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1.1 SDRAM

The SDRAM used in microcontroller application is single data rate, which can accept one command and transfer one word of
data per clock cycle. Typically, in microcontroller applications, SDRAM clock frequencies are 100 MHz or 133 MHz.

1.2 External Memory Controller

In LPC5460x, there is an External Memory Controller(EMC) that supports external memory accessing. It can be configured for
supporting different SDRAM.

2 Use SDRAM

2.1 SDRAM initialization

When system is booting, SDRAM is yet initialized, it must be configured before using. In SDRAM initialization functions, SDRAM
clock frequency, endianness, and timing parameters should be configured in EMC registers.

SDRAM initialization can be done whenever after booting, however, there still some notes when developer prefers to initialize
SDRAM at early stage of booting.

1. SDRAM initialization may use STACK or global variables, developer must make sure the physical memory where STACK
or global variables locate is powered.

2. Global variables are not initialized or zeroed before main function starts, developer must set relevant data manually, if
SDRAM initialization is performed before main function.

In file board.c, function “BOARD_InitSDRAM” is used to initialize SDRAM, this function can be called in function “SystemInit}
which is invoked by Reset_Handler, the entry of program. As shown in below code snippet, in Reset_Handler, AHBCLKCTRLSETO
register is set to 0x38 to enable SRAM1/SRAM2/SRAMS clock, if program STACK or SDRAM-related variables is placed in those
SRAM regions.

Reset Handler PROC
EXPORT Reset Handler [WEAK]

h
P
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IMPORT SystemInit

IMPORT _ main

; clock control SRAM1/SRAM2/SRAM3 for stack
LDR r0, = 0x40000220

MOV rl, #0x38

STR rl, [r0]

LDR r0, =SystemInit

BLX r0

LDR r0, =_ main

BX r0

ENDP

2.2 Memory allocation

SDRAM can start at four possible address considering that SDRAM chip select has four options, as described in Table 1. SDRAM
memory address on page 2.

Table 1. SDRAM memory address

SDRAM Address Range SDRAM Chip Select

0xA0000000 — OXxA7FFFFFF SDRAM Chip Select 0 (Up to 256 MB)
0xA8000000 — OXAFFFFFFF SDRAM Chip Select 1 (Up to 256 MB)
0xB0000000 — 0xB7FFFFFF SDRAM Chip Select 2 (Up to 256 MB)
0xB8000000 — OXBFFFFFFF SDRAM Chip Select 3 (Up to 256 MB)

Developers can use linker script to allocate code or data into SDRAM, and linker script programming are different among IDEs.
Taking KEIL environment, for example, in below linker script

1. SDRAM region is defined, starts at 0xA0000000, and size is 0x80000.

2. Data or code with “SDRAM_Data” and “SDRAM_Function” attributes are placed in SDRAM region.

” & ” G

3. Data and code in “core_list_join.c’ “core_matrix.c; “core_state.c” and “core_util.c” are placed in SDRAM region.

#define m_sdram start 0xA0000000
#define m_sdram size 0x80000
LR_m_sdram_text m_sdram_start m_sdram_size {

* (SDRAM Data)

* (SDRAM_Function)
core_list join.o
core matrix.o
core_state.o
core_util.o

2.3 MPU configuration

As mentioned in Cortex""-M4 Devices Generic User Guide, the default configuration of memory 0xA0000000 — OXDFFFFFF is
not executable. When code in SDRAM is executed with MPU disable, default configuration takes effect, Arm CM4 should issue
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SDRAM performance benchmark

hard fault event with instruction access violation flag, where SCB->CFSR has bit 1 set See Figure 1. on page 3. The fault
indicates that the processor attempted an instruction fetch from a location that does not permit execution.

e 0x00000426 ETFE
158:

B
B

150: HardFault Handler % -
151: = PROC
152 EXPORT HardFault Handler [WERE]
Ox00000424 ETFE B HMI_ Handler (Ox00000424)
153: B
154: ERDP
155z
156: HemManage Handier EROC =
157: EXFORT MemManage Handler [WERK] =il

HardFeult Handler (0x00000426)

