode

= MOR/PSR.AM timing for write accesses
Extended address setup time
Extended data setup time
Extended bus turn around time

Extended access mode

Write operation
WriteOperation1

Restore Default

Lys
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About NOR Flash Memory

D[0..15 §
<____AlU_23
* NOR Flash memory — 2
82 B p»  pabal D15
A21 C5 B D14
» Advantage A2 Da] A2 DA% & bis
L2 A19 D2 2%
- Random read (XIP: Execute In Place) A AlB DQl —Fr—prs
N A DQ0 =53
.. + A16 DQO 1
- Data stability AE__DP 1 ats DGe 00
+ Al4 DQ7 1
. ATS AT ] i Do _HE_D6
» Disadvantage Al2_BT [ hp DO5 O
ATL__D6 | at1 Do 02
A10 C6
- Low performance on program/erase op. R A6 ] AlO DX =
A8 B6 H3 D1
. . r A8 DQ1 1
- Large unit for atomic erase (and Program) op. ] AT Do ==
2% D3 6
- Limited endurance My
L A3
. A2 C2
» Generally 1~10K program/erase time per cell. A D21 W
AD =4 A0
A5 | = +3V3
B 1% v LS
Ad =3 Ve F1
“. 5 vae 1 |
= E VSS
— BE VSS L |
B wpWP  vss FE4 ==
FSMC NE b B Pin-2 =
A
FSMC_NWAIT 22

Lys
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NOR/PSRAM interface signals with NOR

DI .
<Dp..1§ )
<_____AlU_JJ
A[0..2 w

A2 BB G7 D15
G A2 DQISA-1  peemmr
A0 D4 ] A2l DA =513
Address St A0 DQB —ps
I AR DQ2 —=—p77
[220] Xvi = + A18 DQ11 1 D10
FMC ' a1 oo S
Data AT D7 ats Dos 7
—> FMC_NE[4:1] 15:0 AT AT A4 P W66
. [ . A B ] A3 DS =75
—> FMC_NL (or NADV) AT D6 ] A2 DO Rs—ba
- Al1 DY
LYYV —> FMC_NBL[2:0] &0 a0 D3 2
memory —> FMC_CLK PV R - - D&~ —F7
controller - . A7 71 A8 DA =10
8M x 16-bit o o
—> FMC_A[25:0] £ D3 s
_ - A B2 ]
<> FMC_D[31:0] RV
> FMC_NOE 16MByte —
NAND e Al
memory # FMC_NWE AU
SIS = FMC_NWAIT W 3P
B | == G5
=0T = f
SDRAM ] R i
memory g_ . ves H7
controller —5r1 BYE__ VSS —m=
— \p p/WP VSS -
Fsvic NE —b 2 5202 -
F'EE Yy
# FSMC_NVE
FSMC_NCE Eg
FSMC_NWAIT
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CubeMX Configuration for NOR Connection

E---Pu_eripherals
Do..15 ﬂ:— - & ADC1
Al0.23 w & @ ADC2
NAZ2 BB G7_D15_/
NS5 % bas [ D] ' ADC3
t A20 DQ13 1 i
N1 N bow (2T ¥ can
NATB 1 417 pap [ D10 -1 CRC
N A T DQY | -
NE b e ¥ oac
NAT_A7 [ Ata e | 06/ I_:JL\., FSMC
N2 A2 0G5 i) (- ® NOR Flash/PSRAM/SRAM/ROM/LCD 1
\\Qéo e [ Al 0 | B 03 // =1 NOR Flash/PSRAM/SRAM/ROM/LCD 2
A9 DQ2
NAS B s Dol D1/ - Chip Select|DlsabIE -
NAT_ A5 | 2 boy [(ED0 R =
N6 C3 | o Memory typ|Disable
\AS D3 | o dd ME1
A4 B2 | Address |Di
A3 A2
;M P A3 ~LCD Registy
Aoz ] 2
N—— A1 ~Data | Disab
N B
w5 | 23 ~DatafAddress |Disable
—Ei =2 vac 95 ~Clock | Disable
RB vac
g [} V& 1 Address valid
— E VSS  fmmm—
%’ \B/pY-EW gg gg | ~Wait | Disable
_— VPP —
csic NP R2, 0 = ° Byte enable
[ FSMC_NE —gt byl =
FSMC_NVE §§ [ I, NOR Flash/PSRAM/SRAM/ROM/LCD 3
e N - 1, NOR Flash/PSRAM/SRAM/ROM/LCD 4
|
[ & NAND Flash 1
[ & NAND Flash 2
-k Compact Flash
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CubeMX Configuration for NOR Connection

E---Pgripherals
D[0..1§ ﬂ:— - % ADCL
Al0..23
NAZ2__ B8 5 G7_D15_A Y ADC2
Nz G| hey  PODGw oA % ADC3
Na—1 A0 pass —2—pi] ;
NATE _Ci ] A9 DN ‘G4—// 18 CAN
A7 ] A8 Don =g g:::] ..q'; CRC
N DQ10 210/ ;
NATS D7 | A16 DO —E—p— G- % DAC
NATL o7 ] A15 DE: ‘Eﬁ—/ :
A3 AT AM DO ——p—] = 4 FSMC
N bos 32— i’
NATT D6 gﬁ gg = D1 A L"\l HOR Flash/PSRAM /SRAM/ROM/LCD 1
NAT—G 1 3 bs D -4} NOR Flash/PSRAM/SRAM/ROM/LCD 2
Nz ] e b Fy D1 - Chip Select NE2 -
N | ] D0/ Co ]
\g gg _ ié DGO ~-Memory type |Disable =
NN - fddress |Disa|Disable
NAS_ A2
NAZ (| E -LCD Register
NAT— D7 ] &2 e ek
NI = ata |Disable | o
A5 | +3V3 -DatafAddressinom
B5 —
5] ;; gg =2 ~Clock | DisableLCD Interface
g g \(g;s = 1 Address 1 Muxej NOR. Flash
F7 | ™H7 ] Muxed PSRAM
B SpY;EW gg = | ~\Wait | Disable
[ FSMC NE i Rzl 0 = - Byte enable
B 'Y -
gmg m‘a('\EE 500 EEI"'LI.“: NOR Flash/PSRAM/SRAM/ROM/LCD 3
FSMC._NWAIT » [#- 1% NOR Flash/PSRAM/SRAM/ROM/LCD 4
[#- 1% MAND Flash 1
[#- 1% MAND Flash 2
¢ Compact Flash
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CubeMX Configuration for NOR Connection

EI---Pu_EﬂpheraIs
Do..15 )ﬂ_ﬁ_ - & ADC1
Al0.23 w & @ ADC2
NAZ2__ B8 G7_D15_A
NS5 % bas [ D] -8 ADC3
t A20 DQ13 1 s
Nt AT9 DR o, W CAN
NS 2 s pat =21/ E
N A7 DQ10 e, W CRC
N A6 DQY e’ oy
N As o [T i
NI F a5 oo (2] e
2B a2 0G5 i) -8 NOR Flash/PSRAM/SRAM/ROM/LCD 1
\\Qéo e [ Al 0 | B 03 // -} NOR Flash/PSRAM/SRAM/ROM/LCD 2
NEE__ 6] 2 D i - Chip Select NE2 -
Y poo =0/ [ '
NS D3 ] 49 . -
NAL 7| n -Address | 23 bits =
B A
;M’ ﬁ -LCD Register Select | Disable
N—— A1 Data | 16 bits
N B L .
w5 | 23 --Data_.').'a.u:lu:lress Disable
—Ei =2 vac 95 -Clock | Disable
o3 V@ -
=— G V@ = 1 - [ Address valid
E g - .
%’ \BJ'pYEMF ggg gg | R Wait | Asynchronous
—_— VPp —
e N —P@ B2 0 = || Byte enable
[ FSMC_NE —e— =
FSMC_NVE §§ #- 1", NOR Flash/PSRAM/SRAM/ROM/LCD 3
e #- I, NOR Flash/PSRAM/SRAM/ROM/LCD 4
- 1, MAND Flash 1
-1, MAND Flash 2
+-k4 Compact Flash
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CubeMX FSMC Configuration for NOR

o/ NOR/PSRAM 1| /" NOR/PSRAM 2 | o7 User Constants | /” GPIO Settings|

Configure the below parameters :

Search :| Search [Crtl+F)

= MOR/PSRAM control
Memary type MOR Flash
Bank Bank 1 MOR/PSRAM 2
Write operation Disabled
-
Wait signal polarity i
= MOR/PSRAM timing
Address setup time in HCLK docdk cydes
Data setup time in HCLK dodk cydes
Bus turn around time in HCLK dodk cydes

Extended mode
ExtendedMode2

Restore Default
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CubeMX FSMC Configuration for NOR

o/ NOR/PSRAM 1| ¥ NOR/PSRAM 2 | o7 User Constants | o/’ GPIO Settings |

Configure the below parameters :

Search : | Search [Cril+F)

= MOR/PSRAM control
Memary type MOR. Flash

Bank Bank 1 NOR/PSRAM 2
Write operation Disabled

Extended mode Enabled

Wait signal polarity Low polarity
= % NOR/PSRAM timing

Address setup time in HCLK dock cydes 15

Data zetup time in HCLK dodk cydes

Bus turn around time in HCLK dodk cydes

*  Access mode

= NOR/PSR.AM timing for write accesses

Extended address setup time

Extended data setup time

Extended bus turn around time

Extended access mode

* Access mode
AccessMode2
* This parameter has automatically changed after your last modification.

e — e

Restore Default
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CubeMX FSMC Configuration for NOR

Configure the below parameters :

Search | 5&

= MOR/PSRAM control
Memary type MOR Flash

Bank Barnk 1 MOR/PSRAM 2
Write operation Disabled

Extended mode Enabled

= MOR/PSRAM timing
Address setup time in HCLK docdk cydes
Data setup time in HCLK dodk cydes
Bus turn around time in HCLK dodk cydes
Access mode

= MOR/PSRAM timing for write accesses
Extended address setup time
Extended data setup time
Extended bus turn around time

Extended access mode

Restore Default

Lys
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CubeMX FSMC Configuration for NOR

| FSMC Configy =)

o/ NOR/PSRAM 1| /" NOR/PSRAM 2 | o7 User Constants | /” GPIO Settings|

Configure the below parameters :
Figure 11.5 Read Operation Timings
- tac
Addresses X Addresses Stable ,X
- tace - M 2
CE# le— lcen A( ,/
- tru
trw g |t ]
OE# p— LT =
N %
- toen -
=
wer |/ - e -
toH —m| e
HIGH Z s . HIGH Z
Outputs </ {|  OutputVvalid 7}\ o
RESET#  Jf
RY/BY# av
X Lended dala = LLID Ome i
Extended bus turn around time 3
Extended access mode B

(oo ) [ ) [
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CubeMX FSMC Configuration for NOR

Configure the below parameters :

Search | 5&

= MOR/PSRAM control
Memary type MOR Flash

Figure 11.9 Program Operation Timings

Program Command Sequence (last two cycles)

le—— fpyo ——— = '-—ItAS—I'- |
|~ e

Addresses X 555h z PA ><><(Jl PA >< PA X
I E y

—| !

