On Chip Bus

Speaker:

Adopted from National
Tawan University

SOC Course Material

PN PN PN e "




Outline

JAMBA Bus

— Advanced System Bus
— Advanced High-performance Bus
— Advanced Peripheral Bus

1P Design flow

JFPGA design flow
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Bus Architecture
High-performance High-bandwidth
ARM processor on-chip RAM
B UART Timer
. . R
High-bandwidth AHB or ASB | APB
External Memory D
Interface G
E Keypad PIO
DMA bus
master AHB to APB Bridge
or
ASB to APB Bridge
AMEA AHB AMBA ASB AMBA APBE
* High performance * High performance * Low power
* Pipelined operation * Pipelined operation * Latched address and control
* Multiple bus masters * Multiple bus masters * Simple interface
* Bursttransfers * Suitable for many peripherals

* Split transactions
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Outline

‘BRrortium

JAMBA Bus

— Advanced System Bus

* High performance
* Pipelined operation
e Multiple bus master

— Advanced High-performance Bus
— Advanced Peripheral Bus

dFPGA design flow
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ASB characters

dNegative edge trigger

Tri-state bus
— Drawback: More effort used to control timing
— Advantage: cost less area
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JAMBA Bus

— Advanced System Bus

— Advanced High-performance Bus
High performance

Pipelined operation

Multiple bus master

Burst transfers

e Split transactions

— Advanced Peripheral Bus
1P Design flow
dFPGA design flow
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AHB simple Arch.

Arbiter
HADDR
HADDR HWWID AT Slave
Master HWW DA TS HRD ATA # 1
# 1 HR DAaTa
HADDR
HADDR J HWWID ST Slawe
# 2
Master HWWDWATA Address and HRD ATA
&® 2 control mux
HR DATA e
\I HADDR
HADDR A HWWID ST Slawve
# 3
Master HWWDWATA Wirite data rmux HRD ATA
#3
HRDWATA Fead data o
|/ HADDR
HWID AT A Slawve
# 4
HRD ATA

Decoder




AHB Components BWe

JAHB Components

— AHB master is able to initiate read and write operations
by providing an address and control information. Only one
bus master is allowed to actively use the bus at any one

time.(max. 16)

— AHB slave responds to a read or write operation within a
given address-space range. The bus slave signals back to
the active master the success, failure or waiting of the

data transfer.
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AHB Components(ii)

JAHB Components

— AHB arbiter ensures that only one bus master at a time
IS allowed to initiate data transfers.

— AHB decoder is used to decode the address of each
transfer and provide a select signal for the slave that is
Involved in the transfer. A single centralized decoder is
required in all AHB implementations.
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AHB Signals(i)

JAHB Signals can be classified as
— Clock (HCLK)

— Address and read/write data (HADDR, HRDATA,
HWDATA)

— Arbitration (HGRANTx, HMASTER, HMASTLOCK,...)
— Control signal (HRESETN,...)
— Response sighal(HREADY, HRESP)
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AHB Signals(ii) i

4 Transfer signals

— HCLK

* bus clock. All signal timings are related to the rising edge.
— HADDR[31:0]

» 32 bits system bus

— HWDATA/HRDATA [31:0]
e 32 bits write/read data bus

— HWRITE
» High: write data
 Low: read data

— HREADY
e Transfer done
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AHB Signals(i)
Basic Transfer

 Each transfer consists of
— An address and control cycle
— One or more cycles for the data

_ Address phase _ Data phase

f
b
F )
L J

HCLK

HADDR[31:0]

Contral

XX
XX
XX
XX

22D

Data
()

A [/
O CX®

Figure 3-4 Transfer with wait states

#_.-""
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HREADY

SARER

HRDATA[31:0]

-
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AHB Arch.

Slave
#1
M;E}er .
HADDR_ M1[31:0]
.\‘ HADD;F. to all slaves
HADDR_M2[31:0] ) Slave
#2
Master Address and -
# 2 control mix
HSEL S1
HSEL S2 Slave

Decoder TSEL 53

- #3

Figure 3-12 Slave select signals
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AHB Signals(ii)

d Control signals
— HTRANSJ1:0]
« Current transfer type
— HBURST[2:0]
 When sequential transfer, control transfer relation
— HSIZE[2:0]
o Control transfer size=2"HSIZE bytes(max=1024bits)
— HPROTI[3:0]
« Protection data
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AHB Signals(ill)-HTRANS

QHTRANS[1:0]

— IDLE: master don’t need data to be transfered

— BUSY: allows bus masters to insert IDLE cycles in the
middle of bursts of transfers.

