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AMBA

s Advanced Micro-controller Bus Architecture
“AMBA 7 EE T kLopen ='free
s AMBA 7t FA‘
= AHB
= APB

= ASB
= Test Methodology
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AMBA

\/
Q‘O

pe

I JAMBA %fifgfS0C » ~ 43ty 5 1" high-

rformance pJsystem bus - AHB == low-power

Hperipheral bus — APB -
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System busil £ 3814 [f1U[1Andesfiembedded
processor??DMA controller > on-chip memoryﬂlﬁ [
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¢ single-clock edge operation
¢ non-tristate implementation
** burst transfers

s split transaction

s multiple bus master
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AHB system

NAHB Systemi_ 'TMaster » Slave - Infrastructure
77 FIsE Y o ﬂ[ﬁAHB bus - {Ej l(transfer)
glmasterf Sl > phislave prg [ o i
frastructure H[If! 1arbiter - master to slave
multiplexor > slave to master multiplexor -
decoder - dummy slave - dummy master =
B o
*AHB IV Hv T | ¢ T Srfolarbiter > RLEREG 4L FEmultiple
master > NS ’Faarblter < HES o fiydecoder F[RL
FIED A {ﬁlifﬁﬂw » femultiple slaveHl TE”E'[H“%
transfer slave - [fijf ¥ multiplexor [I[RLETE bus [y
routlng(iE ML F'Jtrlstate bus) > }lﬁj’ bus PE SEAT
T master Fislavef] I

._'
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AHB system

Master to Slaver Multiplexor

Slave to Master Multiplexor

\ P
Master I . _ i |
A | Slave 1 Mitel e b Slave 1
o / <
Master )
—-| S ave 3 Slave 3
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AHB system

o Bus F{H! ﬁjarjﬂ VB s ' '] si sy clock - arbitration
address - control signal > write data > read data -
response signal -~ & o [ﬁﬁ 1“clock =Farbitration
PRSI ETERPVESRE €A multiplexor - rﬁa\ﬂH
master to slave multlolgxor ﬂ Jg*yFFEJaddre S,
control signal, write data > a\ﬂlgqslave to
master multiplexor pHH[[E Jrea data =Fresponse
sighal -
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AHB system

HCLK Clock source Bus Clock < All signal timings are related to the rising edge
of HCLK -

HRESETn Reset controller active LOW - reset whole system -

HADDR[31:0] |Master 32-bit system bus -
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AHB system

HTRANS[1:0] |Master current transfer type

HWRITE Master HIGH : write transfer - LOW : read transfer -
HSIZE[2:0] Master the size of the transfer -

HBURST[2:0] [Master Indicates if the transfer forms part of a burst -
HPROT][3:0] Master Implement some level of protection °
HWDATA[31:0] |Master write data bus -

HSELx Decoder slave select signal -

HRDATA[31:0] |Slave read data bus -

HREADY Slave High : transfer done - LOW : extending transfer -
HRESP[1:0] Slave transfer response -

HBUSREQx Master bus request =

HLOCKx Master Locked transfer -

HGRANTx Arbiter Bus grant signal -

HMASTER][3:0] |Arbiter Indicate granted master number °
HMASTLOCK |Arbiter Locked sequence -

HSPLITx[15:0] |Slave Split completion request -
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AHB system

“» AHB}bus interconnection
%?chontrol signal (HBURST, HTRANS =) IINETAES
i 4 [T HADDR - ¢
= Master =" Arbiter I [ty Request/Grant F5 -
o Decoder‘:*'ﬂF [B'Slave [t JF JSeIection ISR

= Control mux [ Joutput ﬁ[m control FHEE[E 5 &
Slave /PJ‘JBF UArbltEr (HTRANS/HBURST) -

= Response signal (HREADY, HRESP)~mux - 4
Arbiter T;%EITH',HMASTER SHEH :gfﬁ%%ﬁ%master—

to-slave multiplexor » I'| {EE5selection signal -
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AHBHYbus interconnection

