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1. Introduction

The Stamp9G45 is intended to be used as a small size "intelligent" CPU module as well
as a universal Linux CPU card. It can be used anywhere where restricted energy and
space requirements play a role. The design of the Stamp9G45 is limited to the processors
core needs like DDRAM and Flash, thus giving the customer a wide-ranged choice of
configurations of the peripherals and environment. Featuring an integrated LCD/TFT
and touch controller applications with graphical needs can be realized cost-efficient and
individually.

The Stamp9G45 has all the necessary interfaces to support a huge variety of peripheral
devices. Equipped with a 16-Bit parallel bus it gives fast access to a number of chips and
additional devices.

The ARM architecture as a modern and widely supported processor architecture is
currently the platform of choice for medium performance embedded devices. Almost all
major processor manufacturers have ARM products in their portfolio.

The availability of the widespread operating system "Linux" for the ARM platform opens
access to a broad range of software, including tools, drivers, and software libraries.
Programs written for ARM can easily be employed on the PC platform for testing and
debugging.

Examples of actual or potential applications are: protocol converters, measuring and test
equipment, data-logging, as well as simple or more complex control and automation tasks.
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2. Scope

This document describes the most important hardware features of the Stamp9G45. It
includes all informations necessary to develop a customer specific hardware for the
Stamp9G45. The Operating System Linux is described in a further document.

The manual comprises only a brief description of the AT91SAM9G45 processor, as this
is already described in depth in the manual of the manufacturer Atmel. Descriptions of
the ARM core ARM926E]-S are available from Atmel and also at http://www.arm.com. It
is much recommended to have a look at these documents for a thorough understanding
of the processor and its integrated peripherals.
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3. Overview of Technical Characteristics

3.1.

CPU

Atmel AT91SAM9G45 Embedded Processor featuring an ARM926E]-S™ ARM® Thumb®
Core

CPU Clock 400 MHz

32KB Instruction Cache

32KB Data Cache

Memory Management Unit (MMU)

3.3V Supply Voltage, 1.8V Memory Bus Voltage, 1.0V Core Voltage

. Memory

128 MB NAND flash memory (optional up to 1GB)
128 MB LPDDR-SDRAM (optional up to 512 MB)
64 KB SRAM

128 Bytes EEPROM

Onboard Micro-SD Card Slot

. Interfaces and external signals

2x 100-pin fine-pitch low-profile Connectors (Hirose FX8)
Ethernet 10/100 Mbit MAC

USB 2.0 High Speed Host

USB 2.0 Full Speed OTG (USB-On-the-Go)
USB 2.0 High Speed Device

Four USARTs

One UART

One Synchronous Serial Controller (SSC, 1°S)
One Serial Peripheral Interface (SPI)

Two Two Wire Interface (TWI, I°C)

One High Speed MultiMedia Card Interface

3
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* Three PWM

* 4-wire Touch Controller

* AC'97 Sound Controller

* LCD/TFT Controller (1280 x 860 pixels)
* JTAG debug port

* Digital Ports - up to 100 available

* Control Signals: IRQs, BMS, SHDN, WKUP
* Two Programmable Clocks

* Image Sensor Interface

* Analog-to-Digital Converter

* 16-Bit parallel CPU-Bus

Some of the various functions are realized by multiplexing connector pins; therefore not
all functions may be used at the same time (see Appendix D, Stamp9G45 Pin Assignment)).

3.4. Miscellaneous

* Three 16-Bit Timer/Counter

* True Random Number Generator

* Real Time Timer (RTT), with battery backup support
* RTC

* Periodic Interval Timer (PIT)

* Watchdog Timer (WDT)

* Unique Hardware Serial Number

3.5. Power Supply

* 3.3V power supply

* 3V backup power supply, e.g. from a lithium battery

3.6. Dimensions

* Dimensions: 53.6x38x6 mmm (WxDxH)
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4. Hardware Description

4.1. Mechanics

The Stamp9G45 was designed as a flexible CPU-Module, which can be connected to base
boards via 2x 100-pin fine pitch low profile Hirose ® FX8 connectors

