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through the .mac file.

This application note uses IAR as the debugging environment. It describes how to use the .mac file to initialize the devices
connected to the i.MX RT FlexSPI controller, such as HyperRAM, Flash, and so on.

The hardware is based on RT1060-EVK board and the software is based on SDK 2.7.0.

2 Overview

In the embedded development, the program and read speed of the Flash chip is slow. However, the code may be modified
frequently when debugging, so the read and program speed of the code has a great influence on the development speed.
Therefore, for debugging, the code is downloaded directly into the on-chip RAM or external RAM to run. The debugging speed
can be improved.

When using the on-chip RAM for debugging, set the ROM and RAM addresses in the icf file of IAR to the addresses of the on-chip
RAM. If the on-chip RAM space is not enough to use, use the external RAM. When debugging code in external RAM, initialize the
external RAM before the code is downloaded. In IAR, the initialization of external RAM is done through the .mac file.

This application note describes how to use the .mac file to initialize the external RAM connected to FlexSPI controller. It includes
the following steps:

1. PIN initialization
2. Clock initialization
3. FlexSPl initialization and device initialization

Now, FlexSPI device is initialized successfully.

3 Example

This section uses the hello world demo as an example to explain how to modify the .mac file of the SDK to initialize the
HyperRAM device via FlexSPI. To initialize other devices, such as Flash, imitate HyperRAM initialization code and modify relevant
register values according to the parameters of the device used.

1. Enterthe SDK 2.7.0_EVK-MIMXRT1060\boardslevkmimxrt1060ldemo_apps|hello_worldliar path, copy
evkmimxrt1060.mac, and rename it {0 evkmimxrt1060 hyperram init.mac.

2. Open the evkmimxrt1060 hyperram init.mac file and add initialization functions to initialize the PIN, clock, and device,
as shown in Figure 1.
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208 execUserPreload/ ()
209 {
210 _load dcdc trim();
211 _Ppin init();
212 _clock init();
213 _hyperram Init();
214 }
215
216 execUserEReset ()
217 {
218 _load dedc_trim();
219 _Pin 1nit();
220 _clock _init();
221 _hyperram Init();
222 '}

Figure 1. Adding initialization functions

3.1 PIN initialization

Initialize pins connected between FlexSPI and external device on hardware. Generally, there are pins such as data pin, clock pin,
DQS pin. Initialize all pins according to the hardware connection. Figure 2 shows the detailed pin initialization code.

_Ppin init ()
{
// Set Pin Mux for HyperRAM
__wWriteMemory3Z2 (0x00000011, 0x401F81D4, "Memory")
__wWriteMemory32 (0x00000011, 0x401F81D8, "Memory")
__writeMemory32 (0x00000011, O0x401F81DC, "Memory")
__writeMemory32 (0x00000011, 0x401F81EO, "Memory")
__writeMemory32 (0x00000011, 0x401F81E4, "Memory"); // FLEXSPIB SCLK
__writeMemory32 (0x00000011, Ox401F81E8, "Memory"); // FLEXSPIA DQS
__writeMemory32 (0x00000011, 0x401F81lEC, "Memory"): // FLEXSPIA 35S0 B
)
)
)
)
)

: // FLEXSPIB DATA(2
; // FLEXSPIB DATAO1

; // FLEXSFIB DATAOO

// FLEXSPIB DATAO3

___writeMemory32 (0x00000011, 0x401F81F0, "Memory"); // FLEXSPIA SCLK

__writeMemory32 (0x00000011, 0x401F81F4, "Memory"); // FLEXSPIA DATA00
__writeMemory32 (0x00000011, 0x401F81F8, "Memory"); // FLEXSPIA DATAOl
__writeMemory32 (0x00000011, 0x401F81FC, "Memory"); // FLEXSPIA DATAOZ
___wWriteMemory32 (0x00000011, 0x401F8200, "Memory"); // FLEXSPIA DATAO3

// Set Pin Config for HyperRAM
__writeMemory32 (0x000110F9, 0x401F83C4, "Memory")
__writeMemory3Z2 (0x000110FS, 0x401F83CE8, "Memory")
__writeMemory32 (0x000110F9, 0x401F83CC, "Memory")
__writeMemory32 (0x000110F9, 0x401F83D0, "Memory")
___writeMemory32 (0x000110F9, 0x401F83D4, "Memory"); // FLEXSPIB SCLK
__writeMemory32 (0x000110F9, 0x401F83D8, "Memory"); // FLEXSPIA DQS
__writeMemory32 (0x000110F9, 0x401F83DC, "Memory"): // FLEXSPIA 35S0 B
)
)
)
)
)

