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ﬁ, GE% Introduction

* Memory interfaces

CEG2400 - Microcomputer — How the ARM processor connects to memory
Systems « Peripheral interfaces via a bus

Lecture 12: Buses and Memory
Philip Leong

Slides: Daeyoung Kim, Information and Communications University, Korea

http://www.arm.com/pdfs/DDI0234A_7TDMIS_R4.pdf
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2 General B ARM memory interface
» Standardized arrangements of signals are - ARM bus signals
used in a microprocessors to facilitate ~ A 32-bit address bus, A[31:0]
transfer of data — A 32-bit pidirectional data bus, D[31:0]
— Control signals:
— Called buses - mreg* : memory is needed
— Allow different types/sizes of memory and * Seq: address s sequential
peripherals to be easily connected to the * rw:drection 4
* b*/w on earlier version; mas[1:0]: size of transfer
processor — Bus timing and control signals (abe, ale, dbe, lock,
— Allows for customization e.g. memory bi[3:0])

configuration, devices etc
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‘ﬁa The ARM memory interface ,E% Simple Memory Cycle
» Used for connecting an ARM processor
to a memory system . Y ) A Ny Ny
* ARM bus signals APE : : i 5
— A 32-bit address bus, A[31:0] AMREQ ; ; 1
— A 32-bit bidirectional data bus, D[31:0] SEQ X X X X X_
— Control signals: A1) I X Gl X1 X —
* mreg* : memory is need i i ; : i
« seq: address is sequential o1:0] — ) {1y {1 > {1r—
= r/w: direction ' ' ' '
« b*/w on earlier version; mas[1:0]: size of transfer
— Bus timing and control signals (abe, ale, dbe, lock,
bI[3:0])
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B ARM7TDMI (Rev 4) Signals - 1

Name Type Description

EYLIE] o This 14 the 32t sddeens b, ALE, ABE. 3=l APE are used 80 control

iy when the address bus i3 vabid

ABE ©c The ackdsess bas dervers aee drsabled wher s 34 LOW, putmng the

Addrews ben enable addiess bus mio 2 bngh impedance state. Thos also controls the LOCK.
MAS[1:0) sRW. 8OPC. and n TRANS sxpmls i the same way ABE
mumt be ted HIGH of there 1 00 system requisessent to duable the
address drmvers.

ABORT 1 The msemory sxvters uses it sugnal o el the processor that s requested

Memory abort accent o not allemed

ALE 1€ This segnal is prornided for backwands compankaliy with ebder ARM

Addess uieh ensble processons. For oew devsgms, of addiows retumung 1 requred, ARM

Limmsted recommends the wue of APE. and for ALE to be connecied
HIGH

The addiens bus, LOCK. MAS[1:8], sRW. nOPC, 32d sTRANS
sigrals s latched when tun o held LOW T allown thew addim.
sigmals to be hield valid for the complese duraion of 3 memry access
cyele. For example, when mierfacmg 10 ROM. the address mond be valsd
it after the data has been read
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AFE hs
Address pepelme exable

BIGEND I
g enduan configuranon

Selects whether the address bus, LOCK. MAS[1:0]. nKW. a TRANS,
and nOPC vignaly opesate i pipelsned (APE 1 HIGH) oo depepelmed
made (APE is LOW)

Prpelined mode w pasnoalicly wsefal for DRAM syviesni, wheee & 1
desirable to provide the address o the memory as early s posible. to
alkon louges pravedh for addorw decoding d e grocasce of DRAM
control ugnals In tos mode. the address b docs not temamn valid fo e
end of the memory cycle

Depipelined mode can be weful for SRAM and ROM access. Meve the
addie b, LOCK. MAS[1:8], sRW. sTRANS, and sOPC sgnals
st be kept stable thromphous the complese memory cycle. Mowever
this does nos provide optusmm performance

See ddddresy towtng e page 314 for details of s tismng

Selects how the proceuior treats byies sn memery
bl HIGH for big-endian format
+ LOW for hile-cofian forma:
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,&ipelined & Depipelined Addresses

« Transfers are made on the
rising edge of MCLK (master
clock)

« APE indicates whether
addresses are pipelined. If
they are, they appear one
cycle before the data

« Address of transfer in A,
data in D

APE /
- j—— ——
opa —(TT) I

Figure 3-8 Pipslined addienses

ek 1 2 1 | |

7
gy X { i X X X
Az B T X X =
v — OD—D—OD—0D—

Figure 3.0 Depipelined addresses
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Name Type

BL[3:0] o
Byte lasch control

Description

The values on the data bis are latched on the falling edge of MCLK
when these signals are HIGH. For most designs these signals must be tied
HIGH.

