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INTRODUCTION

This application note is based upon AN1943 and has been updated for the DK3300-ELCD De-
velopment Kit and, in addition, this document focuses on the use of the DK3300-ELCD with
Keil's uVision2 Software Tools. It provides guidelines for the creation and development of ap-
plications for the Turbo uPSD Family of devices and shows a number of key steps to follow for
creating a design based on the DK3300-ELCD Development Kit. The Kit has all the require-
ments for using the sample code and examples supplied.

Here, the basic flow is provided for creating a project using Keil Software tools. A simple ap-
plication included in the Kit is demonstrated using Keil and shows the key features of Keil. The
key steps in designing an application are enumerated in this document. PSDsoft, a key tool in
using Turbo uPSD, is explained in detail by illustrating the Design used for the demonstration
section. PSDsoft has been upgraded to connect to ST's JTAG programming cable (FlashLINK)
or Raisonance's JTAG programming cable (RLINK-ST)

As shown in Figure 1, the uPSD3300 family is a series of 8051-class microcontrollers (MCUs)
containing a new fast Turbo 8032 core with a large dual-bank flash memory, a large SRAM,
many peripherals, programmable logic, and JTAG In-System Programming (ISP). It is impor-
tant to make the correct selection in PSDsoft, using the HW Setup configuration menu.

Please see the uPSD on-line resources page for latest documentation and other referenced
User guides and Application notes at the URL listed below.

http://www.st.com/stonline/products/families/memories/psm/soft_c2.htm
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1 UPSD3300 FAMILY
Figure 1. General Block Diagram of the uPSD33xx
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1.1 uPSD3300 Family Overview

The uPSD3300 family is a turbo 4-clock per instruction 8032 MCU capable of being clocked
up to 40MHz at 3.3V or 5.0V at industrial operating temperature range. Currently there are
twelve family members that contain different combinations of flash memory size, operating
voltage, and packaging (please see the full datasheet). In this Application Note, uPSD3334D-
40U6 is used as the example. The term "Turbo uPSD" is used throughout the remainder of the
document for brevity (see the Turbo uPSD3334 block diagram shown in Figure 2).

The Turbo uPSD family has a unique memory structure that includes two independent flash
memory arrays (Main and Secondary) capable of read-while-write operation. This is ideal for
In-Application Programming (IAP) because the 8032 can fetch instructions from one flash ar-
ray while erasing/writing the other array. Individual sectors of each flash memory array can be
mapped to virtually any 8032 address by the Decode PLD (DPLD) for total flexibility. The Turbo
uPSD also contains a Page Register whose outputs feed the inputs of the DPLD. This allows
paging (or banking) of flash memory to break the 8032's inherent limit of 64 Kbyte addresses.
The 8032 may write to the Page Register at runtime.

For more complex designs, the Turbo uPSD is capable of placing each of the flash memory
arrays (Main or Secondary) into 8032 code address space, into 8032 data space, or into both
code and data space on the fly. Mapping flexibility like this supports IAP because either flash
array may be temporarily placed into data space while the firmware is updated, then moved
back into code space when finished, all under control of the 8032.

Many peripherals are available in this Turbo uPSD, including: two UART channels, one IrDA
channel, one SPI channel, one I12C channel, six PWM channels, eight 10-bit ADC channels,
nine Timer/Counters, a watchdog timer, low-VCC detection with reset-out, a general purpose
PLD, many GPIO and a USB-JTAG Debugger.

All of the peripherals on Ports 1, 3, and 4 are controlled using 8032 Special Function Registers

(SFRs).

I/O Signals on ports A, B, C, and D are controlled one of two ways:

1. by a block of xdata memory mapped control registers, whose base address (csiop) can be
mapped anywhere using the DPLD; and

2. by the programmable logic.

In addition, Turbo uPSD offers a Cross-Bar I/O, which means that Peripheral functions on Port

1 are also available on Port 4 (cross-bar switch), providing more flexibility. There is no need to

sacrifice one peripheral function when two functions are available on a single pin, just use the

other port.

The JTAG channel on Port C is used for ISP and debug of the 8032 MCU core. ISP is ideal for
rapid code iterations during firmware development and for Just-In-Time inventory manage-
ment during manufacturing. JTAG ISP eliminates the need for sockets and pre-programmed
devices, and requires no participation of the 8032. JTAG debug eliminates the need for expen-
sive and intrusive hardware In-Circuit Emulator (ICE).

4
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Figure 2. uPSD3334D Block Diagram
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2 DK3300-ELCD DEVELOPMENT KIT

2.1 Overview

A picture of the DK3300-ELCD board, including the important connections, is shown in Figure
3. Alist of jumpers JPO - JP16 and their functions can be found on the DK3300-ELCD board's
silk screen. For more detailed information on these jumpers, please refer to APPENDIX
A., DK3300-ELCD JUMPERS SELECTION AND DEFAULTS or the DK3300-ELCD User's
Guide. Board layout and schematics are available. Connectors CON1, CON2, and CONS pro-
vide easy access to all Turbo uPSD signals for expansion or testing. UARTSs are available on
connectors marked UARTO and UART1. The FlashLINK/ RLINK-ST/ ULINK JTAG ISP cable
connects at the connector, JTAG. The DK3300-ELCD has a graphical LCD interface and a ful-
ly-featured real-time clock with a back-up battery, a serial EEPROM, IrDA transceiver, PWM
giving control over the LCD brightness, and a rotary encoder knob for selection of various
demo applications. Board layout and schematics are available.

The sample design example code used for this application note is a Keil based project which
shows use of the PWM and ADC function blocks within the uPSD3300 device. A pulse width
modulated signal output from the PWM circuit is tied to an RC circuit resulting in a DC voltage
that is proportional to the pulse width. This DC voltage is input to an ADC channel and is read
after each time the pulse width out of the PWM is changed. The PWM setting and the ADC
value read is displayed on the LCD.

The purpose of using this simple design project is to illustrate and demonstrate the use of Keil
software and tools with the ULINK adapter on a uPSD development board. The Keil tools pro-
vide many features for editing, compiling, programming, and debugging a uPSD3300 MCU
Series from STMicroelectronics. In the following sections, some of the main features are de-
scribed to give you a feel for the simplicity and capabilities of the tools used for this sample
design.

7/68
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Figure 3. DK3300-ELCD Development Board Components
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2.2 Contents of DK3300 Kit

STMicroelectronics provides a DK3300-ELCD Development Kit which is shipped with the fol-
lowing contents:

— Circuit Board: uPSD DK3300-ELCD Development Board- with a uPSD3334D-40U6 MCU
with Enhanced Graphic LCD

m RLINK-ST, a USB-based JTAG adapter from Raisonance for debugging with Raisonance
Integrated Development Environment (RIDE)

m ULINK, a USB-based JTAG adapter from Keil for debugging with Keil's uVision Tools
m USB Cables and RS232 Cables
m  110/220V Universal Power Supply Adapter
m  Software and Tools CD's:
— RKit Development Suite CD from Raisonance contains:
— RIDE C-Compiler and Assembler (limited to 4 Kbytes code size)
— RIDE Debugger Utility (no code size limit)
— uPSD3300 sample projects and Application Note

— Also includes ST's PSDsoft Express software for configuring the Programmable Logic
inside the uPSD3300

— DKS3300-ELCD CD from STMicroelectronics contains:
— STMicroelectronics Datasheets, Tools, Software, uPSD3300 sample projects
— User Manual and Application Notes

— Keil uVision 2 Software and support Tools ( Demo Version) for uPSD - (Limited to 2
Kbytes code size)

Note: This Application Note assumes that you have access to the Development Kit and soft-
ware tools.

9/68
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3 PROJECT CREATION AND SAMPLE DESIGN DEVELOPMENT PROCESS

In the sections below you will be introduced to the process of using Keil for creating application
Code using the Development board and the associated tools supplied with the Kit. The key
steps for creating a new project with Keil are described. This is followed by section that uses
the Keil environment and DK3300-ELCD board to demonstrate the sample design. The main
features of Keil and its usage are then shown by loading and debugging the sample applica-
tion. This way you gain familiarity with the board and the development to design your own ap-
plications. The unique feature of Turbo uPSD requires understanding of PSDsoft Express tool
from STMicroelectronics. Any Turbo uPSD-based design requires having a good understand-
ing and features of this tool. Following a detailed description of the process and features of
PSDsoft used in this simple design, the design block diagram and the memory map are then
explained where PSDsoft is used to set up set up the various components, interfaces and the
programmable logic.

3.1 Key Design Development Steps

Design and development of applications using Turbo uPSD Family of products require use of
both Development Boards from STMicroelectronics or hardware developed by the user in con-
junction with Software and Tools that support uPSD Devices. It is important to follow some
simple steps and guidelines for successful implementation of the project.

STMicroelectronics provides full support with Hardware Development Kits and Software Tools,
utilities and support through the Support Website. The key design development steps for using
Keil tools are as follows:

m Identify and select the right development Kits and Tools

m Design a Block Diagram of your Application in relation to the Turbo uPSD

m Design the Logic and connections to be used for the PLD available in uPSD

m Create Memory Maps and inputs for programming devices using PSDsoft Express tools
m Develop your application Code for the chosen Compiler (the Keil uVision2 is used here)
m Verify the project needs and match with the device used

m Compile and create the firmware and applications Code

m Enter data from the Block diagram and memory maps using PSDsoft Express Design flow
m  Merge MCU and PSDsoft project to get the object file

m Flash the Code and Data using Tools including JTAG - ISP ( RLINK-ST / Flashlink)

m Debug, make changes, reprogram and finalize the project

m Test and qualify the design

This application note provides guidelines for design by showing the key steps as mentioned
above. The document has been divided into sections that cover various areas. It is expected
that the reader has previous experience of programming and applications development includ-
ing the use of compilers.

10/68 ‘ﬁ
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First, an introduction to the Turbo uPSD. The family basic block diagram and features are in-
troduced, followed by an overview of the DK3300-ELCD Development Kit (Board). This hard-
ware is used with the Keil Tools to demonstrate ideas for project creation and design
development. A simple example is used for demonstration and explained in detail to provide
an understanding of the Keil tools and the DK3300-ELCD Development Kit. It is hoped that
with this information and other supporting documents available from STMicroelectronics, you
can design and develop your application/project using Turbo uPSD.

3.2 Requirements
In order to follow the examples and processes described here you will need a DK3300-ELCD
Development Kit as described above (Refer to section 2.2, Contents of DK3300 Kit).

Note: The DK3300-ELCD Development Kit meets all the requirements for use in the example
described here.

To use RLINK-ST, you will need a USB port and a Windows Operating System supporting the
USB (Win98SE, Win2000, Me, XP).

RLINK-ST is a Full-Speed device (12Mbit/s). It is delivered with a standard USB cable.
Note: Win95, Win98 First Edition and NT4.0 do NOT support USB.
IMPORTANT:

You must install PSDsoft Express 8.10 or later to have the capability to program a uPSD de-
vice.

3.3 Software Installation and Connections:

3.3.1 Software Installation

m Insertthe Raisonance disc supplied with DK3300-ELCD Development Kit in your CD drive.
The auto-run will bring up the program installation menu.

m First Install PSDsoft Express, taking all the default choices.

m Remove the Raisonance Disc and then insert the DK3300-ELCD Disc from
STMicroelectronics in the CD drive.

m Navigate the screens and bring up the Menu page with "Install ST and 3rd Party Tools".
Click on it and then select ‘Keil IDE (Eval Version)’. Note this version is limited to 2KB of
Code size. Install Keil uVision 2 Compiler.

m Next, go back to the Home menu on the CD and then navigate to bring up Menu page with
"Copy Device Drivers and Demo Code". Click on it and then:

m Unzip the file pointing to C:\ root directory in your drive.

