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Introduction

• Memory interfaces
– How the ARM processor connects to memory

• Peripheral interfaces via a bus
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General

• Standardized arrangements of signals are 
used in a microprocessors to facilitate 
transfer of data
– Called buses
– Allow different types/sizes of memory and 

peripherals to be easily connected to the 
processor

– Allows for customization e.g. memory 
configuration, devices etc

3-Apr-07 (4)

ARM memory interface

• ARM bus signals
– A 32-bit address bus, A[31:0]
– A 32-bit bidirectional data bus, D[31:0]
– Control signals:

• mreq* : memory is needed
• seq: address is sequential
• r*/w: direction
• b*/w  on earlier version; mas[1:0]: size of transfer

– Bus timing and control signals (abe, ale, dbe, lock, 
bl[3:0])
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The ARM memory interface

• Used for connecting an ARM processor 
to a memory system

• ARM bus signals
– A 32-bit address bus, A[31:0]
– A 32-bit bidirectional data bus, D[31:0]
– Control signals:

• mreq* : memory is need
• seq: address is sequential
• r*/w: direction
• b*/w  on earlier version; mas[1:0]: size of transfer

– Bus timing and control signals (abe, ale, dbe, lock, 
bl[3:0])
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Simple Memory Cycle
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ARM7TDMI (Rev 4) Signals - 1
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ARM7TDMI (Rev 4) Signals - 2
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Pipelined & 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
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ARM7TDMI (Rev 4) Signals - 3
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ARM7TDMI (Rev 4) Signals - 4
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Bidirectional & Unidirectional Bus

Unidirectional – Inside ASIC

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

• Bidirectional: less wires

• Unidirectional: capable of higher speed 
and lower power due to reduced 
capacitance
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ARM7TDMI (Rev 4) Signals - 5
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ARM7TDMI (Rev 4) Signals - 6
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ARM7TDMI (Rev 4) Signals - 7
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ARM7TDMI (Rev 4) Signals - 8
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ARM7TDMI (Rev 4) Signals - 9
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Reset Timing
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ARM7TDMI (Rev 4) Signals - 10
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Memory Cycles
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Memory cycles
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Memory Cycle Timing
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nWAIT

Used to make a 
memory cycle longer so 
memory device has 
more time to respond
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Basic memory system
• Simplest for ROM 

and static RAM 
(SRAM)

• Address bus 
connected together

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

• Oe and we used to 
enable output and 
write of chip so 
multiple chips do not 
try to drive the same 
signal
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Control logic
• 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
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Simple ARM memory system
control logic

• ROM or RAM
– Memory map

• Start at zero after reset 
(ROM)

• A31=0 (ROM)
• A31=1 (RAM)

• Run mclk slowly 
enough to ensure that 
all the memory devices 
can be accessed 
within a single clock 
cycle

3-Apr-07 (27)

ROM 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)
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DRAM memory organization

• Dynamic memory 
made from single 
transistor memory 
elements

• The row and 
address signals are 
multiplexed to reduce 
pins. Hence we need 
to present the row 
part of the address, 
do a ras, present 
column, do a cas to 
address a single cell
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ARM address register structure
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DRAM timing illustration

mclk

A[31:0]

seq

wait

ras

cas

A A+4 A+8

S cycle S cycleN cycle
D[31:0]
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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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Memory
• Must be a write cycle with A[31] high AND (A[0]A[1] + 

A[1].mas[0]./mas[1] + /mas[0].mas[1]) AND MCLK high
– A[31] is upper half of address space
– A[0]A[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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AMBA - 1

• Advanced Microcontroller Bus Architecture
– Standard of on-chip communication between different macrocells for 

high performance embedded system design
– Hierarchical Bus architecture
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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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AMBA - 3

- low power 
- latched address and 
control 
- simple interface 
- suitable for many 
peripherals 

- burst transfers 
- pipelined operation 
- multiple bus 
masters

- burst transfers 
- split transactions 
- single-cycle bus 
master handover 
- single-clock edge 
operation 
- wider data bus 
configurations 
(64/128 bits) 
- multiple bus 
masters (up to 16) 
- pipelined operation 

APBASBAHB

AMBA buses (cont’d)
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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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AMBA - 5

• AMBA AHB component (cont’d)
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AMBA - 6

• AMBA APB
– APB bridge: only master in APB. Act as slave in AHB
– APB slave: peripherals
– Simple protocol

• Processor core
– Master in AHB
– Connect through the memory interface of core
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