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1 AMBA R Z:HhA

1.1 AMBA FrERGA
AMBA [#14:%5 /& Advanced Microcontroller Bus Architecture. ‘& HIPMELE T 3 MBSy, 2HIlER T 3
FIANRITHRE) S8t e T
® AHB-mRfE 7402k Advanced High-performance Bus (AHB)
® ASB-AMBAZ#Z 2k Advanced System Bus (ASB)
® APB-AMH Advanced Peripheral Bus (APB)

PSR RIS T BRI i

AR, XL IR AUE S0 Tk RE SOC Mt (K HIBAE bR %1 SOC it
BARYL AR AMBA BEMUE T B

A, ASB k5 AHB BERARE ARG, XAIET ASB B AHB B2k st it et
MAGATTEE AHB SR TEREMIIE, Berh& T LAEFE ASB k. (HAE0T HArm v ki, H%RE
AHB 22k, PRIAE R s 15 A4 AHB Rl APB S 2k 163

12 X AMBA FRUERT H I

B to facilitate the right-first-time development of embedded microcontroller products with one or more
CPUs or signal processors

B to be technology-independent and ensure that highly reusable peripheral and system macrocells can be
migrated across a diverse range of IC processes and be appropriate for full-custom, standard cell and gate
array technologies

B to encourage modular system design to improve processor independence, providing a development
road-map for advanced cached CPU cores and the development of peripheral libraries

B to minimize the silicon infrastructure required to support efficient on-chip and off-chip communication
for both operation and manufacturing test.

1.3 —/NHBIET AMBA KK SOC RZ4EH

IXFPISOCHMILIAHBEFHASB ARG gk T, H: [LCPU, K LAF, A DMAL: . AHBIZASB
RYG DA T MR BRI AR B BRI Tl e L o [FINF,  AMEL S ZEAPBYEAHBEE ASBA
AR T R PR B4 2 TR T RS T2 . FTLAAPBRAHBELZASBI 444 it 4k
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TR RS R

external memory C
interface
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PIO(4NE
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DMA s - M
master
K11 AR FAMBA R ZR TR R 58K
14 Ri&
* 11 Rl
Bus cycle SRR Fe—AN RIS B AHBIAPB 4T EYS ASB S

G T B 5 I 7 25T Bus cycle.
Bus transfer SERAEE ASB/IAHB S ZRALIE R HROE B ARk S40E, A
A R S 25 52 R 45 R ASBIAHB S 2535 7E 1 ek
AN R HACINASR 1)

APB [ S EALE AT AE 2 AR Y
Burst operation | f{tE#E | ¥R M RHRCMEHLIEL  APB ASCER burst

15 AHB A

AHBA EPERE I BRI Ry, RRFIN LT, & HEAEHE TCPU, F LAY, DMARIZNEN
0. AHBZ A EFN N, ESCRE2 AN EEEEE, H1UICPU, DSPRIDMAZSE, HREZH TR o Rt E

AHBITIREEELF:

Burst &4

Split &4

RS B s ZeMaster F AL
NPV

325

SRS HARTE R (648812847)

AHB S D24 Tl CPU, WAHEH, DMA 5 DSP.
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AHB (1] ) L : NENTEEL, APB M, W RAM. g —SBh N8 i L AEVE R M
ERARAS B8 (AN A H EEAE APB L,

AHB () =2 FI)RE

AHB Master: AW SR, FRAt RS S, WA A 1 /\H‘SA%EZ‘J;%%
AHB Slave: A EEAEE— e i Va FE AR N, H IR, RN EE S RFERIRES

AHB Arbiter: PP LA RN LRI NI A TR MBSO RE R, B fhasmT
DU F¢ese,  Ebfnhighest priorityisl & fair accessiias. NN EMAHB EATHER

HAT S
AHB Decoder: S OGHIMEREA TR, FFPROLAIENS 5 B Mo R0 AHB RAARTZE 1/ i

.

1.6 ASB 4 (ZmE)

17 APBAMH

APB [{]4=F5: Advanced Peripheral Bus

1 AMBA B4 10—)2, APB B4l T Uikt IMEFNRARER 24 BE M vt . APB gz H]
T AT B MR UK & B AL L TR A MR

APB &2k FIPT AR SHAEIEN A A AR, IXAMRIEOE T APB AT LU 2 D) i & 2 & A et
TR

18 EFEHARGLLL

1.8.1 Choice of system bus

Both AMBA AHB and ASB are available for use as the main system bus. Typically the

choice of system bus will depend on the interface provided by the system modules

required.

The AHB is recommended for all new designs, not only because it provides a higherbandwidth
solution, but also because the single-clock-edge protocol results in a

smoother integration with design automation tools used during a typical ASIC

development.

1.8.2 System bus and peripheral bus

Building all peripherals as fully functional AHB or ASB modules is feasible but may
not always be desirable:

? In designs with a large number of peripheral macrocells the increased bus

loading may increase power dissipation and sacrifice performance.

? Where timing analysis is required, the slowest element on the bus will limit the
maximum performance.
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1.9

? Many simple peripheral macrocells need latched addresses and control signals as
opposed to the high-bandwidth macrocells which benefit from pipelined
signalling.

? Many peripheral functions simply require a selection strobe which conveys
macrocell selection and read/write bus operation, without the requirement to
broadcast the high-frequency clock signal to every peripheral.

1.8.3 When to use AMBA AHB/ASB or APB

Afull AHB or ASB interface is used for:

? bus masters

? on-chip memory blocks

? external memory interfaces

? high-bandwidth peripherals with FIFO interfaces

? DMA slave peripherals.

Asimple APB interface is recommended for:

? simple register-mapped slave devices

? very low power interfaces where clocks cannot be globally routed
? grouping narrow-bus peripherals to avoid loading the system bus.

HER
The following points should be considered when reading the AMBA specification:
? Technology independence
? Electrical characteristics
? Timing specification.
1.9.1 HARMNLIE
AMBA is a technology-independent on-chip protocol. The specification only details the
bus protocol at the clock cycle level.
1.9.2 HIAURRPE
No information regarding the electrical characteristics is supplied within the AMBA
specification as this will be entirely dependent on the manufacturing process
technology that is selected for the design.
1.9.3 NP X
The AMBA protocol defines the behavior of various signals at the cycle level. The exact
timing requirements will depend on the process technology used and the frequency of
operation.
Because the exact timing requirements are not defined by the AMBA protocol, the
system integrator is given maximum flexibility in allocating the signal timing budget
amongst the various modules on the bus.

AMBA {55

10
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AHB P55 HIZ#0 2 Ho

#2- AHB MEEIEOESE
554 &Y 10| ¥ ik
HCLK a2 I b CGU |pagkisthl, [ELERTEAED., FrA(S St S HOLK i E T
HRESETn 2T RCU [REENESIRARN, HARGH A,
HADDR[31:0] Pihkigk M2S| I |32 £ RGEHNE R (— M R Ge ik nT LIASH 2 hl)
HTRANS[1:0] [fttem | 1 4 E%ﬁﬁﬁ@lﬁ’]%iﬂ NONSEQUENTTAL, SEQUENTTIAL, IDLE or BUSY [, [Fl3E,
5B
HWRITE fEIETT] | | T [EEEE 1-5; 01
HSIZE[2:0] [f&i%EAsse | | F [FRUYEHEIERRN: (1), 16(5F), 3205, P RFmnA 1024 AL
HBURST[2:0] [HEmEAL| | F  |0-SINGLE,1-INCR ,2-WRAP4 3-INCR4 ,4-WRAPS8 5-INCR8 ,6-WRAP16 ,7-INCR16
ARV i) — 2 e E R, T e B sr IR P T R R
, e | SRR S R R B R AR, RS AR S U ) e P R )
HPROTES: 01 BRG] 11 £ i i DT cache? O VMU KBRS 40 7 T LA ] cacheable 5%
bufferable, )
PRREE-EiT o M2S: B RS WE R R, e RD 32 B Rk E . TR (i
MDATALSL:O) e L U | st astntr
; == SeMATEIIAN § Hh PR 3 He S MR SR S
HSEL ke | i%@%sﬁﬁ{ﬁ. LTRSS Yol PArALik.  HihbigFemt e bk PR ke S i
{55 HSELX
lEEE | O S2M: PR MR A5 B 2k, HERER D 32 M ks o, nT MR 71
HRDATAL31:0] soM| M g sirn e,
MNE ARG E AR ERSER, O, v BRsh Ak
NV JELAEAG. 1 S 772 HREADY & XUA{E 5 (HREADY MUk agk EifE"s,
HREADY 258 10 Ao i MUAIS i s IR S B EU HREADY {5 it BFLI T S 2473
S HREADY {545, —ASKABZLIEAN, —NHCARIZ . )
HRESP[1:0] |[f&kmapy| O | M [ ENE EifE4PRA:  OKAY, ERROR, RETRY and SPLIT.
X AES
- MXx [i] A KRR IERE S . B2 16 DM (sl s A M R i n g
HBUSREQx  [Bus ik A ¥ [R{55 HBusReq) MR IR IHINIE S, KA B gmMEEs, e

HT B PR R M, FFAERM2S MUX RIS )
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HLOCKx

BIE RIS

M [1] A KRR T SRAE 5 o A IEHE G IS M 5531 HLOCKX iy LOW 141
TR A SRR I

1-F X TFEARFPR DRI, AEARRR 0 2 e AT AV i) B2k,

O-RFF (—EANEEREEAEH lock, PAWISETIAFALFIE, RA SR
LRBIBE T, AT LUERE R e ok R 2R HITE) (— H HLOCK #ifhas iz,
A 24E LOCK i), SERHIFTAASRE AL AR MA DX M A% 5k
A figgs At M BUR)

HGRANTx

Bus [Fl&

e

SRR M: T x (-GS S s U e 2 de . =M
Btk HREADY =1 I, A Y3 HGRANT 155« 7 HREADY 5
HGRANTX #A il , Mx SRAFEZETT A (FTiE M e B 18 Al Transter [
A%, HUMERE GG 5 288 M 3 8T, 4472 HGRANT FITHREADY A5 %)

HMASTER[3:0]

R

fibids

PRGN RIS AR T A, A RIE AR W2 . HMASTER
B 5 M Bk AR S S o 5R, JF ol A Ok g ) Hb bk £ AT % 88 .
(split (1 M B (FE E—A M Sela— IR HIE S S IEM sample RN
arbiter H HMASTER, JFf- HLA] HMASTER 4 Ayttt Fndzs il s 2k mux (I HE S . )

HMASTLOCK

Bl

s

g SRTI AR E. HR PR S HMASTER AH .

HSPLITx[15:0
]

KsoA

M

M RIS : Mx T AR eV B B A AR A0 AR M. G2 R 2 20
Jei, Mt HSPLITx {55 A G B T2 s (i D, LA ]
PRk, Sk, )

2.2 ASB 5 5¥R(ZHE)
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55% £ o | ¥ ik
. NGB, [P ETE A, I ERENE R IS A s S RS
- :
PCLK LR CGU HOLK 1 |- ARt
PRESETn ST RCU [N A %, I RG LML,
PADDR[31:0] [Huhibmgk |[:M2S| F= |32 7 R GeHhk B2k (— i R G n] LA 2k
. e (S IEFE T FORIRIRAS S Pk A, bbb
PSELx NS D[P ket S HEHR(E 5 HSELX
PENABLE  |APB kil I £ |FRs APB #EREE 2 A
PWRITE AE46 )7 Tn) I T [EEEE 15,04
o7 b vz | O S2M: A E IR 125 I R 2k, iR b 32 s B daii v o
PROATALS1:O] [PHRIREEK Vsom | M |eruiitmsur et ot
R o IM2S: EERE AR N IRIB S . HEFE R 32 fi i Mgk e, ]|
PWDATAL31:0] FEHHRREL | 1| | oo et agtia e

13
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R RHER

3 AHB jazk
% 3-0AHB B NRRY %R

3.1 {4t AHB RZ:
3.2 AHB a2k %Ly

3.3 AHB #1EMEA
3.4 JEARALI% 34.1 FEEfHEIE
34.2 5 kit
343 ZHEAkE
3.5~3.7 ¥HilE"S 3.5 (LIS HTRANS[1:0]

3.6 9841 HBURST[2:0]
3.7.14L3577 11 HWRITE
3.7.2 /1% ) /) HSIZE[2:0]
3.7.3 LAy HPROT[3:0]

3.8 HuhikiERY

39  MAEENE
3.10 Hdjm 2k
311 AL

3112 REVINER
3113  REVj ke
3114  HERTLN Burst
3115 Btk

3116  THML TR
312 ABHEE HSPLITX | 3121 4»BALiXilT
3122  ZHEBfkiE
3123  PALEY Bt
3124 BRIk AR

3.13 Z47A L HRESETn
3.14 Hdli S 2 A 5 HSIZE[2:0]
3.15 Mt L
3.16 A SEiEhc
3.17~3.21 AHB JjREE G | 3.18 AHB M
3.19AHB
3.20 fh#ks
3.21 PSS

31 f4R AHB B£k?
AHB 2Tk RERE (i1 CPU. DMA FI DSP %5)2 [alffdde, 1F4 SoC A LRGu . i
FEUL T e
#31

PR

ANV

BRI M BEAT

=21 SET 2B R AT 45 S B =25 (1 SE B 2X)
YR EALIX (burst transfers); I ERIFERINER:

hwl\)H‘_T%
J
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R RHER

SHRBeAi%(split transaction); Il 5y 8Ny s
YR T

LR 32 [/~128 fv 2k 75

YR RIS

O N|O| 01

AHB R4 BRI WBHRAIERE S5 F(Infrastructure)3 BB/, 44> AHB 2k L0 i Ak
Pk, H MR A TRV,

#3-2
5 | A Eiine
1 AHB E | AHB B4 LI EZAE:  lEA CPU, HAEC, DMA k% DSP
2 AHB M | AMERAAED, APBHF, Wi RAM. e —SBAh I 450 it REAE g AN
3 APB I o B L&l i HAE APB |
4 5t fifka%(arbiter)
5 fitt AR AR 22 25
6 gk B AR 22 25
7 4 PRI 2% (decoder)
8 REMFLE (dummy S).
9 R AR (dummy M)FTZH

311 —ANMARIET AHB R Tl s 44

3-1 4K AMBA REGAEME, HhaE T A TENERE — maliens (AHB) 1 51
MEZ (APB).

