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Overview

°Memory Interfacing
* Memory Type
* Memory Decoding
* D-RAM Access
* Making DRAM Access fast
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Review: Buses in a PC: Connect a few devices

Memory PCI:
CPU bus Internal

(Backplane) _
/O bus SCSI:

PCI
Memory E|;<(t)ekr)nal
Ethernet < us >
o Data rates Interface g | \

*Memory: 133 MHz, 8 bytes
= 1064 MB/s (peak)

« PCI: 33 MHz, 8 bytes wide (1 to 15 disks)

= 264 MB/s (peak) IEtherlnet
oca
+SCSI: “Ultra3” (80 MHz), Area
“Wide” (2 bytes) Ethernet: Network
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Review: Computers with Memory Mapped I/O

CPU
device device
MeMmory | \eontroller 1||controller 2
/O devices device 1 device 2

Accessed like memory
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Big Picture: A System on a Chip

Integration of
Core Processor
and many sub-
system micro-
cells

* ARM7TDMI
core

* Cache RAM

« Embedded Co-
Processors

» External Mem
Interface

e Low
bandwidth I/O
devices

» Timers
* 1/O ports
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ARM System Architecture

ARM
Processor

On-chip
RAM

External Bus
Interface

I

L

Need a Mechanism to access

Advanced System Bus

>

various memory units and I/O
devices, uniquely, to avoid
access conflicts
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= UART
Bridge |« Timer
- PIO
Advanced

Peripheral Bus

Saeid Nooshabadi

ARM System Architecture with Multiple Masters

High High
Performance Bandwidth .
IARM Processor On-chip UART Timer

(Master 1) RAM

High I I ASB

Bandwidth to
Memory < > APB
Interface Bridge
Decoder Master 2 Arbiter Keypad PIO

Need a Mechanism to allow
various Processing units to access the
Memory Bus without causing conflict
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ARM Core Interface Signals
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clock "ﬂ} = % ABL0]
control wall ¢ Din[31:0]
' Memory
K—> op1o me mory
interface
e bif3:0] I t f
— nterrace
mas[1:0]
—» mreq
—— seq
—» lock
——» frans MMU
= mode [4:0] interface
[-4——— abort
- it D state
RM7TDMI tapsm[3:0]
ir[3:0]
~ ecapclk core tdoen TAP
—— tckl i i
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breakpt =~ ———w=
dbga!:jk }+——= screg3o]
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debu extern0  ————m| +——» icapclkbs
] dbgen  ———] +——» Fhighz bo unda
rangeout0  ~——— T— pclkbs scan i
vangeoullv - +——» rstclkbs extension
dbgrgi  ~——| f— sdinbs
commrx & [+—— sdoutbs
\ commtx -e——l +——» shclkbs
pc_ shclk2bs
coprocessor cpi ~-——j —_— ~
interface cpa —— ig? ITAG
— [
cpb [—— T™Ms controls
( vdd TDI
po wer Vss TDO -
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ARM Core Memory Interface Signals Simple Memory Interface

clock [ | [ AB10] N
control colk | | 4 SRAtMS
° 32 bit address A[31:0] <: Din[31:0] RAMwe3 |RAMweZz |RAMwel | RAMwe0 evr\wlnged
° Separate Data in and out :> Dout/31:0 separately
Din[31:0] & Dout[31:0] [ ] Ane22) — *Read
° Bidirectional Data bus D[31:0] <:> D[31:0] memory RHE enabled
° nmreq and seq for requesting _ interface gm together
memory access “—— DI[3:0] M *4 ROMs
. o f— WY L Dol *No write
nr/w for read/ write indication )
» mas([1:0] DI} enable
° mas[1:0] for data size » Treq ’ *Read
idengific]ation: word 10, half- mreq *SRAM Size: enabled
word 01 and byte 00. —  Seq on y 32 together
° All activities controlled by — |ock - *ROM Size:
mclk. 2m yx 32
OInternaI CIOCk IS mCIk 'A\SQROYS\L%!CE 3aeid Nooshabadi
Simple Memory Decoder Control SRAM/ROM Memory Timing
= -
s - > Controls the Activation Address should be stable during the
ACIAL] _ of RAM and ROM falling edge
mc °a[31]: 0 > ROM : :
&ﬁ gj %J ‘ B 93 Ram °SRAM is fast, ROM is slow
RAMwes  ° It controls the byte . [
S5 H o= write enables during ROM needs more time. Slows the system
3: | :[) wer  Tie (101 00 Byt * Solutions?
) - o— e mas[1:0]: yte,
O!_) 4 01 H-word, 10 Word - Slow down the MCLK clock; loose
) . o—AMwez erformance
'_,T\, D ° It ensures that data P )
;I ) == IS ready before - Use Wait states; more complex control
LS ._Il:)o_ processor continues. melk
D" L
_—Di mclk | | |_ ) I I I I
RAMoe | 1
iw o—— A[31:0 l A B | c | I
O— wstol A T 31 |

ROMoe
e e . S g
A[31] e ELEC2041 lec30-mem-bus-1.12 | Saeid Nooshabadi




ROM Wait Control State Transition

°ROM access requires 4 clock cycles

°RAM access is fast

p—
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Timing Diagram for for ROM Wait States

mclk B
ALl 1 X | | l X
wait |\ : : : / l
ROMOe [ \ | | l | [

fest ROM1 ROM2 = ROM3
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Improving Performance

°Processor internal operations cycles do not need
access to memory

* Mem. Access is much slower than internal operations.

