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AMBA Overview

= Advanced Microcontroller Bus Architecture

= SOC Target On-chip bus protocol

= 3 type of bus
=AHB(the advanced High-performance bus)
=ASB(the Advanced System Bus)
=APB(the Advanced Peripheral Bus)
=AXI(the Advanced eXtensible Interface)
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AMBA AHB introduce Chuins

Human Intelligent System

B AHB master

= read/write 2 &
« SHH O] SFLE2] master2H0| busE A2 Jis

= AHB slave

» =0 & address & ? LHOI A read/writes & ==&

«lI0IEf 8BS0 TSt success, failure, waitingaHEH 0l CHSH 8 2 E master0il £
= AHB arbiter

« S 0| SFLE2] master2H0l busE A E0IES
= AHB decoder

sdecoder= 8504

= Of Lt 2| decoderdt 2
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A typical AMBA-based system HUINS

High-performance High-bandwidth

Split transactions ARM processor on-chip RAM
enable the slave to

defer the operation

- High-bandwidth AHB or ASB
until it's able to External Memory
accomplish it, Interface

thereby releasing the
bus for other
accesses. The slave DMA bus .
. . master AHB to APB Bridge
signals a split or
transaction and e
saves the master
number (HMASTER
\[]). When ready to
complete the * High performance * High performance * Low power
transaction, the * Pipelined operation * Pipelined operation * Latched address and control
slave signals the * Multiple bus masters * Multiple bus masters * Simple interface
arbiter with the * Burst transfers * Suitable for many peripherals
master number. * Split transactions
When the arbiter
grants bus access to
the master, it
restarts the
transaction. SoC &1, IP ZE HZ23A &

UART Timer

APB
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텍스트 상자   
Split transactions enable the slave to defer the operation until it's able to accomplish it, thereby releasing the bus for other accesses. The slave signals a split transaction and saves the master number (HMASTER\[]). When ready to complete the transaction, the slave signals the arbiter with the master number. When the arbiter grants bus access to the master, it restarts the transaction. 



Bus interconnection

Arbiter
HADDR
HADDR HWDATA Slave
Master HWDATA HRDATA i
#1 HRDATA L]
HADDR
HADDR ] HWDATA Slave
Master | HWDATA Address and HRDATA e
#2 SRDATA contrel mux _ |
T HADDR
HADDR ) | HWDATA Slave
Master HWDATA | Write data mux HRDATA #3
#3 HRDATA Read data mux
] HADDR
HWDATA Slave
HRDATA #4
Decoder
SoC &7, IP 2Z M2 A @EIA
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AMBA AHB Overview HUINS

= High performance

= Pipelined operation
S S I I

Multiple bus masters

= It is necessary to implement Arbiter.
Single cycle bus master handover

Burst transfers

Split transactions

Single clock edge operation
=Rising edge

Non-tristate implementation

=Uni-direction|vs Bi-direction

Wide data bus configuration(64/128 bits)
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AMBA diagram

«_ HBUSREQX
«_ HLOCKx
HGRANTX
HSPLITX
A
HMASTLOCK HMASTER[3:0]

HADDR[31 01_> HREADY
HWDATA[31 OT>

HSIZE[2:0] —

A

HRDATA[31:0]

b’I-?UINS

Human Intelligent System

HADDRx[31:0]
HWDATAx[31:0]
HSIZEx[2:0]
HTRANSx[1:0]
HBURSTx[2:0]
HWRITE

HADDR[31:0]

!

HTRANS[1:0T—>
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AMBA AHB si

nal listi

1) Chuins

Human |ntelligent System
m—

Name Source Description
HCLK Clock source Bus clock (rising edge)
HRESETNn Reset Reset(Active low)
controller
HADDRJ[31:0] Master Address bus
HTRANS[1:0] Master Transfer
type(nonsequential,sequential,idle,busy)
HWRITE Master Transfer direction(high-write/low-read)
HSIZE[2:0] Master Transfer size[(8 bit,16 bit,32bit), =| CH
1024bit]
HBURST/[2:0] Master Burst type(4,8,16 beat burst X[ &)
HPROTI[3:0] Master Protection control(opcode fetch or data
access)
(privileged mode access, user mode
access)
HWDATA[31:0] Master Write data bus
HSELXx Decoder Slave select
HRDATAJ[31:0] Slave Read data bus
HREADY Slave Transfer done(high-done)
HRESP Slave Transfer response(okey,error,retry,split)
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AMBA AHB signal list(2)

