T-Engine Forum

T-Engine Design Guidelines

Ver. 1.00.01

TEF010-S007-01.00.01/en

June 2009
T-Engine Forum

http://www.t-engine.org/

TEF010-S007-01.00.01/en



T-Engine Design Guidelines / Ver. 1.00.01

CONTENTS
m Chapter 1 Overview of T-Engine SPECIfICAtIONS .....cc.eeruieriieriieriieiieieeie et et et et eteeteeteeebeseaeessessaessseensesnsesnsenns 3
1.1. Significance of the T-Engine project and standardization of hardware specifications .............ccccceereevveennenne. 3
1.2, T-ENGINE SYSTEIM STITUCTUIE. .....veeveetietietieteeteeteeteeteesteeseessesssessseesseassessseassesssesssesssesssesseenseenseenseenseenseenseen 14
m Chapter 2 CPU-board design MEthOdS ..........cccuiiiciiiiiiiiiie ittt ettt e st e s e esteeesreessseesssaeensseenes 19
2.1 CPU ettt bt a et h bttt h e bt ettt h e eh et e bbbt et e b bt e bt et et beeneenten 19
2.2. Memory (flash, RAM) ....ccueiiieiieiietetet ettt ettt ettt ettt ettt et e esbeenbeenseenbeenseenseenseenseenseenseensean 20
m Chapter 3 CPU-board implemeEntation ...........ccuierivieriieiieesiieetiesieeeteeeieeetreesereessseessseessseesssessssesessseenssssassseses 21
m Chapter 4 CPU-board interface CirCUItry dESIN .......cc.ievvieriieriieeiieeeiieeieeeeeesreesreeseseesseessseessseeassseesssasansseenes 22
4.1. EXpansion bus CONNECIOT AESIGMN.......c.eecuirruieiieiieieeieeieeteetesttesttesseesteesteesseesseeseeseenseenseenseenseenseenseenseenseen 22
4.2, SETIAL INEEITACE ....c.eentiitietieitet ettt b ettt s h bt e et s bt bt et et e s bt eb e et et e ebeebtenaebesbeeneentan 24
4.3, PC Card INEEITACE ...ouvitiiieiiiieitecieete ettt ettt s h bt e et s b e ebt et e st s bt ebe et et e sbe e bt et e besbeeneentan 26
4.4, LCD/ToUch Panel INEETTACE.........eevieeiieieeieeie et eite ettt et st et et e sttesttestaesseesseesseenseenseeseenseenseenseenseenseensean 27
4.5. €TRON SIM Card INTETTACE....c..eeueetiitiitiiiieteresteetet ettt ettt et et s b e bbbt eae st sbeesaeneen 29
4.6. USB ROSE INEEITACE ....euvetieiieitetesteeieee ettt et b e bttt et b e s bt ettt e s b bt et et s bt e bt entenbesbeeneenean 32
4.7. AUudio INPUL/OULPUL TNEETTACE ......eevieitiesiieriieeiiestieit ettt ettt et et et e bt e teebee st esseenseenseenseenseenseenseenseenseenseen 33
4.8. Compact Flash card interface (LT-ENgine only)......cccoeciriiiiiiiiiiiiiieieeieeiecte ettt eees 35
4.9. MMC/SD card interface (LT-ENGINE ONLY)....ecciiriiiiiiieiiiiieieeieeie ettt sttt seee e e seesseenseenseenseas 36
4.10. POWET SUPPLY INEEITACE ....veeuvieeiieeiiiiieeiie ettt ettt et et et e e bt e bt e bt e st enseenseenseenseenseenseenseenseenseensean 37
m Chapter 5 Power management design for T-Engine hardware .............cccocveriiiieiiiinie s 40
5.1 Power modes (€.8., POWET SAVE INOME) ...cveeruieriieriieniieriienieerieenteeteeteeteeteeteesessesssesssesssesssesseesssessesssesssenns 40
5.2. Power supply controls (POWET ON/OTT) .....eeiuiiiiiiiieiieiieieeeeeee ettt ettt eveeaeenveenseens 40
5.3. Linkage with an external eXpansion DOAId ............cccverieriieriierieiiieie ettt et e seesebeeaeenseenseens 42
5.4. Handling POWET fAIIUIES ......c.eeiieiiiieeiicie ettt ettt et ettt et e b e esteenbeenseenseensesnsessseensesnsesnsennsenns 45
m Chapter 6 Actual examples of T-ENgine deSI@N ......cccviiiiiiiiieiiieciie ettt e st et eeseeeteaesssaeessneenes 46
6.1. Example of local-bus-based T-Engine product deSign...........ccceevverierienieniieniieniierie et eve e eae e 47
6.2. Example of PCI-bus-based T-Engine product deSIZN .........cceevueeruieriieniieiiieiieeieeieeie e eeeeeteseeseeeseeeseaeenveens 55
0.3, COMCIUSION ...ttt b ettt s b e bt et b e e bt e bt e st e s bt s bt e bt et e e bt e st enbenbeebeestentesbeeneeneen 64

TEF010-S007-01.00.01/en



T-Engine Design Guidelines / Ver. 1.00.01

Chapter 1 Overview of T-Engine specifications

1.1. Significance of the T-Engine project and standardization of hardware specifications

(1) Objective and positioning of the T-Engine project

The T-Engine project is a project intended to increase the efficiency of development of software for controlling
embedded systems, by increasing the ease of distributing and reusing software components such as middleware
and device drivers. Centered on the T-Kernel real-time operating system, T-Engine’s appeal is in the way it makes
it possible to standardize the specifications of device drivers and middleware, to improve the compatibility of

software, and to develop high-quality software quickly and at low cost.

Effective means of improving software compatibility and development efficiency include not just standardization
of specifications for software such as operating systems but also standardization of hardware specifications and
development environments as well. In the precursor to the T-Engine project, the ITRON project, only the
specifications of the real-time OS were standardized, with no particular standards established for hardware or
development environments. As a result, there were cases in which software could not be ported smoothly even
between ITRON devices and in which software components such as middleware and device drivers did not have
sufficient ease of distribution or reuse. A major strong point of the T-Engine project is the substantial
improvements it has made in this area by standardizing hardware and development environments as well. Specific

details of this standardization are covered later.

Since the hardware used in embedded systems varies widely, standardization of the hardware specifications for
embedded systems themselves (i.e., for the final products) is not possible. This is why the T-Engine project secks
to improve software development efficiency by standardizing the hardware specifications not of the hardware of
final embedded system products but of development evaluation boards used for developing prototypes and for

software distribution.

A development evaluation board is a board computer used for proceeding with software development and
evaluation until the hardware of the final embedded system product (e.g., in the case of a mobile phone the same
hardware that will be used in the final product, in the form of a compact mobile phone) is complete. There are two
types of standard specifications available for hardware for this purpose: standard T-Engine board specifications

and pT-Engine board specifications. Each can be used for its own suitable purposes.

Development using a standard T-Engine board or a pT-Engine board — each of which is a development
evaluation board — is conducted in the following steps: first, software is developed to run on the standard
T-Engine board or uT-Engine board, and then it is ported to the final hardware when that hardware is complete.
Since these two steps are involved, it might seem that this development process is complex and troublesome.

However, use of a standard T-Engine board or a pT-Engine board has the following benefits.

First of all, use of a standard T-Engine board or a pT-Engine board makes it possible to proceed with
development of software for a final product even before the final hardware is complete. Also, building software to
some extent on a standard T-Engine board or a uT-Engine board makes it possible to develop prototypes of the

final products early. Such prototypes can be used for demonstration purposes and for evaluation and feedback,
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resulting in product improvements. Since standard T-Engine boards and pT-Engine boards are commercially
available, if they are in stock developers can purchase and use them immediately, making it possible to proceed
with software development using a structure close to that of the final product even if details of the hardware
specifications for the final product have not yet been decided on or hardware development is delayed.

(See Figure 1.1.1)
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Figure 1.1.1: Using T-Engine to shorten the development period for an embedded system

Another benefit is the fact that standardization of the hardware specifications of the standard T-Engine and
pT-Engine boards makes it possible to distribute software components such as OSs, middleware, and device
drivers that run on such hardware as object code. As explained at the start of this chapter, the chief objective of the
T-Engine project is improving the ease of distribution and reuse of software components such as middleware and
device drivers. Enabling distribution of OSs and software components as object code in the same way as retail PC

software or games is a major benefit toward achieving this goal.

In the past, when a developer wanted to test and evaluate software for embedded systems in an environment
similar to that of a product under development, he or she needed to obtain the relevant source program and adjust
and port it to make it executable on the hardware under development. However, not only does obtaining the
source program in such a case often require payment of high costs, but another problem it involved was the
difficulty in use for evaluation purpose due to the requirement of complex steps such as porting and compiling. In
the T-Engine project, in addition to standardization of the T-Kernel real-time OS and a device driver API,
standardization of the standard T-Engine and pT-Engine development evaluation boards resolves this problem by

making it possible to distribute software components as object code.

On the other hand, the hardware specifications of the final embedded system product (e.g., the hardware
specifications of a mobile phone developed using T-Engine) need not adhere to standard T-Engine or pT-Engine
hardware specifications. These can be decided on freely in accordance with individual product plans and required
specifications. For example, although the standard T-Engine board has a USB terminal, if USB is not needed for

the final product it may be left out. Also, while board sizes and expansion bus connectors are standardized for the
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standard T-Engine and pT-Engine development evaluation boards, final hardware need not be bound by these
specifications. Although this point does not directly involve persons developing products using the standard
T-Engine and pT-Engine boards, it is often misunderstood when developing T-Engine-based products, and as such
should be noted.

Development evaluation boards used solely in connection with developing software for embedded systems using
T-Kernel need not necessarily comply strictly with the standard T-Engine and pT-Engine board hardware
specifications. For this reason, some T-Engine devices for development and evaluation purposes (T-Engine
Appliances) have software structures including T-Kernel that comply with T-Engine specifications but hardware

specifications that differ from those of standard T-Engine and uT—Engine.*l

The standard T-Engine and pT-Engine board specifications can be used as reference specifications for
development and evaluation of overall hardware aspects including the physical forms of boards, connector
positions, and expansion bus connectors (covered below). The standardization of standard T-Engine and
uT-Engine board size and connector positions is very convenient when, for example, preparing a mockup for
demonstration purposes by putting a case on a prototype developed using T-Engine. Also, products such as
expansion FPGA boards and universal boards that can be used with multiple standard T-Engine and pT-Engine
devices are available on the market. These have also benefited from standardization of specifications, including

those for hardware, making possible such distribution of these optional hardware components.

*1: Examples include the Teacube/VR5701 evaluation kit and Teaboard2/ARM920-MX1. For more information

on each of these, see: http://www.t-engine4u.com/
(2) Standard T-Engine and puT-Engine

As noted above, there are two types of specifications for T-Engine development evaluation boards: standard
T-Engine and pT-Engine. Either of these can be chosen for use as appropriate for the size and purpose of the target

embedded device.

Standard T-Engine is a standardized specification for development evaluation boards targeting development of
devices with relatively high-level user interfaces such as GUIs using LCDs and touch panels. This standard also
requires a CPU with a memory management unit (MMU). Use of an MMU promotes modularization of programs
and increases the efficiency of software development for large-scale systems. The standard T-Engine hardware
specifications reflect the high level of need for an MMU for supporting the running of dynamic applications such

as those seen in PDAs.

On the other hand, uT-Engine is intended for devices with relatively small-scale user interfaces and used to run
fixed applications for control purposes. As such, it primarily targets the type of projects that would have used
ITRON in the past.

Specifications for board size and connector positions also are standardized for each of these boards. While the
standard T-Engine has a CPU board size of 75 mm x 120 mm, uT-Engine has a CPU board size even more
compact at 60 mm x 85 mm. Also, while the standard T-Engine has a PC card slot and USB, uT-Engine has a
Compact Flash (CF) card slot as well as an MMC or SD card slot. Table 1 shows the differences between the

specifications of each board.
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T-Kernel, the standard real-time OS for T-Engine, runs on both standard T-Engine and pT-Engine, with no

differences in specifications between the two boards. Also, since peripheral 1/O differences are absorbed by device

drivers, in principle higher layer middleware and applications will run on both standard T-Engine and uT-Engine.

However, standard T-Engine requires an MMU while the CPU on a pT-Engine board will not necessarily have an

MMU. This difference may lead to limitations on use of some middleware such as T-Kernel Standard Extension.

Table 1.1.1: Comparison of standard T-Engine with pT-Engine

Standard T-Engine specifications | pT-Engine specifications
CPU 32 bits or more
MMU Required | Optional
RAM capacity appropriate
Flash memory capacity | appropriate
Serial /O 115.2kbps or faster
Real-time clock Y
Audio /O I/F Y (IN: 1ch, OUT: 2ch) N
¢TRON Card I/F Y
LCD I/F Y N
USB Host I/F
Expansion board I/F Y
Other I/F PC Card slot (Type II) x 1 CF card slot (Type II) x 1
USB host x 1 MMC card slot x 1
Board size 75 mm x 120 mm 60 mm x 85 mm

(3) Characteristics of T-Engine hardware specifications

Specifications and functions of the standard T-Engine board and the uT-Engine board that could be considered

characteristic are described below. See the relevant specifications documents for each board concerning specific

specifications.
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e Free implementation of CPUs and peripheral devices

Although a wide range of hardware specifications, including functions of peripheral devices, have been
standardized for standard T-Engine and pT-Engine, the only required standard for the core component — the CPU
— is that it be at least a 32-bit CPU. Developers have complete freedom in choosing architecture and other
specifications. Actual standard T-Engine and pT-Engine boards have been developed featuring a wide range of
CPUs, centered on SH, MIPS, and ARM CPUs.

Although a wide variation in CPUs can have some drawbacks in regard to standardization, since CPUs for
embedded devices face a wide range of requirements such as those concerning chip cost, power consumption, and
on-board peripherals in addition to architecture and performance, restricting CPUs would be difficult. Also, since
in the future a great number of semiconductor companies is likely to develop a wide range of new CPUs in
response to these requirements, it would not be desirable for T-Engine standardization to limit the range of CPUs
that could be used.

At the same time, for the most part differences in CPUs can be absorbed in the CPU-dependent portions of
compilers and T-Kernel, thus minimizing their effects on middleware and applications. This is why the T-Engine
project lets developers freely choose CPUs. This can be said to reflect strongly the specific circumstances of
embedded systems and is contrary to practice in the world of PCs and game consoles, in which CPUs and other

hardware components are heavily standardized.