4
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3.3.2 Physical Connections

m  Connect RLINK-ST to your PC/Laptop using the supplied USB cable and let the USB driver
install on Windows.

m  Connect RLINK-ST ribbon cable to the JTAG connector on the DK3300-ELCD circuit
board.

m Make sure that the Board is powered up using the Universal Adapter supplied with the kit
and ensure that it is functioning. (See that the LCD display shows the text).

m Make sure that the Jumpers are set correctly. (Refer to APPENDIX A. at the end of the
document for Jumper settings).

3.3.3 Installing Keil uVision
Note: the PSDsoft software must be installed first.

ST provides the Evaluation/Demo version of Keil with the DK3300-ELCD which is fully func-
tional and licensed but limits Code size to 2KB. Users need to contact Keil (http://
www.keil.com) for acquiring a full version of uVision tools without limitations.

In this application note the simple design example used can be used with the demo version.

m Use the executable uVision file to install the demo version of Keil on your computer. The
Keil uVision tools provide an Integrated Development Environment that combines project
management, source code editing, and program debugging in one single powerful
environment.

The Keil ULINK connects directly to the JTAG pins of the STMicroelectronics (Turbo) uPSD

device. There is only a JTAG connector required on the hardware.

The JTAG interface provides a broad range of debug features on the standard production chip.
It allows you to debug the application which is running on an unmodified target system with
minimal hardware overhead. In addition, the JTAG interface may be used as high-speed inter-
face for programming the on-chip Flash.

JTAG debugging provides several features that are fully supported by the Keil uVision Debug-
ger:

m Start/ Stop the microcontroller.

m Up to 4 code or access breakpoints. Even an address range is supported.
m Read/write access to whole address space (data, code, xdata).

m Single step or procedure step program execution.

m Instruction Trace

Additional features will be shown with the simple demonstration program used with this appli-
cation note in the next section.

With the uVision IDE you can download and test your applications in the same environment.
This shortens the development cycles.

4
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4 USING KEIL AND ULINK FOR CREATING A NEW PROJECT

Keil's IDE environment provides a very simple way to create a new project by adding files and
building the project. The Hex code generated is merged with a PSDsoft project to generate the
object code. This merged object code is then ‘flashed’ into the target device using Keil IDE
Tools and the ULINK JTAG Adapter. Below are shown the basic Screenshots and steps in-
volved in this process.
Launch KEIL from the Windows programs menu or from the KEIL |73 icon on your desktop.
Next, you'll see a blank work area with the Keil uVision2 title menu bar as shown in Figure 4
below:

Figure 4. uVision2

¥ pisionz S—
File Edit Yiew Project Debug Flash Peripherals Tools 3wCS ‘Window Help
BeHd 2R = o %% n nERE  Fla|E| & [BE] 0 e mm
e (B A A E?{E|@@‘:¥§E)|
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B R [Frw Qoo ]
3
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s Ll o
| \ [ homl o Rw
Next from the Project Pull down menu as shown, select new project:
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Figure 5. Project Pull-down Menu
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You will get the following Screen. Enter your Project Folder and uvision project you want to

create.

Figure 6. Create a New Project

Create New Projeck

Save jr: Ia mew_upsd project j = £ Ex-
File: name: Inew_upsd_pmieu:ﬂ Save
Save az lype: IF'n:liect Files [*.uwd) j Cancel

Z

The name “new_upsd_project” is being used as the new project folder and project file name in
this example. Save the file name and you will automatically be asked via a screen (Figure 7)

to select the device for the target.

14/68

4




uPSD3300 Series Design Guide for DK3300-ELCD Using KEIL

Figure 7. Select Device for Target
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Select the device for the DK3300_ELCD Board. It is uPSD3334D.

The next screen provides you with the option to copy the appropriate startup files for this de-
vice as shown in Figure 8.

Figure 8. Startup file copy option

@ Copy UPSD33x:: Skartup Code to Project Folder and Add File ko Projeck #

Select “Yes”: Your IDE environment will be updated to reflect the added file.

Next, you must copy the appropriate header files for the device chosen. These files can be
taken from other sample projects or examples files.

After this you can create your own code files and add them to the source group, e.g. the file
“my_project_code.c” file.
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When you check your project folder you should have your required header and code files as
well as startup files. Your folder may have files along the lines shown in Figure 9.

Figure 9. New Project folder Basic files

2 x

Lok jr: Ia new_upsd_project j . £k E7-
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STARTUP33,0B]
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Files of type: | All Files (%) | Cancel
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4.1 Device/target Setup Environment Options

After you have added all your code and ensured that all PSDsoft project files related to this
project have been created and saved; you should click on the project options screen to set the
environment. The following screens show the options to be taken:

Figure 10. Options for Target

Options for Target 'Target 1 ilil

Device Target | Output| Listing| €51 | 481 | BLS1 Locate | BLE1 Misc | Debug | Utiies |
5T Microelectronics uPSD33340

wtal [MHz]; [40.0
Mermary kodel: ISmaII: variables in DATA, j
Code Fom Size: |8y o=t s S (¥ gle el E3 = A [T Use On-chip ®Pak [04FFO00-04FFFF)
Operating system: INDne j
— Dff-chip Code rmermory — Dff-chip *data memary
Start: Size: Start: Size:
Eprom I I Farn I I
Eprom I I R am I I
E prom I I Farm I I
[ Code Banking Start: End: ™| far' memony vpe suppart
Banks: Iﬂ Bank Area: IEIHEIEIEIEI IEI:-:FFFF ™| Save address extension SER it intermipts

k. I Cancel | Drefaults |

Note: It is important that the selection for Code Rom Size= Small Program or 2K or less should
not be used with the Evaluation/Demo version of Keil Tools for this Application Note.

4

17/68




uPSD3300 Series Design Guide for DK3300-ELCD Using KEIL

Figure 11. Configure ULINK

Options for Target "Target 1*

Device | Target | Output | Listing| 51 | 451 | BLS1 Locate | BLS1 Misc | Debug  Utilties

— Configure Flazh Menu Command

' se Target Driver for Flash Programming

ST-uPSD LILIME Driver

Settings |

" Use External Tool for Flash Programming

Eummand:l

f-‘uguments:l

™| Bun Independant

OF. I Cancel Defaults

Make sure you select the right ULINK drivers
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Figure 12. uPSD ULINK JTAG Setup Options

5T uPSD Target Driver Setup
—ULIMK USB-JTAG Adapter

Serial No: |UDDEEASE

I
LILIME. Drmiver Wersion IVE.DD

—JTAG Device Chain

IDCODE

| Device Name

| IR len |

TDO | @ 0x3450F04

TOI

%" Automatic Detection

™ Manual Configuration

A || Detete | [Update |

ST Twbo uPSD 3300 5

I CODE: |

Mevice MName; I

|F ler; I

— Debug

— Cache Optionz
W Cache Data

W Cache xdata
¥ Cache Code

— Flazh Programming

—Eraze
= Full Chip

" Flash Sectors

" Do not Erase

— Program
= Full Chip

" Flash Sectors

{” Do not Program

— Mizc Ophionz

v “erify &pplication in BOM

CSI0OP Start Adress: ID:-:?EIDEI

— Werfy
Iv erify Programming

— Merge
v Merge MCU / PSD data

— PSDeoft Project File

Ok, | Cancel |

Note: ensure that you have the correct PSDsoft Project file (*.ini) for your device and applica-

tioni

4

n this setting:
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Figure 13. Target Output Options setting

Options for Target "Target 1°

Device | Target Output | Listing| C51 | 451 | BL51 Locate | BLST Misc | Debug | Utilties |

2

| Select Folder for Objects... I Mame of Executable: Inew_upsd_pmiect

% Create Executable: new upsd project
v Debug Information [V Browse Information [ Merge32K Hexfile

¥ Create HEX File HE: Format:

" Create Library: snew_upsd_project.LIE [" Create Batch File
—after b ake
v Beep when Complete ™ Start Debugging

[~ Run User Program #1; I

[ Bun User Program #2: I

Browse...

_Browe.. |
Browsze. .. |

oK | Cancel Defaults

Select the correct HEX file format
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5 SAMPLE DESIGN AND DEMONSTRATION CODE FOR KEIL

5.1 Purpose

The demonstration application code is a Keil-based project that shows the use of the PWM
and ADC function blocks within the uPSD3300 device. A pulse-width modulated signal output
from the PWM circuit is tied to an RC circuit resulting in a DC voltage that is proportional to the
pulse width. This DC voltage is input to an ADC channel and is read after each time the pulse-
width signal from the PWM is changed. The PWM setting and the read ADC value is displayed
on the LCD.

This simple demonstration project will illustrate the powerful software development tools
based upon Keil software, and the ULINK JTAG adapter, which provides many features for ed-
iting, compiling, programming, and debugging a uPSD3300 MCU Series from STMicroelec-
tronics. This demo will quickly illustrate the specific features below to give you a feel for their
simplicity and capability:

m  Project Compilation and Flash Programming

m Single-Step Execution and Source-Level Debugging

m Device-Specific Formatted Displays

m Breakpoints

m  Symbolic Debugging and Variables Watch

m Code lteration

m Instruction Tracing approaching Real-Time performance

The ULINK kit, and the DK3300-ELCD Development Board or your own designed circuit board
with a uPSD3300 MCU is all that is needed to develop code. Keil's debugger utility can be used
to symbolically debug 8051 code generated. The demo version limits code size and usage.
Check (http://www.keil.com) for more information on Keil Software and upgrades.

5.2 Compile Project

Launch KEIL from the Windows programs menu or from KEIL
and follow the path to select the project file as shown in Figure 14

icon. Select Open Project

4
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Figure 14. Select Project File

celect Project File ol llil
Look jri: | 3 PrM_4DC - & & et E-
|_1PsDsoft
El prarn_ade, vz
File name: | pvm_adz. U2 Open
Files of twpe: IF'r-:niect Filez [*.uv2) j Cancel Y
o

m Double- click on pwm_adc.uv2,:

\KEIL\C51\examples\st_upsd\upsd3300\DK3300-ELCD\PWM_ADC\pwm_adc.uv2
The Keil environment will display with multiple windows and icons. Refer to Figure 48 in
APPENDIX B. for help as you follow along.

Click &% “Options” to verify that PSDsoft project paths and other target options are shown
correctly.

output window.

5.3 Flash Programming

Click % “LOAD”. This operation will flash the merged object code in the target device and
for use by the debugger.

Start the Debugger by clicking @ “Start/stop debug”. This starts the debuuging and
refreshes the Keil environment showing actions in the “Output Window”. Refer to Figure
48 in APPENDIX B.

5.4 Single-Step Execution

22/68

Click “Run” to see that program runs full speed with the DK3300-ELCD Display
showing the following lines of text:
PWM to ADC DEMO
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PWM = xx ADC = yyy where xxand yyy are changing with each execution of the program
loop.

Click ﬁ“RST” and the program returns to first line of the main program.

Click w “Step-Over” to execute one line of C code. You can scroll down to see more
lines of code in the program.

Click [P “Step-Over” again, which passes you over, and continue until timer0_init().
When the yellow pointer is on timer0_init(), click &
the called function, timer0_init().

“Step-In”. The debugger is now in

Double click @ “Disassembly”. This opens a display named, “Disassembly” showing
both C and Assembly code source instructions.

Click [ “Step-Over” a few times to see that code execution can be stepped one
assembly instruction at a time.

. O .
Click R=T “Reset” to return to main program, pwm_adc.c

5.5 Breakpoints

Four hardware breakpoints are available on uPSD3300.

Set one breakpoint by setting the cursor on the left of the line of code (
printfLCD(msg_buff); ) and clicking on d “Insert Breakpoint”;
a red dot at the beginning of line of code appears as shown in Figure 48 in APPENDIX B.

Click “Run”, the program will run until hitting breakpoint. The yellow pointer
‘ 5> indicates where MCU execution has stopped in the main program, now waiting for your
debugging command.

CIick| “Run” repeatedly. See that the display value changes for PWM and ADC after
each cycle. You will see increasing values for PWM and decreasing values for ADC each
time one loop of code is executed within the while(1) loop construct.

