Memory Controller

Speaker: Tzu-Wel Tseng

Adopted from National Taiwan University
SoC Design Laboratory

SOC Consortium Course Material




Goal of This Lab

d Familiarize with ARM memory interface

dKnow ARM Integrator memory map well
JHow to access memory
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Outline

dThe ARM Memory Interface [1]

JARM Integrator System Memory Map [2] [3]
dLab — Memory Control
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Simple Memory Interface

dThe simplest form of memory interface is suitable
for operation with ROM and static RAM (SRAM).

8-bit memory types, so four parts of each type are
required to form a 32-bit memory.

dSince the bottom two address lines, A[1:0], are used
for byte selection, they are used by the control logic
and not connected to the memory.

dAlthough the ARM performs reads of both bytes and
words, the memory system can ignore the
difference and always simply supply a word quantity.
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Basic ARM Memory System
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Control Logic

1t decides when to activate the ARM and when to
activate the ROM

— A[31] = 0 => access ROM
— A[30] = 1 => access RAM

It controls the byte write enables during a write
operation
— Word write / half-word write / byte write

It ensures that the data is ready before the
processor continues

— The simplest solution is to run mclk slowly enough to
ensure that all the memory devices can be accessed
within a single clock cycle
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Simple ARM Memory System Control Log{els
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Transfer Widths
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DRAM memory organization

array of
memory
cells

A[n:0]

cas

ras: row address strobe cas: column address strobe
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DRAM Timing lllustration
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Outline

dThe ARM Memory Interface [1]

JARM Integrator System Memory Map [2][3]
dLab — Memory Control
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Core Module Memory Map

nMBDET REMAP Address range Region size Description

0 0 Ax 02000020 to DxeO03IFFFF 256KB Boot ROM (on motherboard)
0 I Ax0R0PRR2E o DxBOO3IFFFF 250KB SSRAM

1 X Ax02000000 to 0xBO03FFFF 250KB SSRAM

X X DxDED40020 Lo BxBFFFFFFE 256MB Local SDRAM

X X Ox10000000 to 0x107FFFFF SMB Core Module registers

X X @x 12800220 o dx10FFFFFF SMB SSRAM alias

0 X 0x11000020 to @xFFFFFFFF 272MB o 4GB System bus address space

1 X @x 11900020 1o dxFFFFFFFE 272MB to 4GB Abort

d The nMBDET signal is permanently grounded by the
motherboard so that it is pulled LOW on the core module
when it is fitted.

O The REMAP bit only has effect if the core module is attached
to a motherboard (nMBDET = 0).
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Core Module Memory Map (cont.)

8MB

8MB

256KB

Standalone Attached
to a motherboard
o Abort = = Motherboard o == Motherboard —o
Ax 11200888 -
ex10seaee_| SonAM alias SSRAM alias SSRAM alias
ax1ennapen 7 EM registers CM registers CM registers
N
= SDRAM P s SDRAM e e SDRAM e
- 256MB
Ax0ERI0808
AxA0O0AR | _» SSRAM BootROM/flash S5RAM J
nMBDET=1 nMBDET=0 nMBDET=0
REMAP=x REMAP=0 REMAP=1

N CAancartitim CAriven N AatAri Al



Core Module Alias Address

System bus address

Local address

gf @xBEFFFFFFF

OxBOBIROAN

S0ORAM
core module 3

@XAFFFFFFF

OxAbB00La0

SORAM
core module 2

| bl alals [s e Ry

Al mastars <

Ox9FFFFFFF

dx 9000008

SUHAM

cara module 1

Dx@FFFFFFF

j0x 08300200

@x8FFFFFFF

., OxBO@0D0O

SDRAM
cora modula O

PxBFFFFFFF

Jox 0000200
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Memory Map for Core Module

. 1 REMAP = 0: Default following reset.
mofes Accesses to addresses
0x00000000 to OXO003FFFF
- — S1[1] = ON: the access is to boot ROM
core mocie — S1[1] = OFF: the access is to flash
s = REMAP = 1: Accesses to address
an f— 0x00000000 to OXxO003FFFF
ROMRAM et
F*ri;R:rnla %IE —REMAPG— REMAP=0
. S1[1] = ON S1[T=
Qm [ Boaot ROM | | HD
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Memory Map for Logic Modules

4GH

d S[1] = ON: the EBI resources are
—— mapped into the bottom 256MB of
the system memory map.