Chuins

Human Intelligent System

Name Source Description
HBUSREQx Master Bus request(Z| CH 16 bus master)
HLOCKX Master Locked transfers(ngh =& 6tCHt lowdt 2 [
IHXl CHE master= ALE &)
HGRANTX Arbiter Bus grant
(HA AFE — HREADY,HGRANTXxJ} high& [IH)
HMASTER[3:0] | Arbiter Master number
HMASTLOCK Arbiter Locked sequence
(HMASTER signal 2t 2 2 timing)
HSPLITX[15:0] Slave Split completion request
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Basic transfer

HCLK

HADDR[31:0]

Control

HWDATA[31:0]

HREADY

HRDATA[31:0]

=S e

P Address phase o

Data phase _

Control

i

aigiatals

+ Simple fransfer

HCLK

HADDR([31:0]

Control

HWDATA[31:0]

HREADY

HRDATA[31:0]

_ Address phase !

Data phase

S

Data
(A)

L]
L

A

[

-

iy

A

Data
(A)

SARRS

+ Transfer with wait states

HREADY 4! S Dt '0'0lH Data phase= XIS= L
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Multiple transfer HUINS

HCLK [
e XN T DO % X e 0O 00C
o Y DC XXX & O X®)0C
wesoe ] vV N/ Vo L
S 0 S G ) 0

+ Multiple transfer
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Transfer type

Chuins

Human Intelligent System

HTRANS i
_ Type Description
[1:0]
HIOIH &2 ot UK L2 HEHOI 2 Z Master)t Slave2
00 IDLE CIOIEHE Mot A & I HAH=XISlaveZ2 2 H Okay= &
= 2= = UL
Burst® & =% =S IDLEMEIE 2 &5 &l Bursts & = [
01 BUSY OIEHE JIH I 80l 0E X EI ot JICIelH & 3B
Ol Z2+0l IDLEAIEHE 2H=D| /ol BUSYE A &L
S OIOIE ES0ILE Burst® &2 = S S& 0 AFZ S CH
10 NONSEQ | oy maer 210 2eigiCh)
Burst2 IOIHHE M &< 22 NONSEQ2 U+= HI0IH2H
11 SEQ SEQZ =&ttt (M0l d&eh 24 2HAJYLE)
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Transfer type examples HUINS

T T2 T3 T4 TS T8 T T

(=}

|
HCLK | | |
NONSEQ X}( BUSY

HTRANS[1:0] sEQ

HADDR[31:0] 0x2C

g
=
i
o
g

HBURSTI[2:0] INCR

HWDATA[31:0] (0x28)

HREADY

=8R8

g5 Iy g3 ¢ g3 <3
2> < 2=

<

S

N SET

HRDATA[31:0] =
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Burst operation DHUINS

Human Intelligent System

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 increment burst

100 WRAP8  8-beat wrapping burst

101 INCRS8 8-beat increment burst

110 WRAP16 16-beat wrapping burst

111 INCR16  16-beat increment burst
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4-beat wrapping burst

HCLK
HTRANS[1:0]
HADDR][31:0]
HBURST[2:0]

HWRITE
HSIZE[2:0]
HPROT[3:0]
HWDATA[31:0]

HREADY

HRDATA[31:0]

T1 T2

T3

T4

TS

TE

T

7

XX MOMSEQ

SEQ

2

XX 0x36 0x3C XX 030 XX (e 34
\\WRAM
Contryl for burst
SIZE s Word
X X Data Data Data
(Ox38) 030 030

//
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4-beat incrementing burst HUINS

Data
Oxd4

O =
NN /7 VA Y,
Y NN

HWDATA[31:0]

HREADY

T4 T2 T3 T4 Ts T6 ™

HCLK _ | | | | | | |
HTRANSI1:0] nowsea ) SEQ X sea O s=a [XX O
HADDR([31:0] oas [XX {I-Ix3C X oo XY o [XX 44
HBURST[2:0] - INCRA XY 44
) O ) O 0
v \\

2 < 2 R R R W

ﬁ
{
£
™

HRDATA[31:0]
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8-beat incrementing burst

HCLK
HTRANSI[1:0]
HADDR[31:0]
HBURST[2: 0]
HWRITE
HSIZE[2: 0]
HPROT([3:0]

HWDATA[31: 0]

HREADY

HRDATA[31: 0]

T

T2

T3

T4

Té

Ti0

NONSEQ

(o3

MCRE

SIZE

Conifol for burat

= Halfword

Data
{034

=

Oeia
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Oeta
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Data
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Daia
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Undefined-length bursts bHU'NS