In addition, although with regard to peripheral devices functions such as USB, PCM,PC Card and CF interfaces
are standardized, aspects of implementation methods such as peripheral-device control chips are not standardized.
Since there are also no particular standards specified with regard to the division of roles between hardware and
software (device drivers), there is no need to realize all functions using hardware. Device drivers may be used to
assist in implementing functions. Still, since development of device drivers is not a simple task, it can be said that
unless there are specific plans for development of a device driver it would be less troublesome to use
peripheral-device control chips already used commonly in standard T-Engine and pT-Engine devices, as much as
possible. Using peripheral-device control chips already used in T-Engine devices makes it possible to reduce

development costs for the entire system by simplifying the device-driver porting process.
o Standardization of board specifications such as physical size, connector positions, and screw positions

As noted above, the T-Engine standard covers not just the functions of peripheral devices for the development
evaluation boards but also board specifications such as physical size, connector positions, and screw positions.
Although these points are not related to software compatibility, they are very convenient for aspects of
development such as designing the exteriors of demonstration models, because they make it easy to share

prototype cases and installation hardware.

An optional product on the market that utilizes the benefits of this standardization of specifications such as
physical size is the T-Engine Development Bench." This product is a set of hardware including, among others, an
acrylic stand to which the standard T-Engine board and the uT-Engine board can be attached, an LCD-board cover,
a plastic board that makes it easy to carry the standard T-Engine board around, and special supports. It is very
useful for purposes such as protecting boards and improving their portability and appearance. Since this product is

not dependent on the model of T-Engine (or type of CPU), it can be used with all T-Engine boards, including
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standard T-Engine boards and pT-Engine boards yet to be developed. This is possible because the board sizes and

positions of screw holes and connectors are standardized for standard T-Engine boards and uT-Engine boards.
*2: Now under development by Personal Media Corp. See: http://www.t-enginedu.com/
e Newly developed expansion bus connector with keying (from Kyocera Elco)

Standard T-Engine and puT-Engine CPU boards feature standardized T-Engine expansion bus connectors, which
can be used to stack expansion boards atop CPU boards. This expansion bus connector has a pitch of 0.5 mm and

140 pins and was developed by Kyocera Elco as a new connector for the T-Engine project. "3

*3: See: http://www.kyocera-elco.com/prdct/type/board/5603.html
This connector is available from Personal Media Corp.

See: http://www.t-engine4u.com/products/connectors.html

From the stand point of practical efficiency, the standard T-Engine and pT-Engine hardware specifications do not
standardize specifications such as expansion bus connector pin arrangements, protocols, or timing, focus on
practical efficiency, . As a result, such specifications vary by CPU. (Arrangements are standardized for only a very

small selection of pins such as power and ground pins.)

Although standardization of physical board size also requires specification of physical forms for connectors,
using the same connector with separate CPUs having different bus specifications would involve the risk of
hardware damage due to possible incorrect insertion of boards. The expansion bus connector developed for
T-Engine use solves this problem using different types of notch patterns in the connector housing (referred to as
keying). This makes it possible to differentiate logically which individual connectors can and cannot be inserted.
For example, the T-Engine/SH7751R CPU board with an SH7751R on board uses an expansion bus connector
with the keying 04-01. By selecting the same keying for an expansion board for use with the T-Engine/SH7751R,
it is possible to produce expansion boards that cannot be inserted into T-Engine units using CPUs other than the
SH7751R.

Under this method, by not using any notches it is possible to create master expansion bus connectors that can be
inserted into any connector regardless of its keying. Referred to as “00-00” keying, this connector keying is useful
when building expansion boards that can be used with any CPU, such as universal boards and expansion FPGA
boards. However, since as noted above such connectors are also subject to incorrect insertion, they should be used

with care.
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Furthermore, some expansion bus connectors use keying effectively to enable multiple specific combinations.
For example, expansion bus connectors using the keying 04-00 and expansion boards using those connectors can
be inserted into connectors using the pattern “04-xx” (i.e., 04-01, 04-02, etc.). In fact, a number of standard
T-Engine and pT-Engine boards with PCI-compatible buses have been assigned the keying 04-XX. By setting the
keying of an expansion board for connecting to a PCI-compatible bus to 04-00, it is possible to insert the boards to
a T-Engine/SH7751R board with the keying 04-01 as well as to a T-Engine/Vr5701 board with the keying 04-04.
(Both of these have PCI-compatible buses.)

On the other hand, different keying (01-XX, 02-XX, etc.) is assigned to T-Engine boards with no PCI-compatible
buses. For this reason, an expansion boards with the keying 04-00 cannot be inserted into such a board. In this
way, incorrect insertion can be prevented based on whether or not a PCI-compatible bus is used. It is also possible
to build, for example, expansion boards that can be inserted into a T-Engine/SH7751R board but cannot be
inserted incorrectly into a T-Engine/VR5701 board, for example by using the bus-connector keying 04-01 for an
expansion board using the T-Engine/SH7751R’s local bus.

e Serial connectors and cables

Standard T-Engine and pT-Engine come with RS232C serial port for debug console during development. All
models in standard T-Engine and uT-Engine family use 15-pin RMC-EA15MY-OM15-MC1 manufactured by
HONDA TSUSHIN KOGYO CO., LTD., LX60-16S manufactured by HIROSE ELECTRIC CO., LTD., or the

compatible products for serial port connector.

Serial cables for connecting this connector to the standard DSUB-9 connector used as a serial port on PCs and
other devices appear to be provided often with products such as standard T-Engine boards and pT-Engine boards
and the T-Engine Development Kit"™ combining this hardware with software such as an OS and a development
environment. From the opposite perspective, when developing and providing a standard T-Engine or uT-Engine

board it might be necessary to include this serial cable in addition to an AC adapter.
*4: Available from Personal Media Corp. See: http://www.t-engine4u.com/
(4) Functions not included in standard T-Engine hardware specifications

Although T-Engine specifications cover peripheral functions needed by standard T-Engine and pT-Engine boards,
these are only the minimum required functions. There would be no particular problems with adding other
functions. In fact, standard T-Engine boards and pT-Engine boards with the following functions added are

available on the market, with these added functions serving as the strong points of the individual products.
¢ VGA output connector

Makes it possible to connect the device to a PC’s LCD monitor or other device to display graphics.
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o Additional serial port

Makes it possible to use a second serial port for control by applications or other use, in addition to the serial port

for use with a debugging console.
o USB function

Makes it possible to use the USB function feature in addition to the USB-host feature required by standard
T-Engine.

e |DE connector

Features a connector that can be connected to an IDE hard drive, making it possible to connect and use a 2.5-inch

hard drive.
e L AN connector

In T-Engine, LAN connection is often realized with extension board. However, there are also standard T-Engine

boards equipped with LAN connector.
e CAN and other I/Os

Enables 1/0s such as CAN interfaces supported by the CPU, for use by device drivers and applications.
o Other

In some cases, minor input/output functions such as DIP switches, LED, and GPIO can be used.

In some cases, the above peripheral functions may be provided via small separate boards known by names such

as connector boards and I/0 boards.
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(5) Specific examples of T-Engine boards, and relations with standard hardware specifications

As a summary of this chapter, Figures 1.1.2 and 1.1.3 show specific arrangements of implementation of CPUs

and peripheral-device control chips, connector, etc. on a standard T-Engine board actually available on the market

(T-Engine/SH7760). Table 1.1.2 shows the relationship with standard T-Engine hardware specifications. Use these

for reference purposes when learning about T-Engine hardware specifications.

Table 1.1.2: Photographs of a T-Engine/SH7760 board (Figures 1.1.2 and 1.1.3) and relations with

standard hardware specifications

Legend Meaning Specific details in T-Engine/SH7760
Solid Connector whose position and form are | Serial connector, eTRON SIM card interface
outlines covered in standard T-Engine hardware (SIM connector), expansion bus connector, PC

specifications Card connector, LCD board interface, USB

connector, audio connector, power connector

Dotted Connectors etc. added to this T-Engine [/0O-board interface, 8-bit DIP switch
outlines individually and not included in standard

T-Engine hardware specifications
Solid Chips that are functionally required in SH7760 (CPU), PC Card controller, SDRAM,
underlines | standard T-Engine hardware flash memory

specifications but whose position,

installation direction, etc. are not

specified
Dotted Chips implemented for realizing the H8/3048F-ONE, H8/3048F-ONE write
underlines | functions of a CPU board, but not connector, PLD

covered in standard T-Engine hardware

specifications

11
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Figure 1.1.2: Photograph of T-Engine/SH7760 board, and component structure (CPU side)

TEF010-S007-01.00.01/en
12



T-Engine Design Guidelines / Ver. 1.00.01

SDRAM

Flash memory

PC CARD socket

=1 O
PE §

LCD board interface I

I USB connector

I Audio connector I

I Power connector I

Figure 3: Photograph of T-Engine/SH7760 board, and component structure (underside)
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1.2. T-Engine system structure

1.2.1. T-Engine board structure and optional products

In addition to standard T-Engine and nT-Engine CPU boards featuring a wide range of CPUs, the T-Engine
lineup includes a wealth of expansion boards and optional products. The expansion boards and optional products
include some that may be combined with multiple CPU boards, so that even newly developed standard T-Engine
and pT-Engine CPU boards may be able to use existing expansion boards and optional products. Be sure to refer

to the range of existing products when developing boards.
(1) CPU board

As of November 2007, the standard T-Engine and pT-Engine CPU boards shown in Table A1 of Appendix A

either had been developed or were under development.
(2) Expansion LAN board

Since a standard T-Engine or pT-Engine CPU board does not have an on-board LAN function, a PC LAN card or
an expansion LAN board must be used. Expansion LAN boards are available corresponding to the types of keying
used by expansion bus connectors. Specifically, expansion LAN boards are available for use with
T-Engine/SH7727 and SH7760 (keying: 01-01), with all T-Engine/ARM models (keying: 03-03), with
T-Engine/SH7751R (keying: 04-01), and with T-Engine/VR and TX (keying: 04-04).

In addition, we also have models which have LAN port on connector board attached to CPU board such as
T-Engine/PPC-V4FX, and models which come with LAN expansion board such as uT-Engine/M32104.

(3) LCD board

The standard T-Engine CPU board has an interface for connecting an LCD board. An LCD board with a touch
panel can be connected to this interface. The LCD board can be used with all standard T-Engine models. Also,

since this LCD board has a button with a “O” on it and one with an “x” on it and a directional button, it can be

used for minor HMI building and testing.

In some cases (e.g., T-Engine/SH7727), an LCD board comes with the CPU board, while in other cases it must
be purchased separately.
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(4) Debugging board

Basically, a debugging board is used when connecting to ICE. However, some models do not require a
debugging board when connecting to ICE and some require connection to ICE using a different method, and some

CPU boards come together with debugging boards. Be sure to check information on the model you will use.
(5) Expansion FPGA board

Expansion FPGA boards for T-Engine use, featuring field programmable gate arrays (FPGAs) from major
manufacturers Altera and Xilinx, have been developed that can be used by connecting them with (most) standard
T-Engine and pT-Engine CPU boards. Using an expansion FPGA board makes it possible to develop the hardware

needed by prototypes and final products even more quickly and more efficiently.
(6) Universal expansion board

So that expansion boards can be created by hand for purposes such as development, evaluation, and testing,

expansion universal boards are available as options for some standard T-Engine and uT-Engine models.

Although the specialized T-Engine/pT-Engine expansion bus connector described in the next section can be used
for building expansion boards for T-Engine use, since this is a 0.5-mm pitch, 140-pin connector wiring it by hand

is difficult. In such a case, use of a universal expansion board is recommended.
(7) Specialized T-Engine/uT-Engine expansion bus connector

The expansion bus connector described above, developed as a new connector for the T-Engine project, is
available on the market as an option for use with T-Engine. When obtaining one of these, use caution with regard

to keying and plug/receptacle differentiation.
(8) T-Engine Development Bench

This product is an optional set of hardware including, among others, an acrylic stand and cover for protecting the
standard T-Engine CPU board and LCD board, LCD-board buttons, and supports and screws for keeping the four

corners of the boards in place.

Although T-Engine boards can be used in bare state, in consideration of factors such as ease of transporting them
for demonstration and testing purposes and ease of handling, it would be desirable for the boards to be protected
physically to some degree. The T-Engine Development Bench can be used for this purpose. It can be used in
various ways. For example, the plastic cover can be used as a simple portable case and the thick acrylic base can
be used as a stand. (See Figure 1.2.1) It can handle additional expansion boards through the addition of supports

and using longer screws.
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Figure 1.2.1: T-Engine Development Bench

1.2.2. T-Engine software structure

Although this document is intended primarily for hardware developers, the T-Engine software structure is

described here to improve understanding of the T-Engine platform.

When starting up a T-Engine system, first of all software known as T-Monitor will start, to boot the real-time OS
T-Kernel, device drivers, and other software. Refer to Figure 5 below to help understanding of the following

description of the T-Engine software structure.

Application
Middleware
T-Kernel Extension Device drivers

Management of System Key board,

synchronouse disk mouse
Process/task  |Message communication |File Event ofh (PD) Console
management |management |between management | management o (serial)

processes/ PCcard |USB

tasks

T-Kernel
T-Monitor
Standard T-Engine/uT-Engine CPU board

Figure 1.2.2: T-Engine software structure

TEF010-S007-01.00.01/en
16



T-Engine Design Guidelines / Ver. 1.00.01

(1) T-Monitor

T-Monitor runs in standard T-Engine and pT-Engine Flash ROM, handling tasks such as self-diagnosis and
initialization of hardware immediately following powering the system on, booting the OS, and interactive
debugging (such as memory reference and break-point configuration) under a non-OS environment. It also
handles processing of some interrupts and exceptions while the OS is running. In addition, it has
monitoring-service functions that run in a non-OS environment, such as input of characters to and output of
characters from the console and disk access, making it usable for minor debugging. The functions of T-Monitor
are similar to those of a PC’s BIOS.

(2) T-Kernel

As the standard real-time OS for standard T-Engine and pT-Engine, T-Kernel is a platform for executing a wide
range of middleware and applications. In addition to its basic functions as a real-time kernel similar to ITRON
(T-Kernel/OS), T-Kernel has the T-Kernel/SM (System Manager) function for increasing ease of middleware
distribution and the T-Kernel/DS (Debugger Support) function, which is useful for implementing software task
debuggers.

To ensure more complete software compatibility, the T-Engine project has standardized the implementation of

the T-Kernel real-time kernel and released its source code.
(3) T-Kernel Extension

T-Kernel Extension is middleware (basic middleware) for functional expansion of the OS, implemented using
T-Kernel subsystem functions. It provides higher-level OS functions such as virtual memory using MMU, file

management, and process management, and functions useful for modularization of programs.