» Use wait states for mem Accesses Internal

°mreq = 1 internal operation Operations can
run at max speed

°mreg = 0 memory access
reset
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DRAM Interface

°Dynamic RAM Features:
*much cheaper than SRAM
*more capacity than SRAM
*slower than SRAM

°Widely used in Computer Systems
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DRAM Organisation
°Two dimensional matrix
°Bits are accesses by:

* Accepting row and
column addresses &=
down the same }
multiplexed address

pus R
* First Row address cells
Is presented and
latched by ras N
signal AlnOH
*Next column —
address IS KIIYTITTIIIIIITII 1A

resented and
atched by cas
signal
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Data out
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Making DRAM Access Fast

°Accessing data in the same row using cas-
only access is 2 — 3 times faster

e cas-only access does not activate the cell matrix

* If next accesses is within the same row, a new
column address may be presented just by
applying a cas-only access.

°Fact: Most processor addresses are
sequential (75%)

°If we had a way of knowing that that the next
address is sequential with'respect with the
current address Ecurrent address + 4), then we
]goq[ld only assert cas and make DRAM access
as

° Difficulty?

* Detecting early in memory access cycle that the
next address is in the same row.
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ARM Solution to cas-only Access

° ARM address register Instruction:
* 75% of next addresses are current address +4.

seq signal » Sequential
address to memory (address + 4) addresses
{} ? flagged by

seq signal
* The external
mem device

address mux

Idr r1, [r2] ar checks
fromALU _ J | previous
address and
) jagrags zand) r O W
e)i/%ecgg?” fetch boundaries to
SWi moV pc, Ir \/issue cas only
br }abel———A0r ras-cas

from/to PC in register bank
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Revised State Transition Diagram

°seqg = 1: sequential address
°seq = 0: non-sequential
°’mreq = 1 internal operation

°’mreg = 0 memory access

ELEC2041 lec30-mem-bus-I. Nooshabadi




Support for OS: Memory Protection

°Control unit can provide protection to
certain areas in user mode:

e ntran: Processor in USER (=1) or Privileged mode
(=0)

*nopc: memory access is for instruction (=1) or for
data (0)

e abort: caused pre-fetch abort exception

Control &
Protection nOE nOE
v
A[31:0]
RAM ROM

ARM

D[31:0;
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ARM Processor Bus Interface

°Arm Processor is optimised for high speed on-
chip cache memory Interfacing

°lt is a sub-system embedded in a larger system

°We need some interfacing rules and protocols to
allow interfacing to other Sub systems

» Each sub-systems should follow these rules in order
for the system to work properly.

°Options:

» Making an ad hoc choice in every design
* Use an established standard

°ARM provides Advanced Micro controller Bus

Architecture (AMBA)

* ARM processor uses AMBA to interface to the System

Bus

ELEC2041 lec30-mem-bus-1.22

Saeid Nooshabadi

AMBA Based System

. »| testi/fctrl [a—
ARM on-chip
core/CPU RAM
external
1# 1# bus -
< A - interface
it ASB i;
bridge i ||  UART [
DMA

controller

- timer
APB

<d—pe| parallel i/f fu—m

°ABP: Advanced Peripheral Bus: Simpler
interface for low performance peripherals
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ARM Core AMBA Interface

°ARM core cannot understand AMBA
signaling standards directly.

* It needs an interface unit for decoding
and translation to AMBA signals

e Some signals are just renamed

ARM7TDMI
CPU

Control

Address

P
>

Data
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Bus Interface
Unit

ASB Control

l—_—

ASE BA

== To
—p | System
¢ ASB D
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Reading Material

° Steve Furber: ARM System On-Chip; 2nd
Ed, Addison-Wesley, 2000, ISBN: 0-201-
67519-6. Chapter 8.
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Conclusion

°Memory interfacing can degrade
performance

°Can improve performance by
increasing the clock frequency and
allocating differing clock cycles for
each memory access type

°cas-only accesses in DRAM are 2to 3
times faster than ras — cas accesses.

°Control unit can provide protection to
certain areas in user mode

°ARM processor uses AMBA to
interface to the System Bus
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