Arbiter
HADDR
HADDR HWDATA Slave
#1
Master | HWDATA HRDATA
#1 HRDATA
HADDR
HADDR ) HWDATA Slave
#2
Master | HWDATA Address and HRDATA
#H2 HRDATA control mux ]
T HADDR
HADDR ) HWDATA Slave
#3
Master | HWDATA Write data mux HRDATA
#3
HRDATA Read data mux
r HADDR
HWDATA Slave
#4
HRDATA

Decoder
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AHB system

> Basic transfer
* address phase

[Hi=pYkLladdress = control signal

= data phase

flwrite/read data =“response signal

HCLK

HADDR[31:0]

Control

HWDATA[31:0]

HREADY

HRODATA[21:0]
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Basic transfer

< transferdata phase [5 ' -7.3% 7 1{Fclock cycle
]35S > slavei’ M [HREADYF 3R, 4= (extend)
transfer - H{HREADY ELLOW[E; > o transfer i)
FAN ifiinIGHEﬁ » [ FEAE T ptransfersdi

o [HES R postatus ) EISIave[H'T;%EJHRESP

T EhLOKAY, ER R0R )

S
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Basic transfer

HCLK

HADDR[31:0]

Conftrol

HWDATA[31:0]

HREADY

HRDATA[31:0]
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Basic transfer

% — Ftransfer }ﬂél[xw ﬁpqasei/ﬁ SRy o B HEE
puspperfor ance A—IB}[ﬁmultlpIe transfers;
nipeline& = » transferfii]f~address phase dai

nhasefloverlap w— &HY >

oo O 0 DO [e D0 )0C
)& S o Y O

o O OO 1w O OL
wesor [ | V ! [/ V W

e XN X T =0C
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Basic transfer

X A 'Fjr}transfer ~data phase="* — “~transfer
[vaddress phase xloverlap (v > Bl EyE T
transferJdata phase¥iextend ij - address
phase-J i 5L =
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Control signal

*HTRANS[1:0] : Transfer Type
HBURST[2:0] : Burst Type
HPROT[3:0] : Protection Control
SIZE[2:0] : Transfer Size
WRITE :Transfer Direction

4

L/

L)

Y

*

e

*

o

*
|

o

*e
|
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Transfer Type

< AHB _F4 & |97 transfer type
o IDLE Fep- slave:tj:“’ﬁl F erJtransfero [ ,master
1<E E‘Hvﬂl fol G2 n I*E%c,lave +transfer pdata
phase [pf %Lzero wait cyclef™ KAYr sponse o
= BUSY : I—F burst transfer [k  master{it=glagiftransfer
n\FsIave » T masterN5UETR T IR bﬁﬁ}[]] mk[%‘ﬁﬁ =S
”HE[{F' IFHtransfer type ﬂﬁlslave slave iy
responser“ %7’—“?—[{[”“ E|DLE transfer Eﬁ ﬁl[p > S E‘jﬁizero
wait cyclefyOKAY response o
= NONSEQ (Non-sequential) :#¢,-1- | IFjijtransfer fi
address HlcontrolZH5E=2 - Zrtransfer=" B o
= SEQ (Sequential)) ijm address A1 - = *‘Ttransferﬁ'
&+ hjcontrol FERTI[A1 - Artransferﬁl[ﬂ ; @f{ 2 =
Burst transferf|1 o
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Transfer Type Example

o3 @Eﬁﬁ?»ﬁ%‘,l@ﬂ Mp ') - 23— ZTburst transferps
type— HELNONSEQ - p19f R ETmaster = 3% =1
— 2TevR[ 017 feeycledE i - NI [BUSY
type. J =BT Srtransfer o

——

™ T2 T3 T4 TS TG T7 Ta

HCLK _ [ ] | | | | | |
NOMSEQ X:X BUSY X:X SEQ X:X SEQ X:X SEQ
0x20 X:X Ox24 X:X Ox24 X:X 0x28 X:X 0x2C

HTRANS[1:0]

HADDR[31:0]