5.6 Debugging and Variables Watch

4

For this project watch variables were selected during Target device set up aand they are
shown in the watch Window which appears at bottom of screen (Refer to Figure 15). See
how at each stepping the variables change.

CIick| “Run” repeatedly. See that the display value changes for PWM and ADC after
each cycle.
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Figure 15. Variable Watch Window

atches a =

Mame
....... AD E_.:hannEﬂ
e ADC result

007
O=03BC

LA ] e Locals 4 wiatch #1 3 wiatch #2 ¢

5.7 Code Iteration
m Make this code change in Flash memory.
m Close the Debugger by clicking on [|@ | (this is same icon that “starts” the Debugger).

m  Now you are in the editor. Go to file pwm_adec.c by clicking on its file tab and change the
following C code statement from O.
printfLCD(“PWM to ADC DEMO¥); to
printflLCD(“PWM - ADC DEMOQO®);

m Start the Debugger by clicking @ “Start/stop Debugger ” to re-program this new code into
Flash memory.

m Click “Run” and see that the LCD display now shows “PWM - ADC DEMO *

m  Go back to the editor. Go to file pwm_adc.c and change text back to original
printfLCD(“PWM to ADC DEMQ”)

LoAD

m Loadthe program in device by clickingon | §3 “LOAD” to re-program this new code into

Flash memory

24/68
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[ CIick| “Run” and see that LCD display now shows original text “PWM to ADC
DEMO”

m Click &&= “Reset’.

m  Go back to the file pwm_adc.c by clicking on its file tab.

m Set one breakpoint at line of code ( printfLCD(msg_buff); ) as shown in Figure 48 in
APPENDIX B.

Note: the red dot indicates where the breakpoint is set and the yellow arrow indicates the next
instruction to execute.

m  Go back to the file pwm_adc.c and remove the breakpoint by clicking on the icon #  at
the top so that the red dot is gone

m Click “Run ” and notice that the LCD display shows continuous changes in values of
PWM and ADC as the loop is executed multiple times . This is seen by changing vales of
PWM and ADC in the LCD display.

m After about 10 seconds click. a "Halt”.

5.7.1 Instruction Tracing

The uPSD will rapidly stream a record of all the MCU instruction steps out to the ULINK adap-
tor. From this data, uVision will create a formatted file to help you find even the most stubborn
bugs, showing a history instruction steps that the MCU has last executed.

m eTo enable Trace, select from the debug bar &4 (Figure 16) .

CCREEEE

- = _ N
RUN Step-Over View trace Watch Window
RESET Step-In Record Trace Dissassembly Window

Figure 16. Debug Bar

G‘@@ Mo vy o

3
7

A Trace Display file can display program source code in both C and Assembly formats.
m  Go back to the file pwm_adc.c by clicking on its file tab.
m Set one breakpoint at line of code ( printfLCD(msg_buff); ) as shown in Figure 48 in

APPENDIX B. by moving the pointer on the left of the line of code and clicking on < .
A red dot is seen on left of line of code.

] CIick| “Run”, and the MCU will run until hitting the breakpoint, then a window will open
showing the Assembly source code, as shown in Figure 48 in APPENDIX B.
Note: The Program Counter in Register and in the Trace Dissassembly window

m  Go back to the file pwm_adc.c and remove the breakpoint by clicking on the &y at the
top.
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| CIick| “Run” and notice that the LCD display shows continuous changes in values of
PWM and ADC as the loop is executed multiple times while tracing is occurring in the
background. This is seen by changing vales of PWM and ADC in the LCD display.

m After about 10 seconds click. "Halt”.
m See the messages in the windows which are shown in the output window recording the
actions taken (Figure 17).

Figure 17. Output Window (Messages)

®

P3Dsoft Express Utility 8.03 Copyright (C) 1993-2004 STMicroelectronics, Inc.
A411 Rights Reserved

Updating FlashsFlashBoot codersdata to 'project.0BJ' file ...

'project.0BJ' is generated successfully.
Erasing Flash...
Erasing PLD-ACR. ..
Programming Flash Block 0O (F30).
Programming Flash Boot Block 3 (CSBOOT3). OUTPUT WINDOW /
Programming PLD. MESSAGES
Programming ACR (2 bit).
Programming ACE (1 bit).
Programming USERCODE.
Verifying Flash Block 0 (F30).
Verifying Flash Boot Block 3 (CSBOOT3).

Verifving PLD.
|4 A0 | ¥ ]\ Build 4 Command A Find in Files I[«]

| Sutput window

Note: the output window provides action / error messages from the Integrated Development
Environment.

Now that you have had a feel for the sample design example by running the demonstration
application on DK3300-ELCD and manipulating some of the features of Keil compiler and de-
bugger, the Design itself is examined by describing the details of implementing it using PSD-
soft.

During the steps, the whole PSDsoft design flow process is fully detailed, explaining the fea-
tures and its relevance to the design. Also, the key points are highlighted to ensure you con-
sider and match with your own applications using DK3300, or your own designed board with
the RIDE environment and PSDsoft tools.

4
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6 SAMPLE DESIGN EXAMPLE

6.1 Description

This simple design chosen for this example and demonstrated earlier uses the Code and the
memory maps for the PWM-ADC application supplied as a demo with the DK3300-ELCD. As
explained in the Design flow the key step is to first develop the application relationships and
configurations. Here the example demonstration is represented by the block diagram in Figure
18 and the associated memory map is shown in Figure 19. The main Flash memory is paged,
and few of the 8032 interfaces (e.g., ADC, PWM) are configured and used. The idea is to touch
several aspects of the uPSD that may be unfamiliar to a typical 8032 user and to give you an
idea of how to use the design tools as well as giving an overview of the Turbo uPSD3334 ar-
chitecture. The design is based upon DK3300-ELCD Development Board. And the application
code is developed and compiled using Keil.

Please refer to the general Users Guide for Keil, the DK3300-ELCD Quick Start, the DK3300-
ELCD User Guide and the User Guide for PSDsoft as needed.

Figure 18. Design Example Block Diagram

uPSD3334D-40U6

8 ADDR ADDR pins MCUA8-MCUA11
A8 - A15 >
g 10 1 pATA 4 i
pins MCUADO-MCUAD7
PMW >
- PWM A
A 16 ADDR v
Jumper
ADC Latch i - DPLD
>| ADC 1 256KB Main —|_fs0-fs7
2 Flash 1™ 8 Page Reg
g ADO-AD7 [« > 1 (from Control
DATA Regs)
. 13‘ csbhootO -
pin RESET { | Reser in 32KB 2ndary | 4 cshoot3
’—‘ B - I Flash — 4
RESET } 8032 13 ) pin PCO (tms)
> 8KB SRAM 1 pin PC1 (tck)
pin XTALL psel0 - | pinPcastay
XTALL > Data Bus  psell JTAG - »
> Repeater R ISP pinPC4(terr)
40 MHz T esiop _ | pin PC5 (tdi)
»| 256 Control Regs 1 pin PC6 (tdo)
pin XTAL2 L
XTAL2

A
_ L Initial 16 PLD
pin P3.0 (RxD) ol red count MarcoCells
in P3.1 (TxD)
pin (TxD) ™0 ALE ) Down |—|—|—|—|
UART 0 counter

o HTTT T

¥ pinPBA(LCD E2) |
_ pinPB3(LCD_E1) GRAPHIC
RS-232 Transceiver ; El
PinPBO o | pin PB2(LCD_RW) LCD
(term_count) 1 RIW MODULE
‘ | pinPBILCD AQ] ) 1o (ELCD)
8 pins PAO - PAT (LDC_do-LcD_d7) | 7 -
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The 8032 outputs a repetitive PWM pulse train with a slowly varying pulse-width to an RC net-
work which converts the pulse train into a slowly sweeping DC voltage (0V to 3.3V). This DC
signal is looped back into an ADC input. The 8032 will write the resulting HEX ADC conversion
value to the LCD so you can watch the results. The RC network and loop back is implemented
with two jumper blocks (JP14 and JP15) on the DK3300-ELCD board.

Additionally and independently, a 4-bit, auto-reloading down-counter is created using PLD Mi-
croCells. The 8032 directly loads the initial count value into four MicroCells, and that count is
automatically loaded into another four MicroCells that create the 4-bit down-counter. Reload-
ing occurs each time the counter reaches the terminal count of zero. Terminal count is indicat-
ed externally by a pulse on a Turbo uPSD output pin. The down-counter is clocked by an ALE
signal (although in this example ALE was a random choice, it could be any signal). The 8032
may load a different initial count at anytime, creating a variable divider of the ALE signal.

The Graphic LCD module (ELCD) is connected to the Turbo uPSD3334 via Port A for data and
Port B for some glue logic and chip-select signals. Port A operates in a special data bus re-
peater mode for this example, called Peripheral I/O mode. MCU8032 data will pass through
Port A only for a given address range. The details for entering into PSDsoft and the equations
used are described later into this document. (Refer to AN2028 Application Note for further de-
tails of the Graphic LCD Driver and the Hardware Interface with Turbo uPSD.).

Figure 19. Design Example Memory Map

|
-
Code Space . XData
FFFF Page 0 Page 1 Page 2 Page 3 Page 4 Page 5 Page 6 I FFFF
- csboot3
= 8 Kbytes
Secondary Flash E000
fsi fs2 fs3 fs4 fs5 fs6 fs7 DFFF
csboot2
- 8 Kbytes
-
32K 32K 32K 32K 32K 32K 32K Secondary Flash S:SSF
bytes bytes bytes bytes bytes bytes bytes
Y1 Y| Y Y Y| Y1 Y1 I csboot1
8 Kbytes
-
- Secondary Flash A000
Main Main Main Main Main Main Main I csboot0 9FFF
Flash Flash Flash Flash Flash Flash Flash 8 Kbytes
8000 - Secondary Flash 8000
- control regs for ports -
TFFE fsO CSIOP ECD 7F00-7FFF
LCD_E1, LCD_E2 and psel0
32 Kbytes I chip select and databus repeater ELCD 7E00-7EFF
0000 Main Flash " [ 7 ¥sD 6K PSD SRAM (xdata) | 0000-1FFF
-
|

The memory map in Figure 19 shows that in this design example, 32K byte secondary flash
memory is used for Xdata space, and the 256K byte main flash memory is mapped into the
Code space with fs1-fs7, banked over 7 pages. The nomenclature fsx, csbootx, rs0, csiop, and
psel in Figure 19 refer to the individual internal Turbo uPSD memory segments. The Turbo
uPSD main flash memory has a total of eight 32 Kbyte segments (fs0..fs7) (256Kbyte-Total).
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The Turbo uPSD secondary Flash memory has a total of four 8 Kbyte segments (csbootO -
csboot3). All segments are being used in the example code supplied for this design. The Turbo
uPSD 8 Kbyte SRAM has a single segment (rs0). A group of uPSD control registers which con-
trol 1/0 ports A, B, C, and D lie in a 256-byte xdata address space whose base address is
named csiop. The Turbo uPSD has a data bus repeater feature that is enabled over a given
address range as specified by psel. Figure 18 also shows external memory select signals
(LCD_E1 and LCD_EZ2) required by the ELCD Module. This memory map is specified using
the software tool PSDsoft Express. Each memory segment can be placed at virtually any ad-
dress, which provides an infinite number of mapping schemes. In a later section all the equa-
tions used are listed and the mapping for the various signals as used by PSDsoft. The key
PSDsoft screens are shown and explained for this example.

For simplicity in this particular application note, the 8032 will "boot" and run code contained
completely within the 32 Kbyte main flash segment in Code space (fsO) and the 256 Kbyte
main flash is treated as Code space paged into multiple pages. The font code required resides
is in secondary flash segment csboot3 of the xdata mapped memory space. However, you can
define alternate memory maps to meet the needs of your particular project. The uPSD memory
space can be re-configured to use the secondary as Code space and the primary 256KB flash
as Xdata space. (Refer to Turbo uPSD Datasheets and related documentation for further de-
tails).