[ -
CE# /_\- \ /_, AN / \_
> ten [T [
T |

Access mode OE# U \—/_\I
= MOR/PSRAM timing :
Em—— bwHwH ———

T
T

Extended add

Extended datd WE# /

Extended bus
Extended accd

¥

|
|
|
|
|
Data _.",’! { status _

——{tE gy |- trg -
RY/BY# LW
!
III‘I"Il
Vee f '
yes (=—

Restore Default
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CubeMX FSMC Configuration for NOR

o/ NOR/PSRAM 1| /" NOR/PSRAM 2 | o7 User Constants | /” GPIO Settings|

Configure the below parameters :

Search :| Search [Crtl+F)

= MOR/PSRAM control
Memary type MOR Flash
Bank Barnk 1 MOR/PSRAM 2

Write operation i

Extended mode

Wait signal polarity

= MOR/PSRAM timing
Address setup time in HCLK docdk cydes
Data setup time in HCLK dodk cydes
Bus turn around time in HCLK dodk cydes
Access mode

= MOR/PSRAM timing for write accesses
Extended address setup time
Extended data setup time
Extended bus turn around time

Extended access mode

Write operation
WriteOperation2

Restore Default
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NOR Flash Memory HAL Code Example

HAL HOR Read ID{&hnor2, &noriID};
HAL HOR ReturnToReadMode {&hnor2};

HAL HOR Erase Block{&hnor2, 8xo4888888, A);
HAL HOR GetStatus{&hnor2, Bx64000008, 500);

HAL HOR Program{&hnor2, {(uint32 t =)0x64000088, {(uint1dé t =)"ST");
HAL HOR GetStatus{&hnor2, 8x640008088, 1);
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NOR Flash Memory Command Sequence

* Memory Command (8-bit bus)

Bus Cycles (Notes 1-5)
g First Second Third Fourth Fifth Sixth
Command (Notes) © | addr Data | Addr Data Addr Data Addr Data | Addr | Data | Addr | Data
Read (6) 1 RA RD
Reset (7) 1
&y | Manufacturer ID 4 | AAA AA 555 55 AAA 90 X00 01
% Device ID (8) 6 | AAA Al 555 55 AAL 50 x02 XXTE | XiC (8) X1E (8)
§ Sector Protect Verify (10) 4 [ AAA AA 555 55 AAA 90 [SAIX04 | (10)
5; Secure Device Verify (11) 4 [ AAA AA 555 55 AAA 90 x06 (11)

* Memory Command (16-bit bus)

Bus Cycles (Notes 1-5)
g‘ First Second Third Fourth Fifth Sixth

Command (Notes) © | Addr | Data | Addr | Data | Addr | Data Addr Data Addr Data Addr | Data
Read (6) 1 RA RD
Reset (T) 1] XXX FO
@ | Manufacturer ID 4 | 555 AA 2AA 55 555 90 X00 01
% Device ID (8) 6 | 555 AA 2AA 55 555 90 X01 227E X0E (8) X0F (8)
if])
@ | Sector Protect Verify (10) 4 | 555 AA 2AA 55 555 90 | [SAIXDZ| (10)
§ Secure Device Verify (11) 4 | 555 AA 2AA 55 555 90 X03 (11)
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NOR Flash Memory Command Sequence

* Memory Command (8-bit bus)

Bus Cycles (Notes 1-5)
%\ First Second Third Fourth Fifth Sixth

Command (Notes) © | addr Data | Addr Data Addr Data Addr Data | Addr | Data | Addr | Data
Read (6) 1 RA RD
Reset (T) 1 XXX FO
& | Manufacturer ID 4 | AAA AA 555 55 AAA 90 X00 01
% Device ID (8) 6 | AAA Al 555 55 AAL 50 x02 XXTE | XiC (8) X1E (8)
i Sector Protect Verify (10) 4 | AAA AA 555 55 AAA 90 [SAIX04 | (10)
ED Secure Device Verify (11) 4 | AAA AA 555 55 AAA 90 x06 (11)

* Memory Command (16-bit bus)

Bus Cycles (Notes 1-5)
g‘ First Second Third Fourth Fifth Sixth

Command (Notes) © | Addr | Data | Addr | Data | Addr | Data Addr Data Addr Data Addr | Data
Read (6) 1 RA RD
Reset (T) 1] XXX FO
@ | Manufacturer ID 4§ 585 AA 2AA 55 555 90 X00 01
% Device ID (8) 6 555 AA 2AA 55 555 90 X01 227E X0E (8) X0F (8)
if])
@ | Sector Protect Verify (10) 41 555 AA 2AA 55 555 90 | [SAIXDZ| (10)
,% Secure Device Verify (11) 41 555 AA 2AA 55 555 90 X03 (11)
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&

Q
3

NOR Flash Memory Command Sequence
* Memory Command (8-bit bus)

Read (§

A
y 1]
g

<
2

Read (

Reset (

Autoselect (8,9)
el lolol=]—

M

D

AHB | F(S)MC
[
[

0 A04 1 AO4—
1 A03§| A03 —>
0 A2 | A02—
1 A0l

\' AQl —»
0 AO0O
Write OxA

TE—

16-BIT | NOR

A04 ——»
A03 — O VRIS
A02 ——» 1 PP
A01—0
A0Q —>1

Recv. 0b0101

th

Data

(8)

Sector Protect Verify (10)

55

555

90

Autoselect (8,9)

Secure Device Verify (11)

55

555

90

[SAIX0Z | (1
(

X03

[}




NOR Flash Memory Command Sequence
* Memory Command (8-bit bus)

— AHB | F(S)MC 16-BIT | NOR o
Resre_t[' I
HE l.. ®
i 0 A04A—1I A04— A03 —0

1 A03—>|] AO3—> AO02 —> 1 I

- Mell 0 A02—>| AQ2 ——» A0 ] Decoder

1 A01—>| A0l —» A0Q—1

0 AOO-’I A0Q —» A-1 —> n
Read ( Write OxA Recv. 0bh0101 a
Reset (
%.% — : — R Y
jg Sector Protect Verify (10) a 555 | an [ 2aa | 55 [ 555 | a0 [[samoz| (10)
3 | Secure Device Verify (11) 4| 555 I AA | 24a | 55 | 555 | 90 X03 | (11)

&



NOR Flash Memory Polling Sequence

HAL HOR Read ID{&hnor2, &norID};
HAL HOR ReturnToReadiode {&hnor2});

(1] | HMNDE Cramco DBTocl £ P hooos= I e & B 000 TR 3R R TR oY -

HAL_NOR_GetStatus{&hnor2, 0x640080008, 500);

Hal HNR Praneamd £hnoe? fll'lln‘i'f]':'ii' =WAvAhAOGAAA , {uint1ﬂ_t =}"'5
HAL HOR_GetStatus{&hnor2, 8x64000008, 1);

« NOR Status checking by bus polling (DQn)

Enter
Embedded
Erasing

WE# Erase
Complete

DQ6

DQ2
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SDRAM address mapping

 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

OXDFFF FFFF e

0xD000 0000 256 Mbytes

FFF FFFF
0xC Bank 5

256 Mbytes Bank 6 - SDRAM Bank 2 OxDFFF FFFF

0xC000 0000
256MBytes 0xD000 0000

OX9FFF FFFF

0x3000 0000 Bank 5 — SDRAM Bank 1 OXCFFF FFFF
Ox8FFF EFFF Bank 3 256MBytes 0xC000 0000
256 Mbytes

0x8000 0000
Ox7FFF FFFF

0x7000 0000
OX6FFF FFFF

Bank 1
0x6000 0000 4 x 64 Mbytes

Lys
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SDRAM address mapping

 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

OXDFFF FFFF

0xD000 0000

OXCFFF FFFF
X Bank 5

0xC000 0000 4 x 64 Mbytes

OX9FFF FFFF

0x9000 0000
Ox8FFF FFFF Bank 3
256 Mbytes

0x8000 0000
Ox7FFF FFFF " Bank 2 - SDRAM Bank 2 Ox7FFF FFFF
252an';|by2tes 2SS 0x7000 0000

0x7000 0000
OX6FFF FFFF

Bank 1 - SDRAM Bank 1 OX6FFF FFFF

Bank 1
256MBytes 0x6000 0000

0x6000 0000 256 Mbytes

Lys

life.augmented



SDRAM interface signals

—

- SDRAM Memory

U10

* Synchronous T 31 LE2 D3I
y Address [ A10 %3& D3___ D30
* Dynamic [11:0] A9 S —T
' ' Ag DQ%? 2D
« Random Access A DQ27 AT b6
Ag DQ26 =333
A3 D25 = o4
FMC | Ad DQ24 A b2

| A3 DQ23
o Doz |C7__ D22
A9 Dol
Al D21 —F—5)