T T2 T3 T4 TS TG T T8

HCLK | | =

HTRANS[1:0] X:XNDNSED)O( SEQ )O(NDNSED
HADDR[31:0] )O( x20 )O( 022 )O( Ox5C

SEQ X:X SEQ
OxG0 X:X 0w
IMNCR X:X iNCR

= =

HBURST[2:0]

HWRITE

HSIZE[2:0] STEl amens | XK i
HPROT[3:0]

I
X5
HWDATA[31:0] XX X XomlX X omlh X 050) . om)
v
X

K @ed

HREADY

X
V vV W | V
= =

Datd
(5

TBEhEEEEE
~HAR=RSRRS

HRDATA[31:0]
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. | @ |
Transfer size HUINS

HSIZLE[2:0] Slze pescription
000 8hits Byte
001 16bits Halfword
010 32hits Word
011 64bits -
100 128bits 4-word line
101 256hits 8-word line
110 512hits -
111 1024Dbits -
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Address decoding

Master
#1

HADDR_M1[31:0]

Master
#2

HADDR_M2[31:0]

ﬁ HADDR to all slaves

Chuins

Human Intelligent System

Address and
control mux

SoC €3, IP Z& &8E3
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Decoder

Slave
#1
Slave
#2
HSEL_S1
HSEL S2 Slave
HSEL S3 #3
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Slave transfer response : retry HUINS

HCLK _ [ ] L 4 L0 ]
HTRANS[1:0] (0 nonsea| YW sea [N e XX nonsealYX
HADDR[31:0] )O/ A )O\ Ara )O( )O( A )O(

HWDATA[31:0] )O/ X E{i*f X )O(
HREADY  |// \L_L/ V \\
HRESP[1:0] )O\ A Wremmd Y Yretry ) Y okav[} )

m okey response : 1 cycle
= error, split, retry : 2 cycle O] &t
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HCLK

HADDR[31:0]

Control

HWDATA[31:0]

HREADY

HRESP[31:0]

HRDATA[31:0]

Slave transfer response : error

DD D

Data
iA)

L
|

OEAY

b % ERROR

¥ ) ERROR

=8

.
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;h Slave transfer response : split

HCLK

HGRANT

HTRAN[1:0]

HADDR[31:0]

HBURST[2:0]
HWRITE
HSIZE[2:0]
HPROTI[3:0]

HREADY

HRESP[1:0]

T

[ —

T2

olawe
signals
split

T3

Arbiter
changes
grant

Mew master
drives

T4 address 5

[ —

[ —

W

[ —

MOMSEQ

0 o=

IDLE

A

X:X MOMSEQ

KX ave

XX

XX

B

Cantrol (A)

XX

X:X Contral (B)

A

1/

Y

SIS

1 EX
;"kaPL'T

XSF‘LIT

ey

X DAY
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Arbitration : granting bus access meU”\JSN

T1 T2 3 T4 TS T6

HCLK

HBUSREQx |/ ~_
HGRANTX \ i

HMASTER[3:0] ” )D( #1

HADDR[31:0]

e i s S et R e B e

i
=
= =

HWDATA[31:0]
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Arbitration : granting bus access with wait states HUINS

™ T2 | | T4 Ta L Ir s
Mastler assarts A numbar ﬂfcyﬁHS latar Master drives agdress aflar bath Address sampled and data
- raquest g ailer asgarts grant - _WE'.FIAHTaM HREADY am I'un“.ll_‘ ztans whan HREADY high -
HCLK

{4

HBUSREQx I »

HGRANTx y ] /
AT
£
HMASTER[3:0] " / XX #1
A / w
£
HADDR[31:0] o i A il i 0C
i /
£
HWDATA[31:0] " A Data (4]
P
[
A
HREADY ” |0\ b LA | W
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SKIP

Arbitration : handover after burst

HCLK
HBUSREQ_M1
HBUSREQ_M2

HGRANT_M1
HGRANT_M2

HMASTER[3:0]

HTRAN[1:0]

HADDR[31:0]

HEURST[Z:0]
HWRITE
HSEZE[2:0]
HFROT[3:0]

HWDATA[31:0]

HREADY

_ N
b
_ ||
b
i # 0 E
A P ronsea [ sea [ sea Y pEQ {0 0
X A~ DAC A DRCAs DOC_ 4 A A
10 0 Contolfor burft W W
W 0 e = = | =
_ N V V V | W7 A | T A
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Typical AMBA AHB-based system bU'N

