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311 [FIEE
MRAM 16 /
FB_A0 FlexBus
FB A0 FB_ A0
8
FlexBus 8 16 MRAM
FB A0 FB A0 MRAM
16 FlexBus FB A[l]
A[0] FB_A[18:1] A[17:0]
B-Bit Data
FBE_D[7:0] f= R »| DWTA[15:8]
L_____-nmwurq
18-Bit Address
FB_AJ18:1] N o= ADDR[17:0]
FB_A[D] = BHE
|—Dn—p BLE
FE_RW - T
FBE OF e [s]
FB G50 g [97:
Mk FlexBus 512 K x 16 Fast SRAM
Controller
5. EEZ_EF x8 FlexBus & x16 77438
31.2 #HHgE
FlexBus FlexBus “ K60
144 100MH=z " K60P144M100SF2RM
“ " “ K60 " K60P144M100SF
» FlexBus (FB_CLK) FB CLK
50 MHz
SIM_SCGC7 |= SIM_SCGC7_FLEXBUS_MASK; // Enable the clock to the FlexBus
SIM_CLKDIV1 |= SIM_CLKDIV1_OUTDIV3(0x0); //FlexBus Clock not divided
* FlexBus 10 FlexBus 18 8
4 PORT PCR MUX(5) FlexBus

GPIO

// Set the GPI0 ports clocks
SIM_SCGC5 = SIM_SCGC5_PORTA_MASK | SIM_SCGC5_PORTB_MASK |
SIM_SCGC5_PORTD_MASK | SIM_SCGC5_PORTE_MASK;

// fb_ad[18]
// fb_ad[17]

SIM_SCGC5_PORTC_MASK |

PORTB_PCR11 = PORT_PCR_MUX(5);
PORTB_PCR16 = PORT_PCR_MUX(5);
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PORTB_PCR17 = PORT_PCR_MUX(5); // fb_ad[16]

PORTB_PCR18 = PORT_PCR_MUX(5); // fb_ad[15]
PORTC_PCRO = PORT_PCR_MUX(5); // fb_ad[14]
PORTC_PCR1 = PORT_PCR_MUX(5); // fb_ad[13]
PORTC_PCR2 = PORT_PCR_MUX(5); // fb_ad[12]
PORTC_PCR4 = PORT_PCR_MUX(5); // fb_ad[11]
PORTC_PCR5 = PORT_PCR_MUX(5); // fb_ad[10]
PORTC_PCR6 = PORT_PCR_MUX(5): // fb_ad[9]
PORTC_PCR7 = PORT_PCR_MUX(5): // fb_ad[8]
PORTC_PCR8 = PORT_PCR_MUX(5); // fb_ad[7]
PORTC_PCR9 = PORT_PCR_MUX(5); // tb_ad[6]
PORTC_PCR10 = PORT_PCR_MUX(5); // tb_ad[5]
PORTD_PCR2 = PORT_PCR_MUX(5); // fb_ad[4]
PORTD_PCR3 = PORT_PCR_MUX(5): // fb_ad[3]
PORTD_PCR4 = PORT_PCR_MUX(5): // fb_ad[2]
PORTD_PCR5 = PORT_PCR_MUX(5); // fb_ad[1]
PORTD_PCR6 = PORT_PCR_MUX(5); // fb_ad[0]
PORTB_PCR20 = PORT_PCR_MUX(5); // fb_ad[31] used as d[7]
PORTB_PCR21 = PORT_PCR_MUX(5); // fb_ad[30] used as d[6]
PORTB_PCR22 = PORT_PCR_MUX(5); // fb_ad[29] used as d[5]
PORTB_PCR23 = PORT_PCR_MUX(5); // fb_ad[28] used as d[4]
PORTC_PCR12 = PORT_PCR_MUX(5); // fb_ad[27] used as d[3]
PORTC_PCR13 = PORT_PCR_MUX(5); // tb_ad[26] used as d[2]
PORTC_PCR14 = PORT_PCR_MUX(5); // tb_ad[25] used as d[1]
PORTC_PCR15 = PORT_PCR_MUX(5); // tb_ad[24] used as d[0]
PORTB_PCR19 = PORT_PCR_MUX(5); // tb_oe b
PORTC_PCR11 = PORT_PCR_MUX(5); /7 fb_rw b
PORTD_PCR1 = PORT_PCR_MUX(5); // fb_csO b
PORTD_PCRO = PORT_PCR_MUX(5):; // fb_ale
. FlexBus FB_CSAR MRAM
0x60000000 64