NOR/PSRAM ") BNRQ FMC_A[11:0] 1 A0 DQ20
controller <€¢—» FMC_D[31:0] | B 3 D& D18
Al DQI8 —H7— D17
=P FMC_BA[1:0] t BAOD DQ17 ER DG

SAND —> FMC_NBL[3:0] SRR PH5 K8 | wes DQ16
SDNCAS o—E815 K7 | cass DQI5 =2 DI
memory PF11 79 N3 DI4
controller SDNRAS >— 1 RASE DQI4
ggﬁ%ﬂ PH2 K300 7 gi‘; %i; N2 DI
SDCLK >—rc8 I ax DQI1 :‘112 —
_> PI5 F2 DO =g
FMC_SDCLK FMC NBL3 Bid T DOM3 DQY —5 DE

=) FMC_SDCKEJ[1:0

SDRAM - [1:0] FMC NBL2 o = DQM2 DO8 5
memory —> FMC_SDNE[1:0] # FMC NBLO p=rE—err =5 DQMI DQ7 ——pe
controller —» FMC_SDNWE FMC NBLI1 DOMO DQ6 MS D3
—» FMC_NRAS DQS P9 D4
—> FMC_NCAS gg; NT D3
RO D2
ﬁf N7 DI
RS DO

DQO
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About SDRAM Memory

- SDRAM Memory Structure

BA[n]

BANK 4

A[n]
DRAM Cell Array

129Pp02oJ MOHY




About SDRAM Memory

- SDRAM Memory Structure

BA[n]

A[n]

P
o
=
O
D
(@)
@)
o
@




About SDRAM Memory

- SDRAM Memory Structure

BA[n]

A[n] Copied Row Buffer

P
o
=
O
D
(@)
@)
o
@

COLUMN Decoder




About SDRAM Memory

- SDRAM Memory Structure

BA[n]

pe)
@)
=

Aln] o | Copied Row Bufi..
g W, AV C 21 adV
(OR
@

COLUMN Decoder




About SDRAM Memory

- SDRAM Memory Structure

BA[n]

pe)
@)
=

Aln] o | Copied Row Bufi..
g W, AV C 21 adV
(OR
@

COLUMN Decoder

28th-bit AHB to FMC address decode
FMC
+ MSB‘ BA ‘ ROW COLUMN ‘ BM ‘LSB
KYI
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SDRAM interface signals

0.31
-
- SDRAM Memory
U10
» Synchronous T T
) - AL0 DQ30 —ps—=
Dynamic Addr%ss - iz ﬁgz YR
11: | 2 D27
« Random Access [ | Data A7 DQ27 AT Do
[31:0] L AS DQ25 i; gﬁj
| DQ24 = 823
FMC A(2+12+8) | A3 = g? D22
i = DQ22 —5 D21
- 1 Al 21
NOR/PSRAM X 32-bit L AD ggm c8 D20
controller —> FMC_A[11:0] L BA1 DO1R g? g:?
«> FMC_D[31:0] 16Mbytes | BAO DQI7 —p—
—> FMC_BA[1:0] SHRWE - PH5 KS | wes Lol
n""e?nNo?y — FMC_NBL x 4 *{ SDNCAS —PC1 T cass DQIs H—D12
controller SDNRAS >—prs T RAS# DQI4 o=
SDNEO Cs# DQI3 o—
*{ S L ﬁgﬁ L ﬁ — DQI2 =57 D11
SDCLK CLK QI
PI5 F2 DO =g
FMC_SDCLK FMC NBL3 =2 =1 DOM3 DQY =g
SORAN FMC_SDCKE FMC NBL2 ey mNerT k1| 2OM? D8 17
memory FMC_SDNE FMC NBLO EMC NBLO K9 DOMI1 DQ7 E D6
controller FMC_SDNWE FMC NBLI1 DOMO DQ: MS DS
FMC_NRAS bog (P2 D
FMC_NCAS b3 | N8__Ds
S [Ro—mo
DQI N7 DI
% RS DO
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SDRAM Commands ma

Name (Function) CS# | RAS# |CAS# |WE# |DQM| ADDR DQ [Notes
COMMAND INHIBIT (NOF) H X X X X X X

NO OPERATION (NOP) L H H H X X X

ACTIVE (select bank and activate row) L L H H X | Bank/row X 2
READ (select bank and column, and start READ burst) L H L H L/H | Bank/col X 3
WRITE (select bank and column, and start WRITE burst) L H L L L/H | Bank/col | Valid 3
BURST TERMINATE L H H L X X Active 4
PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 5
AUTO REFRESH or SELF REFRESH (enter self refresh mode) L L L H X X X 6, 7
LOAD MODE REGISTER L L L L X Op-code X 8
Write enable/output enable X X X X L X Active

Write inhibit/output High-Z X X X X H X High-Z

Notes: CKE is HIGH for all commands shown except SELF REFRESH.
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SDRAM State Diagram mm

BANK
AUTO MODE
PRECHARGE
CLIS\ICK REFRESH REGISTER

| IDLE
AUTOMATIC
(by FMC)
READ READ ACTIVE WRITE V\CIIF\{,IIBE
cMD CMD (BANK/ROW) CMD Q
( READ WRITE
w/ AP w/ AP
READ |« | WRITE
WRITE
(READ) PRECHG
cMD |
PRECHG “/ppecHARGE|" ' RECHE
(DEACTIVE)
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SDRAM READ Operation

ACTIVE READ
e
KX | A | A | Ny | e | e
CM5| TCmiH
Commandz thC'I'I‘:: :@< NOP >‘@ READ @< NOP >@< NOP >@< NOP >®< NC
skt QLTI (/11111 CIELY, Y,
tas | 1aH
s N _wow WA L T T TV
as | tan Configure RAS/CAS Latency
BAo, A1 X ek W77/ K e X7 FMC side: by SDC(T)R Reg.
SDRAM side: by Mode Reg.
DO | l[:

tRCD >l CAS latency m Undefined

RAS Latency CAS Latency



CubeMX Configuration for SDRAM Connection

CD[0.3]]

2

1 BAI
t BAO

- PH5 K8 :
SDNWE BPG15 K7 WE#

SDNCAS CAS#
SDNRAS — e lL 1 | Rras#

- PH3 J8
SDNEO CS#
PH. 2
SDCKED 2 R30A-2 L

SDCLK —PC8 1k

2
FMC NBL2 Eij ié D]_)gmz
MC NBL2 ey NBIT Kl 2
FMC NBLO  »epc NBLo Ko ] DQM!
FMC NBLI DOMO

FMC_NBL3
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Pl

D31
D30
D29
D28
D27
D26
D25
D24
D23
D22
D21
D20
D19
D18
D17
D16

D15
D14
D13
D12
D11
D10

D8
D7
D6
D3

D3
D2
D1

"

-# PR RD

FMC

NOR Flash/PSRAM/SRAM/ROM/LCD 1
NOR Flash/PSRAM/SRAM/ROM/LCD 2
NOR Flash/PSRAM/SRAM/ROM/LCD 3
NOR Flash/PSRAM/SRAM/ROM/LCD 4
MNAND Flash 1

MNAND Flash 2

Compact Flash

SDRAM 1

-Clock and chip enable ;Disable =]

g—----InternaI bank number |Disable
;—----Address Disable SDCKEQ-+SDNED

; : SOICKE 1+50NE1
:-Data Disable

i..Byte enable | Disable
SDRAM 2




CubeMX Configuration for SDRAM Connection

CD[0.3]]

2

SDNWE Ao

1 BAI
t BAO

WE#

SDNCAS —EC15

CAS#

SDNRAS i

RAS#

PH3

SDNEO

SDCKEDS__PH2 R30L, 0

CS#

SDCLK PGs

CLK

Pl5

FMC_NBL3

FMC NBL2 Pl

DQM3

FMC NBLO FMC Nl i

DQM?2

FMC NBLI1 FMC NBLO

DOM1

Lys
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DQMO

Pl

D31
D30
D29
D28
D27
D26
D25
D24
D23
D22
D21
D20
D19
D18
D17
D16

D15
D14
D13
D12
D11
D10

D8
D7
D6
D3

D3
D2
D1

=

FMC

Ay

[ & MNOR Flash/PSRAM/SRAM/ROM/LCD 1
[+ & MNOR Flash/PSRAM/SRAM/ROM/LCD 2
[+ & MNOR Flash/PSRAM/SRAM/ROM/LCD 3
[+ & MNOR Flash/PSRAM/SRAM/ROM/LCD 4
[ % MAND Flash 1

[ @ MAND Flash 2

@ Compact Flash

E-'% SDRAM 1

Clock and chip enable | SDCKED4SDNED  +
é—----InternaI bank number ;Disable ]

Disable
2 banks

g—----ﬁ.ddress Disable
é—----Data Disable

E-----B*r'tle enable | Disable
-1, SDRAM 2




CubeMX Configuration for SDRAM Connection

CD[0.31] il

4

10
=2
an pon |2 D
| i;o ggig D2 D29 :
A8 pQ2s o —D28 -4 FMC
- i; DQE{_ AT D26 [ & NOR Flash/PSRAM/SRAM/ROM/LCD 1
| as %;; C3____D2s - & NOR Flash/PSRAM/SRAM/ROM/LCD 2
| A4 DQ24 -:é 33; [+ & NOR Flash/PSRAM/SRAM/ROM/LCD 3
A3 DQ23 —5—55 [+ & NOR Flash/PSRAM/SRAM/ROM/LCD 4
A2 boar [AY il (- & NAND Flash 1
e DQ20 <8 D20 - & NAND Flash 2
DQI19 —D1 - Compact Flash
| gifll 38:? D7__DI7 E-'® SDRAM 1 _
DQI6 =5 D16 :Clock and chip enable | SDCKED +5DNED
SDNWE H»—FH0 K8 | we# N . It ar |
SDNCASo—E&15 R7 | cas# DQI5 = DI — i
SDNRAS EZ? jg RAS# DQ14 Ef g:; + Max: 13 bits
SDNEO =— CS# DQ13 > 5 =y
~—=<_ PH2 R301_ 0 [P i S [N2__ b2 --Data | 32 bits -
SDCKED )—p5as——"W 71 CKE DQI2 DT . _
SDCLK CLK DQI1 —== D10 --Byte enable | 32-hit byte enable -
— PI5 F2 DO —G5—pg MG
FMC NBL3 Pld s DOM3 D9 ) D8
FMC_NBL2 DQM2 DQ8 —=
RS FMC _NBL1 K1 8 D7
FMC NBLO  »epc NBLo Ko ] DQM! DQ7 7o
FMC_NBLI DQMO DQ6 s
%ﬁ P9 D4
po3 | N D3
S [Ro o
%; N7 D1
DQO R8 Do
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CubeMX FMC Configuration for SDRAM m=