A special register, called the VM Register within the csiop register block, is used to "reclassify"
the main flash memory from code space to data space. The VM Register can be accessed by
the 8032 at runtime to perform a variety of manipulations. PSDsoft is used to set the initial val-
ue of the VM Register upon power-up.

4
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7 ENTERING DESIGN IN PSDSOFT EXPRESS

As shown earlier the key to a successful implementation is defining the desired memory map
and then entering the design into PSDsoft. A demonstration design is used to navigate through
the steps in the PSDsoft express tool and highlights the key items in this particular example.
This way, it is possible to illustrate both the PSDsoft capabilities as well as provide a better
understanding and use of PSDsoft’s key features in the implementation of the design. Empha-
sis on setting up the various pin configurations and the associated equations for the PLD por-
tions will be displayed. PSDsoft generates many reports that are very useful for review and
analysis. In APPENDIX C. some of the key reports have been given for this project and can
be easily correlated to the Design's block diagram and Memory map (Refer to Figures 18 &
19).

PSDsoft Express is a free tool available from STMicroelectronics, and you will need to down-
load and install the latest version (v8.10 or later) from STMicroelectronics’ website at
www.st.com/psd, then look for "Software Downloads". In the following, the key inputs of the
sample design are highlighted by showing the Design flow and then by integrating with appli-
cation code (hex files) to generate the object file which will be programmed using the PSDsoft
JTAG.

PSDsoft Design Express is shown and explained below:
Start PSDsoft Express. - You will get the main design flow screen as shown in Figure 20.
This is your starting point. Refer to PSDsoft Users guides for more details

4
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Figure 20. PSDsoft Express Design Flow

ﬂ PSDsoft Express - Design Flow
P3Dsoft Project File Tools Report  MWindow Help

B|= 8| 7|

Design Flow

Specify
Project

Define PSD
and MCLU F DEP

Define PED
Fin J Mode Functions

Additional
PSD Settings

Fit Design to
Silican

Merge MCU /DSP
Firmware with PED

JTAG ISP

= Ready To Program

MCU/DEP

i
Generate C Code
Specific to PSD
A Ediitor, Compiler, | Your Application
Linker, Debugger C Code or Assembly
g P ming

nming

Convertional rel Party
Programmers Programmers

Ready

Project: [project MCU: [UPSDE3XR Part: [UPSD3334D [12f16/2004 [10:16:56

Click on "Specify Project". You will get the screen shown in Figure 21.

Figure 21. PSDsoft Specify Project Screen

PSD=oft - Projeckt

— Specify one of the following optionz

i~ Create a new project
& Open an existing project

i~ Delete an existing project

™ Save cument opened project to a different name

]9

Cancel

Select "Open an existing project" (as the demonstration example is being used) and a number
of entries will be shown. Next, select the correct PSDsoft project folder and you will be shown

this screen. Note the filename used by PSDsoft for this example is project.ini

(574
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Figure 22. PSDsoft OPen Project Screen

— Specify project name and foldsr

include a brief description.

Browse ko specify a folder, then name vowr progect. Ophonally, vou can

Froject Eolder: Ak eibEo 1 AEXAMPLESAS T uPSDhupsd33
Froject Mame: projeck

Enter project description:

JTAG, it runs an a DE3300 ELCD board.

Combao Demo code to demonstrate Tubo uPSD's IPs: PCAPWH, 12C. 5PI. and

0K

Cancel

This verifies that you have made the right selection. Next go to the second step in the design
flow "Define PSD and MCU/DSP". This step defines the MCU selected. As Keil is used, all the
necessary parameters are identified in the project.ini file. This step is performed to verify that

the entry is correct. You should see the following screen:
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Figure 23. Select MCU and Initial Placement of Flash in Code Space or Data Space

MCU/DSP and PSD Selection x|
—Step 1: Select Microcontroller [MCU or DSP]——  ~Step 2: Specify the PSD device -
Select an MCU/DSF and itz contral signal options.  1F your |Jze product selection wizard.
MCU/DSP dogs not appear on the list, zelect 'Other’, then .
gpecify itz control zsignal configuration. Check, latest MCU/DSF Wizard... |
and P50 data sheets to confirm AC timing cormpatibility. _
PS5O Farnily:
M anufacturer: . . -
ISTMlchelectanlcs J Part Number. A7Pep3334D \ j
Type: [uPsD 3z =l| | package: =
Cantral Signals: I Mo/R /RD. /PSEN j Veltags:
—Step 3: Select PSD configuration
Select a particular configuration for the device.
Bus Wwidth: I -hit j
Bus Mode: IMu|tip|EHEd Bus j
ALEAAS Activelevel igh j
b ain PS5O flash memon will rezide in thiz zpace at power-up: IF'ru:ugram Space Orily j
Secondary PSD flash memony will rezide in this space at power-up: ata Space Orly j
— Dezcription far any zelection above
RDN. WHY, PSENY A
- Clazzic 8057 twpe contral zignals: BOY, WA, PSEMY
k. I Cancel |

Notice that all items compare with the design block diagram. The key items are circled.

Here you can set the parameters if your design and memory map are different. The key items
(fields) for this screen are:

1. Select the MCU. In this case it is STMicroelectronics, then uPSD33xx, then uPSD3334D.
2. Select the main flash memory to reside in 8032 program space at power-up (this means
that the 8032 _PSEN signal is routed to the secondary flash array).

3. Select the secondary flash to reside in 8032 code space at power-up (this means that the
8032 _RD and _WR signals are routed to secondary flash array). Make sure that screen
looks like as shown above.

4. Click OK. Now and then go to the next stepin the Design Flow "Define PSD/Pin/Node
Functions". This is described in detail in the next section.

4
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7.1 Pin Definitions

You will be shown the Pin Definitions screen. The entry is normally a 3-step process:

1. Select the pin based upon the selected device output.

2. Add or update the pin function and features, name as shown the second portion.

3. Complete all pin definitions and then continue to the next step.

Since the example design is completed, this will show all the pin definitions as shown in the
block diagram (Figure 18).

Click through the pins and see how they are configured and how they relate to the design.

You will notice that upon clicking on the radial button the associated pin name is shown in the
Step-2 portion and identifies how the pin function is configured (whether as CPLD input/ output
or as other mode.)

For the sample design, the key signal names will be shown as related to interfacing with ELCD
screen and their relationship to Design block diagram. (Refer to the Block diagram and the
LCD pin connections: Figure 18 and Figure 19. See that they are similar for the design)

You will also notice that you cannot change the definition of some pins because they have a
fixed function. PSDsoft already take cares of this.

In this design the pin configurations for Port A and Port B[1..4] are shown below.

Port A should be in the Peripheral mode; (Figure 24)

Port B, pins 1 and 2 should be in the Combinational Logic Output mode (Figure 25)

and Port B, pins 3 and 4 should be in the External Chip-Select, Active-High mode (Figure 26).
Here is a sample of each:

4
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Figure 24. Pin definitions for Port A

--- Step 1: Select a pin on the chip diagram below. —-

| pal | fe par
pab ~ pab
pas " pas
pad ~ pat
pad " pa3
paZ  pal
pal  pal
pal ¢ pal
. pb?  pb7 |
En_EA T pb6
En_EB " pbS
LCD E2 i phd
LCD_E1 " pb3
LCD_Rw i~ pb2
LCD_ A0  pbl
¢ phO
 pc?
tdo  tdo
kdi i b
 pod
 pc3
 pc2
tck =
bz (s
pd2 ™ pd2
pdi  pdl

pd1
pd0
p3.7
p3B
pas
p3.4
pa3r
pa.2
p3l
p3.0
pl.7
plB
pl&
pl4
pl3
pl.2 ¢
pL1—
pl.0 ¢
all ¢
all ¢

A

a8
ad?
adb
adb ™
add —

=

all
s10
ad

a8

ad?
adb
ad5
add

Add/Update button. Return to step 1
repeat for next pin.

M ame: |pa?

— Fir Funchion

—— CPLD Input

" Logic or address
T Latched address
" PT clocked register
" PT clocked lstch

—— CPLD Outpes
" Combinatorial
" D-type register
T T-type register

—
]

" SR:-type= regisher

T JE-tupe reqgister
" External chip select - Active Hi
" Estemnal chip select - Active-Lo

—

— Other
"GP 170 mode

"GP 140 mode with pin 2nable
" Latched address out

(| ~ Peipheral 110 mode ]

4
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Figure 25. Pin definitions for Port B (Pins 1-2)

pd1
pd0
pad?
p3E
pd5
pad
pa3
pa.2
padl
pal
pl.?
plE
pl5
pl.d
pl.3 ¢
pl2
pl.d
pl.0 ¢~
all
all ¢

a9

ag
ad? ¢~
adg
ads
add
add
ad2
adl
adl

t Pin Definitions
Define each pin by repeating the following steps:
[ztandard ping already defined)
--- Step 1: Select a pin on the chip diagram below. ---
par (™ par
oo —
|| oot I
paz ~ paZ
pal " pal
pall (~ pal
I I
- oot I
LCD_E1 " pb3
LCD_Riw (™ pb2
LCD_a0 | f« phbl ] I:l
tdi ~ bdi all
_temr (~ pcd all
C o3
tck ) tek ad?
- 2
pd1 (~ pdl add
ale (~ ale ad3
¢ o
| | ™ Al

k|

--- S5tep 2: Pin Function -
Diefine the pin function, then click the
Add/Update button. Retun to step 1
repeat for next pin.

ame: LCD_AD

— Pin Function

— CPLD [nput
™ Logic or address
(" Latched address
" PT clocked register
" PT clocked latch

— CPLD Output

{: (% Combinatarial

" D-type register

" T-type register

(" SR-type register

™ Jk-type register

(" Extemal chip select - Active Hi

" Estermal chip select - Active-Lo

— Other

" GP /0 mode

"GP 1/0 mode with pin enable

" Latched address out - Low byte
" Latched address oot - High byte

Update | Delete

--- Step 3 [Final Step] -
Click Mexts > after all ping are defined.

Chiel- Wicw ab sk birma b chacl Aroaracs
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Figure 26. Pin definitions for Port B (Pins 3-4)

pdd
pd 0~
pai
p3E
p35
p3d
pda
pd2
pal
pa0 ¢~
pl.7
plE
pl.h ™
pl4
pl.3 ¢
pl.2
pld
pl.0 ¢~
all
all

a3

a8
ad?
adb
adh
add
ad3d
adZ
adl ¢~
adl

A

all

all

ad?

adb

adf

add

ad
ad
adl

Edrin Definitions

Define each pin by repeating the folloving steps:

[standard pinz already defined)]

--- 5tep 1: Select a pin on the chip diagram below. ---
pa’f " pa?
pak (" pab
pah (™ pab
pad ~ pad

o3
- pa2
pal (" pal
pall ~ pal
pb7 ~ pb?
5
En EB (~ pbh
LCD_EZ2 (™ pbd
[ LED_E1 (v pb3 ]

LCD_Rw ~ pb2
LCO_AN " pbl
E—
E—
tdo (~ tdo
tdi i
_ten ~ pcd
C o3
E—
tck ~ tck
tms (" tms
pdZ ~ pd2
pl ~ pdl
C o

o
e
e~

Eady

--- Step 2: Pin Function ---
Define the pin function, then click the
Add/Update button, Return to step 1
repeat for nest pin.

LCD_ET

— Fin Function

— CPLD Input

" Logic or address
" Latched address
" PT clocked register
" PT clocked latch

— CPLD Output

(" Cambinatarial

(" D-type register
7 T-twpe register
" SR-type reqgister
7 Jk-type register

(: {* External chip select - Active Hi )
7 External chip sefect - Active-Lao

— Other

" GP1/0 mode

" GP /0 mode with pin enable
" Latched address out - Low byte
(" Latched address out - High byte

Update | Delete

Arlll ﬂ

--- Step 3 [Final S5tep] ---
Click Mext>> after all ping are defined.

Cliel Wisia ab ama birna ke chacl mraaracs

Project: |project MCUE uP?