#define MRAM_START_ADDRESS(*(volatile unsigned char*)(0x60000000))
FB_CSARO = (unsigned Int)&VRAM_START_ADDRESS; //Set Base address

. FB_CSCRn
FB_CSCRn
FB_CSCRO = FB_CSCR_PS(1) // 8-bit port
| FB_CSCR_AA_MASK // auto-acknowledge
| FB_CSCR_WS(0x2) // 2 wait states
FlexBus 8
FlexBus 50 MHz 20 ns A
13.5ns
MRAM 6.5 ns MRAM 35ns
1
20 ns — 13.5 ns = 6.5 ns < 35 ns
MRAM 6.5 ns

MRAM
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2
20 ns + 40 ns 2 — 13.5 ns = 46.5 ns >
35 ns
. CSMR
FB_CSMRO = FB_CSMR_BAM(0x7) //Set base address mask for 512K address space
| FB_CSMR_V_MASK //Enable cs valid signal
CSMR[BAM] 0x0007 0x0007FFFF 0x60000000
0x0007FFFF 0x60000000 — 0x6007FFFF
Base Address Hex 6 0 0 0 0 o 0
Binary 0|1 Qlo(0|o{0|0(0|0(0 glofojo(ojo(0|0(0|O|0|Oj0|O|0|0

Baso Address Mask Hex 0 0 7 F F F F
Binary oo Qoo o(o)0|0[0)1 1111t tfrp1)1(1)1)1
Resulting Chip Binary o1 o(0|o| 00000 x AR A A A A EA A AR A LA A A R AR
Select Decode
6. R Eu-FnFik
0 1 — X — [1] ”
= 1. BRI R EEN RiE
AFEXN CSMR (BAM)
1MB 0x000F
512 MB 0x0007
256 MB 0x0003
128 MB 0x0001
64 KB 0x0000
3.3 fFaE
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3.21 FEHA
FB_A[19:0] FB_AD[19:0]
FB _ADJ[7:0] MRAM DATA[7:0] FB_ADJO0] BHE BLE
8
FlexBus 8 FB_ADJ[7:0] 16 MRAM
FB_AD{0] | - | DATA[O]
\\ - = DﬁTA[ ?_'1]
T | DIATA[ 1528]
y T
FB_AD[7:1] l«—Y | Address - »| ADDR[5:0]
Laich
| » BHE
FB_ALE } . L[),,_. BLE
FB_AD[18:8] ‘\ | ADDR[17:7]
FE_RW » AW
FE_OE - OF
FE CS0 ]
I:ﬁ:gﬂﬂa;g External Mamaory
Contraller
9. Z X5 F x8 FlexBus E x16 TFfiEss
322 ERHRE
TWR-K40 FB AD[7:0]
K60
FlexBus
FB_CSCRO = FB_CSCR_BLS MASK // set byte lane shift for data
FB_AD[7:0. right justified mode

| FB_CSCR_PS(1)

| FB_CSCR_AA MASK

| FB_CSCR_ASET(0x1)
is asserted

| FB_CSCR_WS(0x2) ;

FB_CSMRO =  FB_CSMR_BAM(Ox7)

| FB_CSMR_V_MASK

//fb clock divider 3

// 8-bit port
// auto-acknowledge
// assert chip select on second clock edge after address