The size of the Stamp9G45's PCB is only 53.6x38x6.0 mm fitting it in even the smallest
design. While having implemented the sensible CPU, DDRAM and Flash design it still
exports almost all possible CPU-Pins on it's connectors to allow a flexible design on base
boards

The Stamp9G45 has an on-board Micro SD-Card slot, thus supporting even large memories
needs in its compact design

4.2. AT91SAM9IGA5 Processor Core

The AT91SAM9G45 runs at 400 MHz with a memory bus frequency of 132 MHz.
Here are some of the most important features of the SAM9G45 ARM926E]-S core:
* 32 Kbyte Data Cache, 32 Kbyte Instruction Cache, Write Buffer

Two 32 Bit Data Bus

ARM v4 and vb Memory Management Unit (MMU)

ARM v5 32-bit Instruction Set, ARM Thumb 16-bit Instruction Set supported

DSP Instruction Extensions

ARM ]Jazelle® Technology for Java® Acceleration

EmbeddedICE™ Debug Communication Channel Support

Some of these features - like Jazelle - are currently not supported by the operating system
of the product.

4.3. Memory

The Stamp9G45 is equipped with two 32-Bit external bus interfaces, EBIO and EBI1. Only a
16-Bit bus of EBIO is exported on the interface connectors of the Stamp9G45. The memory
bus voltage is 1.8 V and runs at 133 MHz. The memory bus voltage is different from normal
operating voltage, which is 3.3 V. This has to be considered, when designing additional
peripherals connected to the memory bus. Eventually buffer chips are necessary.

4.3.1. NAND Flash

The Stamp9G45 is equipped with a 128 MB NAND flash with 100000 erase and write
cycles.It is organized in 128KB blocks. Customer specific adaptations are possible up
to 1 GB on-board NAND flash. It is connected to chip select three (NCS3) of the
microcontroller.
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NAND flash has a different organisation of transistors than the commonly used NOR flash.
While it allows a much higher density and thus an increase in storage capacity, there are
some differences which need to be kept in mind.

Typically, NAND flash is organized in pages and blocks, similar to hard disks. Pages are
512,2048 or 4096 bytes in size, typical block sizes are 16, 128, 256 or 512 KB. Reading and
programming are performed on a page basis. Programming can only be done sequently
in one block.

Additionally, NAND flash requires bad block management, either by the driver software
or by a separate controller chip. Most NAND devices are shipped with bad blocks. These
are identified and marked according to a specified bad block strategy. Further bad blocks
may be detected during runtime. They are detected via an ECC (error correcting code). If
a bad block is detected, the data is written to a different, good block, and the bad block
table is updated. So the overall memory capacity gradually shrinks as more and more
blocks are marked bad.

This error detection is done by software like U-boot and Linux. Additionally, NAND flash is
subject to a limited number of write and erase cycles. These are typically 100.000 cycles
per block. So it is highly recomended to use wear levelling filesystems.

4.3.2. LPDDR-SDRAM

The Stamp9G45 is equipped with 128MB LPDDR-SDRAM (Low power DDR-SDRAM).
Customer specific adaptations allow configurations up to 512MB. In 128MB and 256MB
configurations, the LPDDR-SDRAM is connected to EBIO. The external Bus is not affected.
In 512MB configuration 256MB of the LPDDR-SDRAM are connected to chip select one
(NCS1) of the micrcontroller's EBI1.

DDR-SDRAM allows random access to any of its memory area and is volatile memory.
DDR-SDRAM (Double Data Rate) takes over data at the rising and falling edge of a clock
pulse, thus achieving almost twice the bandwidth than a similar connected SDRAM. It has
a synchronous interface, that means it waits for a clock signal before responding to control
inputs and is therefore synchronized with the CPU bus. The clock is used to drive a final
state machine in the chip, which allows to accept new instructions, before the previous
one has finished executing.

4.3.3. EEPROM

The Stamp9G45 is equipped with a 128 bytes EEPROM, connected to the Dallas™ 1 wire
bus.

EEPROM stands for Electrically Erasable Programmable Read-Only Memory and is
non-volatile memory, which is used to store small amounts of data like calibration or
configuration data. EEPROMS are byte-wise erasable, thus allowing true random access.