Walk through some of the pins to verify each pin definitions and get an overview of the design

implementation.

Click "Next" in step-3 (final step) to move on to the Design Assistant for memory mapping and
logic equations. You will see the Design Assistant Screen with the following tabs:

m Page Register definition
m Chip Select Equations
m |/O Logic Equations

m User-defined Node Equations

This is a key part of the design process and requires careful entry for the pin definitions and
associated memory maps and logic equations. Since this determines how PSDsoft maps the
memory Address space and makes the PLD connections it is imperative that the memory map
matches the chip selects for individual memory elements of the Turbo uPSD (memory external
to the 8032 core). Definition of the use of the Turbo uPSD Page Register is also required.

(574
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Four memory blocks (Main flash, Secondary flash, SRAM, and Control Registers) external to
the 8032 core are available and are individually selected segment-by-segment when 8032 ad-
dresses are presented to the Decode PLD (DPLD). Each of these memory segments has its
own chip-select name (fs0, fs1.. csboot1, rs0O, csiop, and so forth). Equations for these chip-
selects, and for any external chip-selects, must be specified using PSDsoft Express. For this
example, chip-selects are defined to match the memory map.

7.2 Page Register

Paging bits may be used for other types of memory manipulation (such as memory swapping),
but that will be discussed in other application notes.

Select this bit for memory paging. Use one bit to define two memory pages, use two bits to
define four pages, three bits for eight pages and so on. Select enough bits to cover the number
required pages. Always start with pgrO and add more bits going upward, as these bits are an
extension of the MCU's or DSP's natural address bits.

The MCU/DSP reads and writes the PSD page register bits at run-time to control the system
memory map. Outputs of the page register feed the inputs to both PLDs within the PSD.
Since eight memory pages (or banks) are needed as shown in the memory map diagram of
the design (Figure 19), three paging bits (23 = 8) are specified in the Screen below (Figure 27)

Figure 27. Page Register Definitions

ﬁ PSDsoft Express - Design Assistant : ;Iilil
PSDsoft  Project File  Design Assistant  Window Help
Blc|HE| 2]
Bl Design Assistant =101 x||:
Page Register Definition I Chip Select Equal\unsl 140 Logic Equations | User-defined Mode E quations I
Define how individual PSD page register bits will be uzed.
Each bit added for 'paging’ can extend the MCU/DSP address range. Start with par0.
Each bit added for logic’ can be used az logic input to the PLDs, Start with par?.
i~ Define use of page reqister bit
Page Reg Bit Type of Use Mame of Logic Signal
pgri: [ paging [ logic I—
park: [ paging [ logic I—
pars: [~ paging [ logic I—
pard: [~ paging [ logic I— -
pord: [~ paging [ logic I—
pgre: v paging [ logic ngl2—
porl: v paging [ logic ngﬂ—
parl: ¥ paging [ logic IDDIU—
i Description
The MCU/DSP reads and wites the PSD page register bits at run-time to control the ;l
system memory map. Dutputs of the page register feed the inputs to both PLD = within the
S0 —
<< Back Mext »> Reset Al | Wiew | Dane | Cancel |
 pdd _Reset In _Reset_In
~ pd3 Wief (= YREF J
opdl o
L =]
Ready Project: |praject MCU: [uPSD33%X Part: [UPSD3334D [0116/2005 [17:34:36
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Click "Next" to move on to the "Chip Select Equations"Definition Screen.

7.3 Chip-Select Equations

Now you will see the Chip-Select definition screen (Figure 28). Some of the signals will be
shown in this application note for understanding the different types. You can go through each
one to get the pin definitions. The key signals based upon the Block diagram (Figure 18) are
shown in the following screens:.

Figure 28. Design Assistant Chip select equations (rs0)

=l Design Assistant

=101 x|

Page Register Definiion  Chip Select Equations | 140 Logic Equatinnsl Lser-defined Nade Equatinnsl

For each chip select, zelect a page number if memory paging is uged, the active address range, and any Double click any of the signal names
sdditional signal qualifiers. Enzure P50 page regizter bits have been defined if used here, belaw ta append the signal name ta
Signal qualifiers are listed in box on right. Logically AMD qualifiers within same line using &' spmbol. Create Lh; vai?allr:ealtﬁeNBugo? :?T:ég:ghhem
logic OR by uzing next line belaw. Uze 1" symbal for lagical MOT. )
bt girn PSD flash memony will reside in thiz space at power-up: Program Space Only
Secondary PSD flash memony will reside in this space at power-up:  Data Space Only
] hip zelects — Enter syztem memory information r Eligible zignals
B | Faoe Hex Start Hex End Logical AMD of Signal Qualifiers J _psen a
S0 MHumber Address Address [more than one OF] _d =
fa =] _reset
fz1 I Q& & I-I FFF 4@ _wr
fs2 - - al
f23 Logical OF with next statement: a1
f=4 alld
f55 = . . a1
fs6 = ! ! a12
fs7 Logical OR with nest statement: a13
csbootd ald
cshoot] I =l alh
cshoot? e ] & I & I = a2 L
cshoot3 = — EX]
— Resultant equation 24
A/ Internal chip select for 8K, byte SRARM ;I ]
/¢ [1FFF hex locations, max] sk
150 = [[address »= “h0000) & [address <= “h1FFF]); = ar
al -
i I I ﬂ 1 F I —n _I
< Prew | Mext > | Reset Al | Wiew | [one | Cancel | Show Eq |

Click the chip-select signal rsO for the 8 Kbyte xdata SRAM (see Figure 28)
Make sure that its definition matches the memory map in Figure 19.

Note: No page number is specified for rsO since the SRAM is common to all pages (page
independent). Additional signal qualifiers (8032 control signals _rd, _wr, _psen, and ale)
are NOT needed for internal uPSD chip-selects as this is taken care of in silicon. The
SRAM always defaults to 8032 data space. At any time, you may click the "View" button to
see how you are doing, and a summary will appear.

3. Click on the chip-select csiop (Chip Select I/0 Port). This is a band of 256 xdata registers
used to control Turbo uPSD Ports A, B, C, D, the Page Register, power management, and
other functions.

40 of the 256 registers are used (see the complete Turbo uPSD datasheet for register defini-
tions and their address offset from the csiop base address). There is no need to specify addi-
tional signal qualifiers for csiop, and it is not allowed to place csiop on a particular memory
page.

N —
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Figure 29. Design Assistant Chip select equations (csiop)

2 PsDsoft Express - Design Assistant =] =]
PSDsoft  Projeck  File Design Assistant  Window Help
G | = | & | A
L Design Assistant =101 x|:
Page Register Definition  Chip Select Equations | 10 Logic Euualiunsl User-defined Hode Euuatiunsl
For each chip select. select a page number if memory paging is used. the active address range, and any [rouble click any of the signal names
additional zignal qualifiers. Ensure PSD page register bits have been defined if uzed here. below to append the signal name to
Signal qualifiers are listed in box on right. Logically AND qualifiers within same line using ‘&' symbol. Create Lh; :i%?:lﬁ:‘i;;?:g?ig:glmers
logic OF by using next ing below. Lse 1" spmbal for logical NOT .
Main PSD flazh memary will reside in this space at power-up: Program Space Only
Secandary PSD flash memarny will reside in this space at power-up:  Data Space Only
List of chip selects — Enter system memary information d r Eligible signals
=] Page Hex Start Hex End Logical AMD of Signal Qualifiers _psen “
Mumber Address Address [more than one OK] _rd
fsl I=| _reset
pie =i |?FDD . |?FFF o | .
fz2 al
fs3 Logical OF with nest statement: al u
fzd4 all
f<5 - atl
fs6 =t I & I L I al2
fs? Logical OF with next statement: ald
cshootO ald
csboot] I= al5
osboat? =& ] & I b I I a2
csbootd CResultant i a3
fsell esultant equation )
psell 2/ Chip select for intermnal configuration and 10 registers ;I ah
LCD_E2 /4 [FF hex locations, best to decode exactly 256 bytes] afb
LCD_E1 csiop = ([address »= "h7F00) & [address <= “h7FFF]); _ILI a7
a8 -
. I _’I A F s _I
<< Prey Mext >3 Fieget Al | Wiew | Done Cancel | Show Eq |
 pdd _Reset_[n ¢~ _HReset_In
 pda Wref VREF
pd2 o
Ready Project: |project MCU: [uPSD33X% Part: |UPSD3334D |01/18/2005 [17:35:52

4. Click on fs0, fs1...fs7, which are chip-selects for the eight 32 Kbyte segments of Turbo

uPSD Main flash. Figure 30 below shows fs0.

Note: the address range of fsO matches with the memory match, and the address range is
0000 - 7FFF as shown in memory map of Figure 19.

40/68

4




uPSD3300 Series Design Guide for DK3300-ELCD Using KEIL

Figure 30. Design Assistant Chip select equations (fs0)

A PsDsoft Express - Design Assistant =18] x|
PSDsoft  Project File Design Assistant  Window  Help
A | = | | .
L Design Assistant =120z
Page Register Definition  Chip Select Equations | 1/0 Logic E quations I User-defined Mode Equations
For each chip select, select a page number if memony paging is used. the active address range. and any Dauble click any of the signal names
additional signal qualifiers. Ensure PSD page register bitz have been defined if uzed here. below ta append the signal name to
Signal qualifiers are listed in box on nghltangicaIIy AMD qualifiers within same line uzing ‘&' symbaol. Create gq; hﬂ?;{;ﬁgugo?E'?igtgz!mm
lagic OR by uzing nest line below. Use 1" symbol for logical MOT.
tain PSD flash memaory will reside in this space at power-up: Program Space Onlp
Secondary PSD flash memory will reside in this space at power-up; Data Space Only
List of chip selects — Enter system memary information J — Eligble signals———————
el Page Hex Start Hex End Logical AND of Signal Dualifiers _pseh -
3o Mumber Address Address [mare than one OK) d
= _reset
fs1 ok IU & I?FFF & I _wr
fs2 al
%] Logical OF with next statement: al r
fsd all
[ [ = 2 8 all
fsE = I I I al2
fs? Logical OF with next statement: al3
cshootl ald
csboat] I I=| a5
csboot? =& ] & I & I ] az
csboot3 ~Resultant " a3
psell esultant equation o
pzell A/ Internal PSD chip select for one 32K byte segment of main flazh ;l a5
LCD_E2 // [FFFF hex locations, max) ab
LCD_E1 fs0 = [[address >= “hO000) & [address <= "h7FFF]); - ar
q 5 af ;I
ETNE -
<< Prew Mext > Fieset All | Wiew | Done Cancel | ShowEq |
 pdd _Feset_In = _Reszet_In
¢ pd3 el ¢~ VREF
~opd2 -
Ready Praject: [praject MCU: [UPSDA3XR Part: [UPSDS334D [01/18/2005 [17:36:40

5. Click on fs1. fs2 .. fs7, which are chip-selects for the other 7 32 Kbyte segments of Turbo

uPSD Main flash.

Notes: The page number is 0 for fs1, and the address range is 8000 - FFFF as shown in

the memory map (Figure 19)

No additional qualifiers are needed for the page number assignments. In Figures 31,32

below, fs1 and fs7 are shown.