HBURST[2:0] INCR

4
4
4
HWDATA[31:0] )} O SamX e | oo
//
4

X (UDEL(E?‘.I

< [ = 2 2

HREADY A A A AN w—
D ) G bl ot

=A== RS

HRDATA[31:0]
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Burst Type

< Burst typepl™ [ ZAHB masterii - iaddress i [Pl sl
sgitransfer (controlg*ﬂ?%iﬁffr i) - AHBYL 5 ?E“IFI'Jbu st
type - F'ij = burst fY-=2 4 (transferfu sy = AHB Spec.
Fl1E0 [beat; |ﬁ Ty ) . =address EIRRE (7 o E
Incrementi JJgﬂiburst » &) — ZTHYtransfer agidress e Sl
— ZTtransferp Jaddress Y[t —transfer size - [ijwrapping
burstfl[ifmemory = JE[5Y (transfer size X transfer beat)
| Y= TfE'memory goundary » drtransfer address 175
o nﬁ—i_?boundaryﬁ\ » '~ — Zrtransfer address ¢} sz{p'boundary &
Co BT 0 R TS (PRl [E 1_4—**'Twra|§prng burst >
nsfer Sizek: word (4 byte) » 57— *’Ttransferp Jaddressty
Ox34 ) rF‘ij(4 byte x 4 transfer)E'[Jtransferrf‘r + 16-byte
boundarysseip! > Fvl'|4 Zrtransferfyaddress i i £10x34,
0x38,0x3C, 0x30 -

L)
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Burst Type

< AHB < &4 7" FEitransfer type

HBURST[2:0] Type Description

000 SINGLE Single transfer

001 INCR Incrementing burst of unspecified length
010 WRAP4 4-beat wrapping burst

011 INCR4 4-beat incrementing burst

100 WRAPS 8-beat wrapping burst

101 INCRSB 8-beat incrementing burst

110 WRAPIL6 1 6-beat wrapping burst

111 INCR16 1 6-beat incrementing burst
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Burst Type

“+ 4-beat fwrapping burst - [k transfer size £y
word - 57l Jaddressty i+ 16-byte boundaryn;%&l' ’
T+ [Hli&[Fﬁp "] E|,UOX3C [/lxﬂj b Ll Y
0x30 -

T1 T2 T3 T4 T5 Ta T7

HCLK L | | | | |
HTRANS[1:0] >O( NONSEQ )C( SEQ >O< SEQ )O( SEQ
HADDR[31:0] XX 0x38 X:X 0x3C )O( 0x30 )O{ Ox34

<5 <5 22 9D

HBURST[2:0] )O( WRAPS
HWRITE
HSIZE[2:0 Confrol for burst
[2:0] SIZE = Workl

HPROT[3:0]

Dat
HWDATA[31:0] [u:;a;} n?xalta: [E?x:ilﬂ} D {DD::;L:]

X
W N VW
X R

HREADY

AR=R/RERS

<o <] <2 <2

HRDATA[31:0]

iy
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Burst Type

T ﬁ%ﬂp[ » (RNELRLINCR type » 5l Jaddress 0x3C .

I&ﬁ%iﬁ[m-byte boundary - £ £]/0x40 -

B |

™ T2 T3 T4 TS TE T

HCLK | | | | | |
SEQ X:X SEQ )CX SEQ
0w3C X:X Ox40 )CX Do

HBURST[2:0] [} INCR4

o

HTRANS[1:0] [} ) nonsea

HADDR[31:0] )Q( 0x38

2

HWRITE
HSIZE[2:0]
HPROT[3:0]

XX

HWDATA[31:0] || ) O [ean  [h XoaDe X ool
V
X

Control for byrst
SIZE = Word

X tﬁﬂi,

g = = e =
ARERARR

HREADY

N7
x ) O

HRDATA[31:0]

ﬁﬂ
5
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Burst Type

5 [}%‘['HIEJ[J)%L_S-beat wrapping burstiyy=" > 35+

memory boundary£332-byte » F+l) OXBCF%E@Z%{W
0x20 -

il

HOLK _ ] | | | | | | | |
HTRANS[1:0] [} ) nowsea ¥y sea )Q( sea [ sea [ sea [ seo )O( sea [ sea [ i
ooy X s (o [ o2 e [0 e D= pC e P O INC
HBuRsT(2z0]  [Y e VY Vy
ez ) P F—
worrair ) ) O ) O ) O 1 O ) O -2 G0 2 G 10

weeany N N R Y Y A
R L e e e e e i
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Burst Type