T-Kernel Standard Extension (TKSE) is a typical example of T-Kernel Extension. The equivalent capability of
UNIX kernel and its file system layer can be achieved by combining TKSE with T-Kernel. These are referred to as
Ported Extensions. Examples include T-Linux, which runs Linux on T-Kernel, and T-JV, which runs Java on
T-Kernel.

The combination of T-Kernel with T-Kernel Standard Extension (TKSE) makes it possible to realize functions
corresponding to UNIX’s kernel and file-system layers. Since implementation of TKSE requires MMU, it cannot

be used on some pT-Engine platforms with no MMU.
(4) Device drivers

Device drivers make access to various peripheral devices available for general use. Since under T-Kernel the
application program interface (API) used in calling device drivers from application tasks and the API used in
registering new device drivers are standardized, a high level of compatibility can be ensured both for device
drivers themselves and for the applications that use devices. In addition, for devices such as serial ports and
system disks (CF/MMC cards) that come with or can be connected to standard T-Engine boards and uT-Engine

boards, functions dependent on individual devices are also standardized.

T-Engine device drivers can also be loaded dynamically. In other words, there is no need to link all drivers when
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building a system or to load all drivers in advance when starting up a system. Rather, new drivers can be loaded
and executed while the system is running. Used property, this function enables functions like the “plug and play”
functions of a PC and live insertion and removal of peripheral boards. This function is especially useful for

devices such as PC cards and USB peripherals, with hardware compatible with live insertion and removal.

(5) Other middleware

A wide range of middleware has been implemented at an even higher level than T-Kernel and T-Kernel
Extension. For example, the PMC T-Shell”> GUI middleware handles GUI-related processing, such as rendering
of images and text to the screen and management of windows and components. Also, a number of high-level
functions have been implemented as applications running on PMC T-Shell. These include implementation of the
simple scripting language known as Microscript and an HTML browser. This middleware is useful for increasing

the efficiency of developing embedded systems including GUIs.

*5: See: http://www.t-enginedu.com/
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B Chapter 2: CPU-board design methods

2.1.CPU

Standard T-Engine specifications require a 32-bit or higher CPU with a memory management unit (MMU) on
board. While uT-Engine specifications require a 32-bit CPU, the MMU is optional.

Existing standard T-Engine and pT-Engine boards feature the following CPUs:

(as of June 2009)
[Standard T-Engine]
CPU Details Manufacturer
SH7727 SH3-DSP Core, 96 MHz
SH7720 SH3-DSP Core, 133 MHZ
SH7751R SH-4 Core, 240 MHz RenesasTechnology
SH7760 SH-4 Core, 200 MHz
SH7780 SH-4A Core, 400 MHz
VR5500A MIPS Core, 400 MHz .
VRS701A MIPS Core, 333 MHz NEC Electronics
TX4956 MIPS Core, 400 MHz Toshiba
ARM720-LH7 ARMT720T Core, 77.4 MHz NXP
ARM922-LH7 ARM922T Core, 200 MHz
ARM926-MBS§ ARMO926EJ-S Core +ARM946E-S Core, 200 MHz Fujitsu MicroElectoronics
ARM926-MX21 | i.MX21, ARM926EJ-S Core, 266 MHz Freescale
ARM920-MX1 1.MX1, ARM920T Core, 200 MHz
PowerPC PPC-V4FX Core, 300MHz XILINX
[uT-Engine]
CPU Details Manufacturer
SH7145 SH2 Core, 50 MHz
M32104 M32R Core, 216 MHZ Renesas
M32192 M32R-FPU Core, 160 MHz
V850E/MA3 V850E1 Core, 80 MHz NEC Electronics
VR4131 MIPS Core, 200 MHz
Nios II 32-bit RISC Altera
ARM7-LH79532 | ARM7TDMI Core, 50 MHz NXP

19
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2.2. Memory (Flash Memory, RAM)

With regard to memory, specifications do not include requirements for types or capacities of ROM or RAM.

Memory size is determined by the needs of the CPU and applications used.

Existing standard T-Engine and uT-Engine boards feature the following memory configurations:

[Standard T-Engine]
CPU ROM RAM
SH7727 8 MB (Flash Memory) | 32 MB (SDRAM)
SH7720 8 MB (Flash Memory) | 64 MB (SDRAM)
SH7751R 8 MB (Flash Memory) | 64 MB (SDRAM)
SH7760 8 MB (Flash Memory) | 64 MB (SDRAM)
SH7780 16 MB (Flash Memory) | 128 MB (DDR-SDRAM)
VR5500A 16 MB (Flash Memory) | 128 MB (SDRAM)
VR5701A 16 MB (Flash Memory) | 128 MB (DDR-SDRAM)
TX4956 16 MB (Flash Memory) | 128 MB (SDRAM)
ARM720-LH7 8 MB (Flash Memory) | 32 MB (SDRAM)
ARM922-LH7 8 MB (Flash Memory) | 32 MB (SDRAM)
ARM926-MB8 | 16 MB (Flash Memory) | 64 MB (SDRAM)
ARM926-MX21 | 16 MB (Flash Memory) | 64 MB (SDRAM)
ARM920-MX1 | 16 MB (Flash Memory) | 64 MB (SDRAM)
PPC-V4FX 16 MB (Flash Memory) | 128 MB (SDRAM)
[uT-Engine]
CPU ROM RAM
SH7145 256 KB (On board) + 1 MB (Flash Memory) | 8 KB (On board) + 1 MB (SRAM)
M32104 4 MB (Flash Memory) 64 KB (On board) + 16 MB (SDRAM)
M32192 1 MB (On board) 176 KB (On board) + 1 MB (SRAM)
V850E/MA3 512 KB (On board) 32 KB (On board) + 8 MB (SDRAM)
VRr4131 16 MB (Flash Memory) 32 MB (SDRAM)
Nios II 4 MB (Flash Memory) 16 MB (SDRAM)

ARM7-LH79532

4 MB (Flash Memory)

16 MB (SDRAM)
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B Chapter 3 CPU-board implementation

CPU-board specifications include requirements for board size (120 mm x 75 mm), board thickness (1.6 mm),

connector-position tolerance (+/- 2 mm), and hole-position tolerance (+/- 0.3 mm). They also cover the

implementation and hole positions for the following types of connectors and switches.

Readers are referred to the T-Engine Hardware Specifications (TEF010-S001-01.01.02/en) for the details of

implementation specifications.

[Standard T-Engine:]

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

¢TRON SIM card connector
PC Card slot

USB HOST connector

Serial connector

Power switch

Reset switch

NMI switch

Expansion bus connector
Power connector

Headset connector
Headphone output connector
Hole positions at four Corners

LCD connector

[UWT-Engine]

1) eTRON SIM card connector
2) Compact Flash card connector
3) MMC connector

4) Serial connector

5) Power switch

6) Reset switch

7) Expansion bus connector

8) Hole positions at four Corners

Since positions are specified for a large number of components, sufficient consideration is required concerning

reducing the number of components and component layout. Although the height of components is not covered in

specifications, since a T-Engine expansion board connects to the CPU board by stacking, care is also required

concerning the height of components used on the CPU board.

21
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B Chapter 4 CPU-board interface circuitry design

4.1. Expansion bus connector design

4.1.1. Basic concept

Standard T-Engine and puT-Engine (hereinafter, except as specified otherwise these are both referred to as
“T-Engine”) have the minimum required interfaces for developing programs, in a compact size easy to embed in
prototype devices. For this reason, in general the required input/output interfaces, peripheral LSIs, etc. are
included on expansion boards that connect to the T-Engine board. The T-Engine board has connectors (expansion
bus connectors) for expansion boards and for exchanging signals and power supplies. Primarily, specifications are

defined for the following matters related to these connectors:

Connector type (size, number of pins, etc.)
Connector installation position
Power supply pin position (four-pin only) and voltage

Ground pin position (four-pin only)

In this way, although aspects other than those listed above (in particular, signal specifications) are not
standardized, in consideration of convenience to the T-Engine user efforts have been made to ensure the sharing of
such aspects as much as possible. As a result, these can be categorized into a number of groups of shared signal
specifications. When developing a new T-Engine, it could be considered desirable to ascertain the latest

circumstances with regard to these matters and to conform to existing specifications as much as possible.

4.1.2 Types of expansion buses (signal specifications)

[Ground and power supply]
The four pins nos. 137 - 140 are assigned as ground pins, and the four pins nos. 133 - 136 are assigned as power

supply pins for power supplied from the expansion board to the T-Engine board. Power supply voltage is specified

at 5V +/-5%. For this reason, the T-Engine board is designed to run over a broader range than 5V +/-5%.

The T-Engine board also has a power connector for use when using the board alone. Under the basic
specifications, when connecting an expansion board, power is not supplied to the main board’s power connector.
Rather, power is supplied only from the expansion board side. However, it is anticipated that under actual
conditions of use power might be supplied from the main board side mistakenly, damaging both the expansion
board and the main board. It would be desirable to use countermeasures such as inserting a diode on the T-Engine
board side.

The four power supply pins are referred to as VBAT. This name is a relic of the fact that its design initially

assumed power would be supplied from a secondary battery.
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[Groups]

Figure 4.1.1 shows an overview of the T-Engine expansion bus connector. See Appendix B (T-Engine Expansion
bus connector Signal List) concerning assignment of expansion bus connector signals. Complying with existing
types as much as possible not only makes it possible to use various existing expansion boards but also can lead to
reduced development costs by eliminating the need to ask the manufacturer to supply a connector with a new key.

In particular, T-Engine boards with PCI buses currently have been standardized on the 04-XX type.

In addition, even when it is difficult to match signal specifications with any existing type, an FPGA board can be

connected without using a converter board simply by matching the ground pin to an existing board.

Note that Figure 4.1.1 and Appendix B are subject to change without notice and that the accuracy of their content

is not guaranteed.

Model no.: 14 5603 14 **** gg1 (Kyocera Elco)

Plating code
i Keying no.
Series Number of ying
packip,gg terminals /Hn\
0=Loose (140) . 03: YOROGAWA
Bus type Family code
4 = Reel ) 04: NEC Electronics/
- 1: Plug 01:SH  04:pcl  01: Renesas
) Toshiba
(expansion-board side) 02: M32R 05: FR (processor)
05: Fuijitsu
. NT 02: Renesas
06: ALTERA
(controller)
00: Master
SERIES 5603 KEY-VARIATION SERIES 5603 KEY-VARIATION
PLUG name REC PLUG name REC
10 5603 14 XXXX 861 |Awis Ao | 20 5603 14 XXXX 861 10 5603 14 XXXX 861 | Pats Ao | 20 5603 14 XXXX 861
Top VIEW J; I Top VIEW ‘1 I Top VIEW ‘1 Top VIEW L
side view side view
P _U__-T-_LQ_ P ——
SMALL LARGE LARGE SMALL
type KEY-B KEY-A KEY-A KEY-B e
01-01 ___mr—--——m_—| 06-06
Renesas @[U’/I ,fﬂﬂ Altera
02-02 (_D.D ————) || 04-01
Renesas — - Renesas

04-00

Reness NEC

om0 0o
_3'—|—7'@
u_—g YOKOGAWA

POI-BUS

04-04 00-00
NEC: Toshiba
NILINX MASTER
01-05 01-02
FUIITSU Renesas:NEC

Figure 4.1.1: Keying allocation to prevent incorrect insertion of expansion bus connector.
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4.2. Serial interface

A serial interface is used primarily as a debugging console port for connection with a PC. In light of installation
space requirements on a T-Engine board, the following compact 15-pin or 16-pin serial connectors are

recommended. For this reason, a development kit will usually supply a D-sub-9 (female) cable for connection to a

PC.
Pin No. Signal
[ M J 1 oND
1 15 2 TxD
15-pin serial connector 3 RxD
Model: RMC-EA15MY-OM15-MC1 4 GND
Manufacturer: Honda Tsushin Kogyo S RTS
6 CTS
7 GND
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Pin No. Signal

1 GND

1 T - 1 2 TxD

3 RxD

4 GND

|_:r| I—:,—' 5 RTS

6 CTS

. . 7 GND
16-pin serial connector 3 Reserved
Model: LX60-16S 9 Reserved
Manufacturer: Hirose Electric 10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
16 Reserved

Figure 4.2.1: Overview of recommended connector, and signal requirements

Signal lines comply with the RS-232C standard. An example of drive circuitry is shown in Figure 4.2.2.
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To send and receive data in accordance with the counterpart’s status, use circuitry in which the RTS/CTS and
DTR/DSR signals are linked to each other.

DELC-JSPAF-20L9

oeD 4
DSR
U1 ] _oo
=L T T1oUT L=< Y
T™XD T2IN T20UT Cis s |° o
RXD 151 R1oUT R1IN B DR 41g
say 2 RzOUT R2IN F— —9—30
FOCEQFF  READY [——3 ;ﬁ_
FORCEON  AINVALID [F1—<
CP1]|_0.1u
C+ Ve
cP2 g )
0.1u
Ca+ cPa [|_oiul
cPa 33V cz- -
ou L vee GND v
MAX32Z6CAP
CPS_||_0.u
i ¢

Figure 4.2.2: RS-232C drive circuitry example (from VR5500 T-Engine)

The baud rate clock circuitry is designed to enable selection of standard speeds from 38.4 to 115.2 Kbps.
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4.3. PC card interface

The board uses a single Type-1I PC card slot with a 68-pin connector, compliant with the PCMCIA
Rel.2.1/JEIDA Ver. 4.2 standard. When a card bus — the PC Card Standard for high-speed processing — is

needed, the board shall comply with the card bus standard. Three types of spaces — attribute space, memory

space, and I/O space — are used. Memory space and I/O space come in two types: 16-bit-access space and

8-bit-access space. Either of these may be chosen in accordance with access method.

Card voltage specifications are 5 V/3.3 V. A power management feature can be used to detect excess power and

shut it down, using power supply control circuitry. Card detection and interrupt signals including card interrupts
are interfaced to the CPU.

A recommended 68-pin connector is type no. 31-5027-068-130-833+ (from Kyocera Elco).

Core Board

CPU

PDl4] { Shut Down J

Base Board

33V bY

Power
GContloller

tl')mltrol Signals

EA[24:16] ‘

Imax=500mA
OC# ( Over Current )
Ll
INT A1 o ]
ot IRQ14 ( Card Detect )
XCS0 Core Board |7
- GPLD IR S ( Card Interrupt Request )
XCS1 -
- KCARD
ED[15:0]
H N
EA[15:0] Buffer ‘

¥RD RD# |
Ll TV

AWE g Base Board WEE

XCS5 o]  FPGA AEN#
o

csg

PC Card
Controller

RF5C296

Y

Control Signals

PC Card
Al25:0] Slot
ﬂ
D[15:0]

Figure 4.3.1: PC card interface circuitry structure example (from ARM926 T-Engine)
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4.4. LCD/Touch panel interface

The LCD board shown below, supplied by Renesas, is recommended as the de facto standard T-Engine

LCD/touch panel interface. The following figure shows a sample structure.