AHB T2 R . s A B R AR AT LR 2, e DU A PSS . N ek

] U B SN I I A0 e V2 7 s b i 5 ] e 119 S LN = AP L s v N OB

l‘i\‘iﬁimEE:
AMBA 1155 B R REBI ARM RELK(ASE), HATCA AHB FTIIC T, BAEASCT g
Z_\‘%&O
AMBA =11 APB -3 7R HARTRAIAR L e[GOV E R e A 88 2t L s AAk ., P

3-1 140, %157 AMBAAHB 1 APB 2 [a]fR7E 35 E 4 —HrZE(bridge), APB bridge 1240 7 M2 Kt (1 4s:
Hy, PR J% AL,
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R RHER

High-bandwidth
on—chip RAM
TRr BT PIRAM
[ ] UART Timer
B
[y ez R R
High-bandwidth 1 B ‘
external memory D |
interface g
PIOGNH
K v
DVA bus - ped I 10%¢) I

master

K3-1 AR TAMBA SR R4

AMBA 12 H bR B EAT I REAE B K IR TR N Se i — LA R A 388 - S IR GE vt T e
s MERHIFECR (Technology Independent) (RS Zkisert, Jf H I RF G AN X R Ge R A 45 5)
PAREERERTORE R SRR A BRI o HES B B R 2 1 bl
Hit LA UURUE L A P B I R GRS, 7F AVBA (RIS Mt — NIRRT i O 3RS, 145 AHB
1 APB RIEIEAME R R GEMNARE Sk AN, PR 1 Dhae il () A%

AHB DI g Kl 2 AT 52 LUERAE I LM 5 S,
7 AHB 2k b, AR
1 MESREZATH
2. AR MmN A VHE S
3. Mt SEEEE S

FEAI) AHB ALEERE:

— AL AFRAS L IS A (address, control) 5%k 1 i(data cycle). Huhik- 5k S A
/DT B, AR SR EAR R 2 LA Hcdls T LGS i HREADY {55 K4EiR.
i HREADY &I IRAL1% 4 OK.

AHB SRt EASLIE, TRl A SE bl sl o Rt (incrementing without
wrapping at address boundary), 73— FCh[RIZ¢L% (wrapping at address boundary.) .
7E AHB FE N BRI EHILE S, U 2R Bt 2 M.
S DL HRESP[L:OUF SR ALIE IR
B HRESP[1:0] = 00 (OKAY): M55 s s HREADY (OKAY+E HREADY) it
IRIAEI% EL5E
B HRESP[1:0] =01 (ERROR): f&i%KIML,
B HRESP[1:0] = 10 (RETRY) and HRESP[1:0] = 11 (SPLIT): 4¥lifLik LarZ)5e i, M 24k
SR oE AR I

16



R RHER

32 AHB BZRHZELM
AHB [P EH I R D RE W 36

% 3-3  AHB [HEEH R

i DhRgtiR

AHB X | ATV IS ERAE, ROt REsENE S, Wi LA S

AHB | S RA AR (R B P A s, e R e, RISty

SERE

AHB P s E A TTRRR BRI U LA FE TR MU e, 2
Arbiter | il LIRS e, Heln highest priority 582 fair access 5345, H
HAEM AHB LRI HEARTA fhiad

AHB | SOlttHHHLE T, JFRIE AR S81% S. 1 AHB ME&HHE 1 4
Decoder | cfr Jufffis 25

HHZESERE 3-2 iR,

fhdss
Hbk/AEHIMUX
BHIHEMUX
+1 » M1
<_
h
32 ;) » M2
<o
NN
+3 4 > v » M3
e
‘—‘ > N4
HADDR BEHHEMUX
HWDATA ‘
P
HRDATA

3-2 AHB R HiELEFE

17



R RHER

33 AHB #1Ebd

a.  {E AHB fLIETFUAZ /T, M LAGFEMPEAR IRV AL M e R R ZiisRkE S, R
Jr kAR RIS M A4 B AT LA EHAL

b.  MRREV ARG, WAL SPEEIE S, KITIR AHB {61k, iXUSE S fibfirthl, 1£&
ET7m), AEEATEE, SETRIXIRALIR A burst fL1655E R

C. & AHB I, —RALILQHEZ L, PiMES A S5 . ik 546UE 5 RINE D2
— AN, AR EAR R RN 22 LA . Edls R T LURS B HREADY 55K 4EiR .

d. AHB SCEEtbE Rl L%, aTLlAshisthl, ity 0ok Fralii i nlgefkik,

e. 4 HREADY # S fAKET, &R AEERRRAS . T BRI 1 IR, st /E 5 A HREADY
G, SRS H A AR LA

f. S LLHRESP[LOME S & EIAN IR R: OKAY, ERROR, RETRY, H{SPLIT.

0. fEAHB R4 b, M [FUEEAAT] T HTRANS[L:0]K%&R, 5 IDLE , BUSY , NONSEQ , SEQ
PUFPAIZS o

h.  7E AHB R£k F, HWRITE £M%1% 7710, HWRITE S HIGH Itf, M EAE, BdEssh M
J#%%] HWDATA[31:0] &4k L.

i.  HWRITE AR, M MOSEaEnfE, #aub2i S o453 HRDATA[31:0] &4k .

joo ARREGE /N HSIZE[2:0] FORBRHIALIRI 7 50H o

k. 76 AHB Rl A RuHB R NG, RGBT YUE

I fPEas Ll HMASTER R a1 2Mb—> M £E{§H] bus, IAES- AT ki bl 2415505

m.  —NAHATHEULIEN S LA HSPLIT[15:0ME S, 1T AiE Eab—A M S8R e 43
Ffhik

n. S ATLLH SPLIT SRARRIERAKIAAEL, AT e AT 5 I HIEE Ol /- HIEE 1) M,
LA HSPLIT {5 5 il %54 grant FLa el IR

18



R RHER

34 EAAEE
AT AHB [ JUREEA AR L

341  FEEFMEHI(no wait state transfer)

AHB FEANIEEHIE. TR, AHB IRMEIABE RS AN B MBI IZERR), 45— FrBou it
(Kifis, 73— MrBOVEdRILE, BB .

FER R
B M) (address phase):  —N)EI
B A (data phase): —ANJE (UL HREADY {5 S5 5 5%k H).

Forr, Beladleds iy PR AN IR SRR A 225, BRI, 7E2R Ik HCLK IEH /i
KIFEREANHIER,  BUIN M 2o 2L Kl P hifR S vt

£ HCLK 55 —UIE i 2 REANBaiak, I e i S e REE W el S Mo sl 2
G B A AN P SO A I L. BN PRI 4 5 75, Ik T S BTkl HREADY 551, #+
S REWS IR M IER B Bt bF M T2, I S 2 ff HREADY /554 1;

HAER =X HCLK IEHTAA N, M 2 LR S iA sk VAE S . ik S TRiEsE i ik
o, W) S 2xff HREADY 1550 0, JRRIGH SRS MIIEIR S5 A3 IN 0] A RE S8 B B ik o

~-Address phase——Data phase—

HCLK |
HADDR[31:0] A B <
Control : Control
HWDATA[31:0] : [zzt)a

HREADY ><:>
O Data
HRDATA[31:0] ) <

K] 3-3 FEAEILHLH]

19



R RHER

B HCLK RS, Mkl 545, HCLK i CLOCK JXAhi%% AHB 1.
B S{EHCLK N NEdlAN, Wl S5EHES .
B /F HCLK [FE5 = ANEARTRUR IS, M ISE] S [HmNAES

AHB SCRFRUKEMBIE, Al B EdR M, R 2Bk .

342  EfEH(transfers with wait states))

3-4 [PALIESE N TR R AR T AEIR, IX TSRS S BochiE . 24 HREADY 4% S Hri%
i, SRAFRPRE. W EIERAELN I, St E AR HREADY $4IK, Bt diuhk B A Al
IS o

~Address phase Data phase
HCLK
HADDR[31:0] A B <:>
Control Control

] Data

HWDATA[31:0] (A)
HREADY ><:> A

] Data

HRDATA[31:0] (A)

[l 3-4 ATAEAHIN P IEEA AHB 143

3-4 N—HHRRIRES AHB A%,  H BTG BITEEAR I, IR A A AEIR 5
FFINTR(HREADY 4 0), S A fEIEH IS M 55 sidE £ 4F M ARk . 1K 3-3 T 3-4 i
FEARM) AHB f£1% 5, Wk &y g Goldk, M N RITE & Fh 2 B8 kA &, AEx
AT o

343  ZEAEE(multiple transfer)
—IREHEEIRA L ST ML AW, WE 35, N Ehkal S BRI AR R b, I
EIRIBE A an T

B X5 Y MR RERRE
AARAEAF XORAESERPIRGSING, . X FEAaAIAL S Y (Y IRl AR A2

20



TS G

HCLK

HADDR[31:0]

Control

HWDATA[31:0]

HREADY

HRDATA[31:0]

k.

~Address phase A-=—Data phase A—

<Address phase B~

~—Data phase B—

Control

Data
(A)

Data
(B)

&
&
A

Data
(A)

X Data
(B)

Kl 3-5 LM it Fik

21



XS b

35 HHUES: (EIERAE HTRANS[L:0]

76 AHB B2k |, M LIRS H HTRANS[L0REE R, XA i S T

3 3- 4 HTRANS[L:0MAZS 8

HTRANS[L:0]

ik

00

IDLE

IEEHET AHB SZR M(M 1531 it VHME S )5), M LLIDLE 3£
s M OBATEHRA LA SR . S ISR 2SI IRIA R (S R
HESILEEENES), HZILIRER OKAY 55kt M i
AT o

01

BUSY

M DUHAG SRR IEAEAC RS, R SLAVE ZEiL. OKAY
eSS (BEEFRIRA), I SLAVE 23208 DUl 3l 5
HeEtlss. — A REEALE I, FoR M
Rl — B ALIE, (HE F—AMEIEAR LRI T, XFE
i AHBM BEZEALILI AR N 2SI JE 1, I I i b Fnds
TG 5 AU s —AMEEEHR 1S DL B0 AHB &b
IS BEI [PE%,  HLAZRSERTI OKAY ARZKM. M.

10

NONSEQ

T P RR RIS BRI TEE, B
PRI MBI S 15 X

1

SEQ

FIRGERALIE R R BRI P AR, bk =G
ORI A A G . kS T b — b e 5
HSIZE 775,

NS5 b XA .

LA 3-6 Ui WIAN AN fIs A

22




R RHER

T1 T2 T3 T4 TS5 T6

HCLK

HTRANS ><Nonseq ><busy >< seq >< seq

HADDR X oo | X oxaa [X oxas | X oxas

> > >

HBURST >< INCR

HWDATA >< Data >< Data Data
JHRDATA 0%40 0x44 0x48
HREADY

K 3-6 M-fLi6AZ

B TR, ARETTR, X2 —2PTELh NONSEQ.
B 7E T2 B, M EERSIZIEAERE, M A BUSY 55 &R BEiIR L%, M afLIERZ
WINZEIR . s Ml =0x44 (40+4 F45 =44),
B 7E T3 BRI, M DL SEQ FoR B4k T i fffkik.
S T4 IEWRfbR I, Wbl Ox 44 Jf HRBUCHSEfE%, ik HREADY 4G, 1 M 2 T5
IEVEI, WSCERIIEIR RIS, R PR E S BEHUBHTE, Ox44 HuhE BT e & 275 T6 IEHTIT HREADY
EAETing e

23



TS G

36 ¥HMES: #MEMHLE HBURST[2:0]
U EALE R DB A AT IMEIE T, BRI 250K X
B MLk (incrementing burst), 23K —2E I HBHE SR
B [FIZ8E% (wrapping burst), 1. [FIZEKSE = 4; B4 NFTEXTHE 16 RN E
AN HuhE = 0x64, MHEEINTT Y5 0x68. 0X6C. 0x60.
RRRAEE SR/ HBURST[2:0]52 X

% 3-5 HBURST[2:0]3#1EZ%5,

hburst[2-0] g vt ity

000 PR A%

001 INCR A Ky X ELE
010 WRAP4 4 Nl ge 7 A%
011 INCR4 AANE A G )7 AR EA LA
100 WRAPS 8 MR [R5 Ty At A%
101 INCRS 8 MR I T ARk
110 WRAP16 16 Mt nlge AL i%
11 INCR16 16 ks i g 7 AU A LA

AHB M4 S5 SINGLE, INCR, INCR4, WRAPS, INCRS f11INCR16.
AHB SHERLJEFIMEA AT BT 1KB, AL KN R H , (HAATEE 1KB [l .
36.1  EISR Burst(Z 3.11)

There are certain circumstances when a burst will not be allowed to complete and therefore it is important
that any slave design which makes use of the burst information can take the correct course of action if the burst
is terminated early. The slave can determine when a burst has terminated early by monitoring the HTRANS
signals and ensuring that after the start of the burst every transfer is labelled as SEQUENTIAL or BUSY. If a
NONSEQUENTIAL or IDLE transfer occurs then this indicates that a new burst has started and therefore the
previous one must have been terminated.

