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SPEAr SoC

STMicroelectronics’ customizable processor family, called SPEAr® (structured processor
enhanced architecture), supplies a powerful digital engine that offers the possibility of
designing special user functions with very low development time and cost.

The family is based on an ARM core architecture that maximizes hardware and software
performances; it includes an advanced bus system, and IPs for connectivity and memory
interfaces. The user functions are embedded in a configurable logic block.

This provides high performances, with a quick development cycle and full custom design
capabilities.

SPEAr technology

SPEAr is an ASIC with embedded functional blocks and an innovative design model that
makes a project customization easy, reliable, quick, and affordable. Its roadmap includes
products in 110 nm, 90 nm, and 65 nm HCMOS technology.

SPEAr customization enables flexible platforms, the ability to embed customer or SPEAr-
portfolio IPs, and more without changing any of the typical tape-out validation. Using mask-
reconfigurable logic for an embedded region allows cost-effective derivative devices with fast
time-to-market and reduced engineering expense compared to an ASIC design model, which
is quite long and expensive. The typical ASIC design models allow the designer to put
together functional blocks according to project requirements, while SPEAr allows designers to
embed functional blocks (standard or custom IPs) within a pre-designed, tested, and validated
system architecture with ARM processors, peripheral/memory controllers, and state of the art
connectivity.

Adapting the project requirements to SPEAr architecture is easy, fast, and reliable. The
customizable region is ready to accept any project requirements by interconnecting metal and
via layers, and then combining logic tiles with a very high integration yield. Moreover the
customizable logic allows the design of a single platform device to respond to changes in the
customer’s specification.




SPEAr vs ASIC comparison

PERFORMANCE
CONNECTIVITY
TECHNOLOGY 90nm
TECHNOLOGY 65nm

AVG GATES YIELD
LAYOUT

MANUFACTURING RELIABILITY
IP PORTFOLIO

INTERNAL ARCHITECTURE
POWER CONSUMPTION
SIMULATION TOOLS
EMULATION TOOLS
DESIGN EFFORT
DEVELOPMENT TIME

NRE CHEAPNESS

ﬁ SPEAr offers better features/performances
ﬁ ASIC offers better features/performances

SPEAr vs ASIC
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C:E} SPEAr and ASIC have same features/performances

SPEAr

ASIC




SPEAr roadmap

Dual-core highlight : SPEAr Plus600 embeds two ARM processors able to exchange
data over the same buses even when running two different OS (for example, one with Linux
and the other one with VxWorks). The dual-core feature means that the device integrates two
ARM cores which have independent code and data fetching and executions. This dual-core
architecture delivers high performances with very effective low power consumption due to the
two independent ARM engines, which can also run at different clock speeds.

SPEAr timeline




SPEAr comparison




SPEAr Head200 block diagram

SPEAr Head600 block diagram




SPEAr Plus600 block diagram

SPEAr BASIC block diagram




Software package

The software package may be used for SPEAr evaluation purposes as well as a reference
software platform to be further extended and specialized by customers.

The table below shows some examples of OSs supported by the SPEAr processor family.
Other OS can be added on customer request.

OS Licence Model

BSP
version

BSP
source

SPEAr SPEAr SPEAr
Head2000 Head600 Plus600

SPEAr
BASIC
YES

BSP license
Model
FREEO F
CHARGE
VXWORKS  IRULEINE 6.4 Tornado Full ST N/A YES YES Planned FREE OF Licensed by Wind River
Workbench 2.6 CHARGE (runtime royalties)

OS name Licensor  Version [Development
Tools
WINEh4e | open Source ELDK 4.1

Open Source

Win CE Microsoft 6 Microsoft Full [Adeneo N/A YES YES Planned eede dicated Licensed by Microsoft
section (runtime royalties)
9131z 60 ¢ | Express Logic 5 Green Hills - GHS Beta ST N/A YES YES Planned FREE OF Licensed by Exprtess Logic
4.2.3 (not full CHARGE (no runtime royalties)

BSP)

Linux SDK

The SPEAr Linux SDK (software development kit) enables users to quickly exploit an
embedded port of Linux OS on ST development boards based on the SPEAr family of
system-on-chips.

The SDK already provides all the extensions and adaptations required to run the Linux
operating system on a SPEAr board, from the initial bootstrap phase up to common user
operations. Since the SDK does not refer to any specific application, it may be used for
SPEAr evaluation purposes, as well as a reference software platform to be further extended
and specialized by customers.

While SDK packages are also delivered on CD-ROM media as part of SPEAr kits, online
access (through web page www.st.com/spear) provides the best way to get the latest updates.
All technical documentation concerning installation and use of the SDK is also included in the
packages.