SHTRT?
I Cata s
LCD
conraoller
commector (CH 5}
LCD data bus
LCT conirol sizpal
. Touch Eanel sizmal
Power supply Eev switch sirnal
controller ) -—
(HE/3043F-ONE) Froot light conirol sizmal

VideoRam
(SDEAM)

LCD becard comnection  ~pyJ hoard commection '\!.{}

LCD board
(0.0

— CPU board
Commection
connector (CN1)

connecter (CHI) —iW

LCD baard connection
compectar (CNG)

Figure 4.4.1: Example of connection between LCD board and T-Engine (example using SH7727 T-Engine)

Recommended connector specifications and signal arrangements are shown below.

1) Connector specifications:

1

CN1 LCD interface connector

CH1

Model: FH12-40S-0.5SH
Manufacturer: Hirose Denki

40 1 CH2 24

CN2 LCD interface connector
Model: FH12-24S-0.5SH
Manufacturer: Hirose Denki
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2) Signal arrangement

CNI1 pin arrangement

;13 Signal /0 Notes 113:)1 Signal /O Notes
1 VBAT - Power supply 21 | LCDI3 OUT | LCDC
2 VBAT - Power supply 22 | LCDI14 OUT | LCDC
3 VBAT - Power supply 23 | LCDI15 ouT LCDC
4 VBAT - Power supply 24 | GND - Power supply
5 NC — Unused 25 | GND - Power supply
6 LCDO OUT | LCDC 26 | CL1 OUT |LCDC
7 LCD1 ouT LCDC 27 | CL2 ouT LCDC
8 LCD2 OUT | LCDC 28 | DON OUT |LCDC
9 LCD3 ouT LCDC 29 | M_DISP ouT LCDC
10 LCD4 OouT LCDC 30 | FLM ouT LCDC
11 LCD5 ouT LCDC 31 VEPWC ouT LCDC
12 | LCD6 OUT | LCDC 32 | VCPWC OUT | LCDC
13 LCD7 OUT | LCDC 33 | NC - Unused
14 GND — Power supply 34 | GND - Power supply
15 | GND - Power supply 35 | GND - Power supply
16 | LCDS8 OUT | LCDC 36 | IR_IN IN Remote
- controller
17 | LCD9 OUT | LCDC 37 |33V - Power supply
18 | LCDI10 OUT | LCDC 38 |3.3V - Power supply
19 | LCDII OUT | LCDC 39 |33V - Power supply
20 | LCDI12 OUT | LCDC 40 | 3.3V - Power supply
* Leave NC and reserved terminals open on the circuit board.
CN2 pin arrangement
Pin Signal /0 Notes Pin Signal 1/0 Notes
No. No.
1 GND — Power supply 13 | ~PAD CS OuUT | PAD I/F
2 GND — Power supply 14 | ~PAD IRQ IN PAD I/F
3 KEY INO IN KEY I/F 15 | PAD DIN OUT | PAD I/F
4 KEY IN1 IN KEY I/F 16 | PAD DOUT IN PAD I/F
5 |KEY N2 |IN KEY I/F 17 | PAD DCLK OUT | PAD I/F
6 KEY IN3 IN KEY I/F 18 | ~RESET OUT | Reset
7 |KEY_IN4 |IN |KEY_UF 19 |~Lcp FLoN  |our |LCP - Power
- - - supply
8 |KEY OUTO |OUT |KEY I/F 20 |~LCD PWRDY |IN iﬁgly Power
9 KEY OUT1 | OUT | KEY_I/F 21 | GND - Power supply
10 KEY OUT2 | OUT |KEY_I/F 22 | GND — Power supply
11 GND — Power supply 23 | 3.3VSB - Power supply
12 | GND - Power supply 24 | 3.3VSB - Power supply
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4.5. eTRON SIM card interface

Basically, eTRON SIM card interface specifications comply with ISO7816-1 - 3 (SIM). The T=1 protocol is

recommended. The T=0 protocol is required at a minimum.

As a connector, the 04-5036-008-110-862 SIM card connector (from Kyocera Elco), which is compatible with
the ETSI TS 102221 V4.1.0 VICC-Terminal Interface standard, is recommended.

PIN No Signal 1/0 Function
1 Vee33V - Power supply: 3.3V
2 Reset 0] Reset
3 Clock 0] Clock*
4 Reserved -
5 GND - Ground
6 Vpp - NC
7 /0 /0 Serial input/output
8 Reserved -

*  Supplied clock
3.5712MHz  Duty: 50£10%

Figure 4.5.1: eTRON SIM connector signals
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The circuitry above is capable of on/off control of the 3.3-V power supply.

Handle the reserve pins (4, 8) so that they can be connected to on the printed circuit board as terminals.

Figure 4.5.2: Example of eTRON SIM Card interface circuitry (from ARM926 T-Engine)
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e (Cautions

(1) Power terminal control:
Since switching between the contact and contactless interface is connected based on whether Vcc power is

supplied, a function for shutting of the Vcc power supply is required.

(2) Processing signals from pins 4 and 8:
When using a contactless eTRON SIM card interface, use these pins as terminals for connecting an

antenna. Design throughholes near the SIM card connector to enable connection to these terminals.

(3) Power sequence:

Figure 4.5.3 shows concerning reset, clock, and power timing.

Vce _/ N

Clock S RE A

/| T 2 _\\
Reset -1/
<+—r [ P M B
Min Min Min Min Min
Oms 80us 20cyc 20cyc Oms

Ieyce : Iclock

Figure 4.5.3: Power sequence
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4.6. USB host interface

This interface complies with the USB Host Ver. 1.1 (12 M/1.5 Mbps) standard.

If the capacity is available on the T-Engine side’s power supply, bus power can be employed to provide a power

supply to connected USB devices (max. 5 V/500 mA).

A recommended connector is model no. 20-5041-004-100-834+ (from Kyocera Elco).

Pin No. Signal  Input/output Function
I 1 Vee - Power supply
1234 2 -Data /0 - data signals
3 +Data /O + data signals
4 GND — Ground
Figure 4.6.1: Connector signal arrangement
Core Board Base Board $
p N USB_5V
PD[0] ( Shut Down ) - > Power _
Imax=500mA
OCA ( Over Gurrent A ) Controller
ok
INTAT | 6pip
INTRQ
g
e >
. —
GPU USB DATA+ usB
ED[15:0] Controller DATA- Connector
g -l P sisiins [ >
EA[15:0] Buffer
> * P
L EAL24:16] | USBOSZ,
XOS5 |  FPGA

Figure 4.6.2: Example of USB interface circuitry
(from ARM926 T-Engine)
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4.7. Audio input/output interface

The T-Engine hardware specifications call for signal lines with jacks 2.5 mm in diameter for audio input
(monaural) and output (stereo), as shown in the Figure 4.7.1. A recommended connector is model no.
HSJ1602-010011 (from Hosiden) and STX-25505NTR (from KYCON). Connect an earphone/microphone output

(Lch) to enable use of headsets such as those used with mobile phones.

GND GND
VvV Rch V4 Earphone output (Lch)
/; Lch /; Microphone input

Headphone connector Headset connector

- @ Audio mini-jack
j model neme STX-2550-5NTR
®  Maker KYCON

o

® ®
[ L[]

L
Pin No Signal Name
1 GND
2 R-IN
3 R-OUT
4 MIC-IN
5 HP_SENSE

Figure 4.7.1:Audio input/output interface

Pin No Signal Name
1 GND

2 L-OUT

3 R-OUT

4 HP_SENSE
5 NC

Figure 4.7.2:Audio output interface
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SHT727 Audio output Headphone
SIOF controller AudioA/D,D/A mini-iack
converteil AK4550) ]
Reh (CN16)
SIOSCK > Rchoutput <
SIOFSYNC > Leh output
TXD SIO > Rch input < Amplifieq ngfl§et
RXD SIO circuit mini-jack
PWAD (CNL3)
PWDA
Master clock Electronic
SIOMCLK J volume
PTKO
PTK1 >
01 0 | Power supply
controller
2.048MHz 11.2896MHz (H8/3048F-ONE)
Figure 4.7.3: Example of Audio interface structure (from SH7727 T-Engine)
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Figure 4.7.4: Example of actual circuitry (from ARM926 T-Engine)

34

TEF010-S007-01.00.01/en



T-Engine Design Guidelines / Ver. 1.00.01

4.8. Compact Flash card interface (uT-Engine only)

One Type-II Compact Flash (CF) card slot with a 50-pin connector is used.
A recommended connector is model no. 31-5620-050-716-833+ (from Kyocera Elco).

Interrupt signals are processed to enable hot insertion and removal. Use a power supply voltage of +3.3 V.
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Figure 4.8.1: Example of Compact Flash card interface circuitry

(from M32104 puT-Engine)
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4.9. MMC/SD card interface (W T-Engine only)

pT-Engine hardware specifications cover MMC- or SD-card connector specifications.

Interrupt signals are processed to enable hot insertion and removal. Use a power supply voltage of +3.3 V only.

e Connector specifications:
One nine-pin slot (compatible with cards 2.1 mm thick)
A recommended connector is model no. 10-5738-009-783-862+ (from Kyocera Elco).

Va3 _sD

V%3_SD VDD

SD_CD/DAT3
SD_DAT2
SD_DAT1
SD_DATO

RA11
R473E4

i Hes T S
e jad e 4

V33_1o

SD_CMD
RATZ —
RATIEA SD_CLK

1
9
8
7
2.
5
VSs2
7 V851

sD_cP
SD_CD

0-5738-009-300

1
10-5738-009-300-B62
5D _CHRD CONHECTCR

fd U kT BO
SRy L]

Figure 4.9.1: Example of MMC/SD card interface circuitry
(from VR4131 pT-Engine)
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4.10. Power supply interface
4.10.1. Direction of power supply

Figure 4.10.1 shows a power supply diagram. The VBAT terminal (133 - 136 pins) on the expansion bus
connector supplies power from the expansion board to the CPU board (T-Engine). Other power terminals supply
power from the CPU board to the expansion board. For this reason, refer to the Figure 4.10.1 concerning use of
diodes to prevent reverse current when inserting devices to the power circuit. For external power supply input, a
connector complying with EIAJ RC5320A specifications is implemented. Voltage category 2 (3.15 - 6.3 V) is used,

with negative external polarity and positive internal polarity.

CPU Board
Expansiion Bus
connéctor

| VBAT

EIAJ

. RC5320A DCDC l | 50V/33V
Connector Cnv

, [}

ref | Resource

on board

Figure 4.10.1: Direction of power supply on the CPU board (T-Engine)

4.10.2 Power state names

Under T-Engine specifications, the following names are used to manage power states. Use of the following

names is recommended when designing features such as power management transition-state charts.

Name: PO
State: Main power off

Name: P1
State: Main power on, CPU in sleep mode (can be restarted by interrupt signal), memory not retained,
peripheral modules optional

Name: P2
State: Main power on, CPU in sleep mode (can be restarted by interrupt signal), memory retained,
peripheral modules optional

Name: P3
State: Main power on, CPU running, memory retained, peripheral modules optional

The specifications also include a more detailed naming method for sub-states of state P3, in which the CPU is
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running. Under this method, the CPU’s lowest operating clock-speed setting is given the suffix “1” and its highest
operating clock-speed setting the highest suffix.

Ex.: Low speed: P3-1
Medium speed: P3-2
High speed: P3-3

4.10.3. Implementation of power management specifications

T-Engine hardware specifications prescribe the following external power supply control specifications.

Implement power management using a power supply controller LSI or similar device.

o External power supply control function

1) Controls for turning power on
The following two types of controls for turning the power on are supported:
® Power turned on with power supply
® Power turned on using power switch

It is possible to use a DIP switch or other means to switch between the mode in which the power is turned on
with a power supply and the mode in which the power is turned on using a power switch.

Furthermore, it is recommended that controlling turning the power on using power control signals on the
expansion bus be supported.

Control of turning the power on using power control signals on the expansion bus should enable expansion
boards with functions such as wake on LAN to control the power supply through input of power control
signals.

2) Controls for turning power off
® Turning the power off using a power switch
® Turning the power off using other control commands (software control)

¢ Handling power failures

It is recommended that a T-Engine board have the following functions for handling power

1) Using a backup power supply (such as UPS or a battery) to detect power failures
Any of the following three types of methods may be chosen for implementing detection of power failures
using a backup power supply:
® A terminal on the CPU board for input of power failure notification signals
® A function for detecting drops in battery voltage (when using a battery)
® A terminal on the expansion board for input of power failure notification signals, which would then be
communicated to the CPU

2) Using nonvolatile memory, an RTC internal register, or similar means to detect power failures
A function for backing up data (such as on-board nonvolatile memory) is optional.
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Figure 4.10.2 shows an example of a specific power supply block diagram.
Current restrictions and an on/off switch have been added to the power supply to peripheral devices.
Power on/off control is implemented using PD[0] - PD[4], and INT A1 is used to send an interrupt signal when
excess power has been detected.
In addition, an optional battery board can be connected, and power can also be supplied from the expansion bus
connector’s VBAT.

When power is supplied from the DC jack, no power is supplied from the VBAT.

Since DC_IN must exceed VBAT, care is required when selecting an AC adapter to use.

) YR — ——» EXB 5V
o
-1}
= 5
polae) C———y & [ U
- )
“ EZ  |—®LcDsv
) Veo50 S.5
TN —pf  Step Uo DE/DE M E£5: |—LcDaav
Converter = 3
451055V £ 3
"| O 3  |— PCC Ve
S— 5
=
& —— PCC Vpp
. Veedd
Vsre Law Dropaff
VBAT Linear Regurator o — SIM_Vec
32t 42V
T
»  EMIFier |—3n YOS SND
= Veeodd
Veore
Low Dropoff W EMI Filter p VODAD
Linear Regurator
» Veare

Figure 4.10.2: Example of power supply block structure
(from ARM926 T-Engine)
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B Chapter 5 Power management design for T-Engine hardware

5.1 Power modes (e.g., power save mode)

This section describes implementation methods for each power mode in the T-Engine specifications (i.e., PO, 1, 2,
and 3).

Specifications for the PO mode assume that the main power would be off in this mode. However, since a push
type power switch is implemented, power must be connected to the switch to make it operational. For this reason,

power is supplied to some circuitry at all times.

Modes P1 and P2 are implemented using software, by setting the MPU to the sleep, doze, stop, or similar states.
It is assumed that an MPU with a power management function would be used. In general, power save mode is
implemented in one of two ways: by stopping the functioning of the MPU’s core only while still running
peripheral circuitry or by stopping the MPU’s clock and accepting interrupts only. In general, such a state with
volatile main memory such as SDRAM not retained is referred to as P1 mode, while such a state with memory

retained is referred to as P2 mode.