If a bus master cannot complete a burst because it loses ownership of the bus then it must rebuild the burst
appropriately when it next gains access to the bus. For example, if a master has only completed one beat of a
four-beat burst then it must use an undefined-length burst to perform the remaining three transfers.

L2 5 E] L At B ARk R i 41

24



R RHER

362  KEA 4 FIRZeikt£i% T3 (four-beat wrapping burst).
T1 T2 T3 T4 T5 T6

HCLK

HTRANS | X Nonseq| X seq | X seq | X seq

HADDR ><0x68 X oxec |} 0x60 | X 0x64

> > o>

HBURST >< WRAP4
HWDATA/ >< Data Data >< Data Data
HRDATA 0x68 0x6C 0x60 0x64
HREADY

3-7 [MIgeihbAL% (K 4)

B E T EAAR, S—AMERERNE 0x68 24, NONSEQ F/niX &5 —2EMfEi%; WARP4

FORIXIRIFALTZET 4, 1 HEE gt
B S{ETIN, [HUE—EHIE. ERHhl 0x60 SR, HEPEAE T6 IEdA e o

B F)EEGA S (WEITE).

363 KA 4 Fugi¥ib£i% 738 (Incrementing burst of length 4)
LA SEIR 7 2 ARl 53 ), 0x68. Ox6C. Ox70. Ox74

25



R RHER

T1 T2 T3 T4 T5 T6

HCLK

HTRANS ><Nonseq >< seq >< seq >< seq

HADDR >< 0x68 ><0x6C >< 0x70 ><0x74

> > >

HBURST >< INCR4
HWDATA/ >< Data Data >< Data §< Data
HRDATA 0x68 OX6C 0X70 O0x74
HREADY

3-8 fLikHbhbigs

364  ARRKERUEE T
KR HERE, ANEBEH L2 LL HTRANS[L:0]K%7x, NONSEQ #/ry— MBI

WAL, Wik 3-10,

B 5% burst 4% 16 f7ALR%, il 0x68 JT4A.
B ZE % burst S& 32 fiif%i%, HaHbbk 0x108 JTUA
B KSR E
B NONSEQ & HIAEAT—/ M S —2EfL1%
T1 T2 T3 T4 T5 T6
HCLK
HTRANS | X Nonseq| X seq | X seq | X Nonseg X seq
HADDR >< 0X68 ><0x70 >< 0X72 ><0x108 ><0x10C
HBURST >< INCR >< INCR
HWDATA/ >< Data Data >< Data Data
HRDATA 0x68 0x70 0x72 0x108
HREADY

3-9 ARE KR

26



TS G

37 #HlES: He
%36 £l

HTRANS[1:0] FEREIRA
HBURSTI[2:0] ik
HWRITE L7 1]
HSIZE[2:0] FEEFN
HPROTI[3:0] il

PRI SPROMERE R, FRHUE T S AN PR AR AL AT R T R FF AL,

PR S A ZEAEIEMAIN ] A2 BB Ze b, I B4R R N EIRAL S A T DR /E AHB
B EREGE R, RN S EHELN T, —BERE 32 67, LN @RS S .

371  fEEJH R HWRITE
® HWRITE: Epfhikirm kil S MahfEk et 5 517D

B HWRITE fumif, M S0 EASEIIRTL, Hdlis i M & HWDATA([31:0] =4k F.

B HWRITE FIE, M SSHSEEIERIAGIL, B0k 200 S o3 iiE HRDATA[3L:0] &4k b.
372  fEEKR/ HSIZE[2:0]

® [(LIXHWE /N HSIZE[2:0] 55, FontRAERI 1 H

% 3-7 HSIZE[2:0]EXF

hsize[2-0] R

000 [0A T

001 6 fif o

010 2 fir K2

011 4 fr -

100 28 fif A4-FH AR
101 56 fi. 8-
110 12 fir -

111 024 {7

HSIZE[2:0]5 HBURST[2:0]/ M55 n] Akl ke X nlgethht (7 .
filin: HSIZE[2:0]= 32 f7, HBURST[2:01KEER 4 777, WI[RIZEbHEZ0 7545 16 715,
T AHB MRS IE 32 fidlidingk, PrLlescie 8 4, 16 Al 32 7 3 Btk

373  {RYEH HPROTI[3:0]
HPROTI[3:0] A Bkl iy a5 Hok e SAFIU B A e«



R RHER

% 3-8 HPROT[3:0]EXFE

HPROT[3:0] | #ik

[0]=0 FRAHREE
[0]=1 AR AL
[1]=0 R A
[1]=1 FEBUFEX
[2]1=0 ZNCIESEERUS
[2]=1 CIESEERGIUY
[B]1=0 AR PR
[B]1=1 CIESRINiN

N,
H=:

FAEFTET M #i& A6 HPROT[3:0], FrLABRIE S B RFESNIASEH 2] HPROT[3:015 5 »

28



R RHER

3.8 HubHFNG

FEAHB ™, H R s A L ) i A AN R 5 5 HSELX &1 3-10, 1 S A A5 7E HREADY
Py, Ao, S S SEEESYUCT, KO HREADY fimiif, s iifEdfeis Coek.

AHB A JLAURERI IR E :
B &S BT IKB N
B A M BRI 1KB.
B A NONSEQ 5l SEQ U M EIAMAAE R HBIEIN, 25— i) S & ih ERROR (1)
INAERER
WIERAE IDLE 5 BUSY B M EIAFAERIHBIERT, 2547 OKAY [ NAE .
TRV S PR AR5 o
RS/t g U O R R IRI A=Y VA, QA chvive= o (==
R PMIRATIRSS S AL P S A A A B R A 738 o

Sel_S1
M 1 > S 1

Grant control

Address to all slave$
M 2 mux » S2
l >
Sel _S2
‘ = L
Decoder s 3
M3 Sel _S3

K 3-10 SIHkEMES

29



R RHER

39  MEHINE

15 M IFIEIE R, AT LR AT A%
—HIHRAEIE, BRASSEVF M ] DLBGH (I,

S{{iF HREADY & HREPS[1:0]2KMi NAL L I PIRAS
S w LU RA ) UMa] R~ Bam L5 1 45 5 .

TERPIRE, L RITERUE%
TN ADEEAERPRE, A 70 I F] 5 itk ik
ERROR &5 difki%
ABALIE, MIERPEEH, SR M e se R s, %,

391 fEHE5ERL HREADY
HREADY: MM F M S B AL 5 WHHRI S 5 RS4RI
1-  fEE5E,
2- O-fL3%dr,

1L

S W% HREADY /& XUl 5 (HREADY MO ML BRI S, EJE MAIS [N [FINAEA~ S
F i) HREADY fi 5524ttt c PrBXT S & PIA HREADY 5%, —MREAMLIEA, — 1A

TP B IS o

)

TE 20 BRI EBOE E IR R MR A A RS ], RS0 S 2 IRSEIN . HEFFEAN
W, SRR IR HO A 16 AN, S LEAEART U I TR 2k,

392 HUEMEMMNZE HRESP[1:0]

k% T HREADY, H'efhikgidys TARIRAME 5 i HRESP[L:0]fF S 03&:

%39 HRESP[LOJEXF

HRESP[1:0] | 27 ik ViEA
00 OKAY | &6 F) 33k | S ATLAH HREADY (3if) 5 OKAY [ Smny, fC#fkix
1T CI5E. HREADY #4v1%, ML OKAY [ifE 5 nI4lALE
A MY S (ERROR. RETRY B¢ SPLIT) ZJa], timhie
24 S IERREIERAIIE R ERROR, RETRY 8% SPLIT I, ] LU
A HREADY (Ffik) 5 OKAY 155, {HESARRARZ ]
i FH 16 /N JEIY.
01 ERROR | & A AL %4 | BLIREHRALIEA R, IUf 5 i fr /s Ja
.
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R RHER

RETRY | AL 25 ARBESL | Ubfs SR A ], MO RSB ALt i sk

1 SPLIT | BIEEAT, (HM | Jufs S i b A A, S m Stk S 3em ik L o
AW | sk, LIS BUEE R AGE . 58] S WTLLSERIN, 2%
FORERE. | s, IETEIREURAEE RO M, SEidk%.

AHB e AR AR U LU L T 1RO EHRAL PR, T AHB A BERE T LAY, OKAY ARZ.

393  FRIHINE (Two-cycle response)
KT OKEY 24F, ERROR, RETRY 15 SPLIT {3 A2 4i45 4/ JH 1

394  HHRNZE Error

M B4 ERROR IHE S, & nl LUEPESE A Y TR S A1 ARl AL 1630 T it 24
Pt e T2 I, (HIE AN £E Si% Y ERROR HUE S 2 B 4255E1% H OKEY + HREADY (LOW)
M55, 1l ERROR 552/ D4R, il 3-11.
B RN S 26 OKAY+ low HREADY {55, il S A1 7e 7 I [l A 5 i 2k . ERROR
fES.
B 7EMIYE] ERRORES /A, AL YR EdtLi%.
B R S YERF ERROR 2 /DA

15 ERROR [FI Y[R+
T1 T2 T3 T4 TS5
HCLK
HTRANS X Nonseq
HADDR >< X
HWDATA Data for address X

A A

OKAY | X ERROR| X ERROR

HRESP

> > S > S/
> > > o <

A
HRDATA ><
A

HREADY N\

¥, 3-11 Error 7]y
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R RHER

395 SBEESEANRE
S MIME, SPLIT 5 RETRY /4 AR, SPLIT 5 RETRY HRFEIZAME T8 5 S.

RETRY 5 SPLIT (AN

m  RETRY
& (PSSR
& S HEDR M HREDK,

B SPLIT
& (TEESSTRRT BALE M PR BrLARMEZ M BIIESEA LRI, 12 mT DU A

Bl ZAT FHBCK 58 S AL

& SNEARAERSLFRS, DO EEES, A M SERLESK
& DBALELIH S AR SCRE, BAnlBu iR M AT

S [FIRPIE F:
B S AU —ANEWIN OKAY {55, UifT diRal4iefr 2 AN,
B ERROR. SPLIT 5 RETRY #/DHCEHYERFNAEI. S e F— kI a — AN R
HRESP[LOME S, I HELERF R IRALIRLE K, HREADY TEALE 1R fa— AN IS
B R, S ATLIEmMN TR Z S OKAY+HREADY (LOW)E 5.

RETRY /7] i3 -
M S TR M RETRY I}, ikt 2/b—ANEHI RETRY IidK1) HREADY /5%, M izt
B8N, FoREEpnstiahl, W 3-12,
B ETLH, MiEHiHhhl0x68, 1fidE N —MEhilES sk aiphis bl 0x72,
B 7ET2, Sk RETRY ik HREADY {55, FRZi M EFifkix, W F—AMthhl 0x72 2564k 2
5 o
B S7E T2 HtH HRESP[L:0)H: HAE T3 I 4ksli%kt, HREADY 7E T3 &5k AiHis.
24 M IE| RETRTY Hf 2420 LA IDLE i)y,
B ET4R, M EFHEHHNE 0x68, Zastanla) T1. 48R iiitt MOk Ok S 2L
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T1 T2 T3 T4 T5 T6
HCLK
HTRANS X Nonseq| X seq | X idle | X Nonseg X seq
HADDR X o068 | X o2 | X X oxes | X
HWDATA | X 0t A A_ods
HRESP X XRETRY | Y RETRY| X OKEY| X
HREADY

K] 3-12 RETRY {&3H 115
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310 EEEL
AHB R S B2 T, b T =2 EH], /MRS 32 4z,

3101 HWDATA[3L:0]

5 S 4 HWDATA[31:0]
B SEdEH M k.
B M DOCREEE S EIEEE R, R S seidE A (HREADY HIGH).
B AR NIRRT, Bl 32 A2 LAk Addr[1:0] = 00,
K 2(big endian) /N2 (little endian) &l 4]
B PRIRIE(LL 32 A7k 1)
KT 7E HWDATA. UG 7 stk
Byte 0 (address offset = 0) £ HWDATA[7:0]
Byte 1 (address offset = 1) 7F HWDATA[15:8]
Byte 2 (address offset = 2) 7£ HWDATA[23:16]
Byte 3 (address offset = 3). £ HWDATA[31:24]
DITEE NP
KT 7E HWDATA. ) 7 sk
Byte 0 (address offset = 0) £ HWDATA[31:24]
Byte 1 (address offset =1) /£ HWDATA[23:16]
Byte 2 (address offset =2) 7£ HWDATA[15:8]
Byte 3 (address offset = 3) £ HWDATA[7:0]

[ ]
Teeeee

L 2R 2R 2K 2R 2

3102 HRDATA[31:0]

BEAE B2 HRDATA[31:0]
B EPTEEGEER, BdRE S BTk,
B Y S HREADY H7h HIGH I, S S{EAREMIE G — A IR A1
Hn R 5 5 AR .