BREAKPT IC
Breakpoint
BUsSDIS a
Bus disable

A condstional request for the processor to enter debug state is made by
placing this signal HIGH,

1f the memory aceess at thar fime s an instruction ferch, the processor
enters debug smie only if the instroction reaches the execution stage of
the pipeline,

1f'the memory nccess is for data, the processor enters debug state after the
cumrent instrction completes execution. This allows extension of the
intemnal breakpoints provided by the EmbeddedICE-RT logie.

See Behavier of the program counter i debug state on page B-31 for
detnils on the use of this signal

When INTEST s selected on scam chain 0, 4, or 8 thas 15 HIGH. It can be
used to disable external logic driving onto the bidirectional datm bus
during sca esting. This signal changes after the falling edge of TCK.
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2 ARM7TDMI (Rev 4) Signals - 4

BUSEN IC
Data bus configuration
CPA Ic

Coprocessor absent

A static configuration sigial that selects whether the bidirectional data
bus (D[31:00) or the unidirectional data bisses (DIN]31:0] and
DOUT[31:0]) are used for tramfer of datn between the processor and
memeory,

When BUSEN is LOW, D[31:0] 15 used: DOUT[21:0] 15 drwvenito a
value of zero, and DIN[31:0] is ignored. and must be tied LOW,
When BUSEN is HIGH, DIN|[3
1% agmored and must be left uncommectad.

See Chapter 3 Memory futerface for details oo the use of this signal

Placed LOW by the coprocessor if it is capable of performing the
operation requested by the processor.

CPB IC

Coprocessor busy

Placed LOW by the coprosessor when it is ready 1o stat the operation
requested by the processor.

1t s samnpled by the processor when MCLK goes HIGH i ench cyele in
which aCPIn LOW.

« Bidirectional: less wires

and lower power due to reduced
capacitance

« Unidirectional: capable of higher speed

read cycle | wrile cycle | read cycle

MCLK
DIN{3 1:0) X )] b
poursie 7 T T [ ot

F | I
R L ST G D

Unidirectional — Inside ASIC
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_EaBidirectional & Unidirectional Bus

* ARM can receive data either via D or
DIN/DOUT. Configuration set by BUSEN

ARMTTOMI + g

oouTin

| E———

Figure 3-11 Extornal bus arrangumsent)
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D[31:0] Ic Used for data transfers between the processor and external memory.

Diata bur o Durmg read eycles inpit datn must be valid on the falling sdge of
MOLK
Durng write cycles cwtput data remains valid wntil after the falling edge
af MOCLK
This bus s ahways driven except diring read cycles, imespective of the
vahie of BUSEN. Ci ly it must be left d if using the
anidsrectional data buses.
See Chapter 3 Memery Iirerface.

DEE Ic Must be HIGH for data 1o appear on either the bidirectional or

Diata burs enabile anidsrectional data output bus.
When LOW the bidirectional data bus ix placed into a high impedance
state nnd datn cutput is prevented on the wnidirectional data outpat bus.
11 can be used for tes purposes or in shared bus systems.

nlTRANS o When the processor is in User mode, this is LOW,

Not memory mansiare

It can be used either 1o 1ell the memory management system when
address transkation is mmed on. or 4s an udicator of non-User mode
activity,

This 15 one of the signals controlled by APE. ALE. and ABE
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Name Type Description

