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AMBA 5 AHB5

ARM® AMBA® 5 AHB Protocol Specification: AHB5, AHB-Lite, 2015.

AMBA 5 AHB5 (Advanced High-performance Bus) is the latest addition to the AMBA 

family, complementing the ARMv8-M architecture to extend the TrustZone security 

foundation from the processor to the system.
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CHI - Coherent Hub Interface
ACE - AXI Coherency Extensions
AXI - Advanced eXtensible Interface
AHB - Advanced High-Performance Bus
ASB - Advanced System Bus
APB - Advanced Peripheral Bus
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AHB5 new properties

Extended_Memory_Types

HPROT[6:4]

Secure_Transfers

HNONSEC

Endian

Little & Big endian

Stable_Between_Clock

Glitch free between consecutive two rising edge of HCLK.

Exclusive_Transfers

HEXCL, HEXOKAY

Multi_Copy_Atomicity

The single-copy atomicity size defines the number of data bytes that a transfer is guaranteed 

to update atomically.

E.g., 32-bit data

Multi_Copy_Atomicity: Writes to the same location are observed in the same order by all 

agents.

Related to cache coherency
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AHB blocks (1/2)

Burst transfers.

Single clock-edge operation.

Non-tristate implementation.

Wide data bus configurations, 64, 12

8, 256, 512, and 1024 bits.
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AHB blocks (2/2)
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Transfers
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Master signals
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Slave, Decoder, and Mux signals
Slave signals

Decoder signals

Mux signals
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Memory types

The master sets HPROT to 0b0011 to correspond to a Non-cacheable, Non-bufferable, privileged, data access.

Slaves do not use HPROT unless absolutely necessary.
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Exclusive Transfer

This sequence ensures that the 

memory location is only updated if, 

at the point of the store to memory, 

the location still holds the same 

value that was used to calculate the 

new value to be written to the 

location.

If the Exclusive Write transfer fails, it 

is expected that the master will 

repeat the entire Exclusive access 

sequence.

‘Exclusive access monitor’

It monitors which master is 

performing exclusive transfer.

Exclusive Read

(HEXCL, HMASTER)

Internal modification on 

the read data

Exclusive Write 

(HEXCL, HMASTER)

Master A

HEXOKAY==1?

N: FAIL

Y: Success

Memory location X

Time
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Exclusive signals

HEXOKAY must only be asserted in 

the same cycle as HREADY is 

asserted.

HEXOKAY must not be asserted in 

the same cycle as HRESP is 

asserted.

HEXOKAY should not be driven 

when ERROR, i.e., HRESP is 1.
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Endianness

Little-endian and big-endian AMBA AHB usually uses little-

endian.

AHB5 also allows big-endian in two 

forms.

BE8: Byte-invariant big-endian (i.e, 

address invariant)

메모리에있는 byte 단위데이터는
little-endian이든 big-endian이든동일
한주소를갖는다.

BE32: Word-invariant big-endian

4-byte로참조할경우, little-endian이든
big-endian이든동일한값으로참조된
다.
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32-bit register

MSB

31 0
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Memory

little-endian

big-endian

Middle-endian for the case of PDP-11:

Big-endian among 16-bit, while little-endian within 16-bit.
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Byte-invariant
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dd

cc

bb

aa+0

+1

+2

+3

Addr Memroy

(byte)

lsb

msb

msb

lsb

... ..

(LE) (BE)

Access Addr=+0

Read 1 byte:

Read 2 byte:

Read 4 byte:

(LE)

0xaa

0xbbaa

0xddcc_bbaa

(BE)

0xaa

0xaabb

0xaabb_ccdd

address 

preserved 

for 0xaa

Access Addr=+1

Read 1 byte:

(LE)

0xbb

(BE)

0xbb

address 

preserved 

for 0xbb

Access Addr=+2

Read 1 byte:

Read 2 byte:

(LE)

0xcc

0xddcc

(BE)

0xcc

0xccdd

address 

preserved 

for 0xcc

Access Addr=+3

Read 1 byte:

(LE)

0xdd

(BE)

0xdd

address 

preserved 

for 0xdd

Address invariance (byte invariance)

When 4-byte data is read by big- or little-endian fashion.

The 4-byte are stored at the same address (invariant), 

but its significance varies depending on access size.

위표에서, 같은 byte는같은주소같은 byte-

lane을사용
특정주소에특정 byte가 little/big에무관하게동일해야하므로

혼용을위해서는 conversion 기능이버스에구현되어야함

옆예제에서,
‘aa’는 little-endian이든 big-endian이든 +0 주소에저장된다.

따라서 significant가바뀐다.
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Word-invariant
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Data invariance

32-bit data invariance (word invariance)

The datum of 32-bit word always the same value 

independent of endianness.

This scheme makes it possible to 

inter-mix big- and little-endian 

system without any treatment.
However, accesses should keep its access 

size.

E.g., 32-bit data invariance only 

guarantees data-invariance for  32-bit 

wide data access.
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