// 2 wait state

//Set base address mask for 512K address space
//Enable cs signal

SIM_CLKDIV1 |= SIM_CLKDIV1_OUTDIV3(0x3);

/* Configure the pins needed to FlexBus Function (Alt 5) */
/* this example uses low drive strength settings */
//address/Data
PORTA_PCR7=PORT_PCR_MUX(5) ;
PORTA_PCR8=PORT_PCR_MUX(5) ;

//fb_ad[18]
//Fb_ad[17]

1% FlexBus O AT Kinetis ##&5088 , Rev. 0, 05/2012
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PORTA_PCR9=PORT_PCR_MUX(5);

PORTA_PCR10=PORT_PCR_MUX(5);
PORTA_PCR24=PORT_PCR_MUX(5);
PORTA_PCR25=PORT_PCR_MUX(5);
PORTA_PCR26=PORT_PCR_MUX(5);
PORTA_PCR27=PORT_PCR_MUX(5);
PORTA_PCR28=PORT_PCR_MUX(5);

//fb_ad[16]
//fb_ad[15]
//fb_ad[14]
//fb_ad[13]
//fb_ad[12]
//fb_ad[11]
//fb_ad[10]

PORTD_PCR10=PORT_PCR_MUX(5); //fb_ad[9]
PORTD_PCR11=PORT_PCR_MUX(5); //fb_ad[8]
PORTD_PCR12=PORT_PCR_MUX(5); //fb_ad[7]
PORTD_PCR13=PORT_PCR_MUX(5); //fb_ad[6]
PORTD_PCR14=PORT_PCR_MUX(5); //¥b_ad[5]
PORTE_PCR8=PORT_PCR_MUX(5); //fb_ad[4]
PORTE_PCR9=PORT_PCR_MUX(5); //fb_ad[3]
PORTE_PCR10=PORT_PCR_MUX(5); //fb_ad[2]
PORTE_PCR11=PORT_PCR_MUX(5); //fb_ad[1]
PORTE_PCR12=PORT_PCR_MUX(5); //¥b_ad[0]
//control signals
PORTA_PCR11=PORT_PCR_MUX(5); //fb_oe b
PORTD_PCR15=PORT_PCR_MUX(5); //fh_rw_ b
PORTE_PCR7=PORT_PCR_MUX(5); //fb_csO b
PORTE_PCR6=PORT_PCR_MUX(5); //fb_ale
3.23 fEE
50 51 wS1 W52 52 53 50
FB_CLK | 1 L] L% | | S -
"~ FE_ADIE) Y ADOR1E 1] )
Mused Bus | —A A
| reorg ) X o] —
FB_RW | S
FE_CS0, FE_OE |
o0l Y s s O
FE_A[D] | ﬁI: fiyss Low Enatie (BLE) ) 1: l':clL
FBALE | [ " S

B 10. % (ZRERKENX 8 I, 2 MFHFRBL,

A0 F1/z1H A0 R{EFT51ERE)
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50 1 Ws1
mex| | T L0 L1 4% LI LI 1
(" FB_AJ18:1) Tl ' KOO I X -

Muned Bus |
T e e s X

FB_RW /

FECS0 | I\ | /
FE_OE

FB_AID] :; By 14 Enatie (B56) i i
A Byl Low Snatie L) |

FBMLE |

E1.5 (ZHREMEN 8L, 2 MFFERAML, A0 FRHE A0 BIEFTEEE)

50 Mhz 4 2 8
6 8 120ns 8 66.6 Mb/s

3.3 EEFAEAN MRAM

MRAM FlexBus MRAM
MRAM 0x60000000 — 0x6007FFFF  MRAM _START ADDRESS
MRAM (0X5A)

16

uint8 wdata8 = Ox5A; //data to write to mram
uint8 rdata8;//variable to read mram

Ffor(n=0x00000; n<0x000F;n++) //address offset

{
*(vuint8*) (&MRAM_START ADDRESS + n) = wdatas;

rdata8=0x00; //clear data variable;
rdata8=(*(vuint8*) (&MRAM_START_ADDRESS + n));
3
16 / 16 MRAM
16 8

uintlé wdatalé = 0x1234;//data to write to mram
uintl6é wdatal6; // variable to read mram