4.3.4. SRAM

The Stamp9G45's microcontroller is equipped with 64 KB internal SRAM. The internal
SRAM can be accessed in one bus cycle and may be used for time critical sections of code
or interrupt handlers.
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4.4. Bus Matrix

The bus matrix of AT91SAM-controllers allows many master and slave devices to be
connected independently of each other. Each master has a decoder and can be defined
specially for each master. This allows concurrent access of masters to their slaves
(provided the slave is available).

The bus matrix is thus the bridge between external devices connected to the EBI, the
microcontroller's embedded peripherals and the CPU core.

Master 0 ARM926™ Instruction
Master 1 ARM926™ Data

Master 2 PDC

Master 3 USB HOST OHCI

Master 4 DMA

Master 5 DMA

Master 6 ISI Controller DMA

Master 7 LCD DMA

Master 8 Ethernet MAC DMA

Master 9 USB Device High Speed DMA
Master 10 USB Host High Speed EHCI DMA
Master 11 Reserved

Table 4.1. Bus Matrix Masters

Slave 0 Internal SRAM

Slave 1 Internal ROM
USB OHCI
USB EHCI

UDP High Speed RAM
LCD User Interface

Reserved
Slave 2 DDR Port 0
Slave 3 DDR Port 1
Slave 4 DDR Port 2
Slave 5 DDR Port 3
Slave 6 External Bus Interface
Slave 7 Internal Peripherals

Table 4.2. Bus Matrix Slaves

4.5. Advanced Interrupt Controller (AIC)

The core features of the Advanced Interrupt Controller are:
* 32 Internal or External Interrupt Sources

* 8-level Priority Controller
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* Level Sensitive or Edge Triggered
* Programmable Polarity for External Sources

Moreover, all PIO lines can be used to generate a PIO interrupt. However, the PIO lines
can only generate level change interrupts, that is, positive as well as negative edges will
generate an interrupt. The PIO interrupt itself (PIO to AIC line) is usually programmed to
be level-sensitive. Otherwise interrupts will be lost if multiple PIO lines source an interrupt
simultaneously.

On the Stamp9G45 only GPIO interrupts are available. The list of peripheral identifiers,
which are used to program the AIC can be found in Table B.1, “Peripheral Identifiers”

4.6. Battery Backup

The following parts of the AT91SAM9G45 Processor can be backed-up by a battery:

* Slow Clock Oscillator

Real Time Timer

Reset Controller

Shutdown Controller
* RTC
* General Purpose Backup Registers

It is recommended to always use a backup power supply (normally a battery) in order to
speed up the boot-up time and to avoid reset problems.

4.7. Reset Controller (RSTC)

The embedded microcontroller has an integrated Reset Controller which samples the
backup and the core voltage. The presence of a backup voltage (VDDBU) when the card
is powered down speeds up the boot time of the microcontroller.

4.8. Serial Number

Every Stamp9G45 has a unique 48-bit hardware serial number chip which can be used
by application software. The chip is a Dallas® one-wire-chip. A Linux driver is provided.
Additionally it functions as the 128 Byte EEPROM.

4.9. Peripheral Input/Output Controller (PIO)

The Stamp9G45 has a maximum of 105 freely programmable digital I/O ports on its
connectors. These pins are also used by other peripheral devices.

The Parallel Input/Output Controller(PIO) manages up to 32 programmable I/O ports. Each
I/O port is associated with a bit number in the 32 bit register of the user interface. Each I/O

8
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port may be configured for general purpose I/O or assigned to a function of an integrated
peripheral device. In doing so multiplexing with multiple integrated devices is possible.
That means a pin may be used as GPIO or only as one of the peripheral functions. The
PIO Controller also features a synchronous output providing up to 32 bits of data output
in a single write operation.

The following characteristics are individually configurable for each PIO pin:
* PIO enable

* Peripheral enable

* Output enable

* Output level

» Write Enable

* Level change interrupt

* Glitch filter: pulses that are lower than a half clock cycle are ignored

* Open-drain outputs

* Pull-up resistor

All configurations as well as the pin status can be read back by using the appropriate
status register. Multiple pins of each PIO can also be written simultaneously by using the
synchronous output register.