3.10.3 A%k Endianness
K TE0(big endian) s/ N s little endian)#rI ]
B PREIRIA(LL 32 A7k 1)
{71 7E HWDATA. R 7 ik
Byte 0 (address offset = 0) 7£ HWDATA[7:0]
Byte 1 (address offset = 1) 7E HWDATA[15:8]
Byte 2 (address offset = 2) 7£ HWDATA[23:16]
Byte 3 (address offset = 3). £ HWDATA[31:24]
B ORIk
& (KFIE HWDATA. s 7 ik
€ Byte 0 (address offset = 0) 7 HWDATA[31:24]
€ Byte 1 (address offset = 1) £ HWDATA[23:16]

L 2R 2R 2K 2R 2

|
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¢  Byte 2 (address offset = 2) 7 HWDATA[15:8]
€  Byte 3 (address offset = 3) 7 HWDATA[7:0]

311 REAPENHI(ER)
AL E K BRI 2 2T M ZEDT L2,
s Thae:
a. WEEARRIR SSRGS, WAk PUE A M AT St se k.
b.  HU S BRI BRI K
TIESERA BARIEIN S AT EAIE MRS AR, (BRI E R ARk TR AR, HitE
FEE N RETCISSE .

3111 f55#R
AHB fERGT I Z AN 16 1 M.

s 5 e
B HBUSREQx: fibus M Fh#Ezs, M B IAE ST A bus K.
® /> M ] FEATA I R LR PR o
® i TR K g, BRG], s Hedl HBURST[2:0] AWM L% KK
® X[ TAEMALERSE, M UIRFEE HERR, HEISERAT&E k.
® VT M #IANTFEAS ] bus I, AZH7E HTRANS 3% IDLE /55, ki asmt 2k bus (145 H
BAZLE T M (default M)

[ | HLOCKXx: & 541 HBUSREQX Fit &, Fn— AN BefEEaNE, HLOCKX A
Mk B ARe— AN A

[ HGRANTX: Fffasinh 2 M, (@l M F£oritk M 1581 bus AL

[ HMASTER[3:0]: i DA 52 a2 m—4~ M 7EAH bus, A5 -5 ] ksl k2

1T554% o

n HMASTLOCK: il #s LA 527 4701 bus 24 lock 117,

n HSPLIT[15:0]:— /NI HA T BoAL2 10 S LS Sl AP s S E L — A M 5g AR SE R 7
Brfkik.

3112 REViEiEK

PRSI 2 SEILAE BB 2R Y, BB M TR LS bus 20RES, fhEdstbat
grant AL ESR K M, If HLL HMASTER[3:0] 57~ 4 HiA2ME—> M 7] LU#EH] bus, 1 FE.

B R (Decoder with arbiter) 1871 HMASTER[3:01k4% 5 rh sttt 545 hUE S 12155 2%

B A M R ARV AT PR SR Tk .
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TS G

HADDR_[31:0]

— M1
HGRANT]|1
o Ao 2 M2 HADDR [31:0
Address [HGRANT 2 HADDR _[31:0]
Decoder I
(arbiter) HGRANT 3 HADDR
M 3 P
L1

HGRANT |4

— M4 HADDR [31:]

HMASTER([3:0]

3-13 F k% grant signals

3113  BZViRtUE

B ENEZ M B HBUSREQX 15 5 R s i R B 2k U BB, S mT BEAEATAn] R 3 Y AR AT LA
R, AP A R B LT, SRS IR eSOk e AR B L)
ViR

W EFAERA burst SEMIN, s UEHES Z RT AR R M.
U R AR T LASE AT E SRR burst, 177 oV ST RSB I) M SR ] B 2k
B RSN, FFEAY HLOCKX 45k, XFEiASAT H e 32 ) LIS S EAAT

B YRR, I HIEAEPIT—ANE KN burst, AN T B4R SE M 2R 1 K 258 XA burst.
RS burst (IHERE, FHEH] HBURST[2:01K g B 2/ DAMEIE . WS 145 538 AT IEAESE T
burst 22 JG4kEE 1 Y% burst, ‘& NAE 4T burst JHH] 55+ BTG RES.

W QUREAE burst FPEIRE TEEUTRAL EAATHDET Y] HBUSREQX TRAF 5 R HERAT 2k
DI BRR.

W REKI burst, T NAZARELF WIERAIE EIHiaa— Meiko M ARRERIIANE K1Y burst £1-4
IRETA,  FFUIHEAL.

W CERATIER, EAT AR TR IR SRR AT A SR RN, g R
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R RHER

IR BTSN EATE RV, & T ZHEEIES HTRANS ¥ & A IDLE {415, 1X iR
L

31131 (REINFFE L TR

AEAFH AT 0, M 6 bus ffF LK, WU grant /575, M il FRG A5, s 3-14.
B 7E T ETHEER.
B HGRANTX 7E T3 INFie, 7F T4 IEUS.
B HMASTER F£/-40010 M /243, M #3 16 T4 X HhHE S .

T1 T2 T3 T4 T5

HCLK

HBUSREQx___ | /

HGRANTX /

HMASTER[3:0] A X #3

HADDR X X X X A A+d

K. 3-14 fhki K FEAIRE (HREADGY = HIGH, not shown)

31132 fhEmFEE 2. HEHFRE

TEAFHUNAT 2 1T, M ik bus fEHIESR, RE—I3] grant {55, M il n] FFaafEi6 55, Wil 3-15.
W E T4 IEH, HREADY = LOW FR i 2554
B /£ T5 1Y, HREADY = HIGH and HGRANTX = HIGH, bR M ]2 iS5, JRE, HREADY
AND HGRANT =true, A0 EIERIHbE S a2k

T1 T2 T3 T4 TS | T6 T7 T8
HCLK __|
HBUSREQx /
HGRANTx /
HMASTER[3:0] X #3
HADDR >< A >< A+d
HREADY / \ / \ / -

3-15 AN P KA AR
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31133 R 1
Bl B LR A U Lkt S 2R A AR T 25, XA DR A Bk 3 ) & 2B e ) 2 ),
& 3-16.
B 7ET5IEW, S HREADY 55, H£n M1 IMEEs G — U AFBU il e xifE 5.
B HHEREAE TS IEEIFEASHAE T, 24 HGRANT 2 AND HREADY = HIGH, #orHihibs2ss
kIl

B (PEERIANTE M 16 2 /DR EALIE, AT IERI & H HGRANT 2 /55
m ol lz@%@ﬂﬁ‘:"ﬂﬁi’!? T f [iq‘é%p%ﬁi, st &4 HGRANTX 55 .
B T5 NIFFLERE, M 2 b S EEE S .
I (6 TRt e SR SRl =2 6/ 1 (oS A = =g s
B ET7 IR, JFREGR R rAT .
T1 T2 T3 T4 T5 T6 T7 T8
HCLK __| |_
HGRANT _
1 AN
HGRANT _ /
2
HVASTER[3:0] M1 X M2
>< seq >< sed >< Nonseq >< seq
HREADY \ / \ /NS -
M1 owns address and M2 owns address and
control buses control buses
- M1 owns data bus—><—M2 owns
data bus

Kl 3-16 Hidhe A AT HIBUKHe e

31134 RERAFFBU S 2

3-17 i AR AT TE ] . ARSI R R G — B HbHE S 0 HGRANT 2 {5534 .
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HCLK L l_ |_

HBUSREQ 1 _| /

HBUSREQ _2 /

HGRANT 1__|

HGRANT 2
HMASTER[3:0] X Master 1

Master 2

HTRAN >< ><N0nseq >< seq >< Sed >< seq
X Al Y an] YA ) A+12

X

\

I
HREADY _/_ _\_ /— T
el 3-17 MRS R Bt R 1%

HADDR

>

TE TS IEHT, Masiea il (A+8), IR EIECE —/AMEIEHIE, SERH{ES 2 HGRANTX {55, #i
(] HGRANTX &t — Mbib(A+ 12) B BLS, 78 T6 1EH s,

3.11.4 HERILER Burst

B EEEES A SBA DA IR I M R AR TR

B (PR AU IR, AT a1,

M UURPEHR A AR, W e BOERRIARIEE, E HIE R4k, M s ki
WA ARTERERAL%, IR HBURST 5 HTRANS {5 S VL.

1 8 2EHWAL T 328, #irhiE, HBURST 5 HTRANS KRG 4L T 5 2B AR E KAt L%, B
4 2B KA+ PR,

3.115 #BiEfEiE Locked transfers

W ek AV M AT locked transfers AR I SEHEESEITI A AA retry B error [INFINAR 5 .
B M AT7EB IR ETEA IDLE A3,

hHAMMIEE DT HLOCKX {55, SKRPJGEH AR EA BT MIUEIUAALIE P RER R
PSR IS TR, HRXMUEMUAALIETE K.

- MEALIARIP AN TEBUR, AR BB 2 REF T L ABRBOR AL MR EIE R SRIE B E
PRI ARG — MR CLMASERR, T HIKE] SPLIT or RETRY [RINASZ —.

Fr MR E AR SRR IGEE, EHEAEMBUE PS> IDLE 21X, #ETT4GH0E burst
PR, AR L.
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3116 ML iRE

FARGHAT T M

BT M Z5K bus MEFIRUR, M2 B T M.

ik M H&4hd7 IDLE

WIERPTAT M HOEAEREARS SPLIT ALILM5ER, Baofs bus MEFIREZS T Mo
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312 BAER%E HSPLITX(E A)

TR BULIB I R PEAT S )

DBUEIE

S AT LA SPLIT SRAFRIEIR K RIAFHL o

P AR LTS N AR5 i (mask) L BRI M, A% HSPLIT {55 (1il%n e
7 grant JLAZATHIRL

AR UIE HMASTER[3:0] _br=Az—A tag Fnmli—A M IEEHI T L1%

S BPUTHBALIEINBER, XA S UAUF PGS

2 S ] USSR B ALIEIN 25 HSPLITX[15:015 5 1, 36 S sidLi%km M LS .
fPas LA HSPLITX[15:0] SKHEME—A> M AT LAFE kAT bus HAEHIRL.

PP S AERA T 29U HSPLITX 575

A 2 HSPLITX (5 510, 234 Ored 76— LIk eh ikt

3121 SrBUEIRANUT

1 — M SEGE S, JFahfkik.

2. BEFUERIN S LRI, B A BRI G T (W R A S R A A ) o
TERRRINARIE, A s) W a2 — A M e Rk, S TR M 5, LMEG
THEALAT .

3. A SPLIT fF5 MR, fhasssts a it mIBce it M AT, WG He M ARl
SPLIT {55, WAL T M.

4, S TSR BALER, S AAE HSPLITX _LBGE X MK M IDSKAE-MES M AT LU feir
PRI 2

5. (PR SERA NS HSPLITX (5%, WAk, wFESUEMK M LR

6. fhEkasE S AR VFE BRI MAEL R S M AR B, TTRESIEIR.

7. S MR OKAY 155K EILTE .

3122 ZESBUERE(multiple split transfers)

Hg—A M fHiIMEG HBUSREQ 5 HGRANT 4,  Rin] sk ikt — Ll L gk,

i gk —4fES (REQand GNT) #h—> M.

BRI S IR 2 A ML R AN TRl oM S5 hME S, (HEHd%
M ID.

S HIFIFH HSPLITX SRE /R S HT IEAEACEE 2 M ZE5e il BefLi% .

PP P PR LS M LR, SRS M R E s T AL

3123 BHBESY BifF# % (deadlock prevention)
Deadlock T fERAAARZ AR M i [F—/N & H SPLIT F1 RETRY [ S & b, 1% S NIy FEME 4
% SPLIT and RETRY I+, {§i<x%f deadlock.

Deadlock 7] LAiZEied BRI BEALIE %L H (5% 16 )oKt
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B S JPASIDR MR ORGSR, 0 REAE SPLIT M3, Haidsk R UaifEsn 4

1D WS 24 S AISERGrBUALIANT, A oeBiE ZORIHIE SRR

B S 2KFH AR ANE S ERSSIRLE R .
W S A LMEMIG AR BRI SS o

31231 Ef:

Y S TCIAEAR B A N SE ARIE IR BIERS, &I LAZER M Ak . S — LAl —4 M & H RETRY
55, WEIREH M Z&F—/, RETRY UEIMEARETEHK. R RETRY &AM A M I LLEREC R A4

Jit

A
s
RS

L 2R 2R 2R 4

3124 HrBHEEZ BEEHR
4 M 8] SPLIT 5% RETRY WiNAZ S, 5eHEN IDLE JRA&FEHEHEK bus MR, —
ANHIE M 237 IDLE USSR AT P as oo ik, i 3-18. M 73 SPLIT =i RETRY 555
WS ZIHEN IDLE RZ
B ET25 T3, S&AEPAENIN SPILT /55,

#5—A error [FINY

B iZMZE T3 IEWR R SPLIT MR SE, T &3 IDLE K.
B PEEAE T3 IEWT, v N> bus IR
B 7E T4, SHIR M LB SEEE S

T1 T2 T3 T4 T5

HCLK ___|

HGRANTX

HTRAN ><N0nseq >< seq >< idle ><Nonseq ><
HADDR X x| X x#a [X X Y

HREADY
HRESP X X spLIT | X spLITl X OKAY X

Kl 3-18 ZrBfLIk L ki
AHB EEMHIE:
B HRESETn —®HH55, HHMLETE HCLK IEHYSHA HIGH .