-/ SDRAM 1| o/ User Constants | o/’ NVIC Settings | «// GPIO Settings

1 80 M HZ Configure the below parameters :

Search :| Search (Crtl+F)

AHB HCLK

= SDRAM control
Bank SDRAM bank 1

F M C C LK = 90 M HZ Mumber of column address bits 2 bits
(CIOCk period: 11-111nS) Mumber of row address bits 12 bits

CAS latency 1 memory dock cyde

Write protection Disabled

SDRAM common clock Disabled

SDRAM common burst read Disabled

SDRAM common read pipe delay 0 HCLK dodk cyde
= SDRAM timing in memary dock cydes

Load mode register to active delay 15

Exit self-refresh delay 15

Selfrefresh time 15

SDRAM common row cycle delay 16

Write recovery time 16

SDRAM common row precharge delay

Row to column delay 16

Restore Default
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CubeMX FMC Configuration for SDRAM m=

«/ SDRAM 1 | o/ User Constants | &/ NVIC Settings | o/ GPIO Settings |

1 80 M HZ Configure the below parameters :

Search :| Search (Crtl+F)

AHB HCLK

= SDRAM control
Bank SDRAM bank 1

F M C C LK = 90 M HZ Murmber of column address bits 3 bits
(CIOCk periOd: 11.111ns) Mumber of row address bits 12 hits

CAS latency 1 memory dock cyde
Write protection Disabled

T

SDRAM common burst read

SDRAM common read pipe delay 2 HCLK dock cydes

= SDRAM timing in memary dock cydes
Load mode register to active delay

Exit self-refresh delay
Selfrefresh time
SDRAM common row cycle delay

Write recovery time

SDRAM common row precharge delay

Row to column delay

SDRAM common clock

SDClodPeriod 1

Parameter Description:

Speclﬁes the SDRAM dock period for both SDRAM banks and allows disabling the dock before changing the

Toal:_ il _ ~rweams il o ot ko1

(o ) [
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CubeMX FMC Configuration for SDRAM m=

«/ SDRAM 1 | o/ User Constants | &/ NVIC Settings | o/ GPIO Settings |

AHB HCLK = 180MHz Configure the below parameters :

Search :| Search (Crtl+F)

= SDRAM control
Bank SDRAM bank 1

F M C C LK = 90 M HZ Murmber of column address bits 8 bits

4 . umber of row address bi bi
(clock period: 11.111NS) N e —

Write protection 1 memary dock cyde
SDRAM common clodk 2 memory dock cydes

SDRAM common burst read

SDRAM common read pipe delay 0 HCLK dodk cyde
= SDRAM timing in memary dock cydes

Load mode register to active delay 15

Exit self-refresh delay 15

Selfrefresh time 15

SDRAM common row cycle delay 16

Write recovery time 16
SDRAM common row precharge delay
Row to column delay 16

CAS latency

CASLatencyl

Parameter Description:

Specifies the SDRAM Column Access Strobe (CAS) latency in number of memaory dock cydes.

(oo ) [ o ] [
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CubeMX FMC Configuration for SDRAM m=

f;’:? SDRAM 1 | Q:n User Constants | Q;’? NVIC Settings | an GPIO Setﬁngs|

AH B H C LK - 1 80 M HZ Configure the below parameters :

Search :| Seaich (Crtl+F)
= SDRAM control
Bank SDRAM bank 1

F M C C LK = 90 M HZ MNumber of column address bits 3 bits
(CIOCk period: 11-111nS) Mumber of row address bits 12 bits

CAS latency 2 memary dock cydes
Write protection Disabled

SDRAM common dock 2 HCLK dock cydes
SDRAM commen burst read

CAS Latency = 3 clock

= SDRAM timing in memary cock cydes
Load mode register to active delay
Exit zelf-refresh delay
Selfrefresh time
SDRAM common row cyde delay
Write recovery time
SDRAM common row precharge delay

Row to column delay

Restore Default

Lys
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SDRAM Initialize Sequence

void SDRAM Initialize{SDRAM HandleTypeDef =hsdram}
{
FHMC_SDRAM CommandTypeDlef cmd;

cmd.CommandTarget = FMC_SDRAM _CHMD _TARGET_BAHKE1;
cmd .Commandkode = FMC_SDRAM CHD CLK_EHABLE;
HAL_SDRAM _SendCommand{hsdram, &cmd, 18);

HAL Delay{1);

PRECHARGE
ALL
cmd .CommandiMode = FMC_SDPRAM _CHD_ PALL;
HAL SDRAM SendCommand{hsdram, &cmd, 18);
AUTO cmd .Commandkode = FMC_SDRAM _CHD_ AUTOREFRESH_MODE ;
cmd . AutoRefreshHumber = 2;
REFRESH HAL 5DPRAM SendCommand{hsdram, &cmd, 18)%;

cmd .CommandMode = FMGC_SDRAM _CHD_LOAD_ MODE;

cmd .ModeRegisterDefinition = 8x8228;
HAL SDRAM SendCommand{hsdram, &cmd, 18%;
MODE
REGISTER

HAL_SDRAM _ProgramRefreshRate (hsdram, 1386);
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PRECHARGE
ALL
AUTO
REFRESH
MODE
REGISTER

Lys
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SDRAM Initialize Sequence

void SDRAM Initialize{SDRAM HandleTypeDef =hsdram}
{
FHMC_SDRAM CommandTypeDlef cmd;

cmd.CommandTarget = FMC_SDRAM _CHMD _TARGET_BAHKE1;
rmid Poammandbdnde = FME ShiRakd rtkdn tl ¥ FHael F -

Al2 A1 A0 A9

A AT A6 AL A4 A3 A2 AT AD Address Bus

AAA

/12 /11,10

Reserved

9 g/}r 5/5/4 3 2/1/0 Mode Reqgister

CASLatency BT Burst Length

HAL SDRAM SendCommand{hsdram, &cmd, 183);

cmd .CommandMode = FHMC_SDRAM CHMD LOAD MODE;
cmd .ModeRegisterDefinition = 8x8228;
HAL SDRAM SendCommand{hsdram, &cmd, 183);

HAL_SDRAM _ProgramRefreshRate (hsdram, 1386);




SDRAM Initialize Sequence

void SDRAM Initialize{SDRAM HandleTypeDef =hsdram}
{

Fhir CShiRald PoaommandTinohoaf cmd -

AUTO
REFRESH
PRECHARGE
ALL

Self running Automatically

for Dormant (FMC)
AUTO
REFRESH HAL SDRAM SendCommand{hsdram, &cmd, 183);

cmd .CommandMode = FMGC_SDRAM _CHD_LOAD_ MODE;

cmd .ModeRegisterDefinition = 8x8228;
HAL SDRAM SendCommand{hsdram, &cmd, 18%;
MODE
REGISTER

HAL_SDRAM _ProgramRefreshRate (hsdram, 1386);
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SDRAM Initialize Sequence

void SDRAM Initialize{SDRAM HandleTypeDef =hsdram}
{

Fhir CShiRald PoaommandTinohoaf cmd -

AUTO
A REFRESH
Self running Automatically
for Dormant (FMC)

lllllllllllllllllllllllllllllllllll

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

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




SDRAM Initialize Sequence

hamd
. void STOP_EntryExit{SDRAM_HandleTypeDef =hsdram)
Self running ¢
for Dormant FMC_SDRAM _CommandTypeDef cmd;

__asm volatile {"cpsid i");

cmd .CommandTarget = FMC_SDRAM _CHD _TARGET_BAHKA1;
cmd .CommandMode = FMC_SDRAM_CHD_SELFREFRESH_MODE ;
HAL SDRAM _SendCommand(hsdram, &cmd, 18%;

HAL _PUR_EnterSTOPHMode (PWR_MATHREGULATOR_OH, PWR_STOPEHTRY_WFI};
SystemClock Config{);

cmd .CommandMode = FMC_SDRAM_CHD_NORMAL_MODE ;
HAL_SDRAM _SendCommand(hsdram, &cmd, 18%;

__asm volatile {"cpsie i")};

¥
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About NAND Flash Memory

* NAND Flash memory

D[0..1
» Advantage | A[[O__zg
- Non-volatile U3 L
, o /00 VDD ﬁ
- High capacities and cost. /01 VDD
/02
- Fast program/erase op. /03 VS —=
. P .g P 04 v —2
- Simple interface /05
i . /OB
» Disadvantage Vo7 =
- Read/Program w/ PAGE, Erase w/ BLOCK | E—L
e PD6 18| =
- Bad cell management FSMC NVWE  —557 — W __
FSMC_NOE >—PD7 T— R WP —
- Worst endurance FSMC_NCE E RB —— .
» Generally 3~4K program/erase time per cell. 0K
¥3V3
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About NAND Flash Memory Structure

‘/paQe (512byt%’
-— Y: byte

X: 512




About NAND Flash Memory Structure

block (x32 page)

page (512byt IZ block count (32)
/Ybyte




About NAND Flash Memory Structure

NAND array (xN blocks)

2l block (x32 page)

IZ: block count (32)

: byte

X: 512



About NAND Flash Memory Structure

NAND array (xN blocks)

2 block (x32 page)