Mode P3 refers to the state in which the MPU is not set to the sleep, doze, stop, or similar states. Each of modes
P1, P2, and P3 assumes changes to the internal state of the MPU only. If no circuitry is added for this purpose, it

can be said that there are no differences between these in terms of hardware.

5.2. Power supply controls (power on/off)

Two methods are used for turning the power on: turning the power on with power supply and turning the power

on using a power switch. It is possible to use a DIP switch or other means to switch between these methods.

Since T-Engine uses a push type power switch, when controlling the power supply using hardware it is not
possible to set power consumption to zero completely. However, the design should enable reducing power

consumption to as little as possible.

There are two methods of controlling power supply: implementing hardware logic circuits and via software
switches using MPU interrupts. However, when using the latter method the MPU would be set to sleep, doze, stop,
or a similar mode when the power is turned off, making it impossible to implement the PO mode (main power off)

covered in the specifications.

The following sections are separated into implementation of hardware and software power control methods.
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5.2.1. Hardware power-control design

Figure 5.2.1 shows an example structure for implementation of hardware power control.

Power jack
1TL
Expansion bus Circuitry for running push Power circuitry for running
P til\pe power switch, etc. MPUeer?pr:T?éﬁheral
Startup request
from expansion % Software shutdown
bus
Switch for Push type power NT MPU
automatic SwWitc
startup on _ _
power supply Receipt of request for shutdown using
power switch

Figure 5.2.1: Configuration example when power supply control is implemented with hardware.

When the push type power switch is depressed, for startup the power is turned on unconditionally. However, for

shutdown the MPU is first notified, and then the MPU cuts off the power.

A switch for automatic startup on power supply is implemented to turn on the power unconditionally when a

power supply is attached.

5.2.2. Software power-control design

Figure 5.2.2 shows an example structure for implementation of software power control.

Power jack

Power circuitry for running MPU

i Push type power
Expansion bus WP -p INT MPU
Startup request GPIO )
Switch for
from expansion t e start
automatic startu
bus .p

Figure 5.2.2: Configuration example when power supply control is implemented with software.
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When implementing software power control, a register for determining the cause of a reset, which would not be

affected by resetting the MPU, is required. If this register is not included on board the MPU, an external register is
used.

Figure 5.2.3 shows the startup software sequence when using a register for determining the cause of a reset. (The
initial value of the register for determining the cause of a reset is 0.)

Sleep with INT
(power switch)
terminal in effect

(power switch

A
Register for
determining the
cause of a reset
setto 1

Register for
determining the cause
of areset setto 0

Shutdown?

Figure 5.2.3: Startup software sequence

5.3. Linkage with an external expansion board

This section covers points requiring caution when supplying power to an external expansion board through

special circuitry for that purpose or when supplying power using the BATT terminal, a specification shared by
numerous companies.
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Since an external expansion board is connected to the main board using bus wiring, when supplying power or

receiving power supply, synchronization with the power supply to the boundary bus buffer and other components

must be taken into consideration. Implementation of startup and termination methods in line with the following

sample sequence is desirable.

5.3.1 When supplying power to an external expansion board

Figure 5.2.4 shows a sequence diagram for supplying power to an external expansion board on startup.

Figure 5.2.4: Sequence diagram for supplying power

Power switch
depressed

4
Power supply to main-
board bus buffer and
to external expansion
board begins
simultaneously

Reset released

4

MPU program
execution begins

The termination sequence is shown in Figure 5.2.5

Power switch
depressed

Power supply to
main-board bus
buffer and to
external expansion
board stopped
simultaneously

Figure 5.2.5: Termination sequence
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It is also acceptable to send notice via signal lines or other means instead of supplying power to the external

expansion board directly. Figure 5.2.6 diagram shows the relations between such connections.

Main-board
power supply

Main board Expansion board

Supplied directly

Main-board
power supply

Main-board
external bus buffer

Expansion board
controller, etc.

Using natification signal

Expansion

_______k____—__—___

board power

Notification signal

Main-board

Expansion board
external bus buffer b

controller, etc.

___\____

supply

Figure 5.2.6: External expansion board relations between connections

When using a power supply method based on the expansion board, such as wake on LAN, issues related to

synchronizing these and bus specifications for connected controller switches need to be taken into consideration.

5.3.2 When receiving power supply from the external expansion board

When supplying power from an external expansion board to the main board using the BATT terminal, a

specification shared by numerous companies, power supply to the bus-buffer element connected to the expansion

bus must be controlled in a synchronized manner, for example by ensuring that the external expansion board

accepts power supply only from the main board or by receiving notification signals.

44
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5.4. Handling power failures

Whether a power failure has occurred can be ascertained by retaining the cause of a reset in a register with a
backup power supply, such as an RTC. By manipulating and reading the value in this register, software can

ascertain the reason for the current startup. A sequence diagram is shown in Figure 5.4.1.

Startup

Power-failure
processing

Register set to
0

4

Ordinary
processing

Shutdown
instructions?

Register set to
1

Software
stopped

Figure 5.4.1: Power Supply sequence in case of black out.

In addition, it is recommended that the external expansion terminal have a connecting terminal for receiving
notice of power failure from UPS equipment and signals for notification of drops in battery voltage, or similar

means be taken, to detect power failures when running on backup power.
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B Chapter 6 Actual examples of T-Engine design

This chapter describes overall board structure using as examples T-Engine products that have actually been

released. T-Engine devices can be separated into the following two categories based on the signals connected to

the boards’ expansion bus connectors:

o Local-bus-based T-Engine
e PCI-bus-based T-Engine

A local-bus-based T-Engine is one in which the CPU address bus, data bus, control signals, etc. are connected to

the expansion bus connector. A PCI-bus-based T-Engine is one to which a PCI bus is connected as well as a local

bus. Table 6.1 shows local-bus-based and PCI-bus-based T-Engine devices currently released.

Table 6.1: Local-bus-based and PCI-bus-based T-Engine boards

Local-bus-based

PCI-bus-based

Standard
T-Engine

SH7727 T-Engine SH7715R T-Engine
SH7760 T-Engine VR5500 T-Engine
SH7720 T-Engine VR5701 T-Engine
SH7780 T-Engine TX4956 T-Engine

ARM720-LH7 T-Engine

PPC-V4FX T-Engine

ARMO922-LH7 T-Engine

ARM926-MB8 T-Engine

ARMO920-MX1 T-Engine

ARM926-MX21 T-Engine

pT-Engine

SH7145 puT-Engine

VR4131 uT-Engine

M32104 pT-Engine

M32192 pT-Engine

V850E/MA3 pT-Engine

Nios I pT-Engine

ARM-LH79532 pT-Engine
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6.1. Example of local-bus-based T-Engine product design

This section describes the example of a standard T-Engine with the SuperH"-family SH7760 processor on
board.

® Structure:

The SH7760 standard T-Engine hardware consists of three boards: the CPU board, an LCD board, and a

debugging board. The devices and peripheral interfaces on each board are listed below.
€ CPU board:

In addition to the following basic standardized structure for a standard T-Engine board, the SH7760 T-Engine

board also has its own unique interfaces. Figures 6.1-a and 6.1-b show the board structure.

SH7760 (SH-4 core)

Flash memory

SDRAM

¢TRON SIM card interface
Real time clock

PC card interface

Serial interface

USB host interface

Audio input/output interface

LCD/Touch panel interface

Expansion bus interface
@ LCD board:

This LCD board can be connected to any standard T-Engine board. For some companies’ products, this is an
optional board. It is included in the SH7760 T-Engine development kit.

® TFT color LCD panel

® Touch panel interface

®  Push type switch, pointer control
[ ]

Infrared remote control receiver module
@ Debugging board:

The debugging board is an expansion board. Devices and interfaces on this board are not standardized. However,

the board’s size is standardized.

® FEPROM
® FEight-bit LED
® JTAG interface
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System reset switch

SH7760
H8/3048F-ONE

1/0 board interface

T FPGA
PC CARD controller

H8/3048F-ONE
eTRON card interface

Expansion bus connector

Figure 6.1-a: T-Engine structural diagram (CPU side)

SDRAM

Flash memory

Reset switch =

E— ;
NMI switch =
ﬂ,

PC CARD socket

g0 e tom

LR
LCD board interface
USB connector

Audio connector

J.-*

Power connector

Figure 6.1-b: T-Engine structural diagram (underside)
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The following interfaces shown in Figure 6.1-a are additional functions unique to the SH7760 T-Engine:

® [/O board interface

® Infrared remote control transmitting LED
@ 1/0 board interface:

This is an additional interface unique to this board and not included in standard T-Engine standards. This
connector handles output from the terminals of internal modules on the SH7760. It makes it possible to connect
with various external interfaces by connecting the I/0 board (expansion board) included with the product. The

following internal modules output to this connector:

Renesas Technology Controller area network 2 (HCAN2): 2ch
Serial communication interface (SCIF): 2ch

IIC bus interface: 1ch

A/D converter: 4ch

Compare match timer (CMT)

@ Infrared remote control transmitting LED

This LED is compatible with two types of infrared remote control signal formats (NEC format and Kaseikyo
format). It can transmit infrared remote control signals up to 255 bytes.

The receiver for infrared remote control signals is on the LCD board.

Also, this board has a H8/3048F-ONE (H8/300H-series 16-bit single-chip microcomputer) unit on board as a
power supply controller. By writing firmware to the flash memory on the H8/3048F-ONE, the following functions

can be controlled:

Real-time clock (RTC)

System power (3.3 V, 5 V) on/off

Reading touch panel coordinates

Key entry

Sending and receiving infrared remote control signals
Electronic volume

Reading/writing serial EEPROM
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Table 6.2 shows an overview of SH7760 T-Engine specifications.

Table 6.2: Overview of SH7760 T-Engine specifications

Interface functions

Item Specifications
CPU SH7760 (SH-4); implemented operating
frequency: 200 MHz
Cache 16 KB (instruction) + 32 KB (data)
MMU Y
Debugger JTAG interface
RAM 64 MB
ROM 8 MB
¢TRON SIM card interface | Y

Serial interface

16,550 compatible (max.: 115,200 bps)

Real time clock

Y

Audio I/O interface

Headset: 1ch; headphone output: 1ch

USB host interface

Y (USB1.1 compatible)

PC card interface

Y (Type 2, one slot)

Expansion bus

LCD/Touch panel interface | Y
DIP switch Two (16 bit)
Local bus (32 bit)

Expansion bus connector type: 01-01

Board size

75 mm x 120 mm

Other functions

Infrared input port

Receiver on LCD board

LED

One (eight bit)

50
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® Block diagram

Figure 6.3 shows a SH7760 T-Engine block diagram.
As shown in Figure 6.3, the SH7760 is connected to peripheral devices via an 8-/16-/32-bit local bus.

HP/ LCD board interface )
eTRON \p Mic LCDI LCD2  Seril Power interface

Power voltage
generation

Audio chip H8/3048F
UDA1342TS|
Power
controller

UART(2ch)

Address Flash Bus

usB PC Card  Expansion bus
interface

Figure 6.2: SH7760 T-Engine block diagram
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SH7760 has many built-in peripheral controllers. Therefore, various interfaces can be realized with the built-in
controllers. Or they can be realized by using sub-control microcomputer (H8/3048F-ONE) that is installed as

power supply controller.

®  Serial interface:
Uses an NS16C550 compatible UART serial controller and an RS-232C interface driver.

® PC card interface:
Uses a controller compatible with 68-pin card slots compliant with the PC Card Standard 97.

® LCD/Touch panel interface:
Outputs signals from the SH7760’s on-board LCD controller. The interface with the touch panel on the LCD

board is implemented via the H8/3048F-ONE.

® c¢TRON SIM card interface:
Uses the smart card interface (SIM) controller on board the SH7760.

® USB host interface:
Uses the USB host controller (USB 1.1 compliant) on board the SH7760.

® Audio input/output interface:
Uses the serial Audio interface (SSI) on board the SH7760. Has an Audio CODEC on board. Audio can be

output to headphones connected to the mini jack for audio output and can be input from and output to a

headset connected to the mini jack for audio input and output.

® Expansion bus interface:
The address bus, the data bus (32 bits), control signals, and a power supply are output to this interface. The

address bus, the data bus, and the control signals are connected via the bus buffer. Table 6.3 shows the pin

arrangement for the expansion bus.

® Power interface:
Power is supplied via an AC adapter (5.6 V/3.5 A). The SH7760 T-Engine uses the following voltages:

3.3 V: Power supply for on-board logic circuitry
1.5 V: SH7760 core voltage
5.0 V: Voltage supplied to PC cards, USB devices, etc.
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Table 6.3: Expansion bus connector pin arrangements

[Pin [Signal /0 |Pin [Signal ‘I/O |]I\’[in Signal |I/O |]I\’Iin Signal 1/0
INo. INo. 0. 0.

1 pBven - e

2 v - Pp7 107 |— —
3 v - B8 73 [EPROMCE# |OUT [108 [— —
4 sV 74 109 |[GND -
5 75 110 |[GND -
6 6 111 [TCK IN
7 77 112 [TMS IN
8 43 |GND - 78 113 [TRST# IN
o A4 79 |GND 114 [TDI IN
10 80 |GND 115 [TDO OUT
11 46 | 116 |ASEBRKAK# |OUT
12 117 B3VSB(*3) |
13 48 | 118 [3.3VSB -
14 49 | 119 3.3VSB -
15 120 [3.3VSB i
16 36 | 121 |AUDATAO /0
17 87 |GND 122 |AUDATAI /0
18 88 |GND 123 |AUDATA2 1/0
19 89 | 124 |AUDATA3 /0
20 90 | 125 [AUDSYNC#  |oUT
21 56 126 |AUDCK IN
02 57 02 127 B.3V (*4) -
23 03 [NMIIN 128 .3V —
R4 04 |RST_IN# IN [129 B3V —
25 60 | RST_OUT# 130 B3V —
26 61 131 B3V -
27 132 3.3V -
28 133 [VBAT IN (*5) |—
29 ROMSEL 134 [VBAT IN -
30 100 [BASE# (*2) |IN _ [135 [VBAT IN -
31 101 |[GND - 136 [VBAT IN -
32 102 |[GND 137 |GND -
33 138 |GND -
34 139 |GND -
35 140 |GND -

Shaded areas |:| denote SH7760 address bus, data bus, control signals, and serial signals. The electrical power

level is 3.3 V.
*1:When the SH7760 unit’s power is on, power of 5.0 V (typ.) is supplied.

