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The SoC

Generic Wireless / Computing
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Communication in a System

A list of factors that determine system speed:
(microcomputer busses)
— Efficiency and implementation of algorithm
— Compiler and coding efficiency
— Multitasking overhead
— Data transfer speed
— 1/0 handling speed

« Amdahl's law
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Communication

o Different views of communication
— Bus (Abstract)
— Channel (Point-to-Point)
— Interconnection (Primitive)

« Definition of a bus (microcomputer busses)

— A tool designed to interconnect functional blocks of a (macro)
computer In a systematic manner. It provides for
standardization in mechanical form, electrical specifications,
and communication protocols between board-level devices.
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Signals in a Bus
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e Data
e Address

« Control (most variable part of any given bus type)
— Multiple masters arbitration
— Data transfer handshake
— Interrupt processing
— Failure handling

e Power?
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Concept of the Bus

e A group of lines shared for interconnection of the
functional modules by a standard interface

— E.g., ARM AMBA, IBM CoreConnect

* |nterconnection structure
— Point-to-Point
— On-chip bus
— On-chip network
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Differences Between Traditional

* The root: I/O pins are limited and fixed

 The characteristics of a traditional bus
— Shared I/O
— Fixed interconnection scheme
— Fixed timing requirement
— Dedicated address decoding

e Fora OCB

— Routing resource in target device (e.g. FPGA, ASIC)
— Bandwidth and latency are important
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Shared |/O

 Three-state 1/0O. E.g. multiple masters,
iInput/output
— Slower than direct interconnection

— Limited by bus keeper or quality of routing resource In
the target device

— Solution in OCB: multiplexer logic interconnection

— Xilinx design guideline: We recommend using
multiplexer-based buses when designing for reuse
since they are technology-independent and more
portable.

« Multiplexed functional 1/O. E.g. address/Data.
— Need more time to transfer the same amount of data
— Solution in OCB: separate buses

45 Xilinx Design Reuse Methodology for ABIC and FPGA Designers, http://www.xilinx.coBtmerighitig0e8séidaghts reserved



Physical View of Shared I/O
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Physical Constraints

e Fixed Interconnection Scheme

— Traditional buses usually routed across a standard
backplane

— OCB allowed a variable interconnection scheme that
can be defined by the system integrator at the “tool
level”

 Fixed Timing Requirement

— Traditional buses have fixed timing requirements:
* They are both tested as sub-assemblies
« They have highly capacitive and inductive loads
* They are designed for the worst-case operating conditions when
unknown bus modules are connected together
— OCB has a variable timing specification that
« Can be enforced by place & route tools (tool level)
« Usually does not specify absolute timing

» Possibly only specifies a single timing specification WISHBONE,
Silicore
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Address Decoding

o Standard microcomputer buses usually use the
full address decoding technique

— That’s because the interconnection method does not
allow the creation of any new signals on the interface

 OCB can only use partial address decoding
— Higher speed address decoder
— Less redundant address decoding logic

— Integrator must define part of the address decoder logic
for each IP core (disadvantage)
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Bus Components

e Switch or node
— arbitration,routing

« Converter or bridge (type converter)
— from one protocol to another

e Sjze converter
— buffering capacity
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Bus Transaction

 Bus cycle
— one bus clock period

* Bus transfer
— read or write operation, 1 or more bus cycles

— terminated by a completion response from the addressed
slave

e Burst operation
— one or more data transaction, initiated by a bus master
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Bus Transfer

e A means to transfer data on the shared communication
lines between VCs

Protocol: guarantee the correct transfer
— request arbiter to use bus

— request sender to send data — sender ACK - send data -
receiver ack to receipt

— If error, re-send
— release bus
 Transfer modes
— read or write
— asynchronous or synchronous

transfer size 8, 16, 32, 64, 128 bits
— transfer operations
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Bus Signals
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e Address and data
 Interface controls
 Arbitration

