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1. Introduction

The AME-51 Lite kit allows the user to evaluate OKI Semiconductor’s
ML67Q4050/4060 Series microcontrollers. These MCUs are based on the ARM7TDMI
CPU core. The AME-51 Lite Kit includes the following items:

1. AME-51 Lite evaluation board with ML67Q4051 MCU on board

2. Serial RS232 cable — 9-pin male/female

3. OKI AME-51 Lite CD

4. Quick Start Guide

Theinternal flash memory of the ML67Q4051 is pre-programmed with SRAM
downloader firmware. This causes the AME-51 Lite board to be ready for development
when powered up. Power is supplied to the AME-51 Lite board from the power jack. OKI
CD contains sample software for the various functions of the MCU. This sample software
can easily be designed into a project for specific customer applications. Custom boards
can be built that can be connected to the AME-51 Lite board using the inter-board
connectors.
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2. Board Description

The AME-51 Lite board and its key components are shown in Figure 2-1. Table 2-1 lists

the components of this board.

Figure 2-1. Board Layout and Key Components

1. ML67Q4051 MCU

2. 7-segment LED display
3. UART1-P1

4, UARTO-J1

5. SRAM 256K x 16 x2

6. Pushbutton switch SW2
7. Pushbutton switch SW3

1-10-2005 Revision 1.0

8. LEDs D2, D4, D5

9. Power connector

10. Power LED

11. JTAG connector CONN1
12. RESET switch SW4

13. DIP switch SW1

14. Inter-board connectors
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Table 2-1 AM E-51 Board Components and Description

Feature Description

MCU ML67Q4051

Oscillator 32.768 MHz (main clock); 32.768 KHz (sub-clock)

SRAM IMB — 256K x 32-hit

Serial Ports UARTO (J1-DB9 female pins); UART1 (P1-DB9 male pins)
JTAG interface CONN1 — 20-pin header (10 x 2 dua row)

Power Supply 3.3V and 2.5V regulated on board power supply

Power connector

J2 — connect optional external 5-to-9 VDC, 400 mA supply

Power indicator

D6 —red LED

DIP Switch SW1 - 8 position - configures MCU operating modes
Pushbutton Switches SW2 — EFIQ; SW3-EXIRQ1; SW4 — RESET
LEDs D2 — green; D4 — yellow; D5 —red

LED display LED1- 7 segment numeric

Inter-board connectors

CONNZ2, CONN3, CONN4, CONN5

3. Hardware Setup

Attach the board to your computer as shown in Figure 3-1. The board gets power from
the power jack. Switch SW1 is an 8-position DIP switch, which allows the user to
configure the board to operate in standalone mode, flash programming mode or debug
mode which are defined in Section 12. Table 3-1 shows the switch configurations for the
three operating modes. The DIP switch can be changed while power is supplied to the
board. After changing the DIP switch push the RESET switch SW4 to activate the new

settings.

Table 3-1 DIP Switch SW1 Settings

Switch Position Sand Alone Flash JTAG Debug  Switch Function
Programming

8 OFF OFF OFF FWJ

7 ON X ON ROMSEL

6 ON X ON EXBUSE

5 OFF OFF OFF EXIROME

4 OFF OFF ON BOOT1

3 OFF ON OFF BOOTO

2 X OFF X BOOTCLK

1 X X ON JTAGE

Note: X indicates “don’t care”.
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Figure 3-1. Hardware Configuration

1-10-2005 Revision 1.0

AME-51 Lite Hardware User Manual

P.6



AME-51 Lite Hardware User Manual

4. Microcontroller
The AME-51 Lite board contains an OKI Semiconductor ML67Q4051 high performance

microcontroller. This microcontroller is based on the ARM7TDMI 32-bit RISC CPU core.
Features of the MCU are shown in Table 4-1.

Table4-1 ML 67Q4051 Microcontroller Features

Function

Description

CPU

ARM7TDMI 32-bit RISC (16-bit THUMB mode)

Clock

Main clock 33.33 MHz (max.)
Sub clock 32.768 KHz for RTC
Internal Ring Oscillator

Memory

Flash — 128K Bytes with security protection
Boot-ROM — 8KBytes
RAM — 16KBytes

Timers

FTM — 16-bit x 6 ch. (PWM, input capture, output compare,
interval)