[l 1}![[k.L8-beat incrementing burst - J3fifg- Y
transfer size £iHalfword -

™ T2 Ta T4 TS Té T7 T T8 T

HCLK | | | | | I I I |

HTRANS[1:0] )Ol: NOMNSEQ X}l: SEQ )Ol: SEQ )Ol: SEQ X}l: SEQ )Ol: SEQ )O( SEQ X}l: SEQ

X
HADDR[31:0] X}( O34 X}( 036 X}( 38 X}( O3A X}( x3C X}( 0x3E X}l’\ Ox40 X}( Oxd2 X}(
HBURST[2:0] [} NCRS 0

i

HWRITE

HSIZE[2:0]

HPROT[3:0]

X

wwoatai:0] K [ Nomd X NomalX XomalX XemaX Xonel{ Xemel{ X o[l X ou)
V
XX

HREADY

S === 5

HRDATA[31:0]
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Burst Type

N[fa‘[ FLTTT A At fy=Tundefined length burstpy =" [fi
transfer S|ze~ =1 hlLHalfword - $J— Zklword -

T1 T2 T3 T4 TS TG 7 T8

HCLK [ N S [ I S —

HTRANS[1:0] >O< NONSEQ >O< SEQ >O< NONSEQ >O( SEQ >O< SEQ

4
HADDR[31:0] >O( 0x20 >O( 0x22 X}( 0x5C >O( 0xE0 >O( Ox64 >O(
HBURST[2:0] )O( INCR )O( INCR )O(

X

HWRITE

HSIZE[2:0] Contfol for burst XX Contfol for burst

SIZE = Word

HPROT[3:0]

X

HWDATA[31:0] |} ¥ = =
vV
4

HREADY

HRDATA[31:0]

L= =

B
B

a a atq
012% 0){2[? x5,
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Transfer Direction

< HHWRITELLHIGH - [l[Jmasters 7 data phaseEﬁ
}[ﬁ”?ﬁﬁ‘;[@[t’r&write data bus HWIJATA[Sl:O] =
slaved. sample=rg| - Ag!f,'HWRITEET':r,LOWE?ﬁ“ » slave
17 data phases e[t read data bus

IEIRDATA[Bl:O]  Emasterd. FIVEYE] -
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Transfer Size

HSIZE[2] HSIZE[1] HSIZE[0] Size Description
0 0 0 8 bits Byte

0 0 1 16 bits Haltword

0 I 0 32 bits Word

0 I 1 64 bits

1 0 0 128 bits 4-word line

1 0 1 256 bits 8-word line

1 I 0 512 bits E

1 I 1 1024 bits
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Slave Response

< AHBZ 1> slave #0712 JHREADY F5f
4. extend transfer(+5 * ¥ {[s'wait cycle) 9yt » =
transfer{?mﬁ (HR ADY +data phaset"fr,high) )
Slavessifi’) I 1 HRESP[l O] = master
transfers étﬁq Eﬂ*] fJstatus o 7 AH Bfkﬁrtransfer{ i N Ejj
frlJ#- pustatusH F U - OKAY, ERROR,
RETRY, SPLIT -
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Slave Response

» OKAY == transfersy Zip5u Ay - » ERROR% A
transfer4 fly " > LHPHVE *F’J‘S FUPNEYIEE R
read-onlyfmemory location » g5 FIAN A i it
FYymemory location=™ - [I{RETRYHISPLITH[[}L"]
it Hyslave2{[#r Ifjpytransferis 3 fo! 5L 2 fubus
cycleds ks » K R P ELE ‘H]El@transfebﬁfjbus
= [filock{= - [i[pVERETRY/SPLIT responses;
master » - | Ifjijfiutransfer i 559 masterﬁ%T’
flEl %éﬁﬁ[&ﬁ'[ﬁjfl@transferﬁ' [R TRy H}ﬁ
arbiterﬁ“lj‘ﬁﬁi}lﬁ bus releases; El {17F | j%{%l ymaster
fIH] o =X Retry HISplitp = [f]] v 47 arbiterp™
master@iui@ﬁ,' (Priority Scheme)
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Slave Response