IZ: block count (32)




About NAND Flash Memory Structure

x8 DEVICES

Block = 32 Pages
Page = 528 Bytes (512+16)

@2
& ;
15t half Page |2nd half Page

(256 bytes) | (256 bytes

Block —m
Pag

/ 8 bits
<+—— 512 Bytes ">

$
age Buffer, 512 BV

512 Bytes Iaafes/ 8 bits

Lys
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About NAND Flash Interface Protocol

HOST
NAND
CONTROLLER

CMD(READ)

X8

NAND (READ MODE)

page (512byte)

O
m
(@)
o
,
m
A

/ page buffer /




About NAND Flash Interface Protocol

HOST
NAND
CONTROLLER

A[15:8]

X8

NAND (READ MODE)

page (512byte)

O
m
(@)
o
,
m
A

/ page buffer /




About NAND Flash Interface Protocol

HOST
NAND
CONTROLLER

A[7:0]

X8

NAND (READ MODE)

page (512byte)

O
m
(@)
o
,
m
A

/ page buffer /




About NAND Flash Interface Protocol

HOST
NAND
CONTROLLER

NAND (READ MODE)

page (512byte)

O
m
(@)
o
,
m
A




About NAND Flash Interface Protocol

HOST
NAND
CONTROLLER

NAND (READ MODE)

page (512byte)

d3d0>D3d




About NAND Flash Interface Protocol

Command Strobe

Hos1 —
NAN[ °

CON

tBLBH1
(read) U :
\/
! |
| i !
Address Input H Data Output (sequentially) )_
! | i

1
i 1
! Busy!

/O




About NAND Flash Interface Protocol

HOS
NAN

CON

tBLBH1
(read)

Address Input

Data Output (sequentially)

);_

AR\ WY




About NAND Flash Interface Protocol

M\

A

HOS
NAN

CON

Z|

R
tBLBH1
(read)
RB
1 | |
s} :Xm%?%’;) Address Input i Data Output (sequentially)
| 1
|Command
! Code 1




NAND interface signals mm

D[0. 1
Address < A[[o..zg

Al6, Al17 +3V3
FMC ' Data Voo 12 }'
37
[7:0] VDD
13
—> FMC_A[25:0] ¥§ 36
([l 7Y [«»> FMC_D[31:0]
memory —> FMC_NOE
controller -
—> FMC_NWE =
e =
FMC_NWAIT >
r AL
PD5 —
FSMC NWE
Mool [—> FMC_NCE FSMC NOE _ —pP2d R WP —
memory PO7 R P —
controller —> FMC_INT FSMC NCE E B  —
2
0K
SDRAM
memory
controller 3%
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NAND interface signals mm

8-bit NAND Flash memory
Table 75. 8-bit NAND Flash
. ) +3V3
FMC FMC signal name /0 Function 12 }'
A[17] o] NAND Flash address latch enable (ALE) signal 37
A[16] O | NAND Flash command latch enable (CLE) signal ;g
D[7:0] /O | 8-bit multiplexed, bidirectional address/data bus
controllei
<+ FMC_NWAIT a -
AL
PD5 —
FSMC_NWE
o [FmieNeE FSMC_NOE  ——2 =R W
contro"er —> FMC_INT FSMC_NCE E m —
2
0K
SDRAM
memory
controller 3R
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NAND interface signals mm

8-bit NAND Flash memory
Table 75. 8-bit NAND Flash
. - +3V3
FMC FMC signal name /0 Function 12 }'
A[17] o] NAND Flash address latch enable (ALE) signal 37
A[16] O | NAND Flash command latch enable (CLE) signal ;g
D[7:0] /O | 8-bit multiplexed, bidirectional address/data bus
controlle: e FMC_NW - I w a4 /107 =
<— FMC_NW| B 16 | o )
7 17
NAND —> FMC NCE 0x20000 Section iR — 19
WAL > F\iC INT T L
controller - .
A17:16 [obo1y OXLFFFF EEeTiElT 2
0x10000 Section 0K
SDRAM
memory
controller Al17:16 [ObOO] OXOFFFF Da!’.a ey
0x00000 Section
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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

OX8FFF FFFF

Bank 3 Reserved

0x8000 0000 256 Mbytes 64 Mbytes

Attribute
64MBytes

Allow to apply the

independent timing attribute
64 Mbytes

y Common

64MBytes

Lys
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NAND address mapping

B |< | -4— NCE must stay low————»
any  nce _\
mein] '

—

* ¢4 cLE ﬂ

» Each| a.e /

° D :
e ANV AV AV AW memory
\ Bddress

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
. l
A A( : I :
1/0[7:0] .)( 0x00 XA?-AOKMS—AQ.XAE-:L—
OX8FFF FFFF I :

0x8000 0000

I
%]
on
A
T T T T TN =
l
L

|
l
R/NB |
|
|

M @

Allow to Appry—rr—=x
independent timing attribute

0x87FF FFFF
0x8400 0000

Ox83FF FFFF
0x8000 0000
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NAND address mapping

—

-4— NCE must stay low————»
* Bank NcE T\ : : | | |
mei] | | | . | .
G g\ L a
* Each| ae Issue addresses by  Issue address by

e D ~ Common area access Attribute area access

o (| NWE | | | / ' :

my i : : :1H -

o A 1/O[7:0] 0x00 Y A7-A0 YA16-A9YA24-A1 ¥ A25 .
Ox8FFF FFFF
tWB —»

0x8000 0000

|
R/NB |
|
|

Allow to a

Bddress

independent timing attribute
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0x87FF FFFF
0x8400 0000

Ox83FF FFFF
0x8000 0000



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

OX8FFF FFFF B o OX8FFF FFFF
0x8000 0000 256 Mbytes 0x8C00 0000

Address Section (128K)

Command Section (64K)

Ox8BFF FFFF
0x8800 0000

Data Section (64K)

Allow to apply the

independent timing attribute OHETFE T Address Section (128K)
0x8400 0000

Command Section (64K)

0x83FF FFFF
0x8000 0000 Data Section (64K)
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CubeMX Configuration for NAND Connection mea

E‘I---Pw_eripherals
[+ 5 ADC1

ADC2

ADCS

D[0..15
[A[D..23

VDD
VDD

VSS
VS

w
(9)]

‘Qj‘_\
~Ino
CB
S
G-
L G -

FSHMC
NOR Flash/PSRAM/SRAM/ROM/LCD 1
NOR Flash/PSRAM/SRAM/ROM/LCD 2
NOR Flash/PSRAM/SRAM/ROM/LCD 3
NOR Flash/PSRAM/SRAM/ROM/LCD 4
MAND Flash 1

19 S [ '

7 ;----Chlp Select |Disable -
- ;—----Data_-"ﬁ.ddre Disable
0K :..Ready or
[+ & MAND Fla
+- % Compact Flash

L

FSMC_NOE
FSMC_NCEB o—miL 2

ok
AL

FSMC_NWE >—§§ 8 W
R

E

&3
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CubeMX Configuration for NAND Connection mea

- Peripherals
[} ADC1

ADC2
ADCT
CAN
CRC
DALC

FSMC

- I, NOR Flash/PSRAM/SRAM/ROM/LCD 1
-1, NOR Flash/PSRAM/SRAM/ROM/LCD 2
-1, NOR Flash/PSRAM/SRAM/ROM/LCD 3
-1, NOR Flash/PSRAM/SRAM/ROM/LCD 4
-/ NAND Flash 1

—_— | 19 _ . .
WP — - Chip Select | NCE2 -
% — o

rey

i---DaE,.’.ﬁ.ddress & bits - Max: 16 bits

0K E-----F'.EEu:h-' or busy | Disable -

-1, MAND Flash 2
+- % Compact Flash

D[0..15
|_A[0..23

58
wf—=
~no
CB
13
ey FOURRY oy OO TOOOS e SO
ol LS B = B S = L S =

M
P REEEE

o

AL

FSMC_NWE >—§§ 8 W
FSMC_NOE =i — R
FSMC_NCE E

(|
{as)
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CubeMX Configuration for NAND Connection mea

- Peripherals
[} ADC1

ADC2
ADCT
CAN
CRC
DALC

FSMC
-1, NOR Flash/PSRAM/SRAM/ROM/LCD 1
-1, NOR Flash/PSRAM/SRAM/ROM/LCD
-1, NOR Flash/PSRAM/SRAM/ROM/L

D[0..15
|_A[0..23

38
‘Qj‘_\
~Ino
CB
S
ey PO ey N ey Y oy IO o |
ol LS B = B S = L S =

M
PEERRRE

~'% NAND Flash 1
= | 19 S '

\gaﬂ 7 Chip Select |NCE2
-DatafAddress |8 bits
0K “..Ready or busy Disable

o

AL

FSMC_NWE >—§§ 8 W
FSMC_NOE =i — R
FSMC_NCE E

H
=
:
-
T}
in
=

+- % Compact Flad)| [ inp
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CubeMX FSMC Configuration for NAND me=

a SMC Con )

/" NAND 11| /7 User Constants | o/ NVIC Settings | </ GPIO Settings |

Configure the below parameters :

Search :| S=arch v &
=1 MAND control

- ECC Enable w/ 512 byte page I

ECC computation Enabled

ECC page size 512 bytes
CLE low to RE low delay in HCLK cydes 1
ALE low to RE low delay in HCLK cydes 1

= MAMND comman space timing in HCLK cydes
Common space setup time
Common space wait time
Commaon space hold time
Common space Hi-Z time
MAND attribute space timing in HCLK cydes
E MAMD characteristic information
Page size
Spare area size
Block size
Block number

Zone size

Restore Default
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CubeMX FSMC Configuration for NAND me=

a SMC Con )

o/ NAND 1 | /7 User Constants | &/’ NVIC Settings | </ GPIO Settings|

Configure the below parameters :

