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= 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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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.

—HWDATA[31:0]

“l4——HRDATA_3

[4-HRDATA[21:0]

4——HRDATA_2

—HADDR[31:0} 3 . .
| HSEL_1 & Single clock-edge operation.
e = Non-tristate implementation.
Mastar
Multiplexor L & Wide data bus configurations, 64, 12

8, 256, 512, and 1024 hits.

___l——HRDATA_1

Global /——HRESETn—»| —HADDR{31:0]1— Global ;—HRESETn—»{
signals _- HOLK—»] —HWRTE—> signals: HCLK——s]
—HSIZE[2:0]—»
Salact HSELx—|
Transter J HREADY —| [ HBURST[2:0]—» >;:fi’:mll
responsa \_ HRESP— | Master | uppoTia.o)—» ——HADDR{31:0]—p|
—HTRANS[1:0]—p HWRITE—>|
—HMASTLOCK—_/ ——HSIZEZO]—#  gave
Addrass | ——HBURST2:0]—»| [—HREADYOUT—»", Transfar
Data ——HRDATA[31:0] = F—HWDATA[31:0] = Data
A1) ARl and control | ——HPROT(3:0]—| HRESP——+ _Ji rasponss
—HTRANS(1:0]—»]
—HMASTLOCK—»|
HREADY —{
Data  —HWDATA[31:0] —HRDATA[31:0] =  Data
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AHB blocks (2/2)

Slave 1
Master Slave 2
Slave 3
Figure 4-1 Slave select signals
—HADDR[31:0]
[ X1 |4—HRDATA_1 —]
[4-HRDATA[31:0] = X ¥1 l4—HRESP_1—] Slave 1
21 [+-HREADYOUT_1— HREADY
Mastar
Multiplescor
X2 | 4—HRDATA_2 —|
le—HRESP—] v2leHRESP 2| Slave 2
22 |« HREADYOUT 2 HREADY
X3 [4—HRDATA_3 —|
l+—HREADY. z ¥3 4—HRESP_3— Slave 3
23 |+ HREADYOUT_3-] HREADY
N
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r with one wait state
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Figure 3-7 Locked transfer




Master signals

Name Destination Description
HADDR[S1:0]  Strve and dncoder The 32-50t rystem address bus
HBURST[:0]  Siwe the ramafer 1 2 sungl : part of  bust.
Ficed lengrh busts of 4, 5. 20d 16 beatsare The bust cam be
e whagppeng Incsemenning bursts of usdefined langth are shio

HMASTLOCK St

e cunest wanster s pat o  locked seqy
e d costrol sigmals
See Locked ransfer: cm page 332

HPROT]  Sime e Jrspe—"
Sae Prowcrion convol ce pape 344
HPROT(6:4]  Siwe The -t axswsion of e HPROT sgnal that i axtuaded mvcscey types.
This sapeal extemsacn 1 cxpported i the AHBS Extaded_Memery_Trpes property
i True
See Memery opes ou page 3-45.
ACEEE 6
HSIZE[:0] Sie Lodicates tha size of the mancfs, et s ypacally by, Balfword, o wesd. Tha
protocol allows fo lsger transfersizes wp 80 3 maciomum of 1024 bit
See Tancfor ste ce page 333
e ———
HNONSEC Slave 20d docoder Iedicater that the currest ransfe 1 ather » No-secure rassfer o1 3 Secure
mmde
This signal s supperted if the AHBS Secure_Transéers property is Trwe
See Secure oamers ou page 3-30
—
HEXCL Exchucrve Transfer Indicate that the wasls s past of 2n Exclusave accuss
sequence
This sugnal s sppeted if the AHBS Exclusive_Trassfors property is Trum
Sew Exclusroe acees: signaiimg on page 72
—
HMASTER{]  Exchuseve Accesz M 2 Generated by  master if it s amulipl
e e hresd:

Modified by sa isesconnact o emsuse asch master s smsqualy idsesifod.
This sugmal s supperted ifthe AMBS Exchusive_Trassfars peoparty is Trua
See Exclustve acce:: cignaling on page §.7

HTRANS()  Sine Tndicates the rsfo type of the curreat assfur, Thas caa bo
LE

See Transfer opes om page 330

HWDATABIAP  Sive Tha it dta bus tafrs dats o the st 0 the lives duing wite
operations. A minumum data bas width of 32 it i recommended. However this
wa0n

HWRITE Stve Tndicates ‘Whea HIGH this sagaal indicaten a write Sasstar
a0d when LOW 2 ead transfer It 52 e sasse Samung 3¢ the addvess gk,
I e ————
See Basic mamsfors on page 3-28.