1559: ENDP
1&0:
161: BusFault Handler FROC Memary Protection Unit (MPU) i &
i62: EXPORT BusFault_ H
GEUBURIHPEEE = Memdany | nlena| ADDR | szE [smo|slc[s[Tex| A [xn]
- = 5 0 0 0O0ODDOOH Revd 0OH O O O DOOB P~ U+ 0O
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Memory Manage Fautts 3 0 000OOOOOH Rswvd OOH O O O OOOB  Po-U O
Address SCB->MMFAR: |IxEDOOEDFS 4 0  00DOODOOH Rswd 0OH O 0 O OOOB  P-U- O
5 0  0000D0OOH Rswvd 00H O 0 O O0OB P~ U-- 0O
Stalus SCB->CFSR. |01 (MMFSR) 6 0  000000OOH Rsvd OOH O 0 O O00B P~ U-- 0O
[ IACCVIOL [ MUNSTKERR 8 X 7 i 00000000H Rewvd O00H 0O 0 O O00B P U-f- i}
P DACCVIOL [~ MSTKERR Selected Region
ot AL E ADDR: [0x00000000 siZe:[Revd  ~] SRD:[B00  TEX[000B <]
Bus Faults N
ic
Addrsss  SCB>BFAR [BEDOGEDFE el A FB T c [Cs AP|P.NoAccess.UNoAccess | [ XN
Status SCB->CFSR (BFSR) —Control
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[ PRECISERR [ STHERR
[~ IMPRECISERR [~ BFARVALID
msFault Handler [WEERK] =
Usage Faults- *
Status 3CB->CFSR (UFSR)
M rmimrrsinTm = sien

Figure 1. IACCVIOL hard fault

Thus, if developer would execute code in SDRAM, MPU configuration must be changed. In below code snippet, MPU is configured
which allows memory region from 0xA0000000 to 0xA0100000 is executable.

MPU->RNR = 0; //Region number 0
MPU->RBAR = 0xA0000000;//Region base address
/* Full Access | TEX: 000 | S: 0| C: 0| B:0 (No cacheable, no shareable)| 1M SIZE | ENABLE */

MPU->RASR = (0 << 28) | (0x3 << 24) | (0x0 << 19)| (0 << 18) | (0 << 17) | (0 << 16) | (OXFF < 8) | (0x13 << 1) | (1 << 0); //Region
size and enable

MPU->CTRL = MPU_CTRL_ENABLE_Msk | MPU_CTRL_PRIVDEFENA_Msk;

3 SDRAM performance benchmark

SDRAM code execution performance benchmark is measured using CoreMark, as shown in Table 2. SDRAM Performance
benchmark using CoreMark on page 4. From the measurement, we may conclude that:

1. Code execution in SDRAM has only 40 % performance against running code in SRAMX (ICODE accessible) SRAM and
~50 % performance against running code in on-chip FLASH.

2. Higher CPU frequency has no help when code is running in SDRAM, SDRAM bandwidth is bottleneck
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Table 2. SDRAM Performance benchmark using CoreMark

Reference documents

Basic Information
CoreMark Size: 666
lterations: 4000

Memory location: STATIC

Compiler version: Arm C/C++ Compiler, 5.24.2 [Build 528]
Compiler flags: --c99 -c --cpu Cortex-M4.fp -D__ MICROLIB -g -O3 -Otime --apcs=interwork

Memory Configuration

Time per Iteration (ms)

Code executing in SRAMX, Arm CM4 @96 MHz 4.015
Code executing in SRAMX, Arm CM4 @ 180 MHz 2.141
Code executing in On-Chip FLASH, Arm CM4 @96 MHz 4.869
Code executing in On-Chip FLASH, Arm CM4@ 180 MHz 3.228
Code executing in SDRAM@96MHz, Arm CM4 @96 MHz 10.050
Code executing in SDRAM@ 180MHz, Arm CM4 @90 MHz 10.458

4 Reference documents

Source

Title

NXP Semiconductors

LPC5460x data sheet

NXP Semiconductors

LPC5460x user manual

NXP Semiconductors

OM13090 user manual

ARM Ltd.

Cortex-M4_ReferenceManual

ARM Ltd.

Cortex-M4 Technical Reference Manual Revision
rop1

5 Revision history

Table 3. Revision history

Rev. No. Date

Description

0 20 April 2019

Initial release
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