WIinCE business model

SPEAr Head600 and SPEAr Plus600 provide full BSP for WinCE 6.0. ADENEO is a BSP
provider for SPEAr. ADENEO offers the following conditions: free binary evaluation version
available from our FTP site; free source code access for 20 days for evaluation and testing
available under NDA; license fee payment in the range of $10,000.00 (no royalties); full
source code license for full usage on custom/commercial design.

Further details are available on the ADENEO web page:
http://www.adeneo-embedded.com/srt/en/document/show?location.id:=1366

The SPEAr user (customer) should inquire directly with ADENEO.




SPEAr emulation and simulation

SPEAr offers two options to verify the entire platform behavior:
Emulating the customizable logic by an external FPGA connected to SPEAr
Simulating the RTL of the whole SPEAr (customer IPs embedded + SPEAr)

The customer plans the most appropriate verification methodology using either simulation or
emulation. However both methodologies may be used without changing the design. The
drawback of the emulation methodology is the emulation speed.

The bus interface with the external FPGA used to em  ulate the embedded customizable
logic can run up to ¥ of the embedded customizable logic.

ARM emulator

SPEAr provides two standard interfaces: JTAGs (such as Lauterbach la-7705 -debug, la-7991
-trace) and ETM (one for each core), to debug the system functionalities through the ARM
embedded trace module. The ARM may be monitored, or stopped on a code line during free
execution of code.

Customizable logic emulation
The customer can emulate SPEAr with the development kit provided by ST.
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SPEAr Plus600 development Kit

Each customizable device of the SPEAr family is predefined for an easy link with an external
FPGA to emulate the eASIC®/Lightspeed® gates. In this way customers can map their logic in
the FPGA, interacting with all SPEAr IPs and under real constraints.




During project development, the eASIC/Lightspeed logic is bypassed and the external FPGA
emulates the eASIC/Lightspeed gates.

The FPGA is connected to the AHB internal SPEAr bus in the same way as the embedded
customizable logic array. A switch on the SPEAr device (an external pin for SPEAr Head200,
an internal register for other SPEAr products) enables either the customizable logic array or
the external FPGA. The emulation drawback is that the external FPGA works at a reduced
speed with respect to the final device with the customizable logic array.

Full SPEAr simulation
A SPEAr project can be simulated with the complete RTL database provided by ST,
compatible with Synopsys, Mentor or Cadence simulators. The customer receives an
encrypted database of the whole SPEAr device (including ARM processor) with the visibility of
the configurable logic top level to allow the mapping of the customer IP RTL. The validation of
the configurable logic is performed through top level simulation. The simulations are firmware
based, i.e. low level code is executed by the ARM processor to stimulate the IPs to be tested.
ST provides some test benches and customizable logic examples, so customers can
familiarize themselves with the simulation environment.
The encrypted database (Verilog and VHDL mixed language) is available for the following
simulators:

Cadence NCSIM

Synopsys VCS

Mentor Modelsim
The database includes a DSM (design simulation model) for the ARM core. This model is an
object code dynamically linked during the simulation; and needs to be generated for the
specific simulator and the specific operating system. This model is available only for Unix and
Linux OS, which implies that the SPEAr simulation database supports only these two
operating systems.




Customization process

Once the RTL has been fully validated through emulation or simulation, the customization
process can be executed through the following steps.

Synthesis

The synthesis can be performed either at ST or at the
customer’s. In both cases, the synthesis is driven by a set
of timing constraints built by merging the timing constraints
of the IP to be customized and the timing constraints
coming from the top level. The quality of the timing
constraints of the IP is directly linked with the quality of the
final results, and the exhaustiveness of them limits the
number of iterations between the customer and ST to
finalize them, shortening the development time.

For synthesis at the customer’s, ST provides the synthesis
library for the specific synthesis tool.

The supported tools are

. Synopsys Design Compiler©

. Cadence RTL Compiler©

Physical implementation

Physical implementation is performed by ST. It is fully
timing driven (quality of timing constraints is fundamental),
and it is composed of:

. Mapping
. Clock-tree insertion
. Routing

The mapping is done with a proprietary tool (Design

Builder). It substitutes the standard placement step of a
P&R flow, and consists in the physical mapping of the LS macrocell on the ST standard cells.
Clock-tree insertion and routing is performed with a standard 3rd party tool. The resulting
P&R database is completely aligned with a standard cell P&R database. The main advantage
is that it is fully compliant with all ST rules for the ASIC flow, and all the sign-off steps can be
applied for timing closure, crosstalk prevention and IR drop analysis.

The output of this step is a gate level netlist and 4 timing files (SDF) covering 4 corner cases:
. worst case PVT

. best case PVT
. worst case P, best case VT
. best case P, worst case VT

These files are the input for post layout timing simulations and static timing analysis (STA).
The place and route database is now available for the physical verification.