& Tow wrn s b wih s et rnicond 33 i Dt b wilh oo g 6-65 e e ke pecmited s withe
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Slave, Decoder, and Mux signals

Slave signals

Hame Destination Description

HRDATABLO]: Multplexor  During read operations, the read data bus transfers date fom the selected slave to the
multiplexor. The multiplexor then transfers the data to the master.
H

data bus
higher bandwidth operation.
See Data buse: on page 6-60.

HREADYOUT  Multiplexor  When HIGH, the HREADYOUT signal indicates that 2 transfer has finished on the bus. This
signal ean be driven LOW o extend 2 transfer
See Read data and response mulplexor on paze 4-54.

HRESP Multiplesor  The ponze,
information on the status of a trnsfer.

When LOW, the HRESP signal indieates that the transor status is OKAY.
When HIGH, the HRESP signal indicates that the transfer status is ERROR.
Sae Slavs mansfor responsaz on paga 5-56.

HEXOKAY Multiplesor  Exelusive Okay. Indieates the success or failure of an Exclusive Transfer
This signal is supported if the AHBS Exclusive_Transfers property is True.
See Evelursve aceess signaling on page 872

2 The resd dara bus i 32 biss. Dara b

Decoder signals

Name  Destination Description

HSELw Shve Eachslave HSELz and i P
intended for the = lsve. When the -l P the stotus of
HREADY to snzuwre 3
p———

The HSELx signal is 2 combinatorial decode of the address bus
See Address decoding on page 4-53

Forexample, HSEL_S1, HSEL 52,201

HSEL Memory.

Mux signals

Name Destination  Description
HRDATARLO]  Master Read data bus, selected by the decoder3
HREADY Master sndzlsve  When HIGH, the HREADY signal indicstes to the master and sll slaves, that the previous

tranfer s complte.
See Read data and response mulaplexor on paze +-54

HRESP Master Transfer response, selected by the decodss:
I HENOKAY Mastar Exclusive okay, selected by the decoder? I

) Table
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Memory types

Table 3-4 Protection signal encoding

HPROT[3] HPROT[2] HPROT[] HPROT[0]

D ipti
Modifiable Bufferable Privileged Data/iOpeode oo PlO"

- - ] Opcode fetch

- - 1 Data access

- 0 - User access

- 1 - Privileged access

0 - - Non-bufferable

1 f - Bufferable

0 B B - Nen-cachesble

1 B B - Cacheable

Bit

Name

Description

HPROTI8]

Data/nst

When asserted, this bit indicatas the transfar 15 3 data aceess
When deasserted this bit indicates the transfer is an instruction fatch.

HPROT[1]

Privileged

When asserted, his bit indicates the transfer is 2 privilezed access
When deasserted this bit indicates the transfer i an unprivileged access

HPROT[2]

Buiferable

I£ both of HPROT[4:3] are deasserted then, when this bit s
+  Deasserted. the write response must be given from the final destination

sserted, the write response can be given from an infermediate point, but
the write transfer is required fo be made visible at the final destination in

timely manner.

HPROT[3]

Meodifiable

When asserted, the characteristics of the transfer can be modified.
When deazserted the characteristics of the transfer must not be modified.

HPROT[4]

Lookup

When asserted, the transfer must be looked up in a cache.
When deasserted, the transfer does not need to be looked up in a cache and the
transfer must propagate to the final destination.

HPROTIS]

Allocats

When azserted, for reazons, this op i that thes
transfer 15 allocated in the cache,

When deasserted. for reasoms, this ds that
this transfer 15 not allocated in the cache.

HPROTIS]

Shareable

When asserted, indicates that this transfer is to a region of memory that is shared
with other masters in the system. A response for the transfer must not be provided
until the transfer is visible to other masters

When deasserted, mdicates that this transfer 15 Non-shareable and the region of
memot t chared with other masters m the system. A response for the transfer
does not puarantee the wansfer is visible to other mastars,

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

Exclusive Read
(HEXCL, HMASTER)

Internal modification on

e rondt ot Memory location X

Exclusive Wiite
(HEXCL, HMASTER)

(no write X)
Write on X

- update
> HEXOKAY

x
c
o
=
3 =
4 3
5 5
o o
2 2
z N

Exclusive Read
Exclusive Write
Exclusive Read
- no HE§<OKAY

2
2.
[
2
@
S
S
3
i}
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& 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.

AMBA 5 AHB5 (10)

‘Exclusive access monitor’
+ |t monitors which master is

performing exclusive transfer.




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.

HENCL Esclusree Tramsfer. Indicates that the tranafer s part of an Exchuoive sccess sequence. This + HEXOKAY should not be driven

signal is an address phase signal and has the same validity constraints as HADDR
HMASTER[mn:0]  MasterIdennifier. A master that has multiple Exclusive capable threads must generate this When E R RO R l.e. H R ES P IS 1 .

signal to differentiate befween the threads 1 !