System Timer — 16-bit interval timer

RTC — Date and time

WDT — 16-bit Watch-dog Timer

Seria Ports

UART 2 Channels 16-byte FIFO

SPI 2 Channels 16-byte/word FIFO

12C Multi-master 100 kHz and 400 kHz
12S 256-word x 16-bit FIFO

SIO 1-Channd UART

JTAG

Debug port — including boundary scan

GPIO

108 pins — 68 pins shared with external memory function

External Memory

ROM Bank — 16 or 32-bit data bus
RAM Bank — 16 or 32-bit data bus

Externd 1/O

2 Banks—8, 16 or 32-bit data

DMA

2 Channels— 1 channel can be used externally

A/D Converter

10-bit, 4 Channels, successive approximation with sample and
hold

Power Management

Halt and Stop modes

Package

144-pin LQFP on the board
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5. Memory

The ML67Q4051 contains 16KBytes of internal RAM at location 0x10000000 and

128K Bytes of internal flash memory at location 0x08000000. Also, there are 8K Bytes of
internal ROM (boot ROM) at location 0x48000000. There are IMBytes of external
SRAM, 256K x 32, which can be accessed on the external ROM bank or RAM bank
depending on the ROM SEL switch, SW1 DIP switch position 7. See Table 5-1 for a
description of how external RAM is affected by the ROMSEL switch. Figure 5-1 shows a
memory map diagram of this board. Memory at address 0x00000000 is called Bank O.
The actual memory residing at Bank 0 is configurable. See Table 5-2 for selecting Bank 0
memory.

Table5-1 ROMSEL Switch Setting (SW1 DIP-switch position 7)

DIP-7 External SRAM Address External Memory Bank
OFF 0XD0000000 RAM Bank
ON 0XC8000000 ROM Bank

Figure5-1. AME-51 Board Memory M ap
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Table 5-2 Bank 0 Memory Selection

DI P switch position Memory

3 4 5

BOOTO BOOT1 EXIROME

0 0 0 Internal Hash

0 0 1 32-bit externa ROM Bank (high speed)

1 0 0 Boot ROM — f lash programming via
UARTO

0 1 0 32-bit external ROM Bank (low speed)

1 1 0 16-bit external ROM Bank (low speed)

6. Switches

The AME-51 Lite board has three pushbutton switches and one 8-position dip switch.
Table 6-1 describes the three pushbutton switches. Table 6-2 describes the 8-position dip
switch. Pushing the RESET switch SW4 causes RESETN and NTRST to go to the active
low state resetting the entire MCU including the JTAG interface.

Table 6-1 Push-button Switches

Ref. ID Name Description

SwW2 EFIQ External fast interrupt request.

SW3 EXIRQ1 External interrupt 1 request.

Sw4 RESET Hardware reset to the MCU.

Table 6-2 Dip Switch SW1

Position Name Description “ON” Position

1 JTAGE JTAG enable Enable JTAG mode

2 BOOTCLK Boot clock Enable internal ring oscillator

3 BOOTO Boot select O Select Bank O memory

4 BOOT1 Boot select 1

5 EXIROME Externad memory access enable Enable high speed bus interface

6 EXBUSE Externa bus enable Enable the external bus

7 ROMSEL ROM select SRAM set to externa ROM
Bank

8 FWJ Flash Write JTAG mode Enable JTAG flash write mode

6.1 JTAG Mode

To enter JTAG mode set the JTAGE switch, DIP switch position 1, to the “ON” position
and push the “RESET” switch SW4. To exit JTAG mode set the JTAGE switch to the
“OFF" position and push the “RESET switch SWA4.
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6.2 Flash Programming Mode

To enter Boot ROM serial flash programming mode, push the “RESET” switch SW4 with
the dip switches set as shown in Table 6-4. In this mode the internal flash memory is
programmed from the boot ROM using UART 0. See Section 12 for flash programming.

Table 6-4 SW1 Dip-switch Positions for Flash Programming M ode

Name Position Sate
JTAGE 1 X
BOOTCLK 2 OFF
BOOTO 3 ON
BOOT1 4 OFF
EXIROME 5 OFF
EXBUSE 6 X
ROMSEL 7 X
FWJ 8 OFF

Note: X indicates don't care

/. Connectors

7.1 Inter-Board Connectors

Connectors CONNZ2, CONN3, CONN4 and CONNS5 are general -purpose connectors
mounted on the bottom side of the board. These are 40 pin dual row connectors, 20 x 2,
on 0.1” pin spacing. The pin-out of these connectorsis shown in Tables 7-1 to 7-4. All
signals from the MCU as well as power and ground are wired to these connectors. The
physical layout of these connectorsis shown in Figure 7-1. These connectors can be used
for connecting a daughter board to the evaluation board. Note that the connectors have
been intentionally offset to ensure that a daughter board connection is not reversed.