; // FLEXSPIB DATAOQOZ
; // FLEXSFPIB DATAO1

; // FLEXSPIB DATAOO

// FLEXSPIB DATAO3

__writeMemory32 (0x000110F9, 0x401F83EQ0, "Memory"):; // FLEXSPIA SCLK

__writeMemory32 (0x000110F9, 0x401F83E4, "Memory"); // FLEXSPIA DATAO0O

__writeMemory32 (0x000110F9, 0x401F83E8, "Memory"); // FLEXSPIA DATAO1

__writeMemory32 (0x000110F9, 0x401F83EC, "Memory"); // FLEXSPIA DATAOZ

__writeMemory32 (0x000110F9, 0x401F83F0, "Memory"): // FLEXSPIA DATAO3
}

Figure 2. PIN initialization
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3.2 Clock initialization

Example

Clock initialization is to configure the clock for FlexSPI controller. Configure the FlexSPI clock according to the clock frequency
supported by the HyperRAM device and the maximum clock frequency supported by the FlexSPI controller. Figure 3 shows the

detailed clock initialization code.

_clock _init ()
{

___wvar reg;
// Enable all clocks

// Config PLL for FlexSPI
// PERCLK PODF:
__writeMemory32(0x04900001,

// PFD2_FRAC: 29,
// Ungate SYS FLL FFDZ2
___writeMemory32 (0x001D000O,

__writeMemory32(0x44100001,

message

}

Figure 3. Clock initialization

1 divide by 2

0x400FCO1C,

// Enable 5YS PLL but keep it bypassed.

0x400D8100,

0x400FCO1C,

"clock init done\n":

__writeMemory32 (Oxffffffff, 0x400FC068, "Memory"):;
__writeMemory32 (Oxffffffff, 0x400FC06C, "Memory"):
__writeMemory32 (Oxffffffff, 0x400FC070, "Memory"):
__writeMemory32 (Oxffffffff, 0x400FC074, "Memory"):
__writeMemory32 (Oxffffffff, 0x400FC078, "Memory"):
__writeMemory32 (Oxffffffff, 0x400FCO7C, "Memory"):
__writeMemory32 (Oxffffffff, 0x400FC080, "Memory"):

"Memory") ;

__writeMemory32(0x00012001, 0x400D8030, "Memory"):
do
{

reg =  readMemory32(0x400D8030, "Memory"):
}while((reg & 0x80000000) == 0):
// Disable bypass of SYS5 PLL
__writeMemory32 (0x00002001, 0x400D8030, "Memory"):

PLL2 PFD2=528*18/PFD2 FRAC=327

"Memory") ;

"Memory")://divide by 1

3.3 FlexSPI and device initialization

To initialize the FlexSPI controller, perform the following steps:
1. Reset FlexSPI before configuration.
2. Set MCRO[MDIS] to 0x1 (make sure the FlexSPI controller is in stop mode).
3. Configure FlexSPI module control registers: MCR0O, MCR1, MCR2.

NOTE
Do not modify MCRO[MDIS].
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4.

5.
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If AHB command is used, configure the AHB bus control register (AHBCR) and the AHB RX buffer control register
(AHBRXBUFxCRO).

Configure the IP RX/TX FIFO control registers: IPRXFCR, IPTXFCR.

To initialize the device, perform the following steps:

1.

o o &~ 0D

8.

According to the connected HyperRAM device parameters, configure the Flash control registers: FLSHxCRO,
FLSHxCR1, FLSHxCR2.

According to the selected clock source, configure the DLL control register (DLLXCR).

According to whether the write mask is enabled or not, configure the flash control register FLSHXCR4.
Set MCRO[MDIS] to 0x0 (exit stop mode).

To unlock LUT, configure LUTKEY and LUTCR register.

According to the HyperRAM device parameters, update the LUT table (for AHB command or IP command access) to set
the timing of HyperRAM data read and write, register read, and write operations.

To lock LUT, configure LUTKEY and LUTCR register.
To reset the FlexSPI controller, set MCRO[SWRESET] to 0x1.