High-performance

High-bandwidth

High-bandwidth
Memaory Interface

ARM processor on-chip RAM

B UART Timer
R

AHB or ASB I APB I I
D
: I I
E Keypad PIO

DMA bus
master APB bridge

SoC €3, IP Z& &8E3

AMBA Advanced Peripheral Bus (APB)

* Low power

* Latched address and control
* Simple interface

* Suitable for many perpherals
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State diagram HUINS

Default state
/’_\ /_\ No transfer
IDLE B
[ PSELx=0 ELx =1
PENABLE =0 _
1 clock = ENABLE stateZ& 0|

Transfer

SETUP
[ PSELx =1 J INABLE = 1
e 0 UM4et2 5 IDEL state® 0| =
E M0 USH SETUP statez 0l=

clal f\l\

Y Ct

ENABLE 1
PSELx =1
PEMABLE =1

MNo transfer Transfer
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APB Write/Read transfer bHU'NS

T T2 T3 T4 T5

PCLK

PADDR '“‘?d” | | | |

PADDR | }.( Addr 1

‘ PWRITE ‘
PSEL | !' | | ;!

PWRITE

PSEL

PENABLE

; PENABLE | | /SN
Data 1
PWDATA o L o R e

IDELE SETUP ENABLE IDELE ENABLE
ENABLE cycle0ll dataJt Lt 2+OFSHC

Write transfer Read transfer

L 8SEAPE E0l= L : address siget write sigE TS ACCESSIt L HE HNHAl R X & =Ch
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APB bridge “Huins

Human Intelligent System

PSEL1
" PROATA # -+ HROATA

PSEL2

Selects
System bus .
slave interface PSELn Hready

I HREADYout
PENABLE Stope MR — - ™ 'HRoEl:DY
APB - 4
slale

bridge ™ p -

Address stale
— AN PADDR
I r =

PWRITE =

Reset PRESETn | HADATA & e PWDATA
Cock  PCLK PWDATA Write data e -+ et
e

PENASLE]

PADDR

= Bridge & PAODR

= Haddt

= Address £ latchol ) & &6t -
hold > =+ PWRITE
_ iPWRITE

rir
O
e

= AddressE decodedt 1) PSELx Bt= PSELIN + PSEL
Ct PSELX
= Write &3 Al APBO GIOIH E=Ch =
= Read &5 Al system0fl APB dataa
==}
= &S Al PENABLE £ Bt=C
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APB bridge transfer(timing)

PCLK

PENABLE

PSELxx

PADDR

PWRITE

PWDATA

PRDATA

Hg

C2

Tohpsel = |—

\
Tovpsel —{
{ Addres {
Tovpa —| Tohpa—
Tovpw — { Tohpw — |X7
q Data {
Tovpwd = Tohpwd =
X pat
Tisprd —— Tihprd
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APB Slave

Write transfer = %/ off dataZ latch

= PSEL- high & @i Pclk2 rising edge [H

= PSEL- high £ [ PENABLEZ rising edge [
Write transfer

= PSELx, PADDR, PWRITE 0l 2/oll Z & = Ct

READ transferA| dataE data bus(il € =8
= PWRITE- LOW, PSELx-HIGH, PENABLE- HIGH, ADDRESS

Select PSELx
Strobe PENABLE |

Address PADDR

and APB
control PWRITE dlave
Reset PRESETn
Clock ~ PCLK |
Write data PWDATA PRDATA > Read data
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Interfacing APB to AHB(read transfer) v UINS

Human Intelligent System

T T= TS TAa Ts
I L | L
HADDR A _Addr 1 K A A
HWRITE RN A A A
HRDATA EON I W Dat= 1) Wl
HREADY 000 ¥ J L
PADDR MK Addr 1
PWRITE LY
PSEL A L
PEMNABLE
PRDATA ?—:(Data RO

SoC €3, IP Z& &8E3

>
REI
Joi
e
| >



Interfacing APB to AHB(Burst of read transfer)

Q’I-?UINS

Human Intelligent System

T T2 T3 T4 TS T6 T7 T8 To T10 ™
| | | | | | | | | |
HADDR [k Adar 1 [ Addr 2 HH Aladr 3 WK Addr 4 W W&
HWRITE A A i A i i
HRDATA i D=t {ata 2 {Data 31K 0Data
meeaoy Y TR T M TR U M |
PADDR K i Adar 1 i Addr 2 i Adar 3 b 3 Adddr 4 5
PWRITE i A A A A
PSEL & V L v | W
PENABLE A N A N S
PRDATA | 4 3 Y

4 All read transfer require a single wait state
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