Functional and timing verification

These steps include the timing and functional verifications required to go for sign off. From the
functional/timing point of view, the timing simulation is required in all 4 corner cases. For a
customer RTL, the customer is also responsible for this step. ST provides an encrypted gate
level Verilog netlist with the top level SDF.

STA is performed by ST in plain mode from the top level, merging all timing constraints. The
last step for the functional verification is the formal verification/equivalence checking; this is
performed by ST to guarantee the compliancy of the implementation with respect to the
starting RTL.

Physical verification
ST runs physical verification on the P&R database according to the technology and signoff
rules. This verification includes: DRC, LVS, crosstalk analysis, IR-drop analysis.
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Design task responsibilities

DesignKickoff Meeting

Overview of application/design Customer

Overview of technology, libraries, design flow Customer/ST
Design environment installation at the customer

ST specific design kits and software installation ST

ST standard library installations (cell, 10, RAM, etc.) ST

Training of design team in preferred methodologies and software ST

Specific application note on SPEAr if necessary ST
DFT strategy definition

Define test requirement ST

Define test strategy Customer/ST
Logic design

Library support ST

ST SSO rule ST

ST power consumption estimator tools ST

ST design rules ST




SPEAr development boards (types, P/N, prices)

Development board kits

PIN EVAL-SPEAR-HBB EVAL-SPEARPLUSBA EVAL-BASICDDR2 Notes
SPEAr Head200 X
SPEAr Head600 X
SPEAr Plus600 X
SPEAr BASIC X X (1) SPEAr BASIC is an Evaluation

Board (without FPGA)

FPGA Type XILINX VIRTEX4 XILINX VIRTEX4 N/A
Schematics YES YES YES
Power Adapter YES YES YES
Arm Emulation - VES VES
Support
SW Package LINUX LINUX LINUX
Price 4000$ 4000$ 1000$

Development kit package

Software package

* Development board HW documentation

* SPEAr Head datasheet

* Linux SDK, including full source code and software documentation
* Xilinx development tools

* Design flow tutorial

» Demo application bank description

Development board blocks
* FPGA Xilinx 200 Kgates

* DDR memory + DDR connector
» 2 USB host ports

» 1 USB device port

* RJ45 Ethernet connector

» DB9 connectors for UARTSs

* GPIOs

* ADC channels

* 2 SPI interfaces

* FIrDA connector

» LCD expansion board connector
* Debug interface

* 2 JTAGs

* 2 ETM interfaces




Add-on IP

SPEAr includes a broad portfolio of IPs to enable the most advanced and complex platform
requirements. Detailed specifications about IPs are available under NDA. Embedding ST IPs
requires a dedicated and specific model analysis; each IP may require development of drivers to
fit customer requirements: this development is typically left to the customer. ST supports
simulation, embedding, testing, and counseling of the provided IPs.

The table below shows a subset of the SPEAr IP portfolio available as add-ons to the
customizable logic:

Ip Add-On Blocks

JPEG
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JIsvd Wv3ads

Ethernet MAC 10/100/1000
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MIESEIEIER 009peeH /A dS

X XX |X|Xx

X IX X |X|Xx

12C Master/Slave Bus Interface

x
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PCI Controller
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16450/m 16550 Extension - UART with FIFO

USB 2.0 Device/Host Controller

m

ternal PHY

SDRAM Multi Port Memory Controller

6 ports

Color LCD Controller

Samrt Card Interface

X | X

X | X

X | X

X | X

SRAM + NOR + NAND Flash Memory

x

X Hlexible Static M

emory Controller

Crypto Accelerator Handler (dispatcher, AHB I/F, et  c.)

Crypto Accelerator AES

Crypto Accelerator DES

Crypto Acce.Universal HASH (SHA-1, SHA-2, MD5, HMAC )

GP I/0

XX X [x|X

XX X |X|X

X IX X |x|X

XX X |X|X




Typical development cycle (example)

(1) The customer time for Netlist and SDF validation takes typically up to 2 weeks.
(2) The customer prototype approval my take up to 12 weeks.

(3) The manufacturing timing is an indication. The development agreement includes
manufacturing schedule and quantities section agreed by both ST and the customer.

The total time required to customize the device, from final sign-off to samples ready, is 6
weeks.

Customer validates the samples upon positive prototype verification, which may take up to 12
weeks. Of course STMicroelectronics is ready to start the production anytime after the FT4.
The production starts following official customer approval notice and 3 months (at least) after
the purchase order. The production lead time is 12 weeks.




Customer FAQs

What is SPEAr?
SPEAr is a SoC that can be customized with customer needed IPs.

How is it customizable?