B Ereset I, P M #2004 IDLE.
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)
PARNER
split WAHE T S M ARERHRHERLS M FHERIN A, g iz 5T, i

aebtlldiz M IR AIRR, ARG L, BIgn S B HER K 1)
2 S e Jn, EREER HSPLITX {5 Sl A S U AT 1% M (VIR bR, A AENS

PEREL, SeRdld R, SPLIT B2 S s b U E LSy, SEbRRAT MR,
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3.13 HAHLHE HRESETn

BN S HRESETN, R HL A 2, 3 HAATE B ooy BEA. AT Rem P kill, BN eSS
HCLK {1 LTS RE 1.
TERAIHIN], Py B PR SIS 5 b TR0, - H HTRANS[1:0]#57~ 4 IDLE.

314 FAREZALHE HSIZE[2:0]
LS 8 f37~1024 {7 i M2k 7515 8, 16, 32, 64, 128, 256, 512 or 1024 fif
it DR 2 5 32 7.,

3.15 FEREZE-2 M\ Implementing a narrow S on a wider bus
ML 58 LA, T BN NS R ThRE, AN RIAL S 4 et
I =Xl 6y S Y2 ik A2
b. WA —FEL . TR

S N AR AL LIRS GBIk, iR MO 561758, A B IMEAEAR 7251, S AT MN% ERROR

3.16 ZREZ-FEM Implementing a wide S on a narrow bus
MEAEA T8 PR, [FIRERT EE NN D RE, AR 56 4 i HL g

3161 Ms
Bus Ms can easily be modified to work on a wider bus than originally intended, in the same way that the S
is modified to work on a wider bus, by:
? multiplexing the input bus
? replication of the output bus.

However, bus Ms cannot be made to work on a narrower bus than originally intended, unless there is
some mechanism included within the M to limit the width of transfers that the bus M attempts. The M must
never attempt a transfer where the width (as indicate by HSIZE) is wider than the data bus to which it is
connected.
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3.17 AHB 444
3-18~3-21 /N h) AHB R4 &A1

3.18 AHB M\ (EH)

S MEH R HHIESGRAMEIR. S MRS S M ) HSELX {5 5ok e et AR .
FeAEATREME S, bk S53H0E Bl M P4

3181 MEOHEE
3-19 4 AHB M#E&#I,

HSELX

Select S —
/—'
HADDR[31:0] HREADY
e e
Addresg < HWRITE HRESPIL:O]
an e ‘ : Transfer
control HTRANS[1:0] response
HSIZE[2:0] |
HBURST[2:0] | AHB
\—
slave HRDATA[31:0] Data
Data HWDATA[31:0]
Reset HRESETn
Clock HOLK )

HMASTER[3:0

HMASTLOCK HSPLITX[15:0

%] 3-19 AHB Mi&&H: 1

PREERTEE HIE—A M 3 ST 5, SRS M Bkl 58HES KB S 4
W, IFHIEERAS, ML SRS TZ T AHB PRS28] HSELX i fefs 5K m5h
— S PEdEILE . M RS MR 5, BATRER S HSELX oA 1 1) S) 43k i HREADY {55 Kk
SEREA B KT EE L%, 45 S WM HREADY 4 0, FonItESHRMLISNIREER, 257 S EHMK
HREADY 4 1, WIFR/R S Rete e st A i 1L .

HE PRI, S BT H HREADY {55 k&5 A EH I & A FR 28I M IERI 2 4, ib4siEd
HRESP[L:0MF S Wi N i AL ST, LA R U S [y R

SN OKAY , 4285l rl 5e L%, S 2 MW L HREADY iy 1, H. HRESP[1:0]4 OKAY;
FAL S WAHAENZENFIMEIR N A(HREADY 4 0), {EAyusE Hifaihma i 52Uk, 4 OKAY R,

TRy 2 ERROR, IXMIEN5E M FTELRALE EAE R AR RN AR, TR
HIAE M AR B AP AR S AR I, MR S sk BN R .

=g 72 RETRY, IERRN2SAE S TRVAAL BN e Ut BB AL1%, A8 M LRt B4t
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R RHER

A

B S WML SPLIT, XF7 UM RER RETRY AL, #OR AR AR AR RETE if iy .
BRI M EIX IS SN 2 5, &R M BT IR S5 —FE. 4y SPLIT mapy, A
Hoas A SCVFIVE MRS S ARSI, BIMEESREDRALA R M EE2AET M DS, ol il
PR AR M RS TEAAEE: Wik S WM RETRY, Mkt os s s
Ho s iR AL R AU B = ) MR TR A

AMBA AHB [1#) SPLIT A% 7 UG 178 B IPMER R, BA X R AHB o SPLIT 1%
BIRET . 1E M RSBt 2 5, B S T —LeqEiBm (a4 REkFEdRRT, S &i&ik HRESP[1:0]
R DA SPLIT ARt HAE 4 HTAL4 M % 'S HMASTER[3:0]3C5% T2k, LIk s v e M 1EHT
A AL . 2 S ATREEIAT NIA A6, S SR HENIA Frd %1 HMASTER[3:0]1E [71 3 LA
HSPLITX[15:01F 54 fitdds, st A S MERIZAME S, s b 23 [mlf7 HSPLITX[15:0]
B M RS, BAERIA B R M i . 25 HSPLITX[15:0145 51 M AL SeBUE k24 i
R R BHRAEE R ) M BUE R E, A AHB B E5e X SEAR e B dRAL1%;  F5BIER M AL
PEASE I, M AS AL R 1) SPLIT 1414,

3182 MHF
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319 AHB FE(E/H)

38T AHB [ M. S, s FiEhs s R e e . 18 3-21 5 AHB TR M 42 B M R 2

A AMBA ZER g ARy, LU R M T IR AL RN X S 5 5 (.

3191 FENOEHR

AHB [ M #2104k 3-20, & 0E S 5 ECESEAT TR,

N RS I R
HBUSREQX
—
Arbiter  HGRANTx HLOCKx Arbiter
grant >
HTRANSJ[1:0 Transfer
HREADY
—_—
Transfer — type
reéSponse  HResp[L:0]
AHB HADDRI[3L:0]
Reset PRESETn | master HWRITE >:ggress
Clock PCLK (HSIZE[2:0] control
HBURST[2:0]
HPROT[3:0]
_J
Data |HRDATA[31:0]
HWDATA[3L:0] Data

K] 3-20 AHB-MASTER #2211

B IRIPEARIZE AT UL, M A HTRANS[1:0] 55 kg AR B IS, IXPYFpfE
IERIZR IS IDLE. BUSY. NONSEQ #1 SEQ.

) M AR EHETA N IDLE I, FoR MK AR S SRR (IR ERE L%,
BRI S 2T BIE H OKAY [RImi A ;

T REERALIERIS ) BUSY, M M T IS AR AR, L SE N R AN
HWESRIE, BERT M 2 H BUSY {5 5 RBiR M (14502, S Xt 2 —ANFT IDLE ARIs s —
FEI) OKAY {55, [R]I 2SI S5 R 18

T FMEIEIES ) NONSEQ, NONSEQ MLk RISFTR IR L1 0 PR S A ol — i a2 Aidn
FEEPI 2, DX RN R AEE IS, RS S T — 28 A B AT L,

Ja—MEARAEE IS SEQ, fE— ML AEHIR LT, BRT S EdE A, Hee B LY
A0 SEQ (3524 NONSEQ), IXFhE L1kt tilE 5 AImT—2EAHE], e i WA iy s
Hln b i HBURST]2:0181 HSIZE[2:0] 155 Frykesg itk 2 .
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3192 EHF

3-21 g BAAL RS o

et [ o e = = W = B
e Y oo JH o = = B = W B
arsreq | o L
o || o I mi |ea [ el
oA N A
romag || | @[X [ @X sl

K 3-21 AHB gL 4R

M 7E T1 Jo ok — &L H L1221 5 — 2 (HADDR[31:0]=0x20) 3k, [Al AL B 254
NONSEQ;:

158 — 2R (HADDR[31:0]=0x24) [FLILIN ,  JEAIRUER YN R SEQ, {HIA M JoikSEI HERLF2
TEERRIALLE, N M £ BUSY AL ASRIEIR 5 R A,

IMTLE S — 2854 (HADDR[31:0]=0x28)1A&1%, FHT S JCAE F—FTE e M AR £ k4
b S 2i%id HREADY {55k i—AN A AER S5 AN TH(HREADY & 0); a1 n—E 4
(HADDR[31:0]=0x2c) [M{£i%52k SEQ, H. S N5 AN AEIR 4RI ] .

AHB M B FTEEE A58 1 HSIZE[2:01f5 54k ¥, AMBA L7 #F 8. 16, 32, 64. 128. 256.
512, 1024 {7 EHRAHE, 4 AMBAAHB (1] M 23R8 8 Bl LI, HSIZE[2:01#1 HBURST[2:0]
XPAME SR XSS SR AN T 5. 3R 3-10 LR — B B AL s, LR
BN HE RS M 2R . BRI %, AHB BR T SCRFDUZE. 2B, NG fEkAt, IRshy
BLE T — A e KL B I% . S HAR AR AT RIS,

A E T HEEE A INCR):s SR [l I -C(WRAP) . ZEAE 7 3 s,
R A IR PG I . B Y RTARIE IR INCR4, RREERE 0 —+ 07 HAEDYEEET)
ki, 55— EEdR Y 0x34, TR AMUCESALIE B LS 74 0x34. 0x38. 0x3c K 0x40;

Ty MR A O [ e RS DL C(WRAP), X R R P U KA,
SRR R DU AR R R U AR AR A 0, WY e AF R i b b S iy
FAFIIARECH 0 I, I AEEEE k25551 AT RS sk 22 R A 26 A 1) 1 . 23kt
B MRSy WRAPA, BRI 0 DUAN T M TIUSEESL1E, WA EIL B A1
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XS b

INT, HIAEIE R G L A 0x34, TS47E 0x34. 0x38 Az Ox3c HuliFEdifkitse e s, T2k
Prrhb 245 T R U (0x40) ) 2 L AR R 71 800X 10), il & thid o 2Bk il 0x30.

BONESEHR LIS, AHAEARIER R (B —2ERR4N), M FTR I HTRANS[L:OYES WK SEQ
5 BUSY, i8I0 NONSEQ 5l IDLE, JWIF/RAT o) — 4 8ds ORS8RIk, i
itk Oyl EEEIRLIL TS, M AT He e AR B h INC FEERAREENIA AR TERRIT)
Hdufkix.
% 310 LRI
S | Btk aing i

000 SINGLE  |miz 0x48

001 INCR RIeEES 0x48, Ox4c, 0x50

010 WRAP4 DUZE[A]iE=" 0x48, 0x4c, 0x40, Ox44

011 INCR4 DUZE 3= 0x48, 0x4c, 0x50, 0x54

100 WRAP8 J\ZERhE 0x48, 0x4c, ..., 0x5c, 0x40, 0x44

101 INCR8 J\ZE = 0x48, 0x4c,...., 0x5¢c, 0x60, 0x64

110 WRAP16 |- |-/NZE e 0x48, Ox4c,... ... ..., 0x7c, 0x40, 0x44
111 INCR16 B AN i HaN 0x48, Ox4c,... ... ..., 0x7c, 0x80, 0x84

AMBAAHB 137 FF M Kt LOCK ik 2k, #7580 st FrEds A Lk, M &k H HLOCK
{FHES. 76 M S8R HAUN, (hEastn I M [ HLOCK {5 518fE, NIEX RBERALE e /i
BT M R FIXAN B fhkgsFm2x it HMASTLOCK {55, JHXEREAS S el anbdi 14 mi
IEAEHET— LOCK BUSHIBIRALE . HASRUIRBIRALE, B M BASIER] SR AL
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3.20 fiEas(arbiter)

The role of the arbiter in an AMBA system is to control which M has access to the bus. Every bus M has
a REQUEST/GRANT interface to the arbiter and the arbiter uses a prioritization scheme to decide which bus
M is currently the highest priority M requesting the bus.

Each M also generates an HLOCKX signal which is used to indicate that the M requires exclusive access
to the bus.

The detail of the priority scheme is not specified and is defined for each application. It is acceptable for
the arbiter to use other signals, either AMBA or non-AMBA, to influence the priority scheme that is in use.