For interrupt handling, the PIO Controllers are considered as user peripherals. This means
that the PIO Controller interrupt lines are connected among the interrupt sources 2 to
31. Refer to the PIO Controller peripheral identifier Table B.1, “Peripheral Identifiers”
to identify the interrupt sources dedicated to the PIO Controllers. The PIO Controller
interrupt can be generated only if the PIO Controller clock is enabled.

A number of the PIO signals might be used internally on the module. Care has to be taken
when accessing the PIO registers in order not to change the settings of these internal
signals, otherwise a system crash is likely to happen.

4.10. Clock Generation

4.10.1. Processor Clocks

The AT91SAM9G45 has no PLLB, but provides the 480 MHz USB Clock via a UPLL.

The CPU generates its clock signals based on two crystal oscillators: One slow clock
(SLCK) oscillator running at 32.768 KHz and one main clock oscillator running at 18.432
MHz. The slow clock oscillator also serves as the time base for the real time timer. It draws
a minimum of current (a few micro-Amps) and can therefore be backeded up by a small
lithium battery when the board is powererd down.
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From the main clock oscillator, the CPU generates two further clocks by using two PLLs.
PLLA provides the processor clock (PCK) and the master clock (MCK). PLLB typically
provides the 48 MHz USB clock and is normally used only for this purpose. The clocks of
most peripherals are derived from MCK. These include EBI, USART, SPI, TWI, SSC, PIT
and TC.

Some peripherals like the programmable clocks and the timer counters (TC) can also run
on SLCK. The real time timer (RTT) always runs on SLCK.

Clock Frequency Source

PCK (Processor Clock) 800 MHz PLLA

MCK (Master Clock) 133 MHz PCK/3

USB Clock 480 MHz UPLL

Slow Clock 32.768 KHz Slow Clock Oscillator

Table 4.3. AT91SAM9G45 Clocks

4.10.2. Programmable Clocks

The programmable clocks can be individually programmed to derive their input from
SLCK, PLLA, PLLB and Main Clock. Each PCK has a divider of 2, 4, 8, 16, 32 or 64.

The Stamp9G45 features two programmable clocks PCKO, PCK1.
4.11. Power Management Controller (PMC)
4.11.1. Function

The PMC has a Peripheral Clock register which allows to individually enable or disable the
clocks of all integrated peripherals by using their "Peripheral Identifier" (see Table B.1,
“Peripheral Identifiers”). The System Clock register allows to enable or disable each of
the following clocks individually:

* Processor Clock

 ISI Clock

* USB Host Clock (common for both channels)
* USB Device Clock

* Programmable Clocks

The PMC status register provides "Clock Ready" or, respectively, "PLL Lock" status bits
for each of these clocks. An interrupt is generated when any of these bits changes from
0 to 1. The PMC provides status flags for the

* Main Oscillator
* Master Clock
« PLLA

10
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* PLLB
* Programmable Clocks

The Main Oscillator frequency can be measured by using the PMC Main Clock Frequency
register. The SLCK is used as reference for the measurement.

4.11.2. Power Management

Using power management can dramatically reduce the power consumption of an
Embedded Device. Via the PMC various clocks can be disabled or their speed can be
reduced:

* stopping the PLLs (PLLA and / or PLLB)
* stopping the clocks of the various peripherals
* reducing the clock rates of peripherals, especially by changing MCK.

The PMC supports the following power-saving features: Idle mode and power-down mode.
Please note that not every operating system supports these modes.

* Idle Mode. Inidle mode, the processor clock will be re-enabled by any interrupt. The
peripherals, however, are only able to generate an interrupt if they still have a clock, so
care has to be taken as to when a peripheral can be powered down.

* Power-down Mode. In many cases a system waits for a user action or some other
rare event. In such a case, it is possible to change MCK to SLCK. Any external event
which changes the state on peripheral pins (not the USB) can then be detected by the
PIO controller or the AIC.