4
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Figure 31. Design Assistant Chip select equations (fs1)

# PSDsoft Express - Design Assistant =] x|
P3Dsoft  Project File Design Assistant  window  Help
EaDesign Assistant (=] A
Page Register Definition  Chip Select Equations | 140 Logic E quations I User-defined Node E quations I
For each chip select, select a page number if memaory paging is used, the active address range, and any Double click any of the signal names
additional signal qualifiers. Ensure PSD page register bits have been defined if used here. below to append the signal name to
Signal qualifiers are listed in box an right. Logically AMD qualifiers within same line using &' symbol. Create Lh; ;Tﬂ?;;alu':f?ugms:g?ig:glmers
logic OF by using next ine below. Use 1" spmbol for logical MOT .
tain PSD flash memory will reside in this space at power-up: Program Space Only
Secondary PSD flash memory will reside in this space at power-up:  Data Space Only
List af chip selects - Enter system memary information j . Eligible signals———————
13l Page Hex Start Hex End Logical AMD of Signal Qualifiers _psen -
Csi) Murmber Address Address [more than one OK) d I—
& P -
| . _reset
j & |annn & IFFFF % | it
fs2 al
%] Logical OF with next statement al r
fsd &l
f5 =, 8 8 atl
fs5 = I I a1z
fs7 Logical OF with next statement: ald
cshoot] - ald
cshoat] I : alh
cshoat2 R ] & I & I I a2
cshoot3 “Rasultant r a3
peal esultant equation i
paell 24 Internal PSD chip select for one 32K byte segment of main flash ;I ah
LCD_E2 2/ [FFFF hex locations, max] ak
LCD_E1 fs1 = ([page == 0] & [address »= “hB000] & (address <= “hFFFF]): = ag
l_I a -
‘ I LI A K s _I
<< Prev Mext > | Feset All | Wiew | Done Cancel | Show Eq |
 phd _Heset_In _Reset_In
¢ pd3 e (= YREF
 pd2 o
Ready Project: |project MCLU: [UPSD33x% Part: [UPSD3334D [01f18(2005 [17:45:21
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Figure 32. Design Assistant Chip select equations (fs7)

i PSDsoft Express - Design Assistant 7] x|
PSDsoft  Project File  Design Assistant  Window  Help
B | = | o
Ll Design Assistant =101 x|z
Page Register Definition  Chip Select Equations | 1/0 Logic Equationsl User-defined Node Equatinnsl
Far each chip select, select a page number if memory paging is used, the active address range, and any Double click any of the signal names
additional signal qualifiers. Ensuie PSD page register bits have been defined if used here below to append the §igna| name to
Signal qualifiers are listed in bax on right. Logically AND qualifiers within same line using "' symbal. Create g:; I;\.Tg?:lﬁ:igﬁ:g?;ig:ghhe's
logic OR by using next line below. Use 1" symbol for logical NOT .
Main PSD flash memory will reside in this space at power-up: Program Space Only
Secondary PSD flash memory will ieside in this space at power-up: [Drata Space Only
List of chip selects [~ Enter spstem memory information J —Eligble signals——————
) art Hex End hal Qualifiers pEan -
csiop mber Address Address [mora than one OK] “d
fsl < = _reset
P =) IBEIEIU e IFFFF o | “or
fs2 all
fs3 isal DB itk al l
fs4 all
[ = e | 5 | all
[shi alz
Logical OF with nest statement: al3
cshoat() = ald
csboot] = alg
cshaat2 e ] & I & I i az
cshoatd “Resultant i al
DSEID esultant equahon ad
paell /! Internal PSD chip select for one 32K byte segment of main flash ;I ah
LCD_EZ2 /¢ [FFFF hex locations, ma) ab
LCD_E1 fs7 = ([page == 6] & [address »= "hB000) & [address <= "hFFFF]): _ld ag
a -
4 I I j 4 F n _I
<< Prew Mest »> Reset Al | View | Done Cancel | Show Eg |
- pdd _Reset_[n _Reset_In
¢~ pdd Wref WREF
~ pd2 ("
Ready Project: [praject MCU: [UPSDE3RK Part: [UPSDEZ34D [D1/18/2005 [17:46:32

Click on csboot0, csboot1, csboot2, csboot3, which are chip-selects for the four 8 Kbyte

segments of Turbo uPSD secondary flash memory (see Figure 33) - shown for csboot3.

Check the address assignments for each of these chip-selects.

Note: There are no page numbers assigned; the secondary flash is common to all pages.
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Figure 33. Design Assistant Chip select equations (csboot3)

ﬂ P5SDsoft Express - Design Assistant

=18
PSDsoft  Project Fle Design Assistant  Window Help
[ D’“| ﬁ| '“ﬁn|
B3 Design Assistant (=] )

Page Register Definition  Chip Select Equations | 10 Logic Equalionsl User-defined Node Equations

For each chip select, select a page number IF memory paging is used, the active address range, and any

Dauble click any of the signal names
additional signal qualifiers. Ensure PSD page register bits have been defined if used here.

below to append the signal name to

Signal qualifiers are listed in box on right. Logically AMD qualfiers within same line using '&' symbal. Create m I;\.Tq%?:mg“&g;?:?T;lg:;lmers
logic OF by uzing nest line below. Uze 1" symbal for logical MOT .
Main PSD flash memarg will reside in this space at power-up: Program Space Only

Secondary PSD flash memony will reside in this space at powerup:  Data Space Only

List of chip selects [~ Enter system memory inform: j i~ Eligible signals
] Ex Stait Hex End Logical AMD of 510 psen -
csiop Address Address [more than one OK] “d
fs0 - reset
. IEEIUU . IFFFF . | o
all
al N
10
= a
=1 ] ) gl
Logical OF with next statement: a}g
B
I=| alb
= LU — AL
= a3
— Resultant equatian o
/1 Intemnal PSD chip select for one 8K byte segment of secondary boot flash ;l a5
2 1FFF hex locations, max] ab
cshont3 = [[address »= “hEOOD) & (address <= “hFFFF)): - ar
: 3 £ [~
44 Prew Mext »» Rieset Al | Wiew | Done Cancel | Show Eq |

i pdd _Hesel_In _Reset_In
i p43 ref VREF

 pd2 o

=]

Feady

Project: |project MCU; [UPSD33%% Part: [UPSD3334D [01/18/2005 [17:48:44

8. Click on psel0. This address range specifies when Port A pins behaves like a data bus
repeater in Peripheral I/O Mode to drive the ELCD module. Port A pins were earlier
specified a "Peripheral I/O Mode" which acts like a 245 bus transceiver chip connecting the
8032 data bus to external peripherals over a given address range specified by the label
psel0 or psel1. The direction of this transceiver function is controlled automatically in silicon
by the 8032 _rd and _wr signals (see the full uPSD datasheet for details). All you have to
do is click on psel0 and enter the address range 7E00-7EFF to enable this feature for that
address range as shown in Figure 19, with no Page Number assignment. psel1 is not
needed because the Peripheral I/O feature is active for the logical OR of pselO or pseli.
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Figure 34. Design Assistant Chip select equations (psel0)

ﬁ PSDsoft Express - Design Assistant

Page Flegister Definition  Chip Select Equations | 120 Lagic Equations I User-defined Node E quations

For each chip select, select a page number if memary paging is used, the active address range, and any

additional signal qualifiers. Ensure PSD page register bits have been defined if used here.

Signal qualifiers are listed in box on right. Logicaly AND qualiiers within same line using ' symbal. Create

logic OR by using nest line below. Lze '1' symbol for logical HOT
Main PSD flash memory will reside in this space at power-up:
Secondary PSD flazh memory will reside in this space at power-up:
Lizt of chip selects — Enter spstem memory information

Program Space Only
Drata Space Only

|7 x|
PSDsoft  Project File Design Assistant  Window  Help
G | D"l | "ﬁ!‘nl
[l Design Assistant ] 3 M

Double click any of the signal names
below ta append the signal name ta
the 'Logical AMD of Signal Qualifiers'
box where the cursar iz located.

d r Eligible signals
] Page Hex Start Hex End Logical AND of Signal Qualifiers pean =
csiop Mumber Address Address [mare thah one OK] :..j
fs0 | _teset
fie = f7E0D g |TEFF g |-psen 5
fs2 X . all
%] Logical OR with nexst statement; al r
fzd all
f<5 - all
fs6 I I & I & I alz2
fs? Logical OF with next statement: ald
csbootd = ald
csboot] E alh
csboot? & ] & I & I I a2
— Resultant equation :3
£/ Peripheral 1/0 mode to interface with external peripherals ;I a5
/1 tust et Wi Register to enable thiz mode ab
peell = [[address »= “h7EOD) & [address <= “h7EFF) & [_psen]); - ar
< > B =
<< Prev Mext > Reset All | Wiew | [one Cancel | ShowEq |
 pdd _Reset_In _Reset_In
¢ pd3 Wref WREF
¢ pd2 «

Ready

=

Praject: |project MCU: UPSD33XK Part: [UPSD3334D [01/16/2005 [17:49:09

9. Click on LCD_E2. This is an external chip-select for the LCD module. Since this is an
external chip select, you must include signal qualifiers _rd and _wr. In this design, LCD_E
is true (active-high) only when the 8032 presents an address in the range of 7E04-7E07

AND when either 8032 control signal _rd is true, OR when 8032 control signal _wr is true,
as shown in Figure 35

Note: Signal qualifiers may be added by setting the cursor where you want the signal name
to go, then just double-clicking on the signal name in the list of eligible qualifiers.
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Figure 35. Design Assistant Chip select equations (LCD_E2)
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Click on the remaining chip-selects for main flash
10. Click "Next" to move on to I/OLogic Definitions.

7.4 1/0 Logic Equations

Defined here are equations for PLD outputs for the LCD interface signals. The Design Assis-
tant (DA) will create HDL logic statements using the ABEL language in the background after
you enter logic in this point-and-click design entry environment. The DA will also create all the
declaration statements in ABEL. This saves much typing and reduces the chance of error. For
more complicated logic PSDsoft allows you to edit the ABEL statements directly.

1. Click on "LCD_rw" as shown in Figure 36

Note: The internal signal a0 is assigned to drive the output signal "LCD_rw". Although this

was a very simple logic equation, AND, OR, XOR, NOT, and other logic operators are also
available for general purpose logic.

2. Click through the remaining signal names and observe the logic assigned.

Note: There is no logic equation assigned to term_count because that assignment will be
made by editing the ABEL file directly.
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Figure 36. Design Assistant I/O Logic equations (LCD_rw)
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Figure 37. Design Assistant I/O Logic equations (LCD_AO0)
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3. Click "Next" to move on to User-Defined Node Equations.

7.5 User-Defined Node Equations

Here you will see how internal logic nodes are created. In this example, there are four registers
(or nodes) to hold the initial count of the 4-bit down-counter, and four additional registers to
create the actual 4-bit down-counter (see Figure 38).

These nodes were created by:

1. Clicking the "Def Node.." button;

2. Naming the node; and

3. Delecting the type node (e.g., combinatorial, D-register, J-K register).

4. Clicking "Done."

Now you will see the main PSDsoft flow diagram that will guide you through the remaining
steps.

Note: You may view a summary report at this time by pulling down the "Report" selection in
the main menu bar at the top of the screen, then selecting "Design Assistant Summary." Your
report should match the one in APPENDIX C.
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Figure 38. User Node Equations
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7.6 Additional uPSD Configuration

Click the box "Additional PSD Configuration." This is where you can choose to set the security
bit to prevent a device programmer from examining or copying the contents of the Turbo
uPSD. The only way to override the security bit is to erase the entire Turbo uPSD, then it can
be used again as a blank part.

Note: You may also click through the other sheets on this screen to set the JTAG USERCODE
value and set the sector protection on the individual uPSD Non-Volatile memory segments.
(Just click "OK" for now.)
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Figure 39. Additional PSD Configuration
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7.7 Fitting Design

Click the next highlighted box in the design flow, "Fit Design to Silicon." PSDsoft will compile
all the configuration selections and present a report (also available in APPENDIX C.). The fitter
report documents how pins are configured and how the programmable logic is allocated. It also
shows how many programmable logic product terms are used, which is needed to estimate
power consumption.
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7.8 Merging 8032 Firmware with uPSD Configuration

Now that all Turbo uPSD pins and configuration settings have been defined, PSDsoft Express
will create a single object file (*.0obj) that is a composite of the 8032 firmware (*.hex) and the
Turbo uPSD configuration. FlashLINK/R-LINK-ST or third-party programmer tools can use this
object file to program a Turbo uPSD device. PSDsoft Express will create project1.obj for this
design example. During this merging process, PSDsoft Express will input firmware files from
the 8032 compiler/linker in Intel HEX format. It will map the content of these files into the phys-
ical memory segments of the Turbo uPSD according to the choices that were made in the 'Chip
Select Equations' screen. This mapping process translates the absolute system addresses in-
side 8032 firmware files into physical internal Turbo uPSD addresses that are used by a pro-
grammer device to program the Turbo uPSD. This address translation process is transparent.
All you need to do is type (or browse) the file name that was generated from the 8032 linker
into the appropriate boxes and PSDsoft Express does the rest. You can specify a single file
name for more than one Turbo uPSD chip-select, or a different file name for each Turbo uPSD
chipselect. It depends on how the 8032 linker has created the firmware file(s). For each Turbo
uPSD chip-select in which you have specified a firmware file name, PSDsoft Express will ex-
tract firmware from that file only between the specified start and stop addresses, and ignore
firmware outside of the start and stop addresses.