*2:By setting this terminal to the low level, the SH7760 expansion bus will be output to the expansion bus

connector.

*3:When a battery or an AC adapter is connected, power of 3.3 V (typ.) is supplied at all times.

*4:When the SH7760 unit’s power is on, power of 3.3 V (typ.) is supplied.

*5:This is the terminal for the power supply (3.6 - 4.2 V). Power can be supplied to the T-Engine board via the

expansion bus connector.
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® Memory map:

Table 6.4 shows the memory map when the CPU board is used alone.

CSO area:

CS1 area:

CS2 area:

CS3 area:

CS4 area:

CS5 area:

CS6 area:

CS7 area:

This is the area for flash memory and EPROM. When the CPU board is run alone, only flash memory
is used. When a debugging board is connected, both flash memory and EPROM can be used.

When using a debugging board, the arrangements of flash memory and EPROM may be switched.
Switching is done by using the DIP switch on the debugging board. When not using a debugging
board, these flash memory/EPROM switch settings are ignored.

This is the board control register area.

This area is for use by the expansion slot exclusively. When this area is accessed, the expansion bus’s
CS2# signal is asserted.

This is the SDRAM area.

This area is for use by the expansion slot exclusively. When this area is accessed, the expansion bus’s
CS4# signal is asserted.

This area is for use by the expansion slot exclusively. When this area is accessed, the expansion bus’s
CS5# signal is asserted.

This area is for use in connecting the following peripheral devices:
(1) PC card controller

(2) UART

(3) ID register

This is a reserved area.
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Table 6.4: Memory map

Area No.| Bus width Space Space name Device Notes
CS0 16 bit h’00000000 | Flash memory area 8 MB
area to MBM29DL640E-90TN (Fujitsu) x
h’00FFFFFF 1
h’01000000 — Unused area
to
h’03FFFFFF
CSl1 16 bit h’04000000 Board control 16 MB
area to register area Board control register
h’ O7FFFFFF
CS2 | 8/16/32bit | h’08000000 Expansion area 64MB Expansion slot
area to (CS2) Expansion slot (CS2 area) CS2# assertion
h’0BFFFFFF
CS3 32 bit h’0C000000 SDRAM area 64 MB
area to EDS2516APTA-75 (ELPIDA) x2
h’0FFFFFFF
CS4 | 8/16/32bit | h’10000000 Expansion area 64 MB Expansion slot
area to (CS4) Expansion slot (CS4 area) CS4# assertion
h’13FFFFFF
CS5 | 8/16/32bit | h’14000000 Expansion arca 64 MB Expansion slot
area to (CS5) Expansion slot (CS5 area) CS5# assertion
h’17FFFFFF
CS6 16 bit h’18000000 PC CARD area Card controller
area to Model: MR-SHPC-01 V2T
h’19FFFFFF (Marubun)
h’1A000000 | UART area (ChA) UART Used as interface
to Model: ST16C2550CQ48 (EXAR) [with H8/3048F-ONE
h’1A7FFFFF (Referred to as “UART”
hereinafter)
h’1A800000 | UART area (ChB) Same as above Used for host serial
to interface
h’1 AFFFFFF
h’1B000000 ID register area Reads DIP switch
to settings
h’1BFFFFFF
CS7 — h’1C000000 — — Reserved
area to
h’1FFFFFFF

6.2. Example of PCI-bus-based T-Engine product design

This section describes the example of a standard T-Engine with the SuperH-family SH7751R processor on board.

@® Structure:
The SH7751R standard T-Engine hardware consists of three boards: the CPU board, an LCD board, and a
debugging board.

The devices and peripheral interfaces on each board are listed below.

@ CPU board:
In addition to the following basic standardized structure for a standard T-Engine board, the SH7751R T-Engine

board also has its own unique interfaces.
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SH7751R (SH-4 core)

Flash memory

SDRAM

eTRON SIM card interface
Real time clock

PC card interface

Serial interface

USB host interface

Audio input/output interface
LCD/Touch panel interface

Expansion bus interface
€ LCD board:

This LCD board can be connected to any standard T-Engine board. For some companies’ products, this is an
optional board. It is included in the SH7751R T-Engine development Kkit.

® TFT color LCD panel

® Tablet interface

® Push type switch, pointer control
[ J

Infrared remote control receiver module
@ Debugging board:
The debugging board is an expansion board. Devices and interfaces on this board are not standardized. However,

the board’s size is standardized.

® FEPROM
® Eight-bit LED
® JTAG interface
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The following interface is an additional function unique to the SH7751R T-Engine:
@ Infrared remote control transmitting LED

This LED is compatible with two types of infrared remote control signal formats (NEC format and Kaseikyo
format). It can transmit infrared remote control signals up to 255 bytes.

The receiver for infrared remote control signals is on the LCD board.

Also, this board has a H8/3048F-ONE (H8/300H-series 16-bit single-chip microcomputer) unit on board as a
power supply controller. By writing firmware to the flash memory on board the H8/3048F-ONE, the following

functions can be controlled:

»  Real-time clock (RTC)

System power (3.3 V, 5 V) on/off

Reading touch panel coordinates

Key entry

Sending and receiving infrared remote control signals
Electronic volume

Reading/writing serial EEPROM

YV V.V V V V
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Functional blocks

Table 6.5 shows an overview of SH7751R T-Engine specifications. Figure 6.4 shows a block diagram.
As shown in Figure 6.4, the SH7751R is connected to peripheral devices via an 8-/16-/32-bit SH local bus and
a PCI bus.

Serial interface:
Uses an NS16C550 compatible UART serial controller and an RS-232C interface driver.

PC card interface:

Uses a controller compatible with 68-pin card slots compliant with the PC Card Standard 97.

LCD/Touch panel interface:
The LCD controller has display memory (10Mbit SDRAM) on board and is capable of displaying 16-bit

RGB data in QVGA size. The interface with the touch panel on the LCD board is implemented via the
H8/3048F-ONE.

eTRON SIM card interface:
Uses the smart card interface (SIM) controller on board the SH7751R.

USB host interface:
Uses a USB host controller (USB 2.0 compliant) that can be connected to a PCI bus.

Audio input/output interface:
Uses the serial 10 controller (SIOF). Has an A/D, D/A converter for use with digital audio. Audio can be

output to headphones connected to the mini jack for audio output and can be input from and output to a

headset connected to the mini jack for audio input and output.

Expansion bus interface:

The local bus (16 bits), the PCI bus, control signals, and a power supply are output to this interface.
The PCI bus controller (PCIC) built in to the SH7751R is used. The PCIC is compatible with the PCI Ver. 2.1
standard and has a bus width of 32 bits and an operating frequency of 33 MHz.

Table 6.6 shows the pin arrangement for the expansion bus connector.

Power interface:
Power is supplied via an AC adapter (5.6 V/3.5 A). The SH7751R T-Engine uses the following internal

voltages:

3.3 V: Power supply for on-board logic circuitry
5 V: SH7751R core voltage
5.0 V: Voltage supplied to PC cards, USB devices, etc.
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Table 6.5: Overview of SH7751R T-Engine specifications

Item Specifications
SH7751R (SH-4); implemented operating frequency:

CPU 240 MHz

Cache 16 KB (instruction) + 32 KB (data)

MMU Y

Debugger JTAG interface
RAM 64 MB
ROM 8 MB

eTRON I/F Y

Serial I/F 16,550 compatible (max.: 115,200 bps)

Calendar/clock Y

Audio I/F Headset: 1ch; headphone output: 1ch
Interface USB host I/F Y (USBI.1 compatible)
functions PC CARD I/F Y (Type 2, one slot)

Touch panel I/F Y

LCD panel I/F Y

DIP switch Two (16 bit)

LED One (eight bit)
Expansion bus PCI bus:/local bus

Expansion bus connector type: 04-01

Board size 75 mm x 120 mm
Other functions | Infrared input port | Receiver on LCD board

LCD board interface AC

lcD2 _1lcpi
|

SIM Card E10A HP/MIC HP Serial

Power voltage
-

H8/3048F

Audio chip

H-U

R LCcDC
UART
=leib - S1D13806

USB PC Card Expansion bus

Figure 6.3: Block diagram
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Table 6.6: Expansion bus connector pin arrangement

Pin Iﬂf Signal | 10 | M| signal | vO [ signat | 1O
AD20 1/0 71 AD2 1/0 [106] A1 OUT
‘GND AD3 1/0 [107] A8 OUT
- GND | 108] A0 OuT
GN - 109 | RESV -
5 (;l GND |
6 PCLKO loUT 41 CBE3# 1/0 | 76 | ADO 1/0 [111
7 | REQ2# IN | 42 | AD16 1/0 | 77 | PCIRST# OUT [ 112 | RD# OUT
8 43 | CBE2# 1/0 | 78 | LOBAT - |13 D15 1/0
9 | REQI# IN | 44 | sTOP# 10 | 79 | MmpOwWER  [ouT|114] D7 1/0
10 45 | LOCK# 1/0 | 80 | INTA# IN [115] D14 1/0
11 | REQO# IN | 46 | PERR# 1/0 | 81 | wAaKEUP IN |116] D6 1/0
12 GNT2# OUT 47 IRDY# 1/0 | 82 | INTB# IN [117] D13 1/0
TRDY# 1/0 | 83 | INT1# IN |118] D5 /0
G 84 | INTC# IN |119] D12 1/0
GND : 85 | INT2# IN |120] D4 1/0
16 | GNTO# ouT| 51 86 | INTO# IN [121] D11 1/0
17 | AD31 10 | 52 | DEVSEL# 10 | 87| A17 ouT|122] D3 1/0
18 | IDSEL2 OUT| 53 | PAR 1/0 | 88 | CS1# OoUT|123] D10 1/0
19 | AD30 1/0 | 54 | SERR# 1/0 | 89 | Al6 OUT[124] D2 1/0
20 | IDSEL1 OUT| 55 | CBE1# 1/0 | 90 | cso# OUT|125] D9 1/0
21 | AD29 1/0 | 56 | AD15 1/0 | 91 | Al5 ouUT|126] DI 1/0
22 | IDSELO ouT| 57 | CBEo# 1/0 | 92 | IORDY IN [127] D8 1/0
23 | AD27 1/0 | 58 | AD14 170 | 93 [[E0 [ J128] DO 1/0
24 | AD28 1/0 59 AD12 1/0 | 94 | A7 ouUT| 129
"GND ADI3 95 | Al4 ouUT|130
GND ~ ] 96| A6 ouT| 131
- 97 | A13 out|132
28 AD25 1/0 | 63 &0 98 | AS out|133
29 | AD23 1/0 | 64 | AD10 170 | 99 | Al12 OUT 134
30 | AD24 1/0 | 65 | ADS 1/0 | 100] A4 ouT|135
31 | AD22 1/0 | 66 | AD9 1/0 [101] A1l OoUT|136
32 | CS2# ouT| 67 | AD6 1/0 |102] A3 ouT|137
33 | AD21 1/0 | 68 | AD7 1/0 [103] Al0 ouUT|138
34 | EPCE# OUT| 69 | AD4 1/0 |104] A2 ouT|139
35 | AD19 10 | 70 | AD5 1/0 |105] A9 oUT|140| BRD IN# -
Blue PCI bus
Green Local bus
Orange Power Control
Reverse Power
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® Memory map:
Table 6.7 shows the memory map when the CPU board is used alone.

CSO area:  This is the area for flash memory and EPROM. When the CPU board is run alone, only flash
memory can be used. When a debugging board is connected, both flash memory and EPROM can be
used.

When using a debugging board, the arrangements of flash memory and EPROM may be switched.
Switching is done by using the DIP switch on the debugging board. When not using a debugging
board, these flash memory/EPROM switch settings are ignored.

CS1area: This area is for use by the expansion slot exclusively. When this area is accessed, the expansion

bus’s CSO# signal is asserted.
CS2 area:  This area is used for connecting the LCD controller.
CS3 area:  This is the SDRAM area.

CS4 area:  This area is for use by the expansion slot exclusively. When this area is accessed, the expansion

bus’s CS1# signal is asserted.

CS5 area:  This area is for use by the expansion slot exclusively. When this area is accessed, the expansion

bus’s CS2# signal is asserted.

CS6 area:  This area is for use in connecting the following peripheral devices:
(1) PC card controller
(2) UART
(3) CODEC interface/board control FPGA

CS7 area: This area is exclusively for PCI memory, register, and I/O use.
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Table 6.7: Memory map
Area No.| Bus Space Space name Device Notes
width
CSO 16 bit | h’00000000 8 MB
area to Flash memory area MBM29DL640E90TN (Fujitsu x 1) x
WOOTFEFFE | | Lo
h’00800000
to — Flash memory area image
h’00FFFFFF
h’01000000
to — Unused area
h’03FFFFFF
Sril 1St | I 04220000 Expansion area |512 KB Expansion slot
_WO407FFFF | ! G e G S0 assertion
h’04080000
to — Expansion area (CS0) image
h’07FFFFFF
grii 16 bit h 08220000 LCD controller |LCD controller Referred to  as
WOSIFFFFE | wea | [Model SIDIIRIGFO0A(EPSORN) - FLEDCT hereinafter
h’08400000
to — LCD controller area image
h’0BFFFFFF
wa | ]| spRaMar (BB
W’ OFFFFFFF EDS2516APTA-60 (ELPIDA) x 2
Si: el E 10?20000 Expansion area |512 KB Expansion slot
_WI007FFFE | | [N e ot i (Sl assertion
h’10080000
to — Expansion area (CS1) image
h’13FFFFFF
Sriz it h 14(:20000 Expansion area |512 KB Expansion slot
WI407FFFF | (©52)  |Prpensionslot(CSarea €52 assertion
h’14080000
to — Expansion area (CS2) image
h’17FFFFFF
CS6 16 bit h’18000000 Card controller
area to PC cardarea  |Model: MR-SHPC-01 V2T
h’19FFFFFF (Marubun)
h IA?(?OOOO UART area (ChA) UART Referred to  as
WIAO000OF | | Model: ST16C2550CQ48 (EXAR) [“UART” hereinafter
h’1A000010
to — UART area (ChA) image
h’1A7FFFFF
h’1A800000
to UART area (ChB) [Same as above
WIABO00OF |
h’1A800010
to — UART area (ChB) image
h’1 AFFFFFF
h’1B000000 . FPGA register area for control of]
to FPGA register area SIOF and other boards

TEF010-S007-01.00.01/en

62



T-Engine Design Guidelines / Ver. 1.00.01

h’1BO000FF

“h’1B000100 |
to
h’1B7FFFFF

FPGA register area image

h’1B800000
to
h’1BFFFFFF

Unused area

h’FC000000
to
h’FCFFFFFF

CS7
area

h’FD000000
to
h’FDFFFFFF

PCI memory area

h’FE000000
to
h’FE1FFFFF

h’FE200000
to
h’FE23FFFF

PCI register area

h’FE200000
to
h’FE23FFFF

PCII/O area

h’FE240000
to

h’FFFFFFFF
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6.3. Conclusion

Table 6.8 features the content of Table 6.1 (categorization of local-bus- and PCI-bus-based T-Engine boards)

with the key nos. of connectors used on each board added.