3201 HOEHR
("~ HBUSREQx1
Arbiter HLOCKx1
requests J HBUSREQx2
and HLOCKx2
locks HBUSREQx3
HLOCKx3
~— > HGRANTXL
>
S HGRANTx2 . Arbiter
HADDR[31:0
B AHB HGRANTX3 . grants
Address HSPLITX[15:0] arbiter
and< HTRANS[L:0] HMASTER(3:0]
control HRESPI[1:0 HMASTLOCK
HBURST[2:0]
___HREADY
Reset HRESETh
Clock HCLK

%] 3-22AHB fih# sz 1

3-22 73 AHB R IR I ] Al 102 BAES5  poE il > MOl SR AR B M 2
17—/ HBUSREQx fg SHE By, M AU SR YGEIA M AT LI S ZeAF UL

3202 WE
3-23 st — M Al S AU I a1 .
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HCLK

HBUSREQx

HGRANTX

T2

T3

T4

T6

¥

P

g

HMASTER([3:0]

#1

HADDR[3L:0]

|
L |

[ A

HWDATA[31:0]

A

>< Data(A)

L |
|

%] 3-23 At AR R

HEFRIA, 78 MR BREIER G, s S e MBUEEERIER: —NEATH M, JF0HX
A M Ki— HGRANT g5 S, W T RLkiaR. i HMASTER[3:0]R A FTERZIN M 4’5, ik
BELL 2T, RIFMRE M Hihk2kik£e —Hiht28(HADDR[31:0]) KA T2k 5 B AL 2% .
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321 PEEE%(decoder)
PRI HORPEITRE, L5 RO 05N, SETHONE A (A,

] 3-24. 3-25 73510 AHB BERLZRHE IR PR, Aicis kil fr ppaai ikt S 3N AHB -5 FEE,
PE R FE 2 A BCHE il 7 TR IR B IR A AEME— ) HSELx i REfE 5, HHIfESI%(E S; £ T
HADDR[3L:0MIKF5#75, #FHH S RAEMSHIZE

3211 #FEOEHR

HSELXL .
::: AHB
Address | HADDR[31:0] Jeeanlar HSELX2 »  Select
HSELX3 .
K 3-24 AHB FRG sz
3212 WF
HCLK

HADDR L oA g
st \

3-25 AHB VAL HL I K]
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4  ASB REZ(RELH, ZHE)

AMBA 5} ER RGBT ARM RELHL(ASB), AT K, Tk AHB FTHUC, DIbrEAST
THARL.
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5 APB R%k

51 H4aRAPB k£k?
APB [#]4>FK: Advanced Peripheral Bus

AMBA (1] APB o £k T B HAEICH FAC IR Al EATEFX AN E TR FE S 2 s L e
H1b. 7E APB mZk, ME—) M &y APB bridge, H:el—SS{RIHEANRD R IAMNEE 4 S Kk APB B2k A
TEA MG AHB —FERIM AR I e R 242k, Maie Ui APB S 2R AN U AHB TR

h T A% APB A G S )G R Be T AR, APB AT T {5 5 AR I S 1 i A P A T A o

FEABETH T AT G i R 0% H. EDA AR vt T AL B Ak et LA 25 S, 41
UIAERF S AT B rT IR B (25 78 . AP S 5 B AEIR  E AR A T AR K Bt 7 o, A
CUIAFE R AT FL s B A B ORI BRIz Ah—feke e N AR LI SR 7 (ASIC library)££
IEAF A I R AR BT H A LR (I, ot i A8 P S p H B B R PR PR e v K A R L P FELER R o

511 —ANREKHET AMBA BRI RSLEH
iR 2] — FAMBA R ZE 404 :

High—bandwidth
on—chip RAM
TR 36 PIRAM

FRMEREARMALEESS

s N RO

High—bandwidth
external memory

interface

DMA bus
master

K5-1 AR TAMBA G IR R A

um;l

Timer

APB

PIO (41
1729

APB H1ZE AHB i ASB RZUELLIIY i, [ THMREHER RS .o AHB 1 APB Z [T —%%

MiokaEsz.

Test Interface Controller (TIC) FEIoH TIRA RS S LA APB Bibi,

52 APB#iyE
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521  APBIRF&HL

K 5-2 HPARASHIAE T APB AR AT A E S B

No transfer

No transfer

IDLE
PSELx =0
PENABLE =0

Transfer

SETUP
PSELx =1
PENABLE =0

ENABLE
PSELx =1
PENABLE = 1

Transfer

K 5-2 APBREHL

MWIREHIHE APB X —EHHnHMLIL, BImAE 2 NI, H APB 8tk A 1 /e iiK

LB IRERBE T A o

% 5-1 APB IRASHLBkEL =
RE | BX PR iz
IDEL Bk A | No transfer: IDLE /& APB IRAHLH TSR
IkA | ENABLE->IDLE
IDLE ->IDLE
SETUP | #E % | transfer: SRR EAL I, HE SETUP. ZEHR A+, HADDR[31:0]
fr#& | IDLE->SETUP HuhE £ Se R R P R ME— 1) S {ERE(S 5 PSELX.

ENABLE-> SETUP
SETUP-> ENABLE

MR ILAAE SETUP 55 B — /MM, e N — N E v ih
RN ENABLE R

ENABLE | fi# & | transfer: TEZIRA T PENABLE {55280 1,
K7 | ENABLE->SETUP | X SETUP %455 ENABLE I, Hdfatuhl. S5 #shRnEsiss
NotaSter e | RIRFRS. BRI AHL AN, 2R
' ol WIHE N /NP IE R, 40 IDLE; iR Iles
gL, Bl SETUP,
7 ENABLE %3] SETUP R, Hitik, SARERE S
TR ] D2
522 Bk

5-3 Sk APB JEA I B B ALIE N T
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T1 T2 T3 T4 T5

S N R
o
I
]
o D

PADDR Addr 1

PWRITE

PSEL

PENABLE

PWDATA atal U

5-3 APB B 7K

LU RPN A E RIS TER . 78 TLI, A ROIRSHIEEN T IDLE IRZ;

7 T2 I, Hellattil, SrEPdE SRS AN EHE SR IER RIS, RS L4,
XA S NI BT A ) SETUP AR o RIS HUBR E IR A SR i il 25 P8R8 HE 25 N IF APBS,
IER AT 2 S () PSEL {5541 0 45 1,

76 T3 I, AHGRAESH LN ENABLE IRZE, PENABLE {5 5 7EIRAS S 1K 15

15 T4 R IER RIS, PENABLE {55 K1 1 42 0, 1 PSEL 557 A Ho e i i) 5 AN BRI,
Wk 148 0. 0 TR THRINAE, APB HIBE RS SIS 54 N AL HET, K ASVET
g,

#*5-2

FRIETTG | BROAIRAS | A, S AHdE, SAE SRS 5 e N A SR I T 46

NN | Bl SETUP
fhT1 JE3Y]

A | FEAEf S PENABLE % 1. Jubk, Bl Rl = (o2 A .
BiT2 | ENABLE | HAMEA MR MM, PENABLE 5B 0. MR 5 TR,
3] SR AEIFSEy EATER R B —SME. 0 T MRIIRE, MBERIS A F ik
FZITIRRT A i

TR PMSERAEREE 52T, R AEIESER TPk R S N[5 5 ] e B

523  iEE4E
Kl 5-4 A APB AT I ARSI E I 7 ] «
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T2

T3 T4

TS5

T1

PCLK

Addr 1

PADDR

L—]

PWRITE

—0

PSEL

|

;

PENABLE

X

X Data 1

PWDATA

5-4  APB B FE

HIEI R AT AR TSR S R EIRATHSE, APB BARAEIN P R S i AR AL, 72X HLIRAT]

SN RN R o

TR E RS, £ T3 )5, WHUEAEIEN ENABLE BEG, APB MUAZiER M5 2 (B aE v
%l DME M n]LAZE ENABLE JEIIARKY T4 1R A ik IERf R0 B 152 .

53 APB 44
5.4~5.7 FLAAHAR APB 211+
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54 APB#F
AT UERFAT MR BRGNS, e AIEEAHBRIAPB M) 14 (APB bridge).
APBHAAHBI— M, (HEAEAPBHEME— ) E 1%, MAPBH I A2 FE 1) A1
B W APBHF 1 N 25 o

541 EFEOEHR
FEE APB MrfE SR
PSEL1 _
PSEL2 _
: Selects
System bus PSELn L
slave o
interface
PENABLE > Strobe
APB
bridge PADDR[31:0] Address
Read data |PRDATA[31:0] and
PWRITE - control
Reset PRESETNn .
Clock PCLK o PWDATA[31:0] Write data
5-5 APB bridge %11
542 iR

APBI RYE M ALIR A R APB T SO MERS, & B —SEiX LTl Rt

o BifpHhhl, {EfGiid R R B E R

® LB HU LA TR AR B S PSELX,  FEARIERRE T A — MG P 5 AT s . ol
EPEHME— —NAPB M £ LA TR S S04,

o  HEMEN:  FBTREAHBIE KB FAPB ML,

CERER S ORAPBRIEEI.E FAHB RS 4

® LNk S S PENABLEAE B LISIN (K EEE S
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543

544

C1 c2

PENABLE \ /

Tovpen = | f— —{ |~ Tohpeh
PSELxx / )
Tovpsel _.' — Tohpsel = p—
PADDR Address
Tovpa = |— Tohpa=—{ |—
PWRITE
Tovpw =~ |— Tohpw =~ |—

PWDATA Data
Tovpwd = Tohpwd = |—

PRDATA X Dald
Tisprd

= = Tihprd

5-6 APB i 71

APB #F (APB ¥) KIFFFS%

® APBHMIAESZH:

Telkl:
Telkh:
Tisnres:
Tihnres:
Tisprd:
Tihprd:

PCLK LOW time

PCLK HIGH time

PRESETn de-asserted setup to rising PCLK
PRESETn de-asserted hold after rising PCLK

For read transfers, PRDATA setup to rising PCLK
For read transfers, PRDATA hold after rising PCLK

® APBHIESSH:
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Tovpen: PENABLE valid after rising PCLK

Tohpen: PENABLE hold after rising PCLK

Tovpsel: PSEL valid after rising PCLK

Tohpsel: PSEL hold after rising PCLK

Tovpa: PADDR valid after rising PCLK

Tohpa: PADDR hold after rising PCLK

Tovpw: PWRITE valid after rising PCLK

Tohpw: PWRITE hold after rising PCLK

Tovpwd: For write transfers, PWDATA valid after rising PCLK
Tohpwd: For write transfers, PWDATA hold after rising PCLK
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55 APB M
APB M RBEVH ] EE RAT SRR, T LARRE AN RIS A T B

551 EFEOEHR
K 5-7 i APB [N 11K

Select PSELX

—
Strobe PENABLE
—
Address PADDR
and
control PWRITE
— »
APB
Reset PRESETn sllene
Clock PCLK

Write data PWDATA ) PRDATA ) Read data

K57 APB M\i&4%1

552 ik

UIRTTH AT &, APB SZkFFBR T APB bridge 4 M 4h, HEIAMEES N S. Kt, APB M4t AHB
BBV T H AR Bk

s

a. APB /b TP g R R Y, APB BT E VRN, MR AT LA E:

B £ PCLK bJtuifii, H PSEL Ay aifr s

B 57E PENABLE 7R, H PSEL JymirBifr &

b. PSELX, PADDRFIPWRITEfS 5204 AT LAY E WA P Arge o i S s 0o

C. FEEFRMERIRE, HdisrTLl PWRITE fE=0, PSELx fll PENABLE=1 [{JiHEpo%E ML b, i
PADDR I T HREMRA A A7 s
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553

554

Telkl:
Telkh:
Tisnres:

Tihnres:

Tispen:
Tihpen:
Tispsel:

Tihpsel:

Tispa:
Tihpa:
Tispw:
Tihpw:

Tispwd:
Tihpwd:

Tovprd:
Tohprd:

W
C1 c2
PENABLE | | ’ {
Tispen " L Tinen
PSELxx
Tigpsel — - Tihpsal — [—
PADDR AHdress
Tepa L Tinpa | |—
PWRITE
Tispw  — h— Tihpw = |—
PWDATA Data
Tispwd — h— Tihpwd—  |—
PRDATA X XL Data
Towprd— —| |Tohpre
K58 APB M
APB MK FFE4
PCLK LOW time

PCLK HIGH time
PRESETN de-asserted setup to rising PCLK
PRESETN de-asserted hold after falling PCLK
PENABLE setup to rising PCLK
PENABLE hold after rising PCLK
PSEL setup to rising PCLK
PSEL hold after rising PCLK

PADDR setup to rising PCLK

PADDR hold after rising PCLK

PWRITE setup to rising PCLK

PWRITE hold after rising PCLK
For write transfers, PWDATA setup to rising PCLK
For write transfers, PWDATA hold after rising PCLK

For read transfers, PRDATA valid after rising PCLK
For read transfers, PRDATA hold after rising PCLK
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56 APB %] AHB K¥:0

56.1  BEEME
T T2 T3 Ta TS
[ I [ I
HADDR [0 Addr 1 () L& XX
HWRITE |\ [T O L
HRDATA () X (__Data (¥
HREADY [/ [ iy 0\ .
PADDR 1 Adidr 1
PWRITE A
PSEL rf A .
PENABLE A N
PRDATA X KData 1 ()

K59 APB 3| AHB [FiH8E N 7> K]
AR DL, fEENABLE CYCLEH n] REEE AN RENS UM BIAHB R4, 75 2AEAPBH 1L
TARIRMEAT— FBUE, JEAETSRMEA BAHBIRAE . BUARTREZ —NERF A (—3824Y), (R
RIETE T RS IERERAETT T

#*5-3

Tl | 7 AHB BZJITURE%

T2 | Hilibgl APB KA . WAAZALIEEE R AN IITE, IX NHHE SR S OS5 KA M. T2
wise AHB [1] SETUP CYCLE.,

T3 | AHB ] ENALBE CYCLE, PENABLE $if, gt .