e Interrupt

e Error reporting

e System level

e Test/Boundary scan
e Others

18
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Bus topology

* Asingle bus

e Multiple buses

» Crossbar switch

e No shared bus (star topology) | it

System OCB
Master 1 Master 2

VCI VC Targetl

VCI Bridge .<—+
_l
=
:Ism 3 crcsa\::,vitr)]ar VCI ‘ VC Target2
D
c \ 4 h 4
5 VCI VC Target3
O Slave 1 Slave 2 Slave 3
D
S Crossbar switch VCI with star topology
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Bus Hierarchy

e The structure of multiple —
.. Bus Wrappers

buses within a system, (oo 1 |
organized by bandwidth || 5

e Local processor bus

— highly processor-specific — e
— processor, cache, MMU, | Perpheral OCBVCsf
OCB
coprocessor Bridge ’ Peripheral
| OCB

o System bus (backbone)
— RISC processor, DSP, DMA (masters)
— Memory, high resolution LCD peripheral
* Peripheral bus

— Components with other design considerations (power, gate count, etc.)
— Bridge is the only bus master
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Multiple buses - Hierarchical Bus

_(\VSIA)

System OCB

. Peripheral OCB VCs
VC Cores OCB
; | Brdge Peripheral
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Characteristics of Hierarchical Bus

 Processor bus: tailored to processor’s attributes
and memory system

o System bus and peripheral bus

System Bus Peripheral Bus

Multiple bus master Single bus master
Pipelined operation Non-pipelined operation
Burst transfers Single transfer only
Variable transfer duration Fixed transfer duration
Split transactions No split transactions

Cache support No cache support

Error codes/timeout No timeout support

Timing analysis Timing ensured by protocol
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Multiple buses - Parallel Bus (PalmBus &

CPU Subsystem

PalmBus
Controller

Shared

MAC Memory

PalmBus

MNon-DMA
Peripheral

Non-DMA
Peripheral

DMA,
Peripheral

DMA
Peripheral
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Multiple Bus - Alternative Bus
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High-performance High-bandwidth
AEM 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
o
ASB to APB Bridge
AMBA AHB AMBA ASB AMBA APB
* High performance * High performance * Low power
* Pipelined operation * Pipelined operation * Latched address and control
* Multiple bus masters * Multiple bus masters * Simple interface
* Burst transfers * Suitable for many peripherals
* Split transaclions
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Multiple Bus - Extra Control Bus
IBM CoreConect

e Device Control Bus (DCR)

— Provides fully synchronous movement of GPR data
between CPU and slave logic

 High performance, well documented

System
Core

System
Core

System
Core

FPU

I/F Processor I/F

Core

DCR Bus

Peripheral
Core

Peripheral
Core

=

Q

o

)]

>

9]

c

= ocMm
O On-Chip

= Memory

5

Q DCR Bus

Auxiliary
Processor
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Processor Local Bus On-Chip Peripheral Bus

2.9 GB/s @183 MHz
with 128bit width

Copyright ©2003 All rights reserved



Automated Bandwidth Allocation Bus
Svystem - SiliconBackplane of Sonics

SiliconBackplane™ (patented) MultiChip Backplane™ —

DMA MPEG Data transfer rates :

50MByte/s ~ 4GByte/s
4 [[TT] IIIIIII ||||||| ||||||| y y
i [
i _||| I||||||
W TARGET TARGET TARGET
SUBSYSTEM A SUBSYSTEM B SUBSYSTEM C
10 15
5" L | e Mosszﬁo k
5 SiliconBackplane Agent™ — N | | d
(.I,) % ASSERT ;75
™ 35 CLOCK
(':DT OPEH Core Protocal (OCP) DATARESPONSE ?gg
FLAG
(e 55 80
Q TOKENOUT IINITIATOR /TOKEN'N = JINITIATOR KTOKENlN
> C MODULW‘MLE 1E |>
@) %
oD
QJ INITIATOR INITIATOR
3 SUBSYSTEMD SUBSYSTEM E
= 2% x
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Tool Based Bus - WISHBONE of
—Skeoke