7.2 UART Connectors

UARTO uses connector J1 which isa DB9 with female pins, DCE configuration. Table
7-5 shows the pin-out for this connector. UART 1 uses connector P1 which isa DB9 with
male pins, DTE configuration. Table 7-6 shows the pin-out for this connector.

7.3 JTAG Connector

Connector CONN1 isthe JTAG interface. Section 12 explains how to use the AME-51
Lite board in JTAG mode. Table 7-7 shows the pin-out for the JTAG connector.
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7.4 Power Connector
Connector J2 is a power connector for attaching an external power supply. The external
supply should be 5-to-9 VDC at 400 mA. This connector mates with a2.1 mm type plug
with center pin positive. See Section 10 for more details.

Table 7-1 CONN2 pin-out Table 7-2 CONNS pin-out
Function |Pin Function Function Pin Function
GND 40 39 A22 GND 40 39 D16
A21 38 37 A20 D17 38 37 D18
A19 36 35 A18 D19 36 35 D20
Al7 34 33 GND D21 34 33 D22
Al6 32 31 Al15 D23 32 31 GND
Al4 30 29 Al3 D31 30 29 D30
Al2 28 27 GND D29 28 27 D28
All 26 25 A10 D27 26 25 D26
A9 24 23 A8 D25 24 23 D24
A7 22 21 A6 GND 22 21 DO
GND 20 19 A5 D1 20 19 D2
A4 18 17 A3 D3 18 17 D4
A2 16 15 Al GND 16 15 D5
AO 14 13 GND D6 14 13 D7
BS3 12 11 BS2 D15 12 11 D14
BS1 10 9 BSO GND 10 9 D13
GND 8 7 WR D12 8 7 D11
OE 6 5 I0C1 D10 6 5 D9
IOCS 4 3 RAMCS D8 4 3 GND
ROMCS 2 1 GND - 2 1 -
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Table 7-4 CONNS pin-out

Function |Pin Function
VCC25 1 2 VCC25
GND 3 4 GND
PBO 5 6 PB1
PB2 7 8 PB3
PB4 9 10 PB5
GND 11 12 PDO
PD1 13 14 PD2
PD3 15 16 PD4
GND 17 18 PEO
PE1 19 20 PE2
PE4 21 22 PE5
PE6 23 24 GND
PFO 25 26 PF1
PF2 27 28 PF3
PF4 29 30 PF5
GND 31 32 -

- 33 34 -

- 35 36 -

GND 37 38 GND
VCC33 39 40 VCC33

Function |Pin Function
VCC25 1 2 VCC25
GND 3 4 GND
PAO 5 6 PA1

PA2 7 8 PA3
PA4 9 10 PAS
SRST 11 12 GND
POR 13 14 BTCLK
BOOTO 15 16 BOOT1
GND 17 18 FWEN
EXIROME 19 20 EXBUSE
DIS UART 21 22 GND
PCO 23 24 PC1
PC2 25 26 PC3
PC4 27 28 PC5
PC6 29 30 PC7
GND 31 32 -
RESETN 33 34 RSTOUT
- 35 36 -

GND 37 38 GND
VCC33 39 40 VCC33

Figure 7-1. Connector L ayout (Connector s are mounted on the bottom side of the

boar d)
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Table 7-5 UARTO Connector (J1)

Pin Function

Note 1

TxD

RxD

Note 1

GND

Note 1

Note 2

Note 2

O 00N WNPEF

AME-51 Lite Hardware User Manual

Table 7-6 UART 1 Connector (P1)

Pin

Function

Note 1

RxD

TxD

Note 1

GND

Note 1

Note 2

Note 2

O 00N WNPEF

Notes. 1. Each connector has pins 1, 4 and 6 connected together.

2. Each connector has pins 7 and 8 connected together.

Table 7-7 JTAG Connector Pin-out (CONN1)

Function Pin Function
GND 20 19 USB VCC
GND 18 17

GND 16 15 nSRST
GND 14 13 TDO

GND 12 11 RTCK
GND 10 9 TCK

GND 8 7 T™MS
GND 6 5 TDI

GND 4 3 JTAG nTRST
VCC33 2 1 VCC33

1-10-2005 Revision 1.0
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8. Jumpers