T4 | SRS BN R AHB B2k 1, 7E ETHE R AHB AR
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EDERE R ARED, S BRI :

1 T T T4 15 6 T T ™ T T
| | | | | | | | | |
waoor O Adar i) mer2 0 Awerd ) Ak 0
HwRE 1L\ A A A 1l |
HRoaTA I | Joata f} I JData 2f} J_JData 3} f_JDatadf}
HReaoy [/ L/ |\ VO ) B O/ A W [
PADDR (0 Adrt ) Az ) A ) A )
PWRITE I\ A A A A
PSEL ] V V V L
PENABLE S A N A N N
PRDATA | |Data if |Data 2 fatad 1 JDatadf

K 5-10 APB #] AHB [FittEisEn R
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562 E&{E

PURIRE— Ui AHB F1 APB Z [EEH AL L&, Wil 5-11 Frok:

T1 T2 T3 T4 T5

HADDR

HWRITE

o
I

HRDATA 0 o [ Y pata1
I /

HREADY

PADDR o Addr 1
PWRITE [\
PSEL [/ \
PENABLE
PWDATA >< >< Data 1 >D<

K 5-11 AHB % APB ¥di 5 En K

APB LR b1 B S EAN TR EAER . APBARIKI DT T A2 IR A T RAE, e S
IR P R E AT IIME.

*5-4

T1 | AHB JHA/ER bR S i 15 B 1)L (HADDR Fll HWRITE)

T2 | APB bridge #2HU{E AHB DK IEatithl A G HIE S, [FINEEAS] APB A FRAHLIK ENABLE
R

T3~ | WG S S EZ BT 41 APB S8R —+F, FEIXIEIRA AT LA .
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TR E SRR
T Tz T3 T4 T5 Th 7 TB T4 Ti0 ™ TiZ
I I I I I I L | I I I
e | T | R | TR | T 00
mRTe if i i V ! | S )
mwoara (0 (0wt 0 o2 N oms T owe Y
e ! L\ T/ O W/ I W |
PADDR e T _mer ) mes T mee
PWRITE / V V V V
PSEL [ V V L
PENABLE S A U A W A W
PWDATA ot 0 oz oms ) ome

K 5-12 AHB % APB Hulitt = 5 8 A

R BRI, 0BT IR A, R R A R Y. APB
e e A LR e S a3 g €73 XS £ (B P g I/ €72 N {2 8
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563 EERXFEIE (Back to back)
FEIEH T B ENN Y, s, i, B55, ik

T n n T 75 T w 0 ™ ™o T T2
| | I LT 1 I I | | L

Happr  {(J(paart f)adorz Y mears 0Cadars i)

wwrme :[J L1 \ [I

HwoatA J)Cosa 1Y Y)Coatas XY

HroaTA I X ez I 0 EXYH

HREADY i/ V ! ] V \ o
PADDR C___Ador A2 LA C__gors

PWRITE / \ [ \
PSELx [T /]

PENABLE ] o — S

PWDATA O opta | S E

PRDATA X (o2 XX X X0

K 5-13  BEEASEALIER T

IR G AT S IR AR, IR AT EE 3 SR ANPR ISRl WHIITHILT, ASATiRA
IR GEAER R, PO Z 1A] CPU B THE 2B
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=AHAEEHISEIL

564

£ AMBA APB G2 SEHlH, T HAHEAAAE T B B Z S S, WEEAT U] MUX =7 OR &
LR APB Mo BRG] =2 5k, BH Bt S e — A2k b, DS HREATREM ST

TR IAAEH] =2 BUFFER SEHL APB S, IFANTREAT AR AT KA .

Kb (a4 i T SRR A R LURIPRES . et e, Heybe n) H 2k

FAWDIHIKS) 7 (AHB 5L APB M), fEftES MRS, N3 APB MEIRBNEZE, FrLAIAH DI,

[ e s s e e N e | LT T

i s e s € '

HWRITE m ‘L'\ H
mwoara ) T ) I = , ,

HRDATA ﬂ D{"m ID{ D“‘ H
wpor T TR — v
- -
PWRITE 1} ! Al ? ; 1] U ? ; :

PSELx | I 7 : I/ T o
s B S W S S
o e e e
PRDATA | f SO e ) SRR YN |
PDATA .' has E—

K 5-14 APB #rif P&
57 APB F| ASB 4 0 (Z1%)

5.8

D B4 APB FI| 2.0 BiAs APB(ZHE)
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6 WRATTEE
This chapter describes the test interface used with AMBA module designs. It contains
the following sections:
? About the AMBA test interface on page 6-2
? External interface on page 6-4
? Test vector types on page 6-6
? Test interface controller on page 6-7
? The AHB Test Interface Controller on page 6-12
? Example AMBA AHB test sequences on page 6-17
? The ASB test interface controller on page 6-25
? Example AMBA ASB test sequences on page 6-27.

6.1 AMBA RO

AMBA $2AE—AMERIIMRA T E, B RVFRSE EIRBEHMN AR, it siremiAgatnt, &4
AT B R b I e R R AR IE S . IXANRRPERR T DhREMRI R, JREIE s T AR
IoEIpYE =S IE A

K 6-1 Jy— AMBA JMIRREE oA

—> —
Dedicated Apoli . Dedicated
peripheral —— pp_lcatlon —» peripheral
inputs peripheral outputs
—_— —
_ L Bus interface <J
Test stimuli Test results

17

K 6-1 AMBA ARz 7R &

FLHEFNZA HAR, AMBA RGeS MR Dhlss (TIC) Mg M B, A 13X ML 4%
IR, RGNIRRE Sk AR %L AMBA R YA IR T AR X AR 45461
ST 3RS TR AR A ST . Rtz oh, Bl gst nT AR RIS
g, IR ft—A 32 fPATIR R Lo T XM IR, RABER RIZAS 32 fLE 2l i
X Je) 5t 1

Bl 6-2 NI 3 R RSN e 1 et AR KR o
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TCLK >
Test
TREQB E > Controller
: (TIC) Address
TACK -
i External
! Bus
(EBI)
K] 6-2 MRREE s gs AN S 2z 1
6.2 AMFEO

&l 6-2 AT, XA RS O - IRRAR(TCLK). 3 MEHWES(TREQA. TREQB Al TACK)
F—A> 32 7 AR ] s 2R T2 e

621 TREQA
TREQA is the test bus request A input signal and is required as a dedicated device pin.
During normal system operation the TREQA signal is used to request entry into the test mode. This will cause
the test bus to become tristated, allowing test vectors to be applied.
During test this signal is used, in combination with TREQB, to indicate the type of test vector that will be
applied in the following cycle.

6.22 TREQB

TREQB is the test bus request B input signal.

During test this signal is used, in combination with TREQA, to indicate the type of test vector that will be
applied in the following cycle.
6.23 TACK

% 6-1 T3 6-2 40 A — e Rl A s, TREQA. TREQB % TACK =AMzihifs B4 As ik it
BN I R G HRAETE
K 6-1 — A = PR A S

TREQA TREQB TACK ik
0 0 0 — R
1 0 0 TR R Gok AR
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0 TR
= = 1 HEA AR
2 6-2 MHAB = Il R B
TREQA TREQB TACK ik
— — 0 ARTEI IS E
! 1 1 Mtk st B e
1 0 1 )
0 1 1 L)
0 0 1 ST

6.24  Test clock

TCLK is the test clock input signal.

In test mode, the internal bus clock is driven from the external TCLK source. This pin may be the normal
clock oscillator source input or a port replacement signal. The system bus clock must not glitch when switching
between normal and test mode. On entry into test mode the TIC indicates that it has switched to the test clock input
by asserting the TACK signal.

6.25  Test bus

TBUS[31:0] is the 32-bit bidirectional test port.

The test bus is used as an input to apply address, control and write vectors. For read vectors the test bus is used
as a device output. The test interface protocol ensures that a turnaround period is always provided when changing
the direction of the test bus.

6.3 JHA M=K
FEMRRASE R SR UM TR 7] A it
#6-3

address vector
write vector

read vector
control vector
turnaround vector.

OB WIN|F-

Syl r) F(Address Vector), 7EHHT— MBS ANERT, Huhk ) S isehifkik . WikPUpmR,
ENNARA T TREQA A TREQB AR 1 1, AR F—ANAT Lt p i kb . PRIk, 78 F—
AR, TBUS[3L:0)FrLiL £ Ry Hikik [n) &, 1f) TREQA F1 TREQB fribith ol se A F—ikf%
) IS T o B s

S5 Tl zad ) B A7 17 e (Control Vector), IR ) Fit i o (M IAEIELL 2 22 sk i B2 ), 4276
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I 1 ] FH AT E: sl a0 hME 5 . 2801k, 528 bk n) 244852 5, TREQA F1 TREQB
SUERE 1, AT ] DAE B — SR TAE%, e F— 8, TBUS[3L:0)f&k M5 Bl A4
Ml . A, TREQA Fil TREQB IXMMEH A H e A N —IRALI% [n B AT 75 HIME.

SR v A 5 R H(Write Vector),  IXR )i rTREAAAE RO LR IR 2 A, Wit
Bbki e, RSB NHE ) R R LR T IR R, AR T i (Read Vector) ) 1)
1) 1) (Turnaround Vector) . AN Al RS ARSI SARAR L, ETREAAAE RALRR R 5, 40
SRk SR R e, SRS BRI A S R R )
I H

TN 2 AR e (Burst Vector), I A) R AT 1 22 B MBS ORI TR, R
TRl F A P A BB Tl 5 1 T F A R

AR O ), AT, AV IMEIR B I R 17 A — DN AR, B
NS e 1 B o, (HAEREA T ) 2 TN — DN ) )

6.4 IR OIEHIES
The Test Interface Controller (TIC) is a bus M that accepts test vectors from the external test bus,
TBUS[31:0], and initiates bus transfers. The TIC latches address vectors and, when required, increments the
address to allow read and write bursts of test vectors.

641 WRRRIESH
The default TIC bus M operation when entering test mode is:
? 32-bit transfer width
? privileged system access.
This is sufficient for testing many embedded system designs and minimizes the on-chip
test support logic. In the case of systems that require the above control signals to be
dynamically changed, a control vector mechanism is used to update the control signals
within the TIC.
Bit 0 of the control vector is used to indicate if the control vector is valid. Thus, if a
control vector is applied with bit 0 LOW, the vector will be ignored and will not update
the control information. This mechanism allows address vectors which have bit 0 LOW
to be applied for many cycles without updating the control information.

642 EEIH:
In order to support burst accesses using the test interface the TIC may support
incrementing of the bus address. The number of address bits that are incremented is
dependent on the maximum burst access length that is required via the test interface.
This is system-dependent but a typical implementation would use an 8-bit address
incrementer, allowing burst access up to 1kB boundaries using word transfers.
The control vector also provides a mechanism to enable and disable the address
incrementer within the TIC. This allows burst accesses to incremental addresses, as
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would be used for testing internal RAM. Alternatively, the address increment can be
disabled, such that successive accesses of a burst occur to the same address, as would
be required to continually read from a single peripheral register.

If the transfer size is changed dynamically then any address incrementer support for
burst-mode accesses must be able to support increment by byte, halfword and word
offsets, so adaptive address incrementer logic is required.

The address incrementer is disabled by default and must be enabled using a control
vector prior to use.

6.43  HEAWRRMER

In normal operating mode TREQA will be LOW, indicating that test access is not
required and the test bus will be used as required for normal operation, which will
usually be part of the external bus interface. Entering test mode allows test vectors to
be applied externally that will cause transfers on the internal bus.

The following sequence is required in order to enter test mode:

1. TREQA s asserted to request test bus access.

2. Test mode is entered when the TIC has been granted the internal bus and this is
indicated by the assertion of the TACK signal.

3. At this point TCLK will become the source of the internal clock signal.

4. When test mode has been entered TREQB is asserted to initiate an address

vector.

The TIC will not perform any internal transfers until a valid address vector has been
applied.

A synchronous tester would not be expected to poll TACK for the bus. Normally the
TREQA signal would be asserted for a minimum number of cycles to guarantee to gain
access to the bus (completion of the longest wait-state peripheral access or the
maximum number of cycles for all bus masters to have completed their current
instruction).

6.44 HuhknE

An address vector must be applied before any read or write operations can occur. The
following sequence is required in order to apply an address vector:

1. TREQA and TREQB are both asserted HIGH indicating an address vector next
cycle.

2. In the next cycle the address is applied to TBUS[31:0], while TREQA and

TREQB change to reflect the type of test vector that will follow.