Sorting by key no. shows that local-bus-based T-Engine expansion bus connector pin arrangements come in five

types while PCI-bus-based T-Engine expansion bus connector pin arrangements are standardized.

Designing expansion bus connector pin arrangements to match the key nos. of existing T-Engine products makes

it possible to reuse expansion boards with different devices and eliminates the need to build a connector with a

new key no., among other benefits. As a result, such design can lead to shortened development periods and

reduced development costs.

When designing a board, compliance with T-Engine standards is required. Also, giving consideration to

expansion bus connector pin arrangement is recommended.

Table 6.8: T-Engine categories by expansion bus connector keying

Local-bus-based Key No. PCI-bus-based Key No.
SH7727 T-Engine 01-01 SH7715R T-Engine 04-01
SH7760 T-Engine 01-01 | VR5500 T-Engine 04-04
ARMT720-LH7 T-Engine 03-03 | VR5701 T-Engine 04-04
?tﬁiﬁ ARM922-LH7 T-Engine 03-03 | TX4956 T-Engine 04-04
ARM926-MB8 T-Engine 03-03 | PPC-V4FX T-Engine 04-04
ARM920-MX1 T-Engine 03-03 - -
ARM926-MX21 T-Engine 03-03 - -
SH7145 uT-Engine 01-02 | VR4131 pT-Engine 04-04
M32104 pT-Engine 02-02 - -
| M32192 uT-Engine 02-02 - -
pT-Engine -
V850/MA3 pT-Engine 01-02 - -
Nios II uT-Engine 06-06 - -
ARM-LH79532 uT-Engine 03-03 - -
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Appendix A:

Table Al: Standard T-Engine and pT-Engine boards developed or under development (as of February 2006)

Model CPU architecture Expansion bus Other notes
connector keying

T-Engine/SH7727 SH3-DSP(RENESAS) 01-01 With LCD board

T-Engine/SH7751R SH-4 (RENESAS) 04-01 With LCD board

T-Engine/SH7760 SH-4 (RENESAS) 01-01 With LCD board

T-Engine/SH7720 SH3-DSP (RENESAS) 01-01 With LCD board

T-Engine/SH7780 SH-4A (RENESAS) 04-01 With LCD board

T-Engine/VR5500 MIPS (NEC) 04-04 With RGB output

T-Engine/VR5701 MIPS (NEC) 04-04 With RGB output
With IDE I/F

T-Engine/TX4956 MIPS (TOSHIBA) 04-04 With RGB output

T-Engine/ARM720-S1C ARM7 (EPSON) 03-03

T-Engine/ARM920-MX 1 ARMD9 (Freescale) 03-03

T-Engine/ARM720-LH7 ARM7 (NXP) 03-03

T-Engine/ARM922-LH7 ARM9 (NXP) 03-03

T-Engine/ARM926-MBS8 ARM9 (FUJITSU) 03-03 With ETM connector

T-Engine/ ARM926-MX21 ARM9 (Freescale) 03-03

T-Engine/PPC-V4FX PowerPC (XILIX) 04-04 With LAN board

uT-Engine/SH7145 SH-2 (RENESAS) 01-02

uT-Engine/M32104 M32R (RENESAS) 02-02 With LAN board,
With AR board

uT-Engine/M32192 M32R (RENESAS) 02-02 With LAN board,
With AR board

uT-Engine/VR4131 MIPS (NEC) 04-04 CPU features MMU

uT-Engine/V850E-MA3 V850 (NEC) 01-02

uT-Engine/ ARM7-LH79532 ARMT7 (NXP) 03-03

uT-Engine/Nios II Nios IT (ALTERA) 06-06
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AppendixB: T-Engine Expansion connector Signal Li