DIN[31:0] ic Unidirestional bus wsed to trasfer mstrustions and data from the

Diata gt bus memory to the processor.
This bus is only used when BUSEN is HIGH. If wnmsed then it must be
tied LOW.
This bus is sanspled during read eycles on the Flling edge of MCLK

DOUT|3:0] o Unidirectional bus used to transfer data from the processor to the

Drata ouspist bus menory sy,
Thas bus is cady wsed when BUSEN is HIGH. Otherwise it1s driven to a
value of zere.
Dusing write cycles the output data becomes valid while MCLE is LOW,
and remans valsd wntil afier the falling edge of MCLK

nEXEC (4] This is HIGH when the instruction in the execution unit is not being

Not exectited

executed becanse, for example, it has failed its condition code check

B ARM7TDM
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ISYNC Ic
Synchronsos, intempts

Set this HIGH if nlRQ and nF1Q are synchronous to the processor

clock. Set it LOW for asynchronous intermupts.

When the processor is performing a locked memory nceess this is HIGH,

LOCK o
Locked operation This is used to prevent the memory controller allowing another device 1o
access the memory.
It is active only durning the data swap {SWF) instnuction.
This is one of the signals controlled by APE, ALE and ABE.
MAS([1:0] o Used to indicate to the memory system the size of data mansfer (byte.

Memory sccess size

halfword or wond) requised for both read and write eyeles, become valid
before the flling edge of MULK and remam valid until the rismg edge
of MCLK during the memory cycle.

The binary values 00, 01, and 10 represent byte, halfivord, and word
respectively (11 is reverved).

This is one of the signals comrolled by APE, ALE, and ABE.

AMCLK c
Memory elock input

This is the muain clock for all memory accevses and processor operations.
The ehock speed can be reduced to allow access to slow peripherals or
ey,

Altematively, the sWAIT can be used with a frec-runing N
achueve the same effect,
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Name

Type

Description

aCPL

Not coprocesson instruction

wFIQ
Nog fast intermapt request

LOW when a coprocessor instruction is processed, The processor then
waits for a response from the coprocessor on the CPA and CPB lincs,
IFCPA is HIGH when MCLE rises after o request has been initiated by
the processor. then the coprocessor handshake is aborted. and the
processor enters the undefined instruction trap.

I CPA 35 LOW nt this time, then the processor enters a busy-wait period
until CPB goes LOW before campleting the coprocessor handshake.

Takzng this LOW causes the processor to be mtemupted if the appropeiate
ennble in the processor is active. The signal is bevel-sensitive and st be
held LOW until a snitable response is received from the processor. nFIQ
can be synch o nsynch to MCLE, depending on the state
af ISYNC

aIRQ
Not intermupt request

A< WF1Q, but with lower priority. Cau be takien LOW 10 intesmupt the
processor when the appropriate enable is active. nIREQ can be
or . on the siaze of ISYNC.

aM[4:a]
Mot processor mode

These are the inverse of the internal stanas bits mdicating the current
processor mods.

B ARM7TDM

3-Apr-07 (17)

| (Rev 4) Signals - 9

nMREQ 5}
Not memory request

nOPC (=]
Wot op-cods fetch

nRESET c
Not reset

uRW o

Not read, write

When the processor requires memory access during the following eyele
this is LOW.

When the processor i fetching an instruction from memory this i LOW.
Thas is one of the signals controlled by APE, ALE, and ABE.

Used 1o start the processor from a known address

A LOW level canrses the instruction being executed to terminate
abnonmally.

This signal must be held LOW for at least two clock cyeles, with sWAIT
held HIGH

When LOW the processor performs internal eycles with the address
ingrementing from the poine where reset was activated, The address
overflows to zero ifRESET i held beyond the maximum sddvess Basie
When HIGH for at least one shosk eysle, the prosessor restarts from
address 0.

When the processor is performing a read cyele, this is LOW.
This is one of the signals controlled by APE, ALE. and ABE.