Search :| Search L
= NAND control

Bark MAMD bank 2
ECC computation Enabled

ECC page size 512 bytes
CLE low to RE low delay in HCLK cydes 1

ALE low to RE low delay in HCLK cydes 1

= MAND common space timing in HCLK cydes
Common space setup time
Common space wait time
Commaon space hold time
Common space Hi-Z time
MAND attribute space timing in HCLK cydes
E MAMD characteristic information

Page size

Spare area size
Block size
Block number

Zone size

Restore Default
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CubeMX FSMC Configuration for NAND me=

a SMC Con =)

o/ NAND 1 | /7 User Constants | &/’ NVIC Settings | </ GPIO Settings|

Configure the below parameters :

Search :| Search L
= NAND control

Bark MAMD bank 2
ECC computation Enabled
ECC page size 512 bytes
CLE low to RE low delay in HCLK cydes 1
ALE low to RE low delay in HCLK cydes 1
= MAMND comman space timing in HCLK cydes
Common space setup time
Common space wait time
Commaon space hold time

Common space Hi-Z time

MAND attribute space timing in HCLK cydes
=l MAND characteristic information

Page size

Spare area size
Block size
Block number

Zone size

Restore Default
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NAND Control Code

HAL StatusTypeDef HAL HAHD Read ID{HAHD HandleTypeDef =hnand,
HAND _IDTypeDef =pHAND_ID)

1
__ID uint32 t data
__HAL_LOCK(hnand};
hnand->3tate = HAL HAND STATE BUSY;

=(__I0 uint8 t =){(uint32 t){NAND DEVICE | CMD_AREA)) = MAND CHD READID;
=(_ I0 uint8 t =){{uint32 t){NAND DEVICE | ADDR_AREA)) = 8x88;

data = =(__ 10 uint32 t =)NAND_DEVICE;

pHAND_ID->HMaker Id ADDR_1st_CYCLE{data};
pHAND _ID->Device Id = ADDR_2nd CYCLE{data);
pPHAND_ID->Third_Id = ADDR_3rd_CYCLE{data};
pHAND_ID->Fourth_Id ADDR_4th_CYCLE{data};
hnand->State = HAL_HAND_STATE_READY;
__HAL_UHLOCK (hnand};

return HAL OK;

Lys
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NAND Control Code

Table 9. Commands

Bus Write Dperations“}

Command
1St CYCLE 2nd CYCLE 3'd CYCLE

Read A 00h

Read B 01h(2)

Read C

Read Status Register

Fage Program

Copy Back Program

Block Erase

Reset

__HAL _UHLDCK{hnand};

return HAL OK;

Lys
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NAND Control Code

Table 9. Commands

Bus Write Dperations“}

tALLRL1 L

./ \/
tRLAQY — 7%
(Read ES Access time)

f 90h { oon & Man. Devic
! \ .’ : \ ": : code code

'Read Electronic  11st Cycle ' Manufacturer and |
! Signature |Address | . Device Codes
Command ' '
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NAND Control Code

Table 9. Commands

Bus Write Dperations“}

\/

tALLRL1

./ \/
tRLAQY — 7%
(Read ES Access time)

X Man. Devic
' code code

'Read Electronic  11st Cycle ' Manufacturer and

! Signature |Address | Device Codes
' Command | X
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NAND Control Code

Table 9. Commands

Bus Write Dperations“}

/ \/

-
-

Man. Devic
) code code

'Read Electronic  11st Cycle ' Manufacturer and |
! Signature |Address | . Device Codes
Command ' '
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NAND Control Code

Table 9. Commands

Bus Write Dperations“}

tALLRL1

(Read ES Access timg

¥ v | .
:,S}Dh, :,DDh 8

'Read Electronic  11st Cycle ' Manufacturer and |
! Signature |Address | . Device Codes
Command ' '
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life.augmented



NAND Control Code

HAL StatusTypeDef HAL HAHD Read ID{HAHD HandleTypeDef =hnand,
HAND _IDTypeDef =pHAND_ID)
{

__ID uint32 t data = 8;
__HAL_LOCK(hnand};
hnand->5tate HAL HAHD STATE BUSY;

={ 1D uint8 #){(uint32 t){NAHND DEVICE | CHD AREA)}) = HAND CHD READID:
={ ID uint8 #)((uint32 t){NAND DEVICE | ADDR AREA)) Bz88;

data = =(__ 10 uint32 t =)NAND_DEVICE;

pHAND ID->Haker Id t CYCLE{data);
pPHAND ID->Device Id

pHAND ID->Third Id

pHAND ID->Fourth_Id

1xRead word transaction will
hnand->State = HAL_NAND_STATE| pe divided to sub-transaction
__HAL_UNLOCK(hnand); (4xRead byte) by FMC

return HAL OK;

Lys
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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

MCU QSPI . QSPI Device
Single Mode

nCS nCS
CLK CLK

Q0/SO QO/SI

_
Q1/sI Q1/S0O
Q2/nWP Q2/nWP

Q3/nHOLD Q3/nHOLD
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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

MCU QSPI QSPI Device
Dual Mode

nCS nCS
CLK

I
s :—:

CLK
QO/SI
]
Q1/sI Q1/S0O
Q2/nWP Q2/nWP
Q3/nHOLD Q3/nHOLD
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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

MCU QSPI QSPI Device
Quad Mode

CLK

QO/SI

Q1/SO
|

l l Q2/nWP

Q3/nHOLD Q3/nHOLD
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Quad-SPI Overview

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

QUADSPI

Registers
& Control

AHB

| | Clock

Management

Shift Register QSPI Flash

J CLK

[
BK1 100/SO
[

CLK
0/SI

= B OUs Qv/
[ 7

1/SO
B BK1 102 32; o
n
= BK11I03
- Q3/nHOLD

[ |
BK1 nCS
[ | ~ nCS
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Quad-SPI Overview

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

QUADSPI

Registers Shift Register QSPI Flash

CLK
BK1 100/SO

0/SI
BK1_101/SI Q1; >
BK1 102 Q
Q2/nWP

& Control
BK1 103
Q3/nHOLD

BK1 nCS
AHB _ nCS

Elock QSPI Flash
Management
CLK

QO/SI
BK1 101/SI Q1/50

o BK1l02 |
BK1 102 ST
BK1 103

i Q3/nHOLD

BK1 nCS nCS
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Quad-SPI Overview

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

QUADSPI

Registers Shift Register QSPI Flash

CLK
BK1 100/SO

QO/SI
BK1_IO1/SI S
BK1_I02

Q2/nWP

& Control
BK1 103
Q3/nHOLD

BK1 nCS
AHB _ nCS

Elock QSPI Flash
Management
CLK

| Qo/sI
) _BKLIOL/SI e
BK1 102 e

[ |
[ | e {eE Q3/nHOLD

h BKInCS |
i, BK1l nCS nCS
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Quad-SPI Overview

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

QUADSPI
Registers Shift Reqi
& Control s [ et QSPI Flash
CLK
BK1 I00/SO
QO/SI
BK1_ 102 Q1/
Q2/nWP
- Q3/nHOLD
i nCS
Clock QSPI Flash
Management
CLK
BRI e

Q1/s0

[ |
BK1_102 /

[ |
[ | e {eE Q3/nHOLD

h BKInCS |
i, BK1l nCS nCS
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Quad-SPI Overview

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

QUADSPI
Registers Shift Reqi
& Control s [l QSPI Flash
CLK
BK1 I00/SO
QO/SI
BK1_ 102 Q1/
Q2/nWP
- Q3/nHOLD
i nCS
Clock QSPI Flash
Management
CLK
e

Q1/S0
BK1 102 ST

BK1 103

i Q3/nHOLD

BK1 nCS nCS
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Quad-SPI Overview

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

QUADSPI

Registers
& Control

Shift Register QSPI Flash

-

(@ [eTdl ¢
Management
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Quad-SPI Overview

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

QUADSPI

Registers
& Control

AHB

| | Clock

Management

Shift Register QSPI Flash

CLK
QO/SI
Q1/s0
Q2/nWP

Lys
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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(1l lane), Address/Alternate/Data(4 lanes), 2 dummy cycles

Instruction Address Alt Dummy Data
X 0 R
nCS |} I ! ! !
SCLK | ML L L L L L U L L T L LT
100 — |7 e s a3z 1 ofa)ofa)ofafofafo}——rHafol
101 —§ {5 1[5 2]s/zls])1 s 1]
102 :I)(z):(s)(z):(e)(z 6 2 621
103 {737 s 7 sk7) 3} {7)3]
1A23-A16! A15-A8 | A7-A0 | M7-MO Data |

10 switch from

r output to input
/4



CubeMX Configuration for QSPI Connection me=

--ﬁ 1253
w- & 1254
3V3 E 0 1255
R30 ,,, 10K T &% TwDG
Wy £ & QUADSPI
US - QuadsPT Mode |Disable
3 'S ‘...Chip Select for |Disabl
QSPINCS y—22r—r 8- CSh vee 2 —e A
QSPI CLK ‘ SCLK :
k- @ RNG . -
‘ QSPLDO 5 oo ==C13 ;o RIC Pork with Qoo 571
< QSPL DO QSPI DI 2| SI00/SI 100nF e
QSPI DI OSPI D2 3 S101/SO i 8 SDIO Dual Bank with Singlgg®
QSPI D2 ST Sl02/WPi A >
QSPI D3 oM D SIOYRESET# GND ——@ -
' pr— i}
= -
5@
5@
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CubeMX QUADSPI Configuration

o/ Parameter Settings || o/ User Constants | o/ NVIC Settings | </ DMA Settings | «/” GPIO Settings |

Configure the below parameters :
Search :| Search (Cril+F)

; General Parameters

Clock Prescaler

Fifa Threshold

Sample Shifting

Flash Size

Chip Select High Time

Clock Mode

Flash ID Flash ID 1
Dual Flash Disabled

Restore Default

Lys

life.augmented



CubeMX QUADSPI Configuration

o/ Parameter Settings || o/ User Constants | o/ NVIC Settings | </ DMA Settings | «/” GPIO Settings |

Configure the below parameters :

Search :| Seaich (Crtl+F)