Pin VESOE/MA3 uT-Engine T SH7145 uT-Engine T SH77727 T-Engine T SH77760 T-Engine T M32104 1 T-Engine M32192 pT-Enginc VR5500 T-Enginc VRAT31 iT-Engine Txa936 T-Enginc SH77S1R T-Enginc “ARM T-Engine FR T-Enginc Applance FPGA Board ALTERA T-Enginc
Key 0102 01-02 0101 0101 2-02 202 400 04- 0404 0401 305 01-05 00-00 0606
No.| _Signal Comment ST 70 Comment SI7727 [5) Comment SH7760 ) Comment M32104 Comment M32192 Comment Comment VRA3L |10 Comment Tx4936 70 Comment__| SHT7SIR|_1/0 Comment A 0 Comment F 70 Comment ALTERA| 10 Comment ALETRA_|_10 Comment
ANoD [D/A output ch( NC - +5V +5V [ GND GND Gl GND GN = ND_| GND V] - V- /0 33V
[2 [ Aot [D/A output chl INC B 5% OUT | 5V output when CPU power[5V OUT] 5V output when CPU power|[GND! GN PCLKZ | OUT PCLK2 | OUT, PCLK2 | OUT V] - vV - /0 +3.3V
MODEO | IN_|MODE signal from ROM _[NC - +5V isON +5V [5] is ON GND Gl GND GN = ND | GND v - v 0 33V
MODEL writer NC B 5V Y GND GND PCLKI | _OUT PCLKI | _OUT, PCLKI_| OUT V] - vV - /0 3.3V
A D I 5} V33 NEE Gl GND GN = ND | GND V] - v 0 Gi
[ /0 Va3 OUT |, 31 power cutput V: OUT |, 3y power output PCLKO | _OUT PCLKO | _OUT, PCLKO | OUT V] - vV - /0 GND
T A X X 0 X Va3 [ V: REQ2¥ ] REQ2# REQ2 | IN I o 0 Gl
S| A /0 [va3 V: 5 VCCIO_|_OUT VCCIo T {33V oulput when {_VCCIO | - [3.3V output when CPU p /0 /0 GND
9 A X X 0 X [ITAG RST# [ITAG RST# REQI# ] REQI# REQIZ | IN X 0 0 Protol00_| 10
A E E /0 [TRSTZ [TRSTZ VCCIO_|_OUT VCCIo T |33V output when {_VCCIO | - [3.3V output when CPU p /0 /0 ProtolO. I
A X X o X [T™S For connecting SDI [TMS For connecting SDI REQU# ] REQU# REQUZ | IN X 0 ) rotolO: 0
A T fcz:‘s’:gf‘zvz'gd“'""“‘g Fo-{Direct conncction to CPU /8 “onnected via bus buffer O Connected via bus buffer (1 T_femulator > T_Jemulator e | out e UT 2y oL 2 5 /8 o Prooio, o
A /0 C C GNTI#_|_OUT GNTIZ | _OUT 7 | ouT omnected via bus /0| ivect connection to C! /0 ProtolO I
A X X 0 X GND D D D GND N GND = D_| GND X 0 0 rotol O 0
6] A /0 ED D GND D GNT07_|_OUT GNT07_|_OUT 07_|_oUT /0 /0 Protol0 I
T A X X 0 X 7 53 AD3I 70 AD3I 70 D3l _| 10 X 0 0 rotol O 0
S| A /0 76 /0 35 5 TDSEL2 | OUT TDSEL2_|_OUT IDSEL2 | OUT /0 /0 ProtolO I
9 A X 0 X c - c = AD30 70 AD30 70 AD30_|_10 X 0 0 rol0l010 | 10
A /0 - — g = IDSELI_|_OUT TDSELT | _OUT IDSELT | OUT /0 /0 Protololl | 10
N - GND D GND ND| GND ND 7 o) 3 5 AD29 70 AD29 70 AD29_| 10 X o 0 GND
D | - GND D GND ND GND D /0 5 5 TDSELO UT IDSELO_|_OUT IDSEL0 | OUT 5 /0 /0 GND
X 0 D I 0 0 AD27 0 AD27 o AD27 70 AD27 0 GND GND 0 row0l012_| 10
/0 /0 [5) AD28 AD28 AD28 0 AD28 GND GND /0 row0l013 | 10
X [ 3 0 B X 0 0 G D G D GN = GNI D 3 X 6 o 0 rotol0ls | 10
6 9 /0 9 I 5} AD26 AD26 AD26 o) AD26 7 7 /0 /0 row0l015 |10
7| +25VSB |- _|Uscd by ROM writer C - 20 %) 20 X GND ND GND D G D G D Gl = GNI D 3 X B 0 0 rotol016 | 10
S| P4 10 21 70 /0 21 GND ND GND D AD25 AD25 AD25 [5) AD25 9 9 /0 /0 rowolo17 | 10
9| NC - NTI ouT 0 22 X P 0 P95 o AD23 AD23 AD23 o AD23 20 X 20 0 0 ro10l018 | 10
0 NC_ | - [COND2 ouT /0 23 [ /0 NC = AD24 [5) AD24 [5) AD24 [5) AD24 [5) 21 21 /0 /0 ro10l019 | 10
1| DMARQO | IN DREQO N 0 24 X P25 0 NC = AD22 o AD22 0 AD22 o AD22 0 22 X 22 0 0 rotol020 | 10
2| pis |10 PD25 10 E 0] 25 . . P24 /0 P96 70 RESV. - RESV. - RESV. = CS27_| ouT 23 23 /0 I rotol021_| 10
Connected via bus buffer Conneeted via bus buffer T e QV I
33 | DMAAKO | ouT PACKO our D26 o D26 o NE " |external power) NC - ) AD21 10 AD21 10 AD21 10 AD21_| 10 D24 "o . ) D24 Vo . l_FPGA | 1O Protolo22_| 10
) Rescrved for EXTPWR Reserved for EXTPWR onnected via bus Direct connection to
3| pemz | vo P27 o 27 o D27 o NE (external power) NC (external power) RESV. - RESV - RESV - EPCE# | OUT 25 o D25 o FPGA | 10 Protol02s | 10
. Rescrved for V3358 Rescrved for V33SB
3| pems | vo Pp28 our D28 o D28 o NE (standing power, NC (standing power) ADI9 10 ADI9 10 ADI9 10 ADI9 | 10 D26 o D26 o FPGA | 10 Protolo24_| 10
. Rescrved for V3358 Rescrved for V33SB
36| PO 1O D29 our 29 o D29 o NE (standing power, NC (standing power) AD20 AD20 AD20 10 AD20 27 o D27 o /0 Protolo2s | 10
7] _PBD2_| 10 D30 oUT D30 D30 ) ND GND GND G G D G D GN = GNI D 28 X 28 0 0 Protol026 | 110
S| pCT6 | 10 PD31 ouT D3 D31 0 GND GND GND D ADIS ADIS ADIS o) ADIS 29 29 /0 /0 Proto1027_| 10
9 onp | - GND GND GND D GND D [ — [Reserved for INT3% TIN27 G D G D GN = GNI D 30 X 30 0 0 GND
[0 ono | - GND GND GNI D GND D - —[Reserved for INT2% TINTS ADI7 ADIT ADIT [5) ADIT 31 31 /0 I GND
BUSCLK | OUT CK ouT CKIO T CKIO T = c = CBE3# CBE3# CBE3# 0 CBE3? GND GND 0 row0l028_| 10
GND_| - GND GND GNI D| GND GND - - ADI6 5 ADI6 5 ADI6 [5) ADI6 5 GND GND /0 rot01029_| 10
GND | - GND GND GND D GND GND 7 [5] 2 oU CBE2¥ 0 CBE27 0 CBE27 o CBE2Z | 10 Al [6] A 0 rot01030_| 10
GND_| - GND GND GNI D| GND GND T oi T ou STOPF [5) STOPF [5) STOPF [5) STOPZ_|_1/0 A [5] A 0 /0 rotol03L_| 10
A0__|ol Al [6] Al A [6] LED2 [ D2 oU LOCK# 0 LOCKA 0 LOCK# 0 LOCK# | 10 A [ A 0 rotol032_| 10
AL__|ol A [ A A [ LEDI [ DI PERR? 5 PERR? 5 PERR? [5) PERR?_| 10O A [5] A /0 ro101033_| 10
A2__[ol A [5] A A [ GND D GND D IRDY# o IRDY# o IRDY# 0 RDY# | 10 A [ A 0 rotol034_| 10
A3__|ol A [ A A [ D D TRDY#, TRDY# TRDY# [5) TRDY# ES [5] A 0 /0 10101035 |10
Ad__|ol A [ A A [ EADY#|IN(O/D) TNO/D) GND D GND D GND = GND D A [ A 0 rotol036_| 10
A5 ol ES [ A3 A [ EXINT FRAMER FRAMER FRAMEZ |10 FRAME A OUT | 1cved via bus battee Direct comnection to C /0 rot0l037_| 10
A6__[o1 A [ A A [ BCS1# ouT GND D GND D GND GND D Al [ A 0 rot0l038_| 10
i 8 fcz:‘s’:gf‘zvz'gd“'""“‘g ~ g Dircet comection to CPU {2 Connected via bus buffer X g Comnected via bus buffer (BN o = DEVSELY DEVSELY DEVSELY | 1O DEVSELY ~ g . 0 o rololow 1o
A9__|ol A [ A A o WSI7 [5] OUT SERRZ | IN(0/ld) SERR7__| IN(0/Q) SERRZ__| IN(o/d) SERRZ_|_10 A o A /0 CARDSELn | _OUT,
A [ A [ A A [ WS07 [ ouT CBEI¥ 0 CBEI¥ 0 CBEI¥ 0 CBEI# | 10 A [ A 0 USER LEDO | OUT
56| A [ A [ A A [ BRS# [8] OUT ADIS 5 ADIS 5 ADIS 5 ADIS 5 A [ A 0 /0 USER LEDL | OUT
7] A [ A [ A A [ GND GND D CBEOY 0 CBEOY o CBEOY 0 CBEOZ | 10 A [ A 0 GND
5 A [8] A [ A A [ GND GND D ADI4 5 ADI4 5 ADI4 [5) ADI4 [5) INE o A /0 GND
A [ A [ A A [ GND GND D ADI2 0 ADI2 0 ADI2 o ADI2 0 GND GND 0 USER Lt oU
A [8] A [ A A [ EXCLK ouT T ADI3 ADI3 ADI3 5 ADI3 GND GND /0 USER L ou
GND | - GND GNI GND GND GNI GND GND D G D G D GN = GND D A [6] Ao 0 USER oU
GND_| - GND GND GND D| |GND GND GND GND D ADIL ADIL ADIT 70 ADILL A [5] A7 0 /0 USER L OU
A [6] A [6] A A [6] RESET/ oUT ouT G D G D GN = GND D A [ A 0 USER oU
A [ A [ A 0 A [8] N GND GND ADIO ADIO ADI0 [5) ADI0 A o A 0 /0 USER L
A [5] A [5] A A [8] GN| GND ND GND Al Al Al 0 Al A [ A 0 PBRESE
A OUT|Connect via dumping A oi A 5 A [5] B. [5] A30 oU AD9 [5) AD9 [5) AD9 [5) AD9 [5) A [8] A 0 /0 USER PBn|
A OUT|resistor 220 A [ A omnected via bus buffer | OUT| . onnected via bus butfer |2 [ A2 oU AD6 0 AD6 0 AD6 0 AD6 0 A OUT_|Connected via bus buffer[A Direct connection to CP 0 USER PBn:
A [ A [ A 0 A [8] * B [§] A28 oU AD7 5 AD7 5 AD7 [5) AD7 [5) A oi A 0 /0 USER PBn:
A [5] c - A A [8] [B: OUT_|Connected via bus buffer ~ [BA27 OUT_|Connected via bus buffer Al o Al o Al o Al [} CS07 [ CS07 0 USER PBn:
A [ - A 0 A [ [BAZ6 [§] A26 oU Al 5 Al 5 Al [5) Al [5) Csix [5] Csi# 0 I ER
T A OUT |Connect via dumping c - A A [ [BAZS [ A2 oU Al o Al 0 Al 0 Al 0 ¥ [ Cs2f 0 ETXI
7] A OUT resistor 220 - - [A2: 0 A25 [ BA2L [ A2 ou AD3 [5) AD3 [5) AD3 [5) AD3 [5) CS37 [5] CS37 0 /0 ECT:
73 | Pull-Up | - [Unused (Pul-Up PROMCE | OUT EPROMEC EPROMEC] Ol GND GND ND GND GND D GND D GND = GND D WE0? [ WELZ 0 ERX [
< Controller on the extended | (g < S
7| s fout|p o cs3 out _cs2 out | cs2 out GND GND GND GND ADI . ADI . ADI o | 1o RW out R/W out wea | 1o owon
i Flash ROM on the extended | -
75| cso- fout|pi NC - _Cs4 out | csa out BA23 out BA23 out GND GND e s oND _ P [ GND - GND - wea | 1o .
DSUBYpin on the extended - - -
76 |EXTTXDI-[OUT| ¢ PEI3/TIOC4B | OUT _css out css out BA22 out BA22 out ADO o ADO o ADO o a0 | 1o GND - GND - wea | 1o .
Dircctly conneeted to the e
77 |EXTRXDI| N | somnecor. PEISTIOCAC | OUT FDWR __|ouT FOWR _|ouT A2l OUT | connected via bus buffer 242! OUT | Connceted via bus buffer | PCIRST# | OUT PCIRST# | OUT PCIRST# | OUT PCIRST# | OUT 0 cTO 0
78 | EXTRTSI-| OUT PEI3/TI0C4D_| OUT BS T BS OUT 0 [§] A20 OU LOBATZ_| IN(0/d) LOBAT# | IN(o/d) LOBAT?_| IN(o/d) LOBATA | - [Connected via bus buffer| BE27 /0 cTO /0
79 ND | - GND GND GND D GND GND 9 [ ALD oU MPOWER | _OUT MPOWER | _OUT MPOWER | OUT MPOWER| OUT 0 cTo 0
ND | - GND GND GND D| GND GND 8 Oi ATS ou INTA# | IN(o/d) INTAZ | IN(0/d) INTAZ | IN(0/d) INTAY omocted via bus batfor I cTO /0
D-__|ouT D ouT D T RD ouT 7 [ AT oU WAKEUPZ | _IN(0/d) WAKEUPA | IN(0/d) WAKEUPZ | IN(0/d) WAKEUP] ) Dircct connection to CP 0 CTO 0
AIT_| 1 AT I AT WAIT I BAI6 [§] Al6 oU INTBZ _|_IN(0/d) INTB#__| IN(o/d) INTB7__| IN(o/d) INTB? /0 cTO /0
LWR-_|[OUT RL ouT 0 T WEO ouT GND GND ND GND RESV - RESV - RESV - INITI# 0 cTo 0
UWR_| Ol RL ouT EIl T WEL ouT GNI GND [GN GND INTCZ_|_IN(o/d) INTCH | IN0/d) INTCA | IN@/) INTCH I cTO /0
Connceted to ROM writer's |- ; .
85 ] S0 |OYTIbuain NE ) -WE2 our -WE2 our BALS our BALS our RESV - RESV - RESV - NT2% | N . ) . l_FPGA | 1O MICTORE | 10
ComecieT RO s T - onnected via bus Direct connection to C}
8] S0 | ™ |baaou NE - -WVES our -WVES our BAL our BALd our INTO# | IN(o/d) INTO# | INo/d) INTO# | IN(o/d) INTO# | 1 BEL our /0 ICTOR /0
GND GND GND D GND D I2 [] scted via bus butfor P2 GUT_|Connected via bus buffer Al OUT Al OUT Al ouT Al7_| O WAITZ 0 5 0
GND GND GND GND| GND D [B! Ol onnected via bus butler Tgx” oU CSI7 O CSI7 O CSI7 OU CSI7_| O EOT# OUT 0 CTOR: 0
A/D input ch( NC - TRQ nterrupt input TR nterrupt input [B. [8] A oU Al [ Al6 [ Al oU Al6_| O REQOZ 0 c 0
[A/D input chl INC - RQ nterrupt input R nterrupt input [B. [§] A oU CS07 [5] CS07_| O CS07 ou CS07_| O REQI7 I c I
[Analog GND [NC - IRQ: nterrupt input IR nterrupt input B, [8] A oU Al [ Al [ Al oU Als_| O ACKO# T 0 c 0
Interrupt input Ilos IN_|Interrupt input TRQ nterrupt input IR nterrupt input B, A OUT_[Output fixed 1o "L” TORDY#_| IN(0/d) TORDY#_| IN(0/d) TORDY#_| IN(o/d) TORDY# | 1 ACKIF T /0 CTOR o)
NMI input NMI_IN IN_[NMI input [N IN ML input M1 N ML input GND D ND GND GND GND GND__| GND GND - GND | GND GND - ) GND
I RESET inpu RES_IN IN_|RESET input RST_IN RESET input RST_IN [RESET input G ND [GN GND A7 [§] AT [5] AT oU A7_| 0 GNi B /0 GND
S O T|RESET output RES OUT__| OUT [RESET output RES_OUT | OUT[RE: RES OUT | OUT |RESET output BD31 0 c = Al [ Al [ Al oU Ald_| O < /0 CTORL6 | 10
AGN —[Analog GND - - DREQU DREQD | T BD30 ) d = A6 [5] A6 [5] A6 ou A6 O PTOUT0 | OUT /0 CTORL | 10
AN IN_|A/D input ch? C - RAKO T RAKO | OUT BD29 ) c = JNE] [ JNE] [ JNE] oU AI3_| O < I CTOR1E | 10
ANi3 | IN_|A/D input ch3 - - ACKO | OUT ACKO T BD28 10| . mected via bus buffer  |NC. = AS [5] AS [5] AS ou A5 |0 PTOUTI | OUT /0 CTOR19 | 10
Pull-Up_| - |Unused (Pull-Up OMSEL N MSEL OMSEL BD27 0 c = AL [ AL [ AL oU AlZ_| O < /0 CTOR20 | 10
ANi4__| IN_|A/D input chd - - SE Extended bus output in Lov | BASE [Extended bus output in Low [BD26 ) ( - Al [§] Al [8] Al OU A4 O 4 (specific to cad FPLOUT2 | OUT ) CTOR2L | _1/0
GND | - GND GND GND D GND D BD25 0 c = ALL [ ALL [ AL oU ALL_| O /0 CToR22 | 10
[102] _onp | - D GND GND GND [GND D BD24 /0 d - A3 [§] A3 [§] A3 ou A3_| O /0 CTOR23 | 10
TXD3 | OUT SCLTXD3 __[OUT T [TXD: T GND ND ND GND AL0 [ AL0 [ AL0 oU Al0_| O /0 CTOR24 | 10
3 SCI_RXD3 N [RXD. I G ND GND GND A2 [§] A2 [§] A2 ou A2_| 0 /0 RCLK UT
AN A/D input chs NC - T RTS! ouT BD23 ) NC = A9 [ A9 [ A9 oU A9 O /0 MICTOR CLK| OUT
6| AN A/D input ch€ NC B § CTS: [ BD22 /0 NC = Al [5] Al [5] Al ou Al_[ O < /0 TeK N
7| _ANi A/D input ch7 NC - C N - BD21 ) NC = A% [ A% [8] A% oU A8 O GND - 0 T™S N
(Connected to ROM writer's N N X
108| scko | out|oy! E10A emulator ASEMDO | IN' [E10A emulator NC - BD20 10 | connected via bus buffer [NC - RESY . RESY . RESY _ x| our GND o owis N
GND GND, GND GND BD 0 NC = RESV. B RESV. B RESV. = RESV | - < oI N
GND D GND GND BD ) NC = WRE OUT WRE OUT WRE OUT WR_| OUT C TDO OUT
nused (Pull-Up ET0A emulator [TCK emulator TCK A cmulator BD! 10 NC = GND GND GND__|_GND GND = GND_| GND WEX OUT GND
nused (Pull-Up E10A emulator [TMS T emulator T[EL0A emulator BD ) NC = RD7. UT RD7 UT RD7. UT RD% UT C GND
nused (Pull-Down TRST T emulator TRST T[EL0A emulator GNi GND GND D D15 DIS D15 D15 Reserved (specific to cadR.C. EOSC__| OUT
nused (Pull-Up DI emulator TDI A cmulator GNI GND GND D D7 D7 D7 D7 J GND
nused (Pull-Up TDO emulator TDO A cmulator BD /0 BD D14 D14 D14 D14 X ECLKIN | OUT
Tock input from ROV ET0A emulator ASEBRKA emulator SEBRKAL A cmulator BD /0 BD D6 D6 D6 D6 Tref Directly connected 1o Vi GND
T VSB 33VSB BD /0 BD DI3 DI3 DI3 DI3 N.C. ECLKOUT | I\
Power always ON: 3.3V Power always ON: 3.3V Power always ON: +3.3V  [33VSB Power always ON: +33V  [BD! o0 |. ) BD . D5 D5 D5 D5 For battery board BATTERY | 10 GND
[ Joutput OUT Joutput loutput 3.3VSB OUT Joutput BD! /o Connected via bus buffer 51y | Connected via bus buffer DI2 [0 DI2 [0 DI2 [0 DI2 [0 Reserved (specific to cagN.C. /0 GND
[ SB BD| 0 BD o D4 0 D4 o D4 0 D4 o Egml Tor ROM disconnfadvice EMH__IN 0 GND
Tip sclect for LCD [ cmulator ATA A emulator BD! ) BD! 5 DII [5) DII [5) DII [5) DII [5) GND - /0 GND
Same as pins 76-78 above _[PEITIOCOB | O emulator AUDATAL | I A cmulator BD: o BD! 0 D3 o D3 0 D3 0 D3 o GND - 0 CONFDONE | OUT
E2/TI0COC_| O cmulator AUDATA A emulator GNI ND GN D DI0 5 DI0 5 DI0 5 DI0 5 ntermupt INT nerrupt /0 33V
E3TIOCOD | O emulator AUDATA3 | I A cmulator GND ND GND D 0 0 0 0 pecific to cach hardwanRESETO cset output 0 33V
[Resct input from ROM write|PE6/TIOC2A__| O cmulator DSYNC A emulator BD' ) BD 5 [5) [5) [5) [5) ower on reset PORSTZ__| 0 ower on reset /0 33V
[A/D TRIG inpun ] - emulator AUDCK__|O A cmulator BD 0 BD! o o 0 o o TAG RTCK RTCK TAG RTCK 0 33V
3V [5] - o BD: I BD. [5) [5) [5) [5) [5) el RESETZ | OUT [Reset /0 Vunreg
3V ! 3V v ! BD4 O Connceted via bus buffer P O Conneeted via bus buffer o o o RST TRSTE RST o vunreg
, 3V [6] , 3V 0 v [0] . BD:. 0 BD. [5) Vi [5) Vi [5) Vi [5) Vi AGTCK K AGTCK 0 Vunreg
power: 433V outpufE2Y o power: 433V outpufE2Y 2 power: 3.3 outpu 32 o power: 433V outpulf 3> e e o Vo 5 VB 5 o 5 o e 3 S o Ve
3V [5] 3V v [5] BD| 0 BD o VBA 0 VBA 0 VBA o VBA AG DI I AGTDI 0 Vanreg
3V 3V v BD! 0 BD 0 VBA 0| VBAT power VBA 0| VBAT power VBA 0 ]YBAT power VBA VBAT power input AG TDO ) OUT_|ITAG TDO Vunreg
VBAT IN VBA VBA V33 V: VBA o | VBA o | VBA o_|"P VBA (4.0v-6.0V) Vi A Vi Vunreg —
VBAT power input [VBAT_IN VBAT power input [VBA (| VBAT power input VBA VBAT power input V3 [ 3V nower output 33V power output VBA o __|40v-60V) VBA 0 |40V-60V) VBA 0__|40V-60V) VBA [VBA External power  [VBA External power  |VE External power Vunreg “"’“‘“5; o
(4.8V-5.6V) VBAT_IN (4.8V-5.6V) VBA (4.8V-5.6V) VBA (4.8V-5.6V) V3 Ol -V power outpul V: 0 power outpul VBA 0 VBA 0 VBA 0 VBA VBA (3.6V-5V) VBA (3.6V-5V) Vi (3.6V-5V) Vunreg nput; 6.5-2.0v
VBAT_IN VBA VBA VE v VBA VBA VBA 0 VBA VBA VBA Vi Vanreg Output; 6.0v
- G G Gl G Gl GND = GND D Gl - Gl - G -
5 - GND GND GND GND GND Gl D D GND - GND GND -
9 D | - G G Gl G Gl GND = GND D Gl B Gi B G B
0 - GND GND GND GND Gl Gl = BRD_INZ [ocalBus output in Low (Mostly Lo| _GND - GND - GND -
uipped with diode in two places: VBAT_IN and JEquipped with diode in two places: VBAT IN and JAK Therc 1s no 3% The number (140-1) is the inverse of the number d 3% The number (140-1) is the iverse of the number ¢ There is no diode o diode K There 1s no diode. Therc fs no diode. Tpped with diode in two places: VBAT_IN andiipped with diode i two places: VBAT_IN and 3% Equipped with diode in two pla Ticre is no diode
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