 S1[1] = OFF: the flash is mapped
repeatedly into bottom 256MB of
' the system memory map.

Reservad
PCl
51[1] = ON S1[1] = OFF
cH| e
Chipy sabect 1
Flash
Chipy sarbisct 1
Peripharal ' IF;.| aq|i11v
ROMEAM rogistens i
e Chip select 1 Chip s=lect 1
pariphierals Flash Flash
=H
{alias) Chip select 0 Chip selact 1
\ Boot RO / Flash

N
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consorkium

System Memory Map (1/3)

4GB
Base address Size Description ID[3:0]
f
Leglc 2xFEaBa0ng 256MB Logic module 3 memory [ 1]
modulas
dxERabgang 256MB Logic module 2 memory 1l
—
4 dx[aaibang 25aMB Logic madule | menmvory ol
368 | @xCoopaong 256MB Logic module 0 memory 1110
Core medule
alias Base address Size Description 1D[3:0]
MEmory -
ExEAORI0R 256MB Core moddule 3 alins memory [ 1]
daaiang 25aMB Core module 2alias TRV 1l
dxSaaigang 2aaMB Core mosdule 1 alias menory ol
SxE00B00a 256MB Core module 0 alias memory 110
PCI S1[1] = ON S1[1] = OFF
Chip select 3 Chip select 1
(EXFM) Flash
Peripheral Chip salect 2 L:hip E-'l."lll‘."'ﬂ 1
anistars SS5RAM Flash
ROMRAM regis
_-'ﬂ”'d Chip select 1 Chip select 4
peripherals Flazsh Flash
EBI
[aliasg) Chip salect 0 Chip s=lect 1
Boat ROM Flash
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System Memory Map (2/3)

OC

'r.ln.r-‘..irl.l'le

4GE
Base address Bus width Description
Logic
modules 02 CORR0D 8, 16 or 32bhits Chip select 3 {for expansion)
f
02 BB 200 32bats /HH‘HM{
- Q) 0x24000000 2bits Il Flash  \
1
| |
Core me”e 02 DB EDED Bhits | Boot I-‘.UM'
alias .
memory ¢ ‘\ J
/ /
/ N
/
2GB /
Feserved /
/
PCl j S1[1]= ON //51[1]=DFF
= Chip s=lect 3 / Chip s=lect 1
 (EXRNY) / Flash
aae / Chip sel 1?\¢/ Chip select 1
Chip salect : ip selec
F'Frl;_'.nhr—.r&l / SSRAM | Hish
Flf.]fl."lFl ﬂhﬂ IE‘QIE'IEIF. '
_F“"d Chip select 1 Chip select 1
peripherals | Flash | Flash
EBI
{alias) \‘ Chip selecto  f Chip sebect 1
M BootROM Flash

-
§—,
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consorkium

System Memory Map (3/3)

4GB Base address Size Description
Ax1 Fpapan IakB Spwar
Logic
misdules [ Dol Eds30Ra A lahB S
P 1 DEpapaR lamB 5 nar
1GB Ax1C80Ran IahB 5 [pare
B | B0 16ME CiPlce
Cnr-zﬁr;':;dme 1 AR0Ra A 16MB LEDY display sl boot swilch
memory
Bl =R lahMHE Mlouse
x| BAA0RI R IaMB Keybourd
. B 17000000 16MB LARTI
Reserved
B S0 16MB LIART
PCl ] SEaE 16MB RTC
EEI B | 4200000 16MB Interrupt controller
1GB Bl 3R e laMB Counterlimers
PFriPthH| Bxl2ap30m 168 B ERI |.'||||I'|5:|||'.|I||r|1 regislers
ROMFAM e
and Sl 1aesga I6MH Syslem controller registers
peripherals
EBI &x 1 PORIaRd IoME Core module registers (for core modules)
{alias) \ Spare (o ogic modules)
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Outline

dThe ARM Memory Interface

JARM Integrator System Memory Map
dLab — Memory Control
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Lab 7: Memory Controller

4 Goal 1 Requirements and
— Realize the principle of Exercises

memory map and internal — Compare the performance

and external memory _
o between using SSRAM and
d Principles SDRAM

— System memory map

— Core Module Control - Discussion

Register — Discuss the following items
Core Module Memory Map about Flash, RAM, and ROM.
a Gmdance * Speed

» Capacity

— We use a simple program to
* Internal /External

lead student understanding
the memory.
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