A

MCLK I
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Reset Timing

Fetch 1 Decode 1 Execute 1

A T 0 A A

nRESET /

o

A[31:0) X

x X

VL E M ow W w e X

D[31:0) ——{_|

L —(]

nMRECQ
SEQ

O— i ——O =
\U A
A

nEXEC




3-Apr-07

3-Apr-07 (19) 3-Apr-07 (20)

& ARM7TDMI (Rev 4) Signals - 10 2 Memory Cycles

wWAILT Ic When LOW the processor extends an access over n number of eyeles of
MCOLE, which is uf:l'.l! for accessing slow memory or peripherals The ARM7TDMI-S processor bus interface can perform four different fypes of memory
tatemmally, nWALT is logisally ANDed with MCLK and niust only cycle. These are indicated by the state of the TRANS[1:0] signals. Memory cycle types
change when MCLK is LOW are encaded on the TRANS[1:0] signals as shown in Table 3-1

Tf uWAIT is not used it must be tied HIGH

Not wait

Table 3.1 Cycle types

SEQ o Whea the address of the next memory cycle s closely related 1o that of S ANEITI0] e e
Sequentinl address the last memory access, this is HIGH
In ARM state the new nddress can be for the same word or the next. In 00 Icyele Internal cycle
THUMB state, the same halfivoed or the mext -
01 Ceyele Caprocessor register transfer cycle

It ¢an be mied. i combimation with the low-order address lines, 1o
le can use a fast maemory mode (for example 10 N eyele Nonsequential cyele
bypass the address translation system. =

indicate that the nex
DRAM page mode) or o

11 S cycle Sequential cycle
VDD P Provide power to the device
Power supply A memory controller for the ARM7TDMI-S processor commits 1o a memory access
vss P These comestions are the ground reference for all signals. only on an N cycle or an S cycle
Ground ' '
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2. Memory cycles B Memory Cycle Timing

Nonsequential cvele 4—— N-cycle —p-4 S-cycle 4 |-cycle w4 Ccycle -

Durring this cycle, the ARMTTDMI-S core requests a transfer 1o, MCLK

or from an address which is unrelated to the address used in the |

preceding cycle. A[31:0] X a X Tara X a8 ¥ | X
Sequential cycle  During this eyele, the ARMTTDMI-S core requests a transfer 10 .

or from an address that is either one word or one halfword greater NMREQ L H H J'r | |t

than the address used in the preceding cvele,

During this eycle, the ARMTTDMI-S core does not require a

transfer because it is performing an internal function and no useful _ 4
etching 4 i : nRAS \ !

prefetching can be performed at the same time.

icle nCAS } S V|

During this cycle, the ARMTTDMI-S core uses the data bus 1o

communicate with a coprocessor but does not require any action D[31:0] { 1 )_LJ—_E_

by the memory system,

ransfer

Coprocessor register
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2. NWAIT E. Basic memory system
fa— Cyeies Doconte #——F Cycles {—— Docoos +—Cioies —»
Used to makle Ia s s e—n |85 —n s * Simplest for ROM
memory cycle longer so - il i : ; .
memory device has e | ]_l L agg:'t\itlc R ROWO=
more time to respond AT __J N ( ) control
* Address bus
weeo A A n i il connected together e

e Each SRAM/ROM
responsible for 8-bits
of 32-bit data bus

* Oe and we used to
enable output and o=t
write of chip so o]
multiple chips do not
try to drive the same
signal

Figure 3-21 Typical system timing
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A

+ Decides when to activate ROM and when to
activate RAM
— This logic determines system memory map i.e. which
address corresponds to which memory device
« Controls byte write enables during a write
operation
— For word write, all write enables must be asserted.
For say byte write to address 0x8000003, only assert
SRAM3
¢ Ensures data ready before processor continues

— In the following design, assume memory is fast
enough. Otherwise, need to use nWAIT

Control logic

aﬁé Simple ARM memory system
control logic

e ROM or RAM

— Memory map
- Start at zero after reset
(ROM)
- A31=0 (ROM)
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- A31=1 (RAM)

~,,
H o

~ A2
H

* Run mclk slowly

enough to ensure that
all the memory devices
can be accessed
within a single clock
cycle R

A RANwed
e
)
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‘ﬁaROM wait control state transition
diagram

« If we speed up the mclk, it will stop working when
the slowest path fails (ROM access)