= General Parameters
Clock Prescaler
Fifa Threshold
Sample a'uiﬂ:ing No Sample Shiftl
Flash Size 1
Chip Select High Time 1Cyde
Clock Mode Low
Flash ID Flash ID 1
Dual Flash Disabled

Restore Default
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CubeMX QUADSPI Configuration

o/ Parameter Settings || o/ User Constants | o/ NVIC Settings | </ DMA Settings | «/” GPIO Settings |
Configure the below parameters :

Search :| Seaich (Crtl+F)

=l General Parameters
Clock Prescaler 2
Fifo Threshald 4

Samele Shifting Mo Sample Shifting
Flash Size 23

‘ mme 1Cyde
Clock Mode Low

Flash ID Flash ID 1
Dual Flash Disabled

Restore Default
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CubeMX QUADSPI Configuration

- QUADSPIC [t |

o Parameter Settings | o/7 User Constants | o/ NVIC Settings | o/ DMA Settings | o/ GPIO Settings|
Configure the below parameters :

Search :| Seaich (Crtl+F)

=l General Parameters
Clock Prescaler 2
Fifo Threshald 4

Sample Shifting Mo Sample Shifting
Flash Size 23

Clock Mode 1Cyde
Flash ID 2 Cydes
Dual Flash

Chip select High Time
ChipSelectHighTime

Restore Default

Lys
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CubeMX QUADSPI Configuration

- QUADSPIC I

o Parameter Settings | o/7 User Constants | o/ NVIC Settings | o/ DMA Settings | o/ GPIO Settings|
Configure the below parameters :

Search :| Search (Cril+F)

=l General Parameters
Clock Prescaler 2
Fifo Threshald 4

Sample Shifting Mo Sample Shifting
Flash Size 23

Clock Mode Low

Flash ID Flash ID 1
Dual Flash Disabled

Quad SPI CR and DCR register contents

Chip select High Time
ChipSelectHighTime

Restore Default

Lys
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QSPI Memory Specification

Read/Write Array Commands (4 Byte Address Command Set)
Command
(byte) READ4B |FAST READ4B| 2READ4B DREAD4B AREAD4B QREAD4B {EEIDJE 2;11?1}
Mode SPI SPI SPI SPI SPIFQPI SPI SPI
Address Bytes 4 4 4 4 4 4 4
15t byte 13 (hex) 0C (hex) BC (hex) 3C (hex) EC (hex) 6C (hex) 0E (hex) I
2nd byte ADD1 ADD1 ADDA ADD1 ADD1 ADDM ADD1
3rd byte ADD2 ADD2Z ADD2 ADD2 ADD2 ADD2Z ADD2
4th byte ADD3 ADD3 ADD3 ADD3 ADD3 ADD3 ADD3
5th byte ADD4 ADD4 ADD4 ADD4 ADDA ADD4 ADD4
6th byte Dummy* Dumimy™* Dumimy™ Dummmy™ Dummy* Dummy™
Data Cycles S — oo
read dba;a byte | rg Command Code Extended l:: I';‘I(a) Byates Notes
Action 4 byte address |4 READ Operations
READ 03h Yes No No 1to= 4
FAST READ 0Bh Yes Yes Yes
DUAL OUTPUT FAST READ 3Bh Yes Yes No 1toe=
DUAL INPUT/OUTPUT FAST READ 0Bh Yes Yes No 56
3Bh
BBh
QUAD OUTPUT FAST READ 6Bh Yes No Yes 1to= 5
QUAD INPUT/QUTPUT FAST READ 0Bh Yes No Yes 57
6Bh
EBh
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QSPI Memory Specification

Lys
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Read/Write Array Commands (4 Byte Address Command Set)
Command I I FRDTRD4B
(byte) READ4B FAST READ4AB| Z2READ4B DREAD4B 4AREAD4B QREAD4B (fast DT read)
Mode SPI SPI SPI SPI I SPIQPI I SPI SPI
Address Bytes 4 4 4 4 | 4 1 4 4
Quad Instruction Address Dummy Data Out
| | . | I ! | . | . |
| c ./ ./ NN S L
| | 1 1
1 LSB A[MIN] ! LSB !
| p! | | |
ol DaQl3:0] _ X Command )I( 2 ( }: E 8 I{ Dour X Dout )I(DOUT
N MSB A[MAX] I 1 MSB I
L J
e
Dummy cycles
TEST RERD T T T — T E—
DUAL OUTPUT FAST READ 3Bh Yes Yes No 1to= 5
DUAL INPUT/OUTPUT FAST READ 0Bh Yes Yes No 56
3Bh
BBh
QUAD OUTPUT FAST READ 6Bh Yes No Yes Tto= 5
QUAD INPUT/OUTPUT FAST READ 0Bh Yes No Yes 5,7
6Bh
EBh




Construct Framing using QSPI HAL

void QSPI_ReadID{QSPI_HandleTypeDef =hqgspi, uint8 t =id)
{
OS5PI_CommandTypeDef cmd;

cnd . Instructiontiode OSPI_TIHSTRUCTION_1_LIHE;
cnd . Addressiode = ONSPI_ADDRESS_HOHE;

cnd .AlternateByteliode = QSPI_ALTERHATE_BYTES_HOHE;
cnd .Datakode QSPI_DATA_1_LIHE;

cmd . DummyCycles a;

cmd . Instruction READ_ID_CHD;
cnd . address a;
cmd .HbhData 3;

cnd . DdrHode OSPI_DDR_MODE_DISABLE;
cmd .DdrHoldHalfCycle OSPI_DDR_HHC_AHALOG_DELAY;
cnd .5T00MHode OSPI_ST00_IHST_EVERY_CHD;

if {HAL_QSPI Command{hgspi, &cmd, HAL QPSI_THOUT} *= HAL DK) {
Error_Handler();
H

if {HAL_QSPI_Receive DHA{hgspi, id) *= HAL DK} {
Error_Handler();
H
H
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Construct Framing using QSPI HAL

identification

Lys
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_Instruction s Data Out ... . =2 :
C mm : » : : ' :
.uB: : : :
DQO W Command | [ W77 V77T VIR
Mo : LSB | LSB, LSB,
DQ1 High-Z * Dour /{ Dour X Dour /| Dour ¥ Dour |/ Dour X/7/7:
! MSB ! | MsB | yeDef =hqspi, vwint8 t =id)
ManL?;acturer D:_:;ice BIID

identification

b

cmd . InstructionMode
cnd . Addresshode

QSPI_IHSTRUCTION 1_LIHNE;
= ONSPI_ADDRESS_HOHE;
cnd .AlternateByteliode = QSPI_ALTERHATE_BYTES_HOHE;
cnd .Datakode QSPI_DATA_1_LIHE;
cmd . DummyCycles a;

cmd . Instruction READ_ID_CHD;
cnd . address a;
cmd .HbhData 3;

cnd . DdrHode
cmd .DdrHoldHalfCycle
cnd .3100Mode

QSPI_DDR_MODE_DISABLE;
QSPI_DDR_HHC_ANALOE_DELAY;
QSPI_SI00_INST_EVERY CHD;

if {(HAL QSPI Command{hgspi, &cmd, HAL QPSI THOUT} *= HAL DK) {
Error_Handler();
H

if {HAL_QSPI_Receive DHA{hgspi, id) *= HAL DK} {
Error_Handler();
H



Construct Framing using QSPI HAL

1 I, J

v
Manufacturer
identification

W W

Device uUlD

identification

cnd . Instructioniode
cmd . Addresshode
cnd.AlternateByteliode
cmd .Datakode
cnd .DumnyCycles
IN DIRECT MODE cmd.Instruction
cmd . address
cmd .HbData

cnd . DdrHode
cmd .DdrHoldHalfCycle

[ gy

0 1 2 3 4 7
—, Y | et Ty ) Py | ~
c N/ S N NS (N (. S S
I 1
LSB: LSB. LSB,
DQ[3:0] X_Command X Dour »{_Dour X Dour ] Dour ¥/,
MSB | MSB | MsB '
Manufacturer Device
identification identification

b
b
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_Instruction s Data Out ... . =2 :
C mm : : : ' ' :
.uB: : : :
DQo [ Command ) [ X7//77/7TA VZTTTIITT: YR R
. : LB LS8, LSB|
DQ1 High-Z * Dour /{ Dour X Dour /| Dour ¥ Dour |/ Dour X/7/7:
L MSB | MSB | MsB '

ebef =hqspi, uint8 t =id)

= OSPI_IHSTRUCTION & LINES;

QSPI_ADDRESS NONE;
QSPI_ALTERNATE_BYTES NONE;
QSPI DATA % LIMES;

a;
MULTIPLE_IO READ ID CHD;
a;

3;

OSPI_DDR_MODE_DISABLE;

= QSPI_DDR_HHC_ANALODE_DELAY;

QSPI_SI00_INST_EVERY CHD;

nd{hgspi, &cmd, HAL QPSI_THOUT) *= HAL_OK)

ve DMA(hqspi, id) *= HAL_DK) ¢



Automatic Status Polling using QSPI HAL

ztatic void QSPI_AutoPollinglemReady{QSPI_HandleTypeDef =hqspi)

QSPI_CommandTypeDef cmd ;
OSPI_AutoPollingTypeDef cfg;

cnd . Instructiontiode = QSPI_IHSTRUCTION & LIMES;
cnd . Addressiiode OSPI_ADDRESS MOME;
cmd.AlternateByteMode = QSPI_ALTERMATE_BYTES_MOME;
cmd . DataMode OSPI_DATA_ 4 LIMES;

chd . DummypCycles a;

cnd. Instruction READ STATUS REG_CHD;

chd . Ddrlode QSPI_DDR_HMODE DISABLE;
chd.DdrHoldHalfCycle = QSPI_DDR_HHC AHALOG _DELAY;
chd . S100Mode QSPI_ST00_THST_EVERY CHD;

cfg.Match = @x00;

cfg.Hask = @x081;

cfg.MatchMode OSPI_MATCH_MODE_AND;
cfg.StatusBytesSize = 1;

cfg.Interval Bx18;

cfg.AutomaticStop OSPI_AUTOMATIC_STOP_EMABLE;

if {(HAL QSPI_AutoPolling IT{hgspi, &cmd, &cfg) *= HAL DK} {
Error_Handler(};
b
b
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Automatic Status Polling using QSPI HAL