Click on "Merge MCU Firmware" in the main flow diagram. You will see an information window
pop up to remind you to be sure you have configured the firmware compiler and linker to sup-
port a paged memory mapping scheme. Select "OK" and you will see the screen shown in Fig-
ure 39.

In the left column of the "Step 1" area are Turbo uPSD memory segment chip-selects (e.g.,
FSO, FS1). The next column shows the logic equations for selection of each Turbo uPSD
memory segment. These equations reflect the choices that were made while defining Turbo
uPSD internal chip-select equations in an earlier step. In the middle of the screen are hexa-
decimal start and stop addresses that PSDsoft Express has filled in, based on the chip-select
equations. On the right are fields to enter (browse) the 8032 firmware files. To select a firm-
ware file:

1. Select "Intel Hex Record" for 'Record Type' as shown in Figure 40.
2. Slide the bar on the right side all the way down to the bottom until you see FSO

3. See that the firmware files are in FSO.
This is a small example program that exercises the PWM and ADC channels of the Turbo
uPSD on the DK3300-ELCD board, and this code fits completely within the 32Kbyte flash
segment fs0.

4. Slide the bar on the right side all the way down to the bottom until you see CSBOOT3

5. You will see the font .hex file in that segment.

This specification places firmware in primary Turbo uPSD flash memory segment ds0 and the
Fonts in the CSBOOTS.

The composite object file used for the demonstration was generated as "project.obj".

You can regenerate it as long as all parameters are same.
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Figure 40. Merge Firmware (FsO0)
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Figure 41. Merge Firmware (csboot3)
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7.9 JTAG Programming

Selection of The Programming Tool (either FlashLINK OR R-LINK) is done in the HW setup
window.

1.

Click the "STMicroelectronics JTAG/ISP" box to program the Turbo uPSD. You will be
asked how many JTAG devices are on the target circuit board.

2. Choose "Only One" to see the screen shown in Figure 42

This window enables you to perform JTAG-ISP operations and also offers a loop back test for
your FlashLINK/R-LINK cable. If this is your first use, test your FlashLINK or R-LINK cable and
PC parallel or USB port by clicking the "HW Setup" button, then click "LoopTest" button and
follow the directions.

To define your JTAG-ISP environment:

1.

Connect the JTAG ribbon cable to the target system

2. Power-up the target system
3. Click 'Execute' on the JTAG screen. The Log window at the bottom of the JTAG screen

shows the progress. Programming should just take a few seconds.

Note: For this example project, PSDsoft Express should have filled in the folder and
filename of the object file to program, the uPSD device, and the JTAG-ISP operation, as
shown in Figure 43.

There are optional choices available when the "Properties.." button is clicked. One choice
includes setting the state of all pins on port A, B, C, or D during JTAG-ISP operations
(make them inputs or outputs). The default state of these pins is "input", which is fine for
this design example. The other choice allows you to specify a USERCODE value to
compare before any JTAG-ISP operation starts. This is typically used in a manufacturing
environment (see on-screen description for details).

After JTAG-ISP operations are complete, click on the ‘Save' button so that you can save
the JTAG setup for this programming session to a file for later use.

Note: You may restore the setup of a different previous session by clicking the '‘Browse..'
button.

Figure 42. JTAG-ISP Operation Selection

ITAG-ISP Operations x|

Haow many devices are in the JTAG chain on
yaour circuit board’?

& Only one
" More than ane

r Do not display this meszage on subsequent
entry into the JTAGASP

54/68

4




uPSD3300 Series Design Guide for DK3300-ELCD Using KEIL

Figure 43. JTAG-ISP Operations: Programming
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Select package:
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~atep 3. Save or retrieve JTAG-ISP setup
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File Checksum | ATE Files... Hw Setup Rezet Target Cloze |
Figure 44. Hardware Setting
Hardware Setting x|
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Target Connect Test |
Cancel
Figure 45. RLINK Test Status
RLink Connect Test Sta |
FLink connect test passed.
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Figure 46. Target Connect test

Target Connect Te :j x|

Target conneck kest passed,

Figure 47. JTAG-ISP Message

ITAG-ISP Operations =]

The device is nok blank,
Do you want to do the Full chip erase?

7.10 Watch It Run On DK3300-ELCD

After JTAG programming completes in just a few seconds, you should see a message appear
on the LCD: "PWM to ADC DEMO"

You will see the HEX value of the ADC conversion sweep up and down between 0x000 and
Ox3FF as the PWM pulse width changes. If you do not see the ADC value change, make sure
there are two jumpers installed on the DK3300-ELCD board. They are JP14. Remove the
jumper and watch the ADC value on the LCD drop to 000 hex.
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8 CONCLUSION

Congratulations! You have seen the majority of steps to implement a Turbo uPSD design on
the DK3300-ELCD board. This design guide showed the basic steps to pre-configure the
memories with PSDsoft, compile, program in Flash and debug with Keil Tools. The process
flow diagram steps were described so that the method for creating a new project from scratch
was shown and a detailed design and process based upon the PWM-ADC demo has also
been described in detail with all the tools required.

You still need to review the relevant documentation in the CD-ROM about the uPSD Turbo ar-
chitecture and the additional documentation supplied on the CD with the DK3300-ELCD kit as
well as from the Website links provided earlier. The supplied tools from Keil limit the Code size
to 2KB and any application larger than 2KB would require purchase of the full tools from Keil.

The example code and the steps clearly demonstrate the powerful firmware development and
debugging capabilities of the Keil environment with ULINK for uPSD DK3300-ELCD-Develop-
ment Board.

For more information, please refer to:
m Datasheet of the uPSD33xx MCU at: http://www.st.com/psm

m Application Note AN177 included in Keil Software Tools.
m Keil Software Tools documentation included with Keil Software and at: http://www.keil.com

m Schematic for the DK3300-ELCD circuit board resides at: http://psmdev.st.com/DK3300-
ELCD _schematics.pdf

Please see the ST web site for the latest information on uPSD products, tools, application

notes, and other documentation:

http://www.st.com/psm
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APPENDIX A. DK3300-ELCD JUMPERS SELECTION AND DEFAULTS

The following Table describes the DK3300-ELCD Jumpers. Verify that in Jumper set JP14 -
ADCY7 is closed and JP3 is set to Fix. JP5, JP4 and JP6 Jumper sets are all closed for the PW-
MADC demo. See the Schematics for more information regarding the jumpers.

Table 1. DK3300-ELCD Jumpers

Jumper #

Description

Default settings

Comments/

JP1

JTAG Debug I/0 Pin

Closed

Should be closed

closed in position 1-2

JP2 Reset Input Select . Position 2-3 for RTC reset.
for reset switch.
. Normally closed in position 2-3
JP3 LCD Contrast 2-3 closed (Fix) Position 1-2 used for PWM control
JP4 Enhanced LCD Closed Determines if Enhanced -LCD is on Board
JP5 Encoder- Normally all 3 closed to This connects Encoder to Port B.
Connection enable Encoder
JP6 Key board & LED Closed
JP7 Enable SPI Closed Normally closed to enable SPI EEPROM
Normally 1-3 and 2-4 Else can be set to position 3-5 and 4-6 to
JP8 IrDA / Uart1 Select | Closed to select the select the IrDA transceiver to be connected
RS232 connector 1 to Uart1.
JP9 SRAM Battery Normally Open
JP10 | Enable 12C Closed Normally both po§|t|ons closed to enable 12C
access to RTC chip.
JP11 | Clock Select Closed X2 for Crystal | Selects Crystal or Oscillator
Interrunt Select for Normally open. (See (Used to map various RTC Interrupt sources
JP12 MCU) P DK3300-ELCD to the MCU) 1-IRQ; 2-PFO2; 3-SQW; 4-
schematics) PFO1; 5-PBO
ADC Channel ADCY7 (Positions 15-16) | Selects what ADC channel connects the RC
JP14 . o
Select is Closed circuit on the board.
JP15 | PWM RC Constant Normally (position 1-2) | Selects PWM RC constant. position 1-2 is
is closed. 1ms.
For connecting o
JP16 | Uart0 and Uarti in | Normally open Can be connected positions 1-2 and 3-4 for
loop back.
loop back mode
Headers can be used to connect to check
signals:
Headers for 1- ECON
P18 | Ma1sT87 Signals | Normally notused 15 1pg g
3-F32K
4-GND
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APPENDIX B. INTERFACE DISPLAY WINDOWS AND CODE VIEW

Figure 48. KEIL INTERFACE DISPLAY
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Figure 49. TRACE VIEW (Disassembly)
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APPENDIX C. PSDSOFT REPORTS

Project.frp

This report is generated by PSDsoft after the Fit design to silicon step and the report for this
example is listed here. Some Key points are highlighted for reviewing in relationship to the ex-

ample design.

R R e e L e

R R e e R L e

01/18/2005

PROJECT : project
DEVICE : uPSD3334D

FIT OPTION : Keep Current
DESCRIPTION: Combo Demo code to demonstrate Turbo uPSD's IPs:
I2C, SPI, and JTAG, it runs on a DK3300 ELCD board.

B R R R R

PSDsoft Express Version 8.30
Output of PSD Fitter

DATE :

TIME : 17:56:54

==== Pin Layout for U (80-Pin TQFP) Package Type ====

pa’7

pab

pd2

pdl

ale

tdo, TDO

tdi, TDI
JTAG_debug_pin
_terr, TERR

tstat, TSTAT

tck, TCK

tms, TMS

,Peripheral I/0 Mode
pa6é ,Peripheral I/O Mode

,Peripheral I/0 Mode

pad ,Peripheral I/0 Mode

pa3

pa2

,Peripheral I/O Mode

,Peripheral I/O Mode

pal ,Peripheral I/0 Mode
pal ,Peripheral I/0 Mode

ad0, Address
adl, Address
ad2, Address
ad3, Address

Bus
Bus
Bus
Bus

a0/Data Port dO
al/Data Port dl
a2/Data Port d2
a3/Data Port d3

==== Global Configuration ====

Data Bus
Address/Data Mode
ALE/AS Signal
Control Signals

VoJoaulkxWN

pd2

p3_3

pdl

pdo

pc7
pc6/TDO
pc5/TDI
debug
pcd /TERR
3.3V vcC
N/C

5.0V vCC
GND
pc3/TSTAT
pc2
pcl/TCK
N/C

pd_ 7
pd_6
pc0/TMS
pa’7

pab

pd_5

pab

pd_4

pad

pd_3

pa3

GND

pd 2
pd 1

pa2

pd_0

pal

pal
adio0
adiol
adio2
adio3
p3_4

PCA-PWM,

adiod [
p3_5 [
adio5 [
p3_6 [
adio6 [
p3_7 [
adio7 [
Xtall [
Xtal2 [
5.0V vCC [
adio8 [
pl 0 [
adio9 [
pl 1 [
adiolO [
pl 2 [
adioll [
pl 3 [
pl 4 [
pl 5 [
pl 6 [61
cntl0 [
cntl2 [
pl 7 [
cntll [
pb7 [
pb6 [
Reset_In [
GND [
Vref [
pb5 [
Avce [
pbd [
pb3 [
p3_0 [
pb2 [
p3_1 [
pbl [
p3_2 [
pb0 [