« Define an interface specification rather than a bus
specification
— Simple handshaking protocol

e A single timing specification
— Time delay between a positive clock edge on [CLK [] to

the setup on a stage further down the logical signal
path

— Timing Is guaranteed by place & route tool

Tpd,clk-su = 1/Fclk E>>

SIGNAL — D Q INTERCONNECTION D Q 2
CE LOGIC & ROUTE DELAY

!__> |
CLK T
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Other Buses Proposed in VSIA OCB
—DWG

 Model-Year Architecture (MYA)

— Lockheed Martin Advanced Technology Laboratories
— Specify interface protocol (Standard Virtual Interface
Approach)
e General purpose Bus (G-bus) - Toshiba
— Three levels of internal busses: X bus, G bus and IM bus
— Like VSIA'’s hierarchical bus

— Adds one external bus interface on G bus for external
memory
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Other Buses Proposed in VSIA OCB
—DWG

 PCl as an On-Chip Bus (Virtual Chips Products)

— Phoenix Technologies Ltd. (Insilicon)

— Advantage:

* Widely used
Power management features
BIOS, O/S and driver support

Well supported by simulation models, verification suites and
test methods

Royalties free

— Disadvantage:
» Relatively high power requirements
o Gate count (7-15K gates)
» Multiplexed, tri-state address and data lines,

— Splitting the tri-states is trivial
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Other Buses Proposed in VSIA OCB
—DWG

 FISP bus (GF-FISP bus) - Mentor Graphics

Second
FISPBus Inter
Arbitrator
Signalling
EasterﬁSlava
I/F
Coprocessor DMA
. Microprocessor FIIBSIZbus Modules Controllers
Microprocessor Personality ndage
Module IMaster/Slave Master I/F Master I/F
Master I/F Multi-Master
Slave A > Bus
I/F Concentrator
and
FISPBus Abitrator
Slave I/F Slave I/F Slave I/F
Microprocessor ] ]
Bus On Chip Peripheral External
RAM Modules Interfaces
= = External
© Fast operations in 2 clock cycles Seeme!

© Supports multiplexed and tristated data and address buses
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Other Buses Proposed in VSIA OCB

e PIBUS Standard - SGS-Thomson

— Features
« EXisting open standard (licensing agreement)
« Several PIBUS Implementations (Sparc, MIPS, ST20)
« AMBA and PIBUS are largely equivalent at transaction level

— Commercial Issues
» Lack of control over standard
» Uncertainty over PIBUS support
— Conclusion in the present
» Define a set of virtual component Interfaces

 Protocols independent of bus
e Timing guidelines

Buey)H uenays-uel |

31 Copyright ©2003 All rights reserved



Other Buses Proposed in VSIA OCB

e Hitachi Super H Bus Interface

Core Engine

MMU > Cache > LBSC

ce T
S

- INTC DMA IBSC

> 10 P-BUS Y )
S S S S-S
£ SDI Sg)[ RTC | [TIMER| | 1P-1 | | TP-2 | | IP-3
@)

5 ¢

Q JTAG
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Summary - OCB Architecture

e How to extract other OCBs’ features?

e Core Interface: bus-centric or core-centric?
— Bus-centric: AMBA, FISP bus, ...
— Core-centric: VCI, OCP, WISHBONE

* Design methodology
— Manual design (bus view)

— Automated busing system (channel view)
— Tool based bus (interconnection view)

Buey)H uenays-uel |
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Bus Transfer - Data Format

e Endianness

— Big-endian: The most significant byte is first.
* (msb)()()(Isb) for 32 bits

— Little-endian: The least significant byte is first.
e (Isb)()()(msb) for 32 bits

« Data bus width and data cell width
— Controlled by byte enable/mask

e Others
— address width, data width

Buey)H uenays-uel |
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Bus Transfer - Addressing Mode

addr3 x addrl x addrd x addr2 x
1100 x L1111 x 1111 x 0011 x

random access mode

p_addr x p_addr x p_addr+ x p_addr

A
\
X
BE I GEETITENS SETITEN ST
)
)

ADDRESS (M-1:0)