Figure 4 shows the detail FlexSPI and device initialization code.
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_hyperram_Init()
[
f/ config FlexSPI Registers
__writeMemory32 (0xFFFFE0C0O, 0x402R8000, "Memory™): // MCRO
_Flexspi resst();
__writeMemory32 (0xFFFF3032, 0x402AB000, "Memory™); // MCRO
__writeMemory3Z2 (0xFFFFFFFF, 0=x402n8004, "Memory™); // MCR1
__WriteMemory32 (0x200801F7, O0x402R8008, "Memory™); // MCR2
__writeMemory32 (0x00000078, 0x402R800C, "Memory"): // BHBCR
_ writeMemory32 (0x80000020, 0x402A8020, *"Memory™); // AHEREXBUFCROO
__ writeMemory32 (0x80000020, O0x402AB024, "Memory™); // AHBRXBUFCROL
__writeMemory32 (0x80000020, Ox402R8028, "Memory"); // RHBRMBUFCROZ2
__writeMemory32 (0x50000020, 0x402RB02C, "Memcry™); // AHERXBUFCRO3
___writeMemory32 (0x00000000, 0x402AB0BB, "Memory™); // IPEXFCR
__writeMemory3Z (0x00000000, Ox40ZRA0BC, "Memory™); [/ IPTMFCR
!/ Config HyperRAM
__writeMemory32 (0x00004000, 0x402R8060, "Memory"™); // FLASHRICRO
__writeMemory32 (0x00021CE3, O0x402RB070, "Memory™); // FLASHAICR1
_wri.t::l:{l:mryaﬂ (0xQ0000100, Ox402RB0BO0, "Memory™); // FLASHARICRZ
__ writeMemory3Z2 (0x00001D00, Ox402R8020, "Memory™); [/ DLLCR
__writeMemory32 (0x00000000, Ox402ZRB054, "Memory"); // FLASHALCR4
__writeMemory32 (0x00000004, 0x402R8054, "Memory"); // FLASHRICR4
__writeMemory32 (0xFFFF3030, O0x402RB000, "Memory™); // MCRO
__writeMemory32 (0aSAFOSAFD, 0x402R8018, "Memory"); // LUTEEY
__writeMemory32 (0x00000002, O0x402R801C, "Memory™); // LUTCR
__writeMemory32 (0xBB1BB7A0, O0x402RB200, "Memory™): // LUT[OD]
_ writeMemory3d2 (0xB7078F10, Ox402n8204, "Memory™); // LUT[1]
__WriteMemory32 (0x0000A704, O0x402R8208, "Memory™); // LuT[2]
__writeMemory32 (0x00000000, 0x402RB20C, "Memory™): // LUT[3]
_ writeMemory32 (0xBB1BE720, 0x402R8210, "Memory™); // LUT[4]
__writeMemory32 (0xB7078F10, 0x402AB214, "Memory™); // LUT[S]
_ writeMemory3Z2 (0x0000R304, Ox402R8218, "Memory™); // LOT[E&]
__WriteMemory32 (0x00000000, Ox402R821C, "Memory™); // LUT[7]
__writeMemory32 (0x8B1887EQ, 0x402AB220, "Memory™): // LUT[8]
_ writeMemory32 (0xB7078F10, 0x402R8224, “"Memory™); // LUT[S]
__ writeMemory32 (0x0000A704, Ox402AB228, "Memcozy™); // LUT[10]
__writeMemory32 (0x00000000, Ox402R822C, "Memory™); // LOT[11]
__writeMemory32 (0x5B1l88760, 0x402RB230, "Memcry™); // LUT[12]
__writeMemory32 (0xB70T8F10, 0x402AB234, "Memory"); // LOT[13]
_ writeMemory32 (0x0000A304, 0x402R8238, "Memory™); // LUT[14]
_ writeMemory32 (0x00000000, O0x402RB23C, "Memozy™); // LUT[15]
__writeMemory32 (0x5RPOSAFD, 0x402R8018, "Memory™); // LUTEEY
__writeMemory32 (0x00000001, O0x402R801C, "Memory™); // LUTCR
_F'lc.::.'sp:i._rcact {);
__measage "HyperBAM init done\n";
. _Flexspi_resst()
{
__war req;
reg = __ readMemory32 (0x402R8000, "Memory™);
__writeMemory32 ((reg | Oxl), O0x40228000, "Memory");
do
{
reg = _ readMemory32 (0x402A8000, "Memory");
}Jwhile ((reg & Ox1) I!= 0);
}
Figure 4. FlexSPI and device initialization
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