1% FlexBus 3O AT Kinetis #3%$188 , Rev. 0, 05/2012
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Ffor(n=0x00010;n<0x001F;n+=2) //address offset

{

*(vuintl6*) (&MRAM_START_ADDRESS + n) = wdatal6;
rdatal6=0x00; //clear data variable;
rdatal6=C*(vuintl6*) (&MRAM_START_ADDRESS + n));

}

uint32
uint32

32 4

wdata32 = 0x87654321;//data to write to mram
wdata32; // variable to read mram

Tor(n=0x00020;n<0x002F;n+=4) //address offset

{

*(vuint32*) (&MRAM_START_ADDRESS + n) = wdata32;
rdata32=0x00; //clear data variable;
rdata32=C*(vuint32*) (&MRAM_START_ADDRESS + n));

}
/-
3.3.1 M5B MRAM #1T
MRAM MRAM
I. FlexBus MRAM
2. MCU
(LCF)
3. Flash
K60 LED MRAM
. #pragma define section MRAM
#pragma define_section ExtMRAM " _myCodelnExtMRAM™ abs32 RWX
__declspec (section "ExtMRAM™) void toggle LEDs(void){
int x =0, i, n;
while(x<10){
GPI0A_PTOR=0x30000C00;
for(i=0;i<500;i++){
for(n=0;n<100;n++){
asm("'nop');
}
}
X++;
}
}
. MRAM CpPU
toggle LEDs(void)
MEMORY {
m_interrupts (RX) : ORIGIN = 0x00000000, LENGTH = 0x000001EO
m_text (RX) : ORIGIN = 0x00000800, LENGTH = 0x00080000-0x00000800
m_data (RW) : ORIGIN = Ox1FFFO000, LENGTH = 0x00020000
m_cfmprotrom (RX) : ORIGIN = 0x00000400, LENGTH = 0x00000010
extmram (RX) : ORIGIN = 0x60000000, LENGTH = 0x00002000
}

1% FlexBus £ O AT Kinetis {i{iZ#I85, Rev. 0, 05/2012
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Flash MRAM
____MRAMCodeStart = ___ ROM_AT + SIZEOF(.app_data) + SIZEOF(.romp) ;

-my_mram : AT(__ MRAMCodeStart)

{

. = ALIGN (0x4);
*(.myCode I nEXtMRAM)
. = ALIGN (0x4);

} > extmram

MRAMCodeSize = SIZEOF(.myCodelnExtMRAM) ;

Flash MRAM

extern unsigned long MRAMCodeStart[];
#define MRAMCodeStart (unsigned long) MRAMCodeStart

extern unsigned long __ MRAMCodeSize[];
#define MRAMCodeSize (unsigned long)___ MRAMCodeSize

extern unsigned long MRAMStart[];
#define MRAMStartAddr (unsigned long) MRAMStart

void copyToEXtMRAM(O{

unsigned char *MRAMSource;
unsigned char *MRAMDestiny;
unsigned int MRAMSize;

// Initialize the pointers to start the copy from Flash to RAM
MRAMSource = (unsigned char *)(MRAMCodeStart);
MRAMDestiny = (unsigned char *)(MRAMStartAddr);

MRAMSize = (unsigned long)(MRAMCodeSize);

// Copying the code from Flash to External RAM
while(MRAMSize--)

{
*MRAMDestiny = *MRAMSource;

MRAMDestiny++;
MRAMSource++;