SPEAr embeds an array of logic cells (customizable logic) that can host a custom IP. The IP
is embedded in the customizable logic by metal layers diffused at the manufacturing process,
which is the same process as an ASIC.

What are the differences between SPEAr and ASIC cus  tomization?

Typical ASIC design models allow the designer to put together functional blocks according to
project requirements, while SPEAr allows designers to embed functional blocks (standard or
custom IPs) within a pre-designed, tested, and validated system architecture with ARM
processors, peripheral/memory controllers, and state-of-the-art connectivity.

Why is SPEAr customization faster than ASIC?

SPEAr customization applies just to the customizable logic region. The overall time needed to
obtain the final silicon with SPEAr is less than the ASIC that requires a full re-design,
simulation, manufacturing, and qualification processes.

Does SPEAr customization require program management as for ASIC?
The program management required for SPEAr does not need technological knowledge, which
is necessary for ASIC programs.

Does SPEAr customization require payment of NRE?
Yes. NRE cost is much less than for ASIC.

What is the likelihood that the device does not wor k after the customization?
The risk of a defective/non-working customized SPEAr design is zero if the customer
complies with the design rules suggested by the SPEAr technical team.

Who pays for the bug fix?
SPEAr works even before customization. Customization logic IPs and its fix belong to
Customer.

What is the yield of a customization?
There is not a fixed percentage value. The average is 95%.

Is SPEAr reliable?
SPEAr is more reliable then a full ASIC, since the fixed logic and architecture are already fully
working and proven.

How many customers are using SPEAr?
SPEAr has already been used for a number of applications with success. Customers’ names
cannot be disclosed.

How long has SPEAr been in production?
First SPEAr device was released in productions since 2005.

How about its defectiveness?
Same as an ASIC.

How many customers are using SPEAr?
SPEAr has already been used for a number of applications with success. Customers’ names
cannot be disclosed.




Does ST provide IPs?
ST has a wide range of IPs that are available to customers on request. See add-on IP table,
page 15.

What OS operates on SPEAr?
All OSs operate on SPEAr, which uses an open system architecture.

Are there OSs bundled with SPEAr?
ST does not bundle any specific OS. However, most common OSs are available through ST
or 3rd parties. Licensing conditions are OS dependent.

How much does the BSP cost from ST?
Reference BSPs (OS porting and device drivers) for Linux, VxWorks and ThreadX are made
available for free.

How about the SPEAr roadmap?
The roadmap is detailed on page 5.

Dates of availability?
The timeline is detailed on page 5.

What technology does SPEAr use?
65 nm, 90 nm, and 110 nm technologies, which are the same for ASIC.
New SPEAr products will use leading edge CMOS technology.

How long is the SPEAr product life cycle?
The typical life cycle of each technology is 5 years, but SPEAr can last longer if requested.

Please provide SPEAr power consumption?
SPEAr power consumption is on page 6.

What is the typical development timeline?
This is explained on page 16.

What kind of documentation is provided with SPEAr?
Quick guide, datasheet, and user manual. The development board also includes additional
information to design the board with SPEAr.

What tools are available to develop a project with SPEAr?
For simulation, the common simulation environment from Synopsys, Mentor or Cadence can
be used. Details on page 11.

What is the core competency offered by ST?
Imaging, networking, POS, and computers.

Where is SPEAr technical support located?
SPEAr technical support is available throughout the world. The SPEAr headquarters is in Italy.

Is it possible to use a non-customized SPEAr?
SPEAr is also available off-the-shelf with a default customization, which does not require NRE
fee payment and minimum order quantity.




Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its
subsidiaries (“ST”) reserve the right to make changes, corrections, modifications or improvements, to this document,
and the products and services described herein at any time, without notice.

All ST products are sold pursuant to ST's terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein,
and ST assumes no liability whatsoever relating to the choice, selection or use of the ST products and services
described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this
document. If any part of this document refers to any third party products or services it shall not be deemed a license
grant by ST for the use of such third party products or services, or any intellectual property contained therein or
considered as a warranty covering the use in any manner whatsoever of such third party products or services or any
intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY
EXPRESS OR IMPLIED WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS
INCLUDING WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION), OR
INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZ ED ST REPRESENTATIVE, ST PRODUCTS
ARE NOT RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE,
LIFE SAVING, OR LIFE SUSTAINING APPLICATIONS, NOR | N PRODUCTS OR SYSTEMS WHERE FAILURE
OR MALFUNCTION MAY RESULT IN PERSONAL INJURY, DEATH, OR SEVERE PROPERTY OR
ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPE CIFIED AS "AUTOMOTIVE GRADE" MAY
ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’'S O WN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this
document shall immediately void any warranty granted by ST for the ST product or service described herein and shall
not create or extend in any manner whatsoever, any liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective
owners.
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