Main PSD flash memory will reside in this space at power-up
Secondary PSD flash memory will reside in this space at power-up : Data space

Enable Chip-Select Input (/CSI)

Standby Voltage Input (PC2)

Standby-on Indicator (PC4
RDY/Busy function (PC3)
Load Micro-Cell on
Security Protection

)

==== DataBus_IMC access information ====

(574

: 8-Bit

Address
Address
Address
Address
Xtall

Xtal2

Address
Address
Address

Address

_psen

rd
pb7
En FA

Bus

Bus

Bus

Bus

Bus

Bus

Bus

Bus

_R;set_In

VREF

LCD_E2
LCD_E1
LCD_RW

LCD_AO

: Multiplexed

: Active High

: /WR, /RD, /PSEN
: Program space

: OFF
: OFF
: OFF
: OFF
: edge
: OFF

ad/Data
a5/Data
a6/Data

a7/Data

a8, a8
a9, a9
alo, al0

all, all

Port d4,
Port d5,
Port d6,

Port d7,

ad4d

ad5

adé

ad7
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CSIOP
Location Address Offset Register Name Signals

Total Product Terms Used: 45

Device Resources used / total

Port A: (pins 35 34 32 28 26 24 22 21)
I/0 Pins : 8 / 8
GP I/0O or Address Out :
Peripheral I/O
Logic Inputs
Address Latch Inputs
PT Dependent Latch Inputs :
PT Dependent Register Inputs :
Combinatorial Outputs
Registered Outputs
Other Information
Microcells : 6 / 8
Micro-Cells AB :
Buried Microcells : 6
Output Microcells : 0
: 7
1

OO OOOO WO

Product Terms / 24
Control Product Terms 2 / 34
Port B: (pins 80 78 76 74 73 71 67 66
I/0 Pins : / 8

)
7
GP I/O or Address Out 1
Logic Inputs : 2
Address Latch Inputs : 0
PT Dependent Latch Inputs : 0
PT Dependent Register Inputs : 0
Combinatorial Outputs 4
Registered Outputs 0
Other Information
Microcells : 6 / 8
Micro-Cells 2B :
Buried Microcells
Output Microcells
Micro-Cells BC :
Buried Microcells
Output Microcells
Product Terms
Control Product Terms

oNn

28
34

~N WOk o
~~

Port C: (pins 20 16 15 14 9 7 6 5)
I/0 Pins :
GP I/0 or Address Out
Logic Inputs
Address Latch Inputs
PT Dependent Latch Inputs :
PT Dependent Register Inputs :
JTAG signals
Standby Voltage Input
Rdy/Bsy signal
Standby On Indicator
Combinatorial Outputs
Registered Outputs
Other Information
Microcells
Micro-Cells BC :
Buried Microcells
Output Microcells
Product Terms
Control Product Terms

OO0 O0ODOONNODOOOOO,

'
~
oo}

32
34

O o O
~~

Port D: (pins 4 3 1)
I/0 Pins :
GP I/0O or Address Out
Logic Inputs
Chip-Select Input
Clock Input
Control Signal Input
Fast Decoding Outputs
Other Information
Product Terms
Control Product Terms

el NeoNoNaN SR

o
~~
w W
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==== OMC Resource Assignment ====
Resources PT User
Used Allocation Name
Micro-Cell AB :
Micro-Cells 0 - En_counter0 => Register
Micro-Cells 1 - En_PA => Register
Micro-Cells 2 - En_PB => Register
Micro-Cells 3 - En_Dir => Register
Micro-Cells 4 - En_counter(0_C_0 => Combinatorial
Micro-Cells 5 - En_Dir C 0 => Combinatorial
Micro-Cell BC :
Micro-Cells 1 - ICD A0 (mcellbcl) => Combinatorial
Micro-Cells 2 - ICD RW (mcellbc2) => Combinatorial
Micro-Cells 3 - LCD_E1 (mcellbc3) => Combinatorial
Micro-Cells 4 - ICD_E2 (mcellbc4) => Combinatorial
External Chip Select :
========= Equations =========
DPLD EQUATTIONS :
fs0 = !pdn & !al5;
fsl = !pdn & !pgr2 & !pogrl & !pgr0 & als;
fs2 = !lpdn & !pgr2 & !porl & pgr0 & al5;
fs3 = !'pdn & !pgr2 & porl & !'pgr0 & als;
fsd = !lpdn & !pgr2 & pogrl & pgr0 & als;
fs5 = !pdn & pgr2 & !pogrl & !pogr0 & als;
fs6 = !'pdn & pogr2 & !porl & pgrl & als;
fs7 = !'pdn & pgr2 & porl & !pgr0 & als;
csboot0 = !pdn & al5 & !ald & !al3;
csbootl = !pdn & al5 & !ald & al3;
csboot2 = !pdn & al5 & ald & !al3;
csboot3 = !pdn & al5 & ald & al3;
csiop = !pdn & !al5 & ald & al3 & al2 & all & al0 & a9 & a8;
rsO = !pdn & !al5 & !ald & 'al3;
psell = !pdn & _psen & !al5 & ald & al3 & al2 & all & al0 & a9 & !a8;
jtagsel = !_reset;
PORTA EQUATTIONS :
En_counter0.T := (En_counter0.Q)

# (!En_counter0.Q) ;
En_counter0.PR

i

!_reset;

En:counterO.C = En_counter0_C_0.FB;

Igrl |g \gj IE? |g \gj IE? Igrl

B
o
=2
£

K
o
A=)
£

B
o
=4
E

4

BEE
g
sl

wwww
&

B

g

B
AR
OggU

1;

En FA & En_EB;
'En FA & !En |
= En_ EB;
=0;
= |_reset;
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!En_counter0_C_0 = En_PB.Q & En PA.Q;

'En_Dir_C_0 = En_PB.Q & En_PA.Q;

PORTB

EQUATIONS :

ICD_AO0 = al;
ICD AO0.CE = 1;

LCD_RW = a0;
ICD RW.CE = 1;

LCD_E1

= (!_wr & 'alb & ald & al3 & al2 & all & al0 & a9 & 'a8 & !a7 & 'ab & !ab & 'ad & !a3 & 'a2)
(!_rd & !'al5 & ald & al3 & al2 & all & al0 & a9 & !'a8 & !a7 & 'a6 & !a5 & !ad & !'a3 & !a2);

PORTC EQUATTONS :
PORTD EQUATIONS :
64/68
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Project.sum

This report generated by PSDsoft provides a Summary of the whole project and has useful in-

formation. Some of it also available in Fitter report.

Kk kkhhhhhhkhhhkhhhhk kK AR A AR AR AR KRR A hhhhhhhhhhhhk kA AR AR R ARk hkhhhhhhkkhhhhk Kk kk

PSDsoft Express Version 8.30
of Design Assistant

R R e L R T

PROJECT : project DATE : 01/18/2005
DEVICE : uPSD3334D TIME : 18:10:17
MCU/DSP : uPSD33XX

R R L e

Initial setting for Program and Data Space:

Main PSD flash memory will reside in this space at power-up: Program Space Only
Secondary PSD flash memory will reside in this space at power-up: Data Space Only

Pin Definitions:

Pin Signal Pin

Name Name Type

pa’7 pa’7 Peripheral I/O mode
pab pab Peripheral I/0 mode
pab5 pa5 Peripheral I/0 mode
pad pad Peripheral I/O mode
pa3 pa3 Peripheral I/O mode
pa2 pa2 Peripheral I/0 mode
pal pal Peripheral I/O mode
pal pal Peripheral I/O mode
pb7 pb7 GP I/0 mode

jeleld) En_FA Logic or address

pb5 En_EB Logic or address

pbl LCD_E2 External chip select - Active Hi
pb3 LCD_E1 External chip select - Active Hi
pb2 LCD_RW Combinatorial

pbl ICD A0 Combinatorial

tdo tdo Dedicated JTAG - TDO
tdi tdi Dedicated JTAG - TDI
pcd _terr Dedicated JTAG - /TERR
pc3 tstat Dedicated JTAG - TSTAT
tck tck Dedicated JTAG - TCK
tms tms Dedicated JTAG - TMS
Pd2 pd2 GP I/0 mode

pdl pdl GP I/0 mode

ale ale ALE output

_psen _psen Bus control output
_rd _rd Bus control output
_wr _wr Bus control output
all all Address line

alo alo Address line

a9 a9 Address line

a8 a8 Address line

ad7 a7 Data/Address line
ad6 a6 Data/Address line
ad5 a5 Data/Address line
ad4 ad Data/Address line
ad3 a3 Data/Address line
ad2 a2 Data/Address line
adl al Data/Address line
ado a0 Data/Address line
debug JTAG_debug_pin JTAG debug pin

Xtall Xtall Xtall

Xtal2 Xtal2 Xtal2

_Reset_In _Reset_In Reset In

Vref VREF VREF input

User defined nodes:

Node Node
Name Type
En_counter0 D-type register
En_PA D-type register
En_PB D-type register

(574
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En_Dir D-type register

Page Register settings:

pgr0 is used for paging
porl is used for paging
por2 is used for paging
por3 is not used
pgrd is not used
por5 is not used
por6 is not used
por7 is not used

Equations:
rsO0 = ((address >= ~h0000) & (address <= ~hlFFF));
csiop = ((address >= "h7F00) & (address <= "“h7FFF)) ;
fsO0 = ((address >= ~“h0000) & (address <= "“h7FFF));
fsl = ((page == 0) & (address >= "“h8000) & (address <= "hFFFF));
fs2 = ((page == 1) & (address >= ~h8000) & (address <= "“hFFFF)) ;
fs3 = ((page 2) & (address >= ~h8000) & (address <= "~hFFFF)) ;
fs4 = ((page 3) & (address >= ~h8000) & (address <= "“hFFFF));
fs5 = ((page 4) & (address >= ~h8000) & (address <= “hFFFF));
fs6 = ((page == 5) & (address >= ~h8000) & (address <= "“hFFFF)) ;
fs7 = ((page == 6) & (address >= ~h8000) & (address <= "“hFFFF)) ;
csboot0 = ((address >= ~h8000) & (address <= “h9FFF)) ;
csbootl = ((address >= ~hA000) & (address <= "hBFFF));
csboot2 = ((address >= ~hC000) & (address <= "“hDFFF)) ;
csboot3 = ((address >= “hE000) & (address <= ~hFFFF)) ;
psell = ((address >= ~h7E00) & (address <= “h7EFF) & (_psen));
ILCD_E2 = ((address >= "h7E04) & (address <= "~h7E07) & (!_wr))

# ((address >= "h7E04) & (address <= "h7E07) & (!_rd));
ICD El = ((address >= ~h7E00) & (address <= "h7E03) & (!_wr))

# ((address >= "h7E00) & (address <= "“h7E03) & (!_xrd));
LCD RW = a0;
LCD_RW.oe = Vcc;
ICD AO0 = al;

LCD_AO0.o0e = Vcc;
En_counter0.ck
En_counter0.re
En _counter(.pr
En_ PA := Vcc;

En_PA.ck = Vcc;
En PA.re = ! (En_FA #( !En_EB));

! (En_PA & En PB);
!_reset;
Gnd;

En PA.pr = En FA &( !En _EB);
En_PB := Vcc;

En_PB.ck = Vcc;

En PB.re = ! (En_FA # En_EB);
En PB.pr = En FA & En EB;

BEEE
e
[alia]

%ll

B
L
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“THE PRESENT NOTE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS WITH INFORMATION
REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE TIME. AS A RESULT, STMICROELECTRONICS
SHALL NOT BE HELD LIABLE FOR ANY DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO
ANY CLAIMS ARISING FROM THE CONTENT OF SUCH A NOTE AND/OR THE USE MADE BY CUSTOMERS OF
THE INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.”

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a registered trademark of STMicroelectronics.

All other names are the property of their respective owners
© 2005 STMicroelectronics - All rights reserved
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