BE

ADDRESS (M-1:0)

contiguous address mode

ADDRESS (M-1:0) addr3 x addrd X addrl x addr2

= T~ - -

BE 1111

wrap address mode

ADDRESS (M-1:0) ! p_addr H

BE x 111 x

constant address mode
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Basic Control Protocol:

e Asynchronous ACK

Sample Sample  Sample
contents contents contents

I I I
VAL i i DAT 0(7..0) < # ¢
| | DAT I(7..0) #—»{ D QJD——P PRT 0(7..0)

Contents =—— { - ACK 0 <
G . —;D—
\/I WE-T — CE

8-BIT

r RST T RESET D-TYPE

|
T REGISTER

ACK | CLK T >

 Funy syncnronous nanasnake

vaL N \ ;l\ -
Contents — )

ACK

ACK late by 2 cycles

DEIIULUIL CAWwWINI IVVVIUM&\J

Buey)H uenays-uel |

& Synchronous: a signal is changed/sampled when risingeedgenodztiog alaglks reserved



Basic Transfer Cycle - Single
READ/WRITES

Sample Sample Sample Sample Sample
control read write read write
signals data data data data
CLOCK
ADDRESS Addr Addr Addr Addr
WDATA Data Data
RDATA Data Data
BE Bytena Bytena Bytena Bytena
R0 / \ / \

VAL { \_/ \
M

EOP

read write read write
cycle cycle cycle cycle

38 &See also OCB 2 1.0 P\¢@lieatandiMibrttecserved



Basic Transfer Cycle - Single
READ/WRITE with Default Ack

Sample Sample Sample Sample

read write read write

data data data data
CLOCK |_
ADDRESS Addr Addr Addr Addr
WDATA Data Data

RDATA

BE

Bytena | Bytena | Bytena

| P
- -
VAL !_\_] \
AN
\_/

ACK

EOP
read write read write
cycle cycle cycle cycle

& See also OCB 2 1.0 P¥Cl Read and Write with defaubheatononuleggeeserved



Basic Transfer Cycle - Burst Mode

cooc LML LML LML Bobata transter at
ADDRESS 0 4 |s |12 [re |20 |24 |28 every cycle
RDATA o T ' G T R every n cycles
[>>Addressing
BE BYTENA
= Alignment
RD f \
EOP \ /
VAL I \‘
ACK / \
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Other Bus Transfer Cycles

Buey)H uenays-uel |

« Data cycle
— (Multiple) Split transactions
— DMA transfers
— Locked transfer
— Broadcast transfer
— Cache line transfers
— Packet chain transfer
— Transfer with retry

 Arbitration cycle
— Overlapped arbitration

41
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OCB's Issues

 The development of OCB
— Topology
— Control mechanism: bus protocol, arbitration
— Core interface: open standards or other in-house spec.
— Bus interrupt/error handling
— Test-bus architecture
— Buffer

 Target device (FPGA or ASIC) Routing resource
e Supported tools and methodology

Buey)H uenays-uel |
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Bus Related Standard

e Core protocol standard

— OCB 2 1.0, Virtual Component Interface (VCI) Standard,
Released March 2000

— OCP
— WISHBONE

* Bus protocol standard (show the table)

e Other standard
— OCB 1 1.0, On-Chip Bus Attributes, Released August 1998

— SLD 1 1.0, System-Level Interface Behavioral
Documentation Standard, Released March 2000

— OCB 2 Appendix, specification of the Transaction Language
(will be included in Ver. 2.0)
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OCB for Testability - Isolate the

External Bus Interface
becomes bus master and
generates transfers on the bus

3 control /
signals
TREQA — ARM ] . .
ok —— Isolation: not rely on the interaction of
Memory Control 4—| External any other system element
Memory Address Bus
Memory Data gy INterface

Re-use these / / Peripheral

pins to apply the /
32-bit test vectors

TCLK > o B -
= TRE > o Dedicated Dedicated
- QA - Interf icati
Q TREQB . clﬁtrgﬁ:r — = Control peripheral > Agﬁ“fé‘gp » peripheral
- TACK (TIC) b AddIress inputs perp outputs
U‘) i
j ;
¢)
c
b} Test - Test
S External stimuli Bus interface results
B
9 TBUS[31:0] st R » Data
D (EBI)
>
(@)
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OCB for Testability During
—SHnulation

RAM !