All jJumpers on the AME-51 Lite board have been | eft unpopulated. Where required, the
jumpers have been shorted by a copper trace on the bottom side of the PCB. To modify
these jumper settings, the copper trace must be cut. The board has been designed to
accept standard 0.1” center 0.025” square pin headers which are not provided. Table 8-1
describes the jumpers and their settings. Jumpers JP1, JP2, JP3, JP11 and JP12 allow the
user to take power measurements by cutting these traces and inserting a current probe.
When using 16-bit external memory cut trace JP5 and configure R42 and R43 resistors.
By cutting trace JP14 both external SRAM devices are disabled. Jumper JP7 allows
RTCK of the JTAG interface to be grounded or connected to TCK. Jumper JP8 connects
the temperature sensor, U8 (not installed), to the 12C bus on the MCU. When jumper JP9
isinstalled then both UARTs are disabled. Thiswill allow port B to be used as general
purpose 10. Installing jumper JP10 will turn off the LED display. This may be desirable
when taking power measurements. Jumper JP13 is used to connect oscillator XU1 to the
main clock of the MCU. Crystals Y1 and Y 3 should be removed, when using oscillator
XUL.

Table 8-1 Jumper Settings and Description

Jumper  Description Default Setting
JP1 VDD |0 power Trace

JP2 VDD _CORE power Trace

JP3 VDD_PLL power Trace

JP5 upperl6-bit CS enable Trace

JP6 Potentiometer RP1 connected to AINO Trace

JP7 JTAG RTCK select (factory selected to GND) Trace 2-3

JP8 Temperature sensor connected to 12C bus Trace 1-2, 3-4
JP9 UARTs disable open

JP10 LED display disable open

JP11 VCC33 regul ated output Trace 2-3
JP12 V CC25 regulated output Trace 2-3
JP13 Optional oscillator input for main clock open

JP14 SRAM enable Trace

Note: Default settings which specify “trace” have a copper trace on the bottom side of the
board which shorts the jumper as indicated.

Resistors R42 and R43 are used for selecting either 16-bit or 32-bit external memory.
When R43 isinstaled, then external SRAM is 32-bit memory. When R42 isinstalled,
then external SRAM is 16-bit memory. Thesearezero  resistors which act as jumpers.
Only one of these resistors should beinstalled at any one time.
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9. LEDs

There are four discrete LEDs and one 7-segment numeric LED on the AME-51 Lite
board. The four discrete LEDs are referenced D2, D4, D5 and D6 (the power LED). The
numeric LED isreferenced LED1. The GPIO ports used for interfacing to these LEDs are
shown in Figure 9-1. All of these LEDs are turned on by setting the corresponding port
pin low. If jumper JP10 isinstalled then the driver for LED1 will be disabled causing the
display to turn off. Disabling LED1 may be useful when the GPIO pins are used for other
purposes, to avoid distracting flicker of the LED display.

Figure9-1. LED Connectionsto MCU GPIO
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10. Power

Power is supplied to the board through connector J2 by using an external AC adapter, not
supplied with this kit. The power adapter should have a2.1 mm plug with the center pin
positive. The external power supply should provide 5-t0-9 VDC at minimum of 400 mA.
The AC adapter can be regulated or unregulated. Figure 10-2 shows the power connector
J2. The AC adapter and J-Link interface can both be connected to the board at the same

time without damaging the board.

Figure 10-1. Power Connection

Figure 11-2. Power Connector —J2
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11. Serial Ports

The AME-51 board has two UARTS, which are connected to J1 and P1.

* Connector J1 is UARTO and has a DB9 connector with female pins, DTE configuration.
UARTO has transmitted data on pin 2.

» Connector P1 is UART1 and has a DB9 connector with male pins, DCE configuration.
UART1 has transmitted data on pin 3.

When connecting the AME-51 Lite board to a personal computer, use a 9-pin straight
cable connected to UARTO. The cable should be a male-female type. See Table 7-5 and
Table 7-6 for the pin-out of connectors J1 and P1. The flow control pins of both
connectors are not used by the MCU and have been pre-wired for hardware handshake,
such as would be the case in a‘null modem’ adapter. This connection alows terminal
emulation programs such as Windows HyperTerminal to operate without setting the flow
control.

12. Modes of Operation

The AME-51 Lite board has three basic modes of operation;

» Stand alone mode,

* Programming mode

» Debug mode.

Apply power to the board as explained in Section 10. The evaluation board can be put
into a particular mode of operation by setting the DIP switch SW1 to the desired setting
and pushing the RESET switch SW4. The DIP switch can be modified while power is
supplied to the board. However, any new settings to the DIP switch do not take affect
until the MCU isreset or the power is cycled. Power can be cycled to the board by
disconnecting and reconnecting the power cable. The three modes of operation are
explained in the following sections.
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12.1 Stand-Alone Mode
Stand-alone mode configures the MCU to start executing the program in its internal
flash- ROM upon power up. This configuration mode maps the internal flash ROM of the
ML67Q4051 MCU to Bank 0. To run in stand-alone mode set the SW1 DIP switch as
shown in Figure 12-1 and push the RESET switch SW4. When shipped from the factory,
the internal flash of the MCU is pre-programmed with “SRAM downloader” that can be
executed in this mode.