— To achieve higher performance, clock is tuned to RAM access
time
« Wait states to give more access time to ROM (assume four clocks)

ﬁe DRAM memory organization

« Dynamic memory
made from single
transistor memory
elements

« The row and

address signals are AlnC]
multiplexed to reduce
pins. Hence we need
to present the row
part of the address,
do aras, present
column, do a cas to
address a single cell ras: row address strobe ;

cas: column address strobe
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-— 3|

array of
memory
cells

latch
decoder

mux

latch

data
out
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‘ﬁa ARM address register structure

seq signal
(address + 4)

incrementer

address to memory

fromALU

exceplion
vector

fromito PC in register bank

A

DRAM timing illustration
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melk L I LI L

| | | | |
asro _ X1 a1 X1 ava X1as X1

| | | | |
seq [ | | [
ias | t t t |/_
as | [ A A W A
blato) ——, ! Oo—0—0

N cycle Scycle Scycle
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2 Memory Quiz

» For the ARM memory system control logic
slide, explain what is required for
nRAMwe3 to be asserted

» What is the difference between a pipelined
and non-pipelined memory cycle? What
signal controls this function?

* Why is nWAIT needed?
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2 Memory

* Must be a write cycle with A[31] high AND (A[OJA[1] +
A[1].mas[0]./mas[1] + /mas[0].mas[1]) AND MCLK high
— A[31] is upper half of address space
— A[O0JA[1] means address is 11 in bottom 2 bits
— A[1].mas[0]./mas[1] means halfword access and A[1] set
— /mas[0].mas[1] means word access

— In words, for a write cycle to be made to SRAM3, it needs to be
in the upper half of the address space i.e. address >=
0x8000000 and either (bottom bits are “11” or halfword access
and A[1]=1 or word access). See description for mas signal in
earlier slide

» See notes for other 2 questions
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2 AMBA - 1

« Advanced Microcontroller Bus Architecture

— Standard of on-chip communication between different macrocells for
high performance embedded system design

— Hierarchical Bus architecture

High-perfarmance High-bandwidth
ARM processor an-chip RAM
I I UART Timer
High-bandwidti AHB APB

Memory Interface

DMA bus.
master AHE to AP Bridge
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g2 AMBA - 2

 AMBA buses

— AHB(Advanced High Performance Bus)

« Connect between high-performance system modules
— ASB(Advanced System Bus)

* Subset of AHB
— APB(Advanced Peripheral Bus)

« Simple interface for low-performance peripherals
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2 AMBA - 3

AMBA buses (cont'd)
AHB ASB APB

- burst transfers - burst transfers - low power

- split transactions - pipelined operation | - latched address and
- single-cycle bus - multiple bus control

master handover masters - simple interface

- single-clock edge - suitable for many
operation peripherals

- wider data bus

configurations

(64/128 bits)

- multiple bus

masters (up to 16)
- pipelined operation
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g2 AMBA - 4

« AMBA AHB component
— Master
« Initiate read and write operations by providing an address and
control information. Only one bus master is allowed to actively use
the bus at any one time.
— Slave
= Responds to a read or write operation within a given address-
space range. The bus slave signals back to the active master the
success, failure or waiting of the data transfer.
— Arbiter
« Ensures that only one bus master at a time is allowed to initiate
data transfers. Can use the priority
— Decoder
« Decode the address of each transfer and provide a select signal
for the slave that is involved in the transfer.
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2 AMBA - 5 g AMBA - 6

< AMBA AHB component (cont'd)

 AMBA APB
— — APB bridge: only master in APB. Act as slave in AHB
Py e — APB slave: peripherals

Master _MWDATA

Hanata

— Simple protocol

HADDY

woor | [] woars | Slave
Master _HWDATA T wioarn | #2
CES e “ et s |

Hapoy

HADOR wwoars | Slave

Master _HWDATA ‘Wrhe ol mus HROATA #3
e HIDATA e dla m

e Processor core
— Master in AHB
— Connect through the memory interface of core

Slave
#4

3-Apr-07 (39)