Debug Hardware

ROM

AN
Serial Interface
| 4 h 4
TriCore Core De:q“% Tlrace
odule
PCP FPI Bus Controller
Breakpoint Control
10T s 101 10
FPI Bus
B P~ o " o
Emulator Bus
\; b \; - i \; -
(—y External Bus Peripheral A Peripheral B :
A Interface TriCore-Based
Chip

zExample from FPI bus, InfineorysTriCore Architecture Oversigwghatsetoa\inigpdfeserved




How to Design/Integrate a System?

Generic Wireless / Computing

RGB Monitor LCD, Mono/Colour
(STNITFT)

SDRAM
ROM
FLASH

PCcard RS232

*How to select a core’s
Rs23 Interface?
*How to select a bus
architecture?
soysicc  *HOW to determine

MMC

How to test?

:|. -

2 each elements in a
%) RF pen bus

(D -

§ - arbiter

o Speaker/Mic RE Keyboard 115k to 4M 'SIM - buffer

>

-

(@)
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Integrate IP Without AMBA Interface

User IP without

AMBA interface AMBA System
Processor Memory
or FIFO Interface AHB AHB APB APB
AHB Master Master 1 Master 2 Slave 1 Slave 2
Wrapper
AHB Master and AHB Bus H2P APB Bus
Slave Interface Bridge
AHB AHB AHB APB APB
Slave 1 Slave 2 Slave 3 Slave 3 Slave 4

« Wrapper design guide
— Separate core function and interface design

Buey)H uenays-uel |
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Processor Interface Wrapper

Local Memory

RS
< DMA Data Channel >
Microprocessor AHB Master AMBA

Interface Wrapper Interface

.
Data Communication
Channel
mc_comm_w <——— —> hm_comm_w
mc_comm_r <«—— ——> hm_comm_r

« DMA data channel transfer large block of data

« Data communication channel transfer single word data
efficiently

Buey)H uenays-uel |
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FIFO Interface Wrapper

Input FIFO Input FIFO AMBA
Interface Master Wrapper Interface

fifo_data FIFO

fifo_push ——>
fifo_full «——

Output FIFO Output FIFO AMBA
Interface Master Wrapper Interface
fifo_data FIFO -

fifo_pop ——>
fifo_empty «———

Buey)H uenays-uel |
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Verify AMBA System

AHB Master 1

AHB Master 2

APB Slave 1
AHB Master AHB Master
Protocol Checker Protocol Checker
AHB Master AHB Master APB Slave
Coverage Mointor Coverage Mointor Coverage Mointor
Bridge
AHB Slave AHB Slave APB Slave
Protocol Checker Protocol Checker Coverage Mointor
AHB Slave AHB Slave A
Coverage Mointor Coverage Mointor
APB Slave 2
- AHB Slave 1 AHB Slave 2
5
> helk/ \ __/ \ \
htrans NSEQ SEQ SEQ
& hadar A | ata Cas8)| ass  AHB Master Protocol Transfer Response Summary
D hwrite i iacpn- | ST T T T T T T T
- hwdata DA DA+4 DA+ DA+8 violation: Response Type I Count
2 hresp OKAY |OKAY OKAY |okay  Address waschanged =~ | ———=——==——=—————————————"—"——"—~—\——~———~—————
o hready while in transfer Eﬁé\éR (1)04
Q—_; extension (hready low). RETRY 5
2 Ref. Spec. section3.4 | sLiT | 13
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Conclusion

e From buses to network

— Get rid of idiosyncrasies such as buses and just move
data from one point to another

— Cost reduced due to the decreasing cost per gate

e Bus Protocols limits design of IP
— Capture all of a core’s communication requirements
— Parameterizable Interface to tailor function and cost

e Chip-level test
— Monitoring: from processor’s task to hardware monitor
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