— NONSEQ: The address and control signals are unrelated
to the previous transfer.

— SEQ: the address is related to the previous transfer.
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AHB Signals(iil)-HBURST

HC LK
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 LE) TE T
MONSEQ ﬂ SEQ H SEQ ﬂ SEQ
O3 ﬂ e E( Ooc30 ﬂ (mdd

WRAP4

LConirod Tar buest
SIZE = Won

1

}: :( Data I Data Data [ata
{0e38) {0 A0 {030 {034

W

1/

g2 <] S2 83 €3 52 &3

v

1 ye |
L
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AHB Signals(iii)-HBURST

HBURST[2:0]

Type Description

I 000 SINGLE Single transfer

0] INCR Incrementing burst of unspecified length
I 010 WRAPS 4-beat wrapping burst
I 011 INCR4 4-beat incrementing burst

|10 WRAPS 8-beat wrappmg burst
I 0] INCRS 8-beat incrementing burst
I 110 WRAPIL6 | 6-heat wrapping burst
I |11 INCRI16 | f-beat ncrementing burst
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AHB Signals(iv)

dResponse signals

— HREADY

» Transfer done, ready for next transfer
— HRESP[1:0]

« OKAY transfer complete

« ERROR transfer failure(ex: write ROM)

« RETRY higher priority master can access bus
« SPLIT other master can access bus
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AHB Signals(v)

d Arbiter signals
— HGRANTX

e Select active bus master

— HMASTER[3:0]
« Multiplex signals that sent from master to slave

— HMASTLOCK

» Locked sequence
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Master signal

Arbiter
grant

Transfer
response

FReseat

Clock

Data

HG RANT x

HREADY

HRESP[1:0]

HRESETn

HCLK

HRDATA[31:0]

AHB
master

HEUSREQx
HL OC Kx

=
=

HTRANS[1:0] .

HADDR[31:0]

HWRITE -

HSIZE[2:0]
RS UES T

HPROT[3:0]
J

HWDATA[31:0]

Arbiter

Transfer type

Address
and
cantral

Data

Figure 3-27 AHB bus master interface diagram
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Arbiter signal SOCkv s

HBUSREQx1
HLOCK x1
Arbiter HBUSREQx2
requests { HLOCKx2
and locks

HBUSREQx3
HLOCKx3

Yy ¥ Yy ¥yyypey

HGRANTx1

HGRANTx2 _ Arbiter

HADDR[31:0] HGRANTx3 grants
AHB -
arbiter

HSP LITJ[| 1 5:ﬂ| . HMASTE Ft| 3:E|I
Address
and control HTRANS[1:0 HMASTLOCK
HEURST|2:{I| .
HRESF‘|1:Q| .

| HREADY

¥

i

Heset HRESETn
Clock HCLK

o

o
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- SOC
Slave signal

Select HSELx -
[
HADDR[31:0]
Address HWRITE
and < - HREADY
control HTRANS[hu] .
AHB HRESP[1:0] Transfer
HSIZE[2:0] response
slave
L HBURST[::U] :
Data HWDATA[31:0] HRDATA[31:0] Data
Reset HRESETn -
Clock HCLK -
HMASTER[3: .
HMASTLOCK slave DL,
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Outline

JAMBA Bus

— Advanced System Bus
— Advanced High-performance Bus

— Advanced Peripheral Bus
Low power

Latched address and control
Simple interface

Suitable for many peripherals

1P Design flow
dFPGA design flow
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APB state diagram

Select

Strobe

Address
and
cantrol

FReseat
Clock

Write data

PSELx .

PEMABLE .

PADDR

PWRITE

PRESETn »

PCLK
—_—8

PWDATA

APB
slave
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Mo transfer

IDLE
PSELx =0
FEMABLE =0

Transfer

2

SETUP
PSELx= 1

FPEMABLE =0

J

i

[ EMNABLE

FEMABLE = 1

J

PSELx =1

./

Mo transfer Transfer

Figure 5-2 State diagram

Read data

Figure 5-7 APB slave interface description



APB signals

JAPB character

— Always two cycle transfer
— No wait cycle and response signal

JAPB signals

— PCLK Bus clock rising edge is used to time all transfers.
— PRESETn APB reset active Low.
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APB signals

JPADDR][31:0] APB address bus.

JPSELX Indicates that the slave device Is selected.
There i1s a PSELXx signal for each slave.

JPENABLE Indicates the second cycle of an APB
transfer.

JdPWRITE Transfer direction. High for write access,
_ow for read access.