It should also be taken into account that when a PLL is stopped it will take some time to
restart it. Changing the PLL frequencies or stopping them can therefore be done only
at a moderate rate. If short reaction times are required, this is not a choice.

Additionally, the following measures can reduce power consumption considerably:
* switching off the TFT supply voltage

* putting peripheral chips like Ethernet controller and / or PHY or serial driver devices
in power down mode

* putting the SDRAM into self-refresh mode

4.12. Real-time Timer (RTT)

The Real-time Timer is a 32-bit counter combined with a 16-bit prescaler running at Slow
Clock (SLCK = 32768 Hz). As the RTT keeps running if only the backup supply voltage is
available, it is used as a Real-time clock.

The RTT can generate an interrupt every time the prescaler rolls over. Usually the RTT is
configured to generate an interrupt every second, so the prescaler will be programmed
with the value 7FFFh.

11
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The RTT can also generate an alarm if a preprogrammed 32-bit value is reached by the
counter.

4.13. Timer Counter (TC)

The Stamp9G45 features two blocks of timer counters with three counters each. Due to
multiplexing four timer counters may be used with external signals.

The TC consists of three independent 16-bit Timer/Counter units. They may be cascaded
to form a 32-bit or 48-bit timer/counter. The timers can run on the internal clock sources
MCK/2, MCK/8, MCK/32, MCK/128, SLCK or the output of another timer channel. External
clocks may be used as well as the counters can generate signals on timer events. They
also can be used to generate PWM signals.

4.14. Periodic Interval Timer (PIT)

The PIT consists of a 20-bit counter running on MCK / 16. This counter can be preloaded
with any value between 1 and 2% The counter increments until the preloaded value is
reached. At this stage it rolls over and generates an interrupt. An additional 12-bit counter
counts the interrupts of the 20 bit counter.

The PIT is intended for use as the operating system’s scheduler interrupt.

4.15. Watchdog Timer

The watchdog timer is a 12-bit timer running at 256 Hz (Slow Clock / 128). The maximum
watchdog timeout period is therefore equal to 16 seconds. If enabled, the watchdog
timer asserts a hardware reset at the end of the timeout period. The application program
must always reset the watchdog timer before the timeout is reached. If an application
program has crashed for some reason, the watchdog timer will reset the system, thereby
reproducing a well defined state once again.

The Watchdog Mode Register can be written only once. After a processor reset, the
watchdog is already activated and running with the maximum timeout period. Once the
watchdog has been reconfigured or deactivated by writing to the Watchdog Mode Register,
only a processor reset can change its mode once again.

4.16. Real-time Clock (RTC)

The Real-time clock combines a complete time-of-day clock with alarm, a two-hundred-
year Gregorian calendar and a programmable periodic interrupt. The time and calendar
values are coded in BCD format.

4.17. True Random Number Generator (TRNG)

The True Random Generator (TRNG) passes the American NIST Special Publication
800-22 and the Diehard Random Tests Suites. It provides a 32-bit value every 84 clock
cycles.
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4.18. Peripheral DMA Controller (PDC)

The Peripheral DMA Controller (PDC) transfers data between on-chip serial peripherals
and the on- and/or off-chip memories. The PDC contains unidirectional and bidirectional
channels. The full-duplex peripherals feature unidirectional channels used in pairs
(transmit only or receive only). The half-duplex peripherals feature one bidirectional
channel. Typically full-duplex peripherals are USARTSs, SPI or SSC. The MClI is a half duplex
device.

The user interface of each PDC channel is integrated into the user interface of the
peripheral it serves. The user interface of unidirectional channels (receive only or
transmit only), contains two 32-bit memory pointers and two 16-bit counters, one set
(pointer, counter) for current transfer and one set (pointer, counter) for next transfer. The
bidirectional channel user interface contains four 32-bit memory pointers and four 16-bit
counters. Each set (pointer, counter) is used by current transmit, next transmit, current
receive and next receive.