Figure 12-1. SW1 DI P switch setting for Stand-Alone M ode
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12.2 Boot Programming Mode

Boot Mode configures the board to program the internal flash memory of the MCU by
sending the data to be programmed through UARTO seria port. The datato be
programmed into the internal flash of the MCU using this mode must be in standard Intel
Hex format. To put the board into flash programming mode:

1. Connect the seria cable from UARTO to the seria port of your PC

2. Set the DIP switch SW1 as shown in Figure 12-2

3. Push the RESET switch SWA4.

The firmware in the boot ROM of the MCU downl oads the application program through
UARTO and programs it into the internal flash memory. For further details about
Boot-Mode flash programming refer to the document “ ML67Q4050/ML67Q4060 Boot
Program User’s Manual” on the Oki CD.

Figure 12-2. SW1 DI P switch setting for Boot Programming M ode
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12.3 Debug Mode

Debug Mode configures the MCU to use the 1IMB of external SRAM as program
memory to emulate ROM for debugging. Therefore, the board hardware configures
external SRAM to be mapped to Bank 0, address 0x00. Debugging in RAM is much
more powerful and alows more options. Although the method discussed here is using
external RAM for ROM emulation, the user can modify switch settings to do debugging
from internal ROM of the chip. However, this limits the debugging capability of the
JTAG debugger. In the Debug Mode the AME-51 Lite board may be used with any
commercially available JTAG based ARM7 MCU development tool that uses the 20-pin
ARM JTAG header definition.

Figure 12-3. SW1 DIP switch setting for JTAG Debug mode
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13. Schematics
Sheet 1 - ML67Q4051
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Sheet 2 — Memory
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Sheet 3—UARTsand SIO
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Sheet 4 — Power
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Sheet 5 - JTAG interface
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Sheet 6 — ML670Q4061

1-10-2005 Revision 1.0 P.26



AME-51 Lite Hardware User Manual
Sheet 7 Connectors
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Notice

The information contained herein can
change without notice due to product and/or
technical improvements. Please make sure
that the information you are referring to is
up-to-date before using the product. The
outline of action and examples of application
circuits described herein have been chosen
as an explanation of the standard action and
performance of the product. When you
actually plan to use the product, please
ensure that the outside conditions are
reflected in the actual circuit and assembly
designs. Oki assumes no responsibility or
liability whatsoever for any failure or unusual
or unexpected operation resulting from
misuse, neglect, improper installation, repair,
alteration or accident, improper handling, or
unusual physical or electrical stress including,
but not limited to, exposure to parameters
outside the specified maximum ratings or
operation outside the specified operating
range. Neither indemnity against nor license
of a third party's industrial and intellectual
property right, etc. is granted by us in
connection with the use of product and/or the
information and drawings contained herein.
No responsibility is assumed by us for any
infringement of a third party's right which
may result from the use thereof. When
designing your product, please use our
product below the specified maximum
ratings and within the specified

operating ranges, including but not limited to
operating voltage, power dissipation, and
operating temperature. The products listed in
this document are intended for use in
general electronics equipment for
commercial applications (e.g., office
automation, communication equipment,
measurement equipment, consumer

Web site:
http://www.okisemi.com/hk
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electronics, etc.). These products are not,
unless specifically authorized by OKki,
authorized for use in any system or
application that requires special or enhanced
quality and reliability characteristics nor in
any system or application where the failure
of such system or application may result in
the loss or damage of property, or death or
injury to humans. Such applications include,
but are not limited to: traffic control,
automotive, safety, aerospace, nuclear
power control, and medical, including life
support and maintenance. Certain parts in
this document may need governmental
approval before they can be exported to
certain countries. The purchaser assumes
the responsibility of determining the legality
of export of these parts and will take
appropriate and necessary steps, at their
own expense, for export to another country.
Oki Semiconductor reserves the right to
make changes in specifications at anytime
and without notice. This information
furnished by Oki Semiconductor in this
publication is believed to be accurate and
reliable. However, no responsibility is
assumed by Oki Semiconductor for its use;
nor for any infringements of patents or other
rights of third parties resulting from its use.
No license is granted under any patents or
patent rights of Oki.

Trademarks:

ARM, ARM7TDMI, and the ARM
Powered Logo are registered trademarks,
and AMBA, ARM7, and Multi-ICE are
trademarks of Advanced RISC Machines,
Ltd.

Copyright 2005

OKki Electronics (HK)
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