}

MRAM
Bt E
MRAM

34 LCD

FlexBus TFT-LCD TWR-K60 Solomon Systech
TFT-LCD SSD1289  TWR-LCD RAM
8/16/18  6800/8080 MCU/MPU
MCF51IMM TWR-LCD  Freescale eGUI
AN4153
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16 6800 16 (D[17:0)) R/W D/C E CS
R/W RAM (GDDRAM) R/W
RAM D/C
LCD
« PS3=1 PS2=0 PS1=1 PSO=1
« DI~D8 DI0~D17 R/W(/WR) D/C /O FlexBus
3.4.1 RIBE
LCD FlexBus 16 FB_ALE
FlexBus 16
FB_ADI[0:15] FB_ADI[16] SSD1289 D/C DS
WR CS K60 FB RW FB CS0
'El_ﬁf.':ﬂ !; - ﬁ;lf :j
D% GHD
FH_.l-.:-F E: - 3:’: ':
Bl — GHD
FB_AD15 = 05
FB_RAY_B = B _B
FE_.:;:: = G5 _B
MCLUUMPLE Solomon S50 1289

12. 2 E M 16 {iL FlexBus % TFT-LCD

LCD E(RD) SSD1289 DO
D9 16 TWR-LCD TWR-K60
342 HHigE
FlexBus FlexBus K60
144 100MHz K60P144M100SF2RM
“ " K60 K60P144M100SF
* FlexBus 10 FlexBus 16 16
1 D/C RW CS K60 ALTS
LCD FlexBus D4D Freescale
GUI (D4D) DRMI116
#define ALT5 (PORT_PCR_MUX(5)|PORT_PCR_DSE_MASK) // Alternative function 5 =

FB enable
#define FLEX CLK_INIT (SIM_CLKDIV1 |= SIM_CLKDIV1_OUTDIV3(1))// FlexBus = Sysclk/2

SIM_SCGC5 |= SIM_SCGC5_PORTA MASK | SIM_SCGC5_PORTB_MASK | SIM_SCGC5 PORTC_MASK |
SIM_SCGC5_PORTD_MASK | SIM_SCGC5_PORTE_MASK;

1% FlexBus £ O AT Kinetis {i{iZ#I85, Rev. 0, 05/2012
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PORTC_PCRO=ALTS5;
PORTC_PCR1=ALTS5;
PORTC_PCR2=ALTS;
PORTC_PCR3=ALTS5;
PORTC_PCR4=ALTS;
PORTC_PCR5=ALTS5;
PORTC_PCR6=ALTS5;
PORTC_PCR7=ALTS5;
PORTC_PCR8=ALTS5;
PORTC_PCR9=ALTS;
PORTC_PCR10=ALTS;
PORTC_PCR11=ALTS;
PORTD_PCR1=ALTS5;
PORTD_PCR2=ALTS5;
PORTD_PCR3=ALT5;
PORTD_PCR4=ALTS5;
PORTD_PCR5=ALTS;
PORTD_PCR6=ALTS;
PORTB_PCR17=ALTS5;
PORTB_PCR18=ALTS;

SIM_SOPT2 |= SIM_SOPT2_FBSL(3):
SIM_SCGC7 |= SIM_SCGC7_FLEXBUS_MASK;

/*PTCO PTC1 PTC2 PTC3 PTC4 PTC5 PTC6 PTC7 PTC8 PTC9 PTC10 PTC11
14 13 12 CLK 11 10 9 8 7 6 5 RW

PTD1 PTD2 PTD3 PTD4 PTD5 PTD6 PTB17 PTB18

CS 4 3 2 1 0 16D/C 15

FlexBus FB CSAR TWR-LCD
0x60000000 64

#define FLEX_DC_ADDRESS 0x60000000
FLEX_CSAR = FLEX DC_ADDRESS; // CSO base address

CSMR
1 (CSMRO[BAM]) = 1) Cs 2°n n=CSMR[BAM] +16 128
KB 0x60000000  0x6001FFFF CS 0x6000000
FB_AD16 SSD1289 0x60010000 FB_AD16

SSD1289
#define FLEX_ADRESS_MASK 0x00010000

FLEX_CSMR = FLEX_ADRESS_MASK | FLEX_CSMR_V_MASK; // The address range is set to 128K
because the DC signal is connected on address wire