Using the PDC removes processor overhead by reducing its intervention during the
transfer. This significantly reduces the number of clock cycles required for a data transfer,
which improves microcontroller performance. To launch a transfer, the peripheral triggers
its associated PDC channels by using transmit and receive signals. When the programmed
data is transferred, an end of transfer interrupt is generated by the peripheral itself. There
are four kinds of interrupts generated by the PDC:

* End of Receive Buffer
* End of Transmit Buffer
* Receive Buffer Full

* Transmit Buffer Empty

The "End of Receive Buffer" / "End of Transmit Buffer" interrupts signify that the DMA
counter has reached zero. The DMA pointer and counter register will be reloaded from the
reload registers ("DMA new pointer register" and "DMA new counter register") provided
that the "DMA new counter register" has a non-zero value. Otherwise a "Receive Buffer
Full" or, respectively, a "Transmit Buffer Empty" interrupt is generated, and the DMA
transfer terminates. Both reload registers are set to zero automatically after having been
copied to the DMA pointer and counter registers.

4.19. Debug Unit (DBGU)

The Debug Unit is a simple UART which provides only RX/TX lines. It is used as a simple
serial console for Firmware and Operating Systems.

4.20. JTAG Unit

The JTAG unit can be used for hardware diagnostics, hardware initialization, flash memory
programming, and debug purposes. The JTAG unit supports two different modes, namely
the "ICE Mode", and the "Boundary Scan" mode. It is normally jumpered for "ICE Mode".
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JTAG interface devices are available for the unit. However, the use of them is not within
the scope of this document.

4.21. Two-wire Interface (TWI)

The TWI is also known under the expression "T°C-Bus", which is a trademark of Philips
and may therefore not be used by other manufacturers. However, interoperability is
guaranteed. The TWI supports both master or slave mode.

The TWI uses only two lines, namely serial data (SDA) and serial clock (SCL). According to
the standard, the TWI clock rate is limited to 400 kHz in fast mode and 100 kHz in normal
mode, but configurable baud rate generator permits the output data rate to be adapted
to a wide range of core clock frequencies.

4.22. Multimedia Card Interface (MCI)

The Stamp9G45 features a onboard Micro-SD-Card slot, which is connected to the MCI-
B interface of the microcontroller. The MCI-A interface is provided for external additional
use.

The MultiMedia Card Interface (MCI) supports the MultiMedia Card (MMC) Specification
V3.11, the SDIO Specification V1.1 and the SD Memory Card Specification V1.0.

The MCI includes a command register, response registers, data registers, timeout
counters and error detection logic that automatically handle the transmission of
commands and, when required, the reception of the associated responses and data with a
limited processor overhead. The MCI supports stream, block and multi-block data read and
write, and is compatible with the Peripheral DMA Controller (PDC) channels, minimizing
processor intervention for large buffer transfers.

The MCI operates at a rate of up to Master Clock divided by 2 and supports the interfacing
of 2 slot(s). Each slot may be used to interface with a MultiMediaCard bus (up to 30 Cards)
or with a SD Memory Card. Only one slot can be selected at a time (slots are multiplexed).
A bit field in the SD Card Register performs this selection.

The SD Memory Card communication is based on a 9-pin interface (clock, command,
four data and three power lines) and the MultiMedia Card on a 7-pin interface (clock,
command, one data, three power lines and one reserved for future use). The SD Memory
Card interface also supports MultiMedia Card operations. The main differences between
SD and MultiMedia Cards are the initialization process and the bus topology.

4.23. USB Host Port (UHP)

In the current revision of the AT91SAM9G45 USB High speed is not working. It will
work in the processor's next revision, which is expected in august 2011. The Stamp9G45
integrates two USB host ports supporting speeds up to 480 MBit/s. USB Host Port A is
connected directly to the transceiver, USB Host Port B is multiplexed with the USB device
port. Only one of them can be used at a time.

The controller is fully compliant with the Enhanced HCI(EHCI) specification. It supports
both High-speed 480 Mbps and Full-speed 12 Mbps devices.
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The USB Host Port (UHP) interfaces the USB with the host application. It handles Open
HCI protocol (Open Host Controller Interface) as well as USB v2.0 Full-speed and Low-
speed protocols.

The USB Host Port integrates a root hub and transceivers on downstream ports. It
provides several high-speed half-duplex serial communication ports. Up to 127 USB
devices (printer, camera, mouse, keyboard