In some high-speed systems it may be necessary to apply more than one address vector
in succession, to allow sufficient time for the address to propagate from the external test
bus through to the internal address bus. In such a case the TIC can negate TACK for
the first cycle of the address vector, forcing a second cycle of address vector to be
applied.
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6.4.5

6.4.6

6.4.7

7l
A control vector is always the last in a sequence of address vectors and is used to update
control information within the TIC. The sequence is as follows:
1. TREQA and TREQB are asserted HIGH indicating an address vector next
cycle.
2. In the next cycle the address is applied to TBUS[31:0]. TREQA and TREQB
both remain HIGH as the control vector will occur in the following cycle.
3. In the next cycle the control information is applied to TBUS[31:0], while
TREQA and TREQB change to reflect the type of test vector that will follow.
4. Finally the transfer occurs on the internal bus.
It is possible to apply an invalid control vector, by setting bit 0 of the control vector
LOW. This will not change the control information within the TIC.

EEFnE
Once test mode has successfully been entered, read and write operations may be
performed through the test interface. In order to perform a write operation internally it
is necessary to supply an address followed by the write data.
The address used for the write transfer will depend on the preceding vectors and a write
vector may occur after any of the following:
? a single address vector
? an address/control vector sequence
? another write test vector, forming a burst of writes
? aturnaround vector after a single read or burst of reads.
When an internal bus transfer is extended by the insertion of wait states this is indicated
externally by the TACK signal going LOW. During the waited condition the TREQA
and TREQB should change to indicate the vector type that will follow when the current
vector has completed. However, it is important to note that in the case of a write vector
the data should continue to be applied to TBUS[31:0].

BRAE R E

In a similar manner to write test vectors, read test vectors may follow a number of
different vectors, as listed below, and the address used for the transfer will depend on
the preceding vectors:

? a single address vector

? an address/control vector sequence

? another read test vector, forming a burst of reads

? a single write or burst of writes.

Avread, or burst of reads, must always be followed by a turnaround vector to prevent
bus clash on the external TBUS signals. As for a write vector, if the external transfer is
extended then this is indicated externally by the TACK signal going LOW. The read
data should not be sampled externally until the internal transfer has completed.
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6.4.8

6.4.9

R R

Multiple write vectors or read vectors may be joined together to form bursts of vectors.
This enables test vectors to be applied at a much faster rate by removing the need for an
address vector to be associated with each read or write vector.

Burst transfers may use either incrementing addresses or static addresses, depending on
whether or not the TIC contains an address incrementer which is enabled. With no
address incrementer the TIC will perform non-sequential transfers to a constant address.
If the TIC does contain an enabled address incrementer then the address used for each
successive transfer will be incremented by the appropriate amount, which is dictated by
the transfer size.

BB TT 1)
It is possible to change the transfer direction of a burst, from read to write or write to
read.
If changing from read to write it is still necessary to insert a turnaround vector. This will
not load a new address but will internally cause a new burst to be started allowing
internal slaves to observe that the direction of the burst has altered.

6.410 BHIRRMER

6.5

Test mode is exited using the following sequence:

1. Apply a single cycle of address vector, which ensures any internal transfers have
been completed.

2. TREQA and TREQB are both driven LOW to indicate that test mode is to be

exited.

3. When the test interface has been configured for normal system operation TACK

will go LOW to indicate that test mode has been exited.

It is important that test mode can be entered and exited cleanly so that diagnostic testing
may be performed during system operation.

AHB A Ozl

The following state diagram illustrates the operation of the TIC.

The following points describe the TIC state diagram operation:

? At reset the TIC is in the IDLE state and will not be requesting use of the AHB.
When in the IDLE state TACK is driven LOW to indicate that the test interface

cannot be used.
? The TACK signal is used to control all transactions around the state machine,
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except for the transition from IDLE to START. In all other cases the state
machine remains in the same state if the TACK signal is low.

? The TREQA signal is used to move from the IDLE state to the START state.
This has been changed from the previous specification, which required TREQA
to be high and TREQB to be low, and has the advantage that it is possible to use
just TREQA to move from normal operation into test mode.

? In some system implementations it will be necessary to switch from an internal
clock source to an external clock TCLK which is used during test mode. When
TREQA first goes high this can be used as an indication that the clock source
should be changed and a return signal that indicates when the clock switch has
occurred successfully can be used to prevent the move into the START state until
the test clock is in use.

? If clock switching is being used then it is possible that TREQA is asynchronous
to the on-chip clock before test mode is entered and therefore a synchronizer is
used to generate a synchronized version of TREQA to control the movement
from the IDLE state to the START state.

? The START state is used to ensure that the first vector applied is an address
vector to prevent read and write vectors occurring before the address has been
initialized. The START state is only exited when TREQA/B indicate an address
vector and the following state is ADDRVEC.

? In the ADDRVEC state the TIC registers the address on the TBUS. The
ADDRVEC state is used for both address and control vectors, so additional logic
is required to determine whether the value on TBUS should be considered as an
address or as a control vector. If the previous cycle was an address vector and the
following cycle (as indicated by TREQA/B) is not an address vector then the
current cycle is a control vector.

? It is possible to stay in the ADDRVEC state for a number of cycles, but usually
an address vector will be followed by either read or write transfers.

? If a write transfer is being performed the TIC moves into the WRITEVEC state
at the same time that it initiates the transfer on the bus and multiple write
transfers can be performed by remaining in the WRITEVEC state. Usually the
WRITEVEC will be followed by an address vector, however it is also possible to
move directly to read transfer by moving to the READVEC state.

? When a read, or a burst of reads is performed the TIC enters the READVEC
state. This state indicates that the TIC is starting a read transfer on the bus and it
is not until the following cycle that the read data will appear. When the
READVEC state is first entered the TBUS will be tristate, but will become
driven for further cycles in the READVEC state.

? All read vectors must be followed by two turnaround vectors. For the first of
these cycles the TIC will move into the LASTREAD state, during which the last
read of the transfer will complete and will be driven out on to the external
TBUS. During the LASTREAD state no internal transfers will be started and the
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TIC will perform IDLE transfers on the bus.

? Following the LASTREAD state the TIC moves into the TURNAROUND state,
during which time the external TBUS will be tristate. The TURNAROUND state

will usually be followed by an address vector, but it is also possible to go

immediately to a write vector or another read.

? The usual method to exit from test is to return to the ADDRVEC state and then

set TREQA/TREQB both LOW to return to IDLE and effectively exit from test.

In fact, at any point the test mode can be exited by setting both TREQA and

TREQB LOW and eventually this will cause the TIC to exit from test.

Note

When applying TIC vectors it is theoretically possible to assert the HLOCK output and
then exit from the test. If this happens and then the TIC is granted the bus under normal
operation it will effectively lock up the bus. No protection is provided within the TIC to
prevent this occurrence.

6.5.1  Control vector
A control vector is included within the TIC to determine the types of transfer it can
perform. The control vector is used to set the values of HSIZE, HPROT and HLOCK.
The default TIC bus M operation when entering test mode is:
? 32-bit transfer width - HSIZE[1:0] signifies word transfer
? privileged system access - HPROT[3:0] signifies privileged data access,
uncacheable and unbufferable.
Bit O of the control vector is used to indicate if the control vector is valid. Thus, if a
control vector is applied with bit 0 LOW, the vector will be ignored and will not update
the control information. This mechanism allows address vectors which have bit 0 LOW
to be applied for many cycles without updating the control information.

Although the default settings will be sufficient for testing many embedded system
designs, the control vector can be used both to change the control signals of the transfer
and also to determine whether the TIC should generate fixed addresses or incrementing
addresses.

Table 6-3 defines the bit positions of the control vector. The control vector bit
definitions are designed to be backwards compatible with earlier versions of the TIC
and therefore not all of the control bits are in obvious positions.

There is no mechanism to control the types of burst that the TIC can perform and only
incrementing bursts of an undefined length are supported. The TIC only supports 8-bit,
16-bit and 32-bit transfers and therefore HSIZE[2] cannot be altered and will always

be low.

In order to support burst accesses using the test interface the Test Interface Controller
may support incrementing of the bus address. The TIC increments 8 address bits and
the address range that can be covered by this incrementer is dependent on the size of the
transfers being performed.
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The control vector provides a mechanism to enable and disable the address incrementer
within the TIC. This allows burst accesses to incremental addresses, as would be used
for testing internal RAM. Alternatively, the address increment can be disabled such that
successive accesses of a burst occur to the same address, as would be required to
continually read from a single peripheral register.

If HSIZE[1:0] is changed dynamically then any address incrementer support for burstmode
accesses must be able to support increment by byte, halfword and word offsets,

S0 adaptive address incrementer logic is required.

The address incrementer is disabled by default and must be enabled using a control
vector prior to use.

Note

The control vector is primarily used to change signals which have the same timing as
the address bus. However the control vector also allows the lock signal to be changed,
which is actually required before the locked transfer commences. If the HLOCK signal
is used during testing it should be set a transfer before it is required. This difference in
timing on the HLOCK signal may in some cases cause an additional transfer to be
locked both before and after the sequence that should in fact be locked.

6.6 AHB MRAFEF245

6.6.1  Entering test mode
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In normal operating mode TREQA will be LOW, indicating that test access is not
required and the test bus will be used as required for normal operation, which will
usually be part of the external bus interface. Entering test mode allows test vectors to
be applied externally that will cause transfers on the internal bus.

The following sequence, as illustrated in Figure 6-4, is required in order to enter test
mode:

1. TREQA s asserted to request test bus access.

2. Test mode is entered when the TIC has been granted the internal bus and this is
indicated by the assertion of the TACK signal.

3. At this point TCLK will become the source of the internal HCLK signal.

4. When test mode has been entered TREQB is asserted to initiate an address
vector.

5. The TIC will not perform any internal transfers until a valid address vector has
been applied.

A synchronous tester is not expected to poll TACK for the bus.

Normally the TREQA signal is asserted for a minimum number of cycles to guarantee
access to the bus (completion of the longest wait-state peripheral access or the
maximum number of cycles for all bus masters to have completed their current
instruction).

662 EikfE
Figure 6-5 shows the sequence of events when applying a set of write test vectors.
Initially an address vector is applied and this is followed by a write test vector.

The following points apply when writing test vectors:

? The TREQA and TREQB signals are pipelined and are used to indicate what
type of vector will be applied in the following cycle. Figure 6-5 shows an

example of a number of write transfers being performed.

? The TIC samples the address and TREQA/B signals at time T3. Following this it
can initiate the appropriate transfer on the AHB.

? In the following cycle the write data is driven on to the TBUS and it is then
sampled on the following clock edge, T4, and driven on to the internal bus.

? If the internal transfer is not able to complete then the TACK signal is driven low
and this indicates that the external test vector must be applied for another cycle.

6.6.3  TEEAME
Read transfers are more complex because they require the TBUS to be driven in the
opposite direction and therefore additional cycles are required to prevent bus clash
when changing between different drivers of TBUS. Figure 6-6 shows a typical test
sequence for reads.
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The following points apply when reading test vectors:

? The TREQA and TREQB signals are used in the same way as for a write
transfer. Initially, TREQA/B are used to apply an address vector, in the
following cycle they are used to indicate that a read transfer is required. For the
first cycle of a read the TBUS must be tristate, which ensures that the external
equipment driving TBUS has an entire cycle to tristate its buffers before the TIC
will enable the on-chip buffers to drive out the read data.

? At the end of a burst of reads it is also necessary to allow time for bus
turnaround. In this case the TIC must turn off the internal buffers and an entire
cycle is allowed before the external test equipment starts to drive.

? The end of a burst of reads is indicated by both TREQA and TREQB being
HIGH, as for an address vector. In fact they must indicate address vector for two
cycles, which allows for both the turnaround cycle at the start of the burst and
also the turnaround cycle at the end of the burst.

6.64  FHlEE
The operation of the TIC may be modified by the use of a control vector. Whenever
more than one address vector is applied in succession then the last vector is considered
to be a control vector and is not latched as the address. Bit O of the control vector is used
to determine whether or not the control vector should be considered valid, which allows
multiple address vectors to be applied without changing the control information,

At time T4 the TIC can determine that the TBUS contains a control vector. This is
because the previous cycle was an address vector and TREQA/B are indicating that the
following cycle is either a read or a write and therefore the current cycle must be a
control vector.

665 HEME

The examples of read and write transfers in Figure 6-5 on page 6-19 and Figure 6-6 on
page 6-20 also show how additional transfers can be used to form burst transfers on the
bus. The TIC has limited capabilities for burst transfers and can only perform
undefined-length incrementing bursts.

The TIC contains an 8-bit incrementer and if an attempt is made to perform a burst
which crosses the incrementer boundary then the address will wrap and the TIC will
signal the transfer as NONSEQUENTIAL. The exact boundary at which this will occur
is dependent on the size of the transfer. For word transfers the incrementer will overflow
at 1kB boundaries, for halfword transfers it will overflow at 512-byte boundaries and
for byte transfers the overflow will occur at 256-byte boundaries.
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6.6.6 ATEBLE Read-to-write and write-to-read
It is possible to switch between read transfers and write transfers without applying a
new address vector. Usually this would be done with the address incrementer disabled,
so that both the read transfers and the write transfers would be to the same address. It is
also possible to do this with the incrementer enabled if the test circumstances require it.

When moving from a read transfer to a write transfer it is also necessary to allow the
two cycles for bus handover and therefore TREQA and TREQB should signal address
vector for two cycles after the read. This will not cause the address to be changed unless
it is followed by a third address vector. Figure 6-8 illustrates the sequence of events.
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