& RETREY response : arbiter[* Jmasterpuf'itt@ “gh F“ ]
rJl LB master st flireg uest bus acceslet@ F

| F
E[Er A fpmaster v o [EZ/DF/\I (4 B E|RETRY
e

onse lJmaster Afi request bus tllmasterr[rt
EEJI > HIbusii ﬁ?%%ﬂrﬁc[#‘[*_' ”*jireleaseﬂjﬂ_

ltllmaster :

o SPLIEI' response : ‘dyarbiter Lff masterL[SfTUSPLIT
responseﬁj1 al rf“ maste it mask& < f
maskw ) asterEt-{r" JFF /& bus acéesstut@ o | r'=*'
Ao E Tl Ffrmasterf; arblteraﬁ‘”'requestt% = 'F’?Ejtu
masterfﬂL[SfTUSPLl resp onse ; El [arbiter t“lbus access
Nz i dumm master ARy tIDLE trfansfer 1~
master ’é %SPLITleIaE/ef* S transferpy rj*w ’r’j
QEHEHSPL'i' arblter > ] arblterrAA master U|
gnmask Z/[lrl*magtertlu ﬁt@ﬂ”}:[rrlrﬁ gﬁk access
us J o

L)
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Arbitration

< AHB fiMulti-Masterpy =5 - [fi J[ﬁj— Eﬁ | F e 57— {@'master
4. access bus - [N rarbiter. fitArbitration > I 5 {1
AL AHB Arbitraticmﬁiﬂsé‘jsﬁjﬂ
= drmasterftlfziaccess busEﬁ ) master}[ifj HBUSREQ
ignal,%f,drive high(& [’[ﬁfmasterﬁﬂ“éj F e IIMHBUSREQRH
) [ﬁj~ Eﬁ [ i F’J‘i“é | %f[a{masterﬁﬁﬁlﬁlaccess bus > [X
IF=arbiter: HCLKpYrising edge=. sample 5 [[fimaster (J
HBUSREQF\9k 1% > %ﬁ#{%ﬂﬂf[ﬁféﬁﬂ'rrquestEKJmaster
“EJ:EELET,I o priority( AHB -5 H1 <t priority algorithm » Fli=
?ﬁ%ﬁ#%{ FIET) > IR IFmasterfyHGRANTF S drive
high » %= F%FIJJ‘}acce‘ss bus: o (Z‘E'[’F'L?ti*'“éjmaster
access bus > arbiterrﬁg}i]’ 'EUA masterfyHGRANT ?ﬂ‘f%ﬁﬁ
drive LOW®.=. f%i*liiaﬁ};accessﬁ@@‘} 117
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Arbitration

= T masterfilf & = pusEgitransferkl 7 p L g
HJ (B[ access shared memoryE?j) » HII
master ' I'] 7 requestjt [ﬁJE\ }I?]’ HLOCK: i drive
high - 5,%arbiter?9€liz{'?ﬁﬁ L ?HEHI'%E'{IU

transfet ; EJEﬁ'masterﬁgr% access busfa iz o

arbiter}[ﬁj T 1 F]#bus releasesi it famaster -

[ masterf I <,k HLOCK:i5drive LOW >

arbiter} rﬁﬁ | & ~arbitrationfivEr [ -
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APB

~ELE

“ APB= piRlH [ 731 low-bandwidth (i ﬂJw 1
FIUNUART » 128437 - *L[,»F[ﬁ—JBus%EDﬁT [EﬁéAHBf'r
Multi-Master > 7+ APBFI[IE- El"lmasterﬁ“jaiAPB
Bridge(3*AHB Bus 1{/#) > WIF“T F@larblteri
—~ I request/grant 45 - APB 4 T [ETHE » f =
T fLpipeline operation » & ™ £LAPB fif“j (G

= always two-cycle transfer
= no wait cycle & response signal
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APB

2 APB FUSHE & A b |

PCLK Bus clock - rising edge 1s used to time all transfers.
PRESETn APB reset - active Low.
PADDR][31:0] |APB address bus.