CSO0 LCD CS B CSMRO[V] CSn FB_CSO
CSMRO[V] SSD1289m
100 ns 4 FB FB CLK 40 MHz
3 2. SSD1289
Pk
5 2 B/ME E i) BAE Bl
toycle BT B #ARTE] (BREHERD 100 - - ns

1% FlexBus £ O AT Kinetis {i{iZ#I85, Rev. 0, 05/2012
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// MUX mode + Wait States

#define FLEX_CSCR_MUX_MASK (FB_CSCR_BLS_MASK)
#define FLEX_CSMR_V_MASK FB_CSMR_V_MASK
#define FLEX_CSCR_AA MASK FB_CSCR_AA_MASK
#define FLEX_CSCR_PS1_MASK (FB_CSCR_PS(2))

FLEX_CSCR = FLEX_CSCR_MUX_MASK | FLEX_CSCR_AA_MASK | FLEX_CSCR_PS1_MASK; // FlexBus
setup as fast as possible in multiplexed mode

0x6000000 FB_AD16 0x60010000 FB ADI16

void vfnSendDataWord(unsigned short value)

{

}

void vfnSendCmdWord(unsigned short cmd)

{
*((unsigned short*)FLEX_DC_ADDRESS) = cmd;

*((unsigned short*)FLEX_BASE_ADDRESS) = value;

343 {EaHE

Pt

A

Do~D (WRITE) >(: Vakid Data ><

Du=D:(READ)

a8

‘alid Data >

L]

13. SSD1289 1£#iE
10 SSD1289 Flexbus
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3.5 7 MQX A {#HA FlexBus

MQX FlexBus
FlexBus TWR-K40 TWR-K60 MRAM MQX FlexBus

3.51 NMiRA

FlexBus
MRAM MQX

3.5.2 HHEE

K60 RAM

TASK_TEMPLATE_STRUCT MQX_template_list[] =

{

/* Task number, Entry point, Stack, Pri, String, Auto? */
{MAIN_TASK, Main_task, 40000, 9, "main', MQX_AUTO_START_TASK},
{HELLO_TASK, Hello_task, 40000, 10, "hello"™, 0},

{TOGGLE_TASK, TogglelLEDs_task, 40000, 10, *toggle™, O},
{COUNTER_TASK, Counter_task, 6000, 10, "counter'™, 0},
{0, 0, o, 0, O, 0, ¥

};

Main_task FlexBus 342 ° "
_mem_extend()

*

* Task Name : Main_task

* Comments :

*  This task creates an instance of Hello_task and ToggleLEDs_task
*

void Main_task(uint_32 initial_data)
{
printf(*'"Mem Extend Test\n');
TWRK60_flexbus_init();
result = _mem_extend((pointer)0x70000000,0x80000) ;
while (1){
tl = _task create(0, HELLO_TASK, 0);
2 _task_create(0, COUNTER_TASK, 0);
3 _task_create(0, TOGGLE_TASK, 0);

_task_block(Q);
_task_destroy(t3);
3

_mem_extend() user _config.h BSP
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#define MQX_USE_MEM 1 //Enable to use _mem_extend
#define MQX_USE_LWMEM 0
#define MQX_USE_LWMEM_ALLOCATOR 0
BSP PSP MQX FSL MQX getting started.pdf
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TWR-PROTO FlexBus FB_CLK
Kinetis Kinetis
PORTx PCRn[DSE] 1 K60 FB CLK
PTC3 PORTC PCR3[DSE] 1 FB _CLK

B.2 {EIHT
#define PORT_PCR_DSE(X) (((uint32_t)(((uint32_t)(x))<<PORT_PCR_DSE_SHIFT))&PORT_PCR_DSE_MASK)

PORTC_PCR3 = (PORTC_PCR3 & ~PORT_PCR_DSE_MASK) | PORT_PCR_DSE(1) ;:

B3 &R

B-1
CLEQUT
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