The HMASTER value generated by the master will be combined with an inferconnect

generated value to ensure the resultant HMASTER value presented to the Exclusive Access

Mositor is unique

This signal is an address phase signal and has the same validity constraints 25 HADDR.

HEXOKAY Exclusive Okay. An additional responze signal iz 2dded to indicate the success or failure of
an Exchusive Trancfor
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Endianness

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

T e
32-bit register & AHBS5 also allows big-endian in two

forms.
+ BES8: Byte-invariant big-endian (i.e,
address invariant)
W E g e 9l byte T tlo]EH &
Memory little-endian ©] = big-endiano] & & ¢
g FAE e

+ BE32: Word-invariant big-endian

\_v_/
msg-little-endian—

o= N W

big-endian—

32-bit integer 32-hit integer b = Axs Ao littl di o] -
0A0BOCOD Memoy  Memory | DAOBOCOD 4-byte = 3 =% % little-endian®| =
s : T big-endian°] = 543 gro g FxH
L= alop a: oA = =
> a+1oc a+1:|0B | <—— |
—» a2(08|  gi2joc|<
> a+3|0A a+3: OD|=—
Little-endian T : 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

Table 6-1 Active byte lanes for a 32-bit little-endian data bus Table 6-2 Active byte lanes for a 32-bit byte-invariant big-endian data bus

Transfer size  Address offset DATA[31:24] DATA[23:16] DATA[15:8] DATA[T7:0] Transfer size  Address offset DATA[31:24] DATA[23:16] DATA[15:8] DATA[7:0]

Ward 0 Active[MS] Active Active Active[LS]  Ward 0 Active[LS] Active Active Active[MS]
Halfword 0 - . Active[MS]  Active[lS]  Halfword 0 - - Active[LS]  Active[M5]
Halfword 2 Active[Ms] Active[LS] - - Halfword 2 Active[LS] Active[M5] -

Byte 0 - - - Active Byte o - - - Active

Byte 1 - - Active - Byte 1 - - Active

Byte 2 - Active - - Byte 2 - Active -

Byte 3 Active - - - Byte 3 Active - -

Address invariance (byte invariance)

Addr Memroy

(byte) | (LE) (BE) % When 4-byte data is read by big- or little-endian fashion.
3 b Isb . .
a5 meb The 4-byte are stored at the same address (invariant),
S but its significance varies depending on access size.
+0[ aa [ 1sb msb o] % o i o = o
9] oA, B2 bytei= 2 T4 Z2 byte-
o
‘Access Addr=+0 (LE) (BE) address Iane?’— /\}'%
Read 1byte aa Saa e preserved v 54 F20l 574 byte7} little/bigell F-245}A] & A& of shr
ead 2 byte: xbbaa aal . g I . =
Read 4 byte: Oxddcc_bbaa | Oxaabb_ccdd & &85 984 conversion 7] %5 0] Bl 2ol & B ofof &
Access Addr=+1 (LE) (BE) address %“_ Ciﬂ Xﬂ Oﬂ }\1 )
[Read 1 byte: Obh Obh i + ‘aa’i= little-endian©] = big-endian o] £ +0 5= 4] A g€t}
Access Addr=+2 [05) (©E) address wh#}A] significant”} B CF,
|Read 1byter | Oxce| Oxce |«—— preserved
[Read 2byter | Oxddcc | Oxcedd | for Oxce
Access Addr=+3 (LE) (BE) address
[Read 1byter | Oxdd | Oxdd J«—— preserved
for Oxdd
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Word-invariant

Table 6-1 Active byte lanes for a 32-bit little-endian data bus Table 6-3 Active byte lanes for a 32-bit word-invariant big-endian data bus

Transfersize  Address offsst DATA[3:24] DATA[23:16] DATA[15:8] DATA[7:0]  Transfersize Address offset DATA[31:24] DATA[23:16] DATA[15:8] DATA[7:0]

Ward 0 Active[MS] Active Active Active[LS] Ward 0 Active]M5] Active Active Active[L5]
Halfword 0 - - ActivelMS]  Active[L5]  Halfword 0 Active[MS]  Active[LS] - -
Halfword 2 Active[M5] Active[L5] - - Halfword 2 - - Active[MS]  Active[L5]
Byte 0 - - - Aetive Byte 0 Active - - -

Byte 1 - - Active - Byte 1 Active - -

Byte 2 - Active - - Byte 2 - - Active -

Byte 3 Active - - - Byte 3 - Active

= 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.

r 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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