JPRDATA Read data bus
A PWDATA Write data bus
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Outline

JAMBA Bus
— Advanced System Bus

— Advanced High-performance Bus
— Advanced Peripheral Bus
1P Design flow

— Memory definition
— |IP design-SW
— |P design-HW

A FPGA design flow
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Memory definition

- W
TN
. LA
r—— LART
arrarkium W
gt ¥

BxFOOB0000

OxE0000000
BxDoOoBoene

BxCO00000e

Logic module 3

Logic module 2

Logic module 1

Logic module O

Core module
alias memory

PCI

Core module/
motherboard
MEMmory
and peripherals
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Bus errﬂ'
respons

SSRAM

Interrupt controller

LM reqgisters

OxCFFFFFFF

OxC20FFFFF
OxC2000000

OxCloaeooe
OxCo0a000e

«Self-designed | P can be located
in the Bus error response area

*Defined in AHBDecoder.v



AMBA P design

1 Software part
— Write afunction to control hardware
— Delay number of clocks by NOOP (asm) instruction

dHardware part
— Add MY IP.v into top module
— Change ahbdecoder.v
— Change AHBMuxS2M.v
— Change ahbahbtop.v
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|P design-HW

JAdd MY IP.v into top module
— Write your own module in AMBA interface

! Core | SDRAM Other eee

AHBAHBTOp
AHBDecoder
—1zBTSRAM
AHBMuxS2M | K o MYIP .

AHB 0 00000OCOGFOCS
AHB2APB

AHBAPBSys J— APBIntcon
APBRegs APB
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|P design-HW

 Change ahbdecoder.v
— Add HSELMY | P signal to select your own slave I P to response

— Address are defined in decoder
Slave
Master 1
#1 -

HADDR_M1[31:0]
\‘ HADDR o all skaves

HADDR_M2{31:0] J Slave
it 2

Master Address and .
it 2 conifred mux
HSEL 31
Decoder = AEve
HSEL 53 - B3

. .. T W T I | ~ .



|P design-HW

d Change AHBMuxS2M.v
— Use mux to select dave which can use HRDATA

master

HREADY -x
HRESP-x

davel

'HRDATA-x

HSEL-X
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P design-HW 2 &)\

1 Change ahbahbtop.v
— Add your module in AMBA Bus
— Connect the above net connection

Surbiter
HLSUCH R
LS R NI ST, =l e
#= 1
rMaster N o T IR AT
= IR s T
HLSU LR R
LA R ) AT ST S lawe
=
PMaster L g g = Yo Ny Y - g — P Ry AT S
e 2 oy brod e
FIRR T i
HLAUF IR
LS CF IR I A T =S lanwe
el =
MMaster Ly e Yo Ny Y L e i S [ = Wy
3
HIR AT Feaeamd ddatba rrone
o] ELAUCROER
=y S lawe
2
IR AT

Craecodear
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Architecture

‘BRrortium

NN PN PN e

AHBAHBTOp
¥ addr |
AHBDecoder > AHBMuxS2M
! | “
AHBZ?T“ v MYIP
JBTSRAM AHBAPBsys
| | AHB2APB | APBIntCon

\ 4

APBregs




Outline

JAMBA Bus

— Advanced System Bus
— Advanced High-performance Bus
— Advanced Peripheral Bus

1P Design flow

JFPGA design flow

— Compile flow
— Download flow
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Compile flow(i)

F:

All verilog module must be synthesized by Xilinx

Software

o Propeot
Project Name: Project Location:
[1ab5 |D:~3Du:uah5uah5 |
ije_ct']fle_xtic:e' Q{aﬁnm:
Froperty Hame Yalue
Tevice Famly VirtexE
Elew:va ek
FPackage. fzoall
Bpeed Giade £
Design Flonr ST Verlog - |
Ok Cancel Help
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Compile flow(ii)

L Add example2.ucf (define the pin assignment) into
project

d Double click generate programming file to generate * .bit
(which can be downloaded into FPGA)

==l

Processes for Current Source;
+ @@  Design Entry Utlities

+ g User Constraints
+-E3 Y Swmthesize

+ ¥ 3 Implement Design

¥ i Cenerate Programming File

i B Process View I
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Outline

JAMBA Bus

— Advanced System Bus
— Advanced High-performance Bus
— Advanced Peripheral Bus

1P Design flow

JFPGA design flow

— Compile flow
— Download flow
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Download flow

1 Connect config link

d Connect Multi-ICE to Logic Module

J Power on

dUse progcrd.exe to download example2.bit file
L Remove config link

d Power off
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