PSELx Indicates that the slave device 1s selected. There 1s a PSELX signal for each slave.
PENABLE Indicates the second cycle of an APB transfer.

PWRITE Transfer direction. High for write access. Low for read access.

PRDATA Read data bus

PWDATA Write data bus
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APB

< APB_pdtransferp’ '] [+ ripistate diagram s 3¢

|
/_—\' No transfer
IDLE
PSELx =0
PENABLE =0

Transfer

'

SETUP

PSELx =1
PENAEBLE =0

l

ENABLE
PSELx =1
PENABLE =1

Mo transfer Transfer
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APB

“ — [BfltE, KB IDLE state > IHﬁj NSE |transferi2£17 NS E |
slave P {5 £[(PSELX=0) -

& EJtransferE,h_ﬁE PSELX 1, PENABLE=0 > ;£

ETUP state » 1| = | F 17 SETUP state

% [f1¥/one-cycle > FJIPCLK“k ([Frising edgeﬁﬂlu
ENABLE state -

* +3% * ENABLE state jﬁj YT SETUP statef"PADDR,
PSEL, PWRITE ~gh F,i 3 PENABLE¥®:assert -
transfer+ ;1 ¢ ENA LE statext: "L Fone-cycle - transferi+
'ﬁ"if_“}SETU 'ﬁENABLE State [’éiﬁ“fﬁ FRy T f%'?E'IJQ”LJ
transferf![|<~' 1% * IDLE state » £ & ﬂqv%ﬂﬂ Jtransferfl][:&
SETUP state -
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Write Transfer

O:OELYI:EI?Jwrite transfer - Eﬁ [ET2->T4 £~ [WAPBY
write transfer(5! (= APB transfer flalways two-
cycle) » 27— {fcycle : T2->T3 £3SETUP Cycle -
27 {Fcycle:T3->T4 £3ENABLE cycle - “&j@’[ﬁf
transfertf! » address/control/dataz ‘54 [B%T,%féﬁ T
W@ o rtransfersdfiph iz » PENABLEF 97— 87
deasserted ( go LOW) - [iPSELXF5#F| ] Jﬂ}dﬁ’l |
o FEtransferfol £ Al fislaveiE = > [
ﬁﬁ\%ﬂ(HlGH) I o e pedirve Low o BT ES
o aTfipower » F N e transferi g
address_/write?*%*ﬁ~ Eél,%'é“ﬁ BN @l 2N E
transfergg & o
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Write Transfer

T1 T2 T3 T4 T5

PADDR ﬂ A“d" "
PWRITE f /

PSEL é éf! é é\\

PENABLE / \

PWDATA ﬂ Déﬂt‘a 1 ﬂ
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Read Transfer

“»Read transfer > [ +"PWRITEELOWYL » El Ggpv
address/seIec:t/strobe;;%”}%]ﬂ%E ’i’fr’g‘(ét—wrlte transfer
ffEl[ﬂJ T read transferﬁﬁ slave *’f1+- ENABLE
cycleHd dataﬂ\F,APB Bridge 7+ T4p JEﬁ“F EIJ‘
sample o

T1 T2 3 ) .
L .
PADDR ¥ Aizﬂdr 1
PWRITE T
PSEL [7 U_
PENABLE
PRDATA )
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APB Slave ==APB bridge

% Rl ETAPB slavefi§ » i I'3E &5 FipyRE i
— <. latch write data :
o ﬁ‘iPSEL?E,HighE\n*]EIfJE~ cycle
o EQ’PSEL?&TJ,HIGH Eﬁ » PENABLEF}™ rising edge

< ¥ read data - slavefl[[[i' '] 7 PWRITEELLOW[f|
PSEL > PENABLE¥, EEHIGHE% » . drive read
data bus -
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