0 10 2 30
" | |
¢ /S /S S S
LSB! LSB !
pQ[3:0] _ ¥ Command }:( Duy X D }I(D,M SPI_AutoPollingtenReady{QSPI_HandleTypeDef =hgspi)
I MSB |
M5B dTypeldef cmd ;

OSPI_AutoPollingTypeDef cfqg;

cnd . Instructiontiode = QSPI_IHSTRUCTION & LIMES;
cnd . Addressiiode OSPI_ADDRESS MOME;
cmd.AlternateByteMode = QSPI_ALTERMATE_BYTES_MOME;
cmd . DataMode OSPI_DATA_ 4 LIMES;

chd . DummypCycles a;

cnd. Instruction READ STATUS REG_CHD;

chd . Ddrlode QSPI_DDR_HMODE DISABLE;
chd.DdrHoldHalfCycle = QSPI_DDR_HHC AHALOG _DELAY;
chd . S100Mode QSPI_ST00_THST_EVERY CHD;

cfg.Match = @x00;

cfg.Hask = @x081;

cfg.MatchMode OSPI_MATCH_MODE_AND;
cfg.StatusBytesSize = 1;

cfg.Interval Bx18;

cfg.AutomaticStop OSPI_AUTOMATIC_STOP_EMABLE;

if {(HAL QSPI_AutoPolling IT{hgspi, &cmd, &cfg) *= HAL DK} {
Error_Handler(};
b
b
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Automatic Status Polling using QSPI HAL

0 11 2 3
1 1
c /NN
L5E L5E |
- D D D SPI AutoPollinglemReady{QSPI HandleTypeDef =hgspi
DO[3:0] X Command }aﬂ58|u W - }§ ~ SPI q y{QSPI_Ha up gspi)
1 1
M58 dTypebef cmd ;

OSPI_AutoPollingTypeDef cfqg;

cnd . Instructiontode
cmd . AddressHode
cmd . AlternateByptetHode

QSPI_INSTRUCTION 4 LINES;
QSPI_ADDRESS MNONE;
QSPI_ALTERNATE_BYTES_MONE;
QSPI_DATA_& LINES;

a;

MCU QSPI QSPI Device READ STATUS REE CHD;
AND: Not Match!

QSPI_DDR_MODE_DISABLE;
QSPI_DDR_HHC_ANALOE_DELAY;
QSPI_SI00_INST_EVERY CHD;

STATUS(1byte) gxggi

QSPI_MATCH_MODE_AND;
1;

MASK (0x1) gg;?inummﬂ[:_STI]P_EHFIBLE;

ing IT{hgspi, &cmd, &cfg) *= HAL OK)

CIrur_ AdiluLer | j,

¥

¥
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Automatic Status Polling using QSPI HAL

0 1 2 3 1
N o o U STATUS POLLING MODE
DQ[3:0] :}( Command LSE;( Dy ¥ D,MLSB}I{ Din SPI_AutoPollingMemReady{QSPI_HandleTypeDef =hqspi}
MSE | MSB l )
dTypebef cmd ;

OSPI_AutoPollingTypeDef cfqg;

cnd . Instructiontode
cmd . AddressHode
cmd . AlternateByptetHode

QSPI_INSTRUCTION 4 LINES;
QSPI_ADDRESS MNONE;
QSPI_ALTERNATE_BYTES_MONE;
QSPI_DATA_& LINES;

a;

INTERRUPT!
MCU QSPI t QSPI Device

AND: Match!

READ_STATUS REG_CHD;

QSPI_DDR_MODE_DISABLE;
QSPI_DDR_HHC_ANALOE_DELAY;
QSPI_SI00_INST_EVERY CHD;

STATUS(1byte) gxggi

QSPI_MATCH_MODE_AND;
1;

MASK (0x1) gg;?inummﬂ[:_STI]P_EHFIBLE;

ing IT(hgspi, &cmd, &cfg) *= HAL_DK)

CIrur_ AdiluLer | j,

¥

¥
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QSPI Memory Mapped Mode

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



QSPI Memory Mapped Mode

OSPI_Reset{&hqgspi);

#if (USE_SPI_HMODE == USE_SPI_HMODE_ QUAD})
OSPI_SetQuadSPIMode {&hgspi, QSPI_SPI_QUAD HMODE};
flielif (USE_SPI_MODE == USE_SPI_MODE_EXTEHNDED)
OSPI_SetQuadSPIMode {(&hgspi, QSPI_SPI_EXTENDED HMODE};
#endif
OSPI_ReadID{&hqspi, id};
OSPI_DummyCyclesCfg{&hgspli);

OSPI_Erase{&hqspi, 8);
OSPI_Read({&hqspi, 8, verify, 16});

sprintf{{char =)txbuf, “Hello, world?*\n"};
OSPI_Write{&hqspi, 8, tzbuf, 16);
OSPI_ Read({&hqspi, 8, rxbuf, 32});

OSPI_TurnToMemoryMap(&hqspi);
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QSPI Memory Mapped Mode

Turn back to the default interface

OSPI_Reset{&hqgspi);

#if (USE_SPI_HMODE == USE_SPI_HMODE_ QUAD})
OSPI_SetQuadSPIMode {&hgspi, QSPI_SPI_QUAD HMODE};
flielif (USE_SPI_MODE == USE_SPI_MODE_EXTEHNDED)
OSPI_SetQuadSPIMode {&hgsp® QSPI_SPI_EXTENDED HODE};
Hendif
QSPI_ReadID{&hqspi, id); QSP/IFC
OSPI_DummyCyclesCfg{&hgspli);

Em,
Op
3

OSPI_Erase{&hqspi, 8);
OSPI_Read({&hqspi, 8, verify, 16});

sprintf{{char =)txbuf, “Hello, world?*\n"};
OSPI_Write{&hqspi, 8, tzbuf, 16);
OSPI_ Read({&hqspi, 8, rxbuf, 32});

OSPI_TurnToMemoryMap(&hqspi);

Lys
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QSPI Memory Mapped Mode

void QSPI_TurnToMemoryMap{QSPI_HandleTypeDef =hgspi)
{

OS5PI_CommandTypeDef cmd;

QSPI_HMemoryHMappedTypeDef memmap;

cmd . Instructiontode = QSPI_IHSTRUCTION_ &% LIHES;

cmd . Addresskode = QSPI_ADDRESS_& LIHES;

cmd .AddressSize = OQSPI_ADDRESS_24 BITS;
cmd.AlternateBytetode = OQSPI_ALTERHATE_BYTES_MHOHE;
cmd.Datatode = QSPI_DATA_4 LIHES;

cmd . DummyCycles = DUMMY_CLOCK_CYCLES_READ_QUAD;

cmd . Instruction QUAD THOUT_FAST_READ _CHD;
cmd . bdrHode = QSPI_DDR_MODE_DISABLE;

cmd .DdrHoldHalfCycle OSPI_DDR_HHC_ANALOG_DELAY;
cmd .S100Mode = QSPI_SIO00_INST_EVERY_CHD;

memmap.TimeOutActivation = QSPI_TIMEOUT COUNTER DISABLE;

OSPI_FIFOFlush{hqgspi};

if {(HAL _QSPI_HMemoryMapped{hgspi, &cmd, &memmap) *= HAL OK) {
Error_Handler({};
¥
¥
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QSPI Memory Mapped Mode

void QSPI_TurnToMemoryMap{QSPI_HandleTypeDef =hgspi)
{

OS5PI_CommandTypeDef cmd;

QSPI_HMemoryHMappedTypeDef memmap;

cmd . Instructiontode = QSPI_IHSTRUCTION 4% LIHES- <
cmd . Addresskode = QSPI_ADDRESS_& INF® FP\S
cmd .AddressSize = QSPI_ADDRESS - o'y
cmd.AlternateBytetode = OQSPI_ALTERHA® ‘me‘“
cmd.Datatode = QSPI_DATA_&4 \QO
cmd . DummyCycles = DUMMY_ CLOCK_CYu. READ_QUAD;

cmd . Instruction QUAD THOUT_FAST_READ _CHD;
cmd . bdrHode = QSPI_DDR_MODE_DISABLE;

cmd .DdrHoldHalfCycle OSPI_DDR_HHC_ANALOG_DELAY;
cmd .S100Mode = QSPI_SIO00_INST_EVERY_CHD;

memmap.TimeOutActivation = QSPI_TIMEOUT COUNTER DISABLE;

OSPI_FIFOFlush{hqgspi};

if {(HAL _QSPI_HMemoryMapped{hgspi, &cmd, &memmap) *= HAL OK) {
Errur_ndunulery ),
¥
¥
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Goto  0:30000000  ~ |[Memony - @ L f

QSPI Memory Mapped Mode

void QSPI_TurnToMemoryMap{QSPI_HandleTypeDef =hgspi)
{

OS5PI_CommandTypeDef cmd;

QSPI_HMemoryHMappedTypeDef memmap;

= QSPI_THSTRUCTION_% LIHES-
= NSPT_ADDRESS 4 [INFC A

cmd . Instructiontode
rmi _Addreccinde

90000000
90000008
90000010
90000018
20000020
90000028
90000030
90000038

20
00
£ f
£ £
ff

b Bf 2o
d 21 Oa
ff £ff ff
ff ff ff
£f ff ff

Watch 1

READ_QUAD;

JT_FAST_READ CHD;

Yalue Location

O=20000000

Expressian
{char *)0x40000000

"Hello, world!~n"

mEmmap .

QSPI_FI

if {(HAL _QSPI_HMemoryMapped{hgspi, &cmd, &memmap) *= HAL OK) {
Errur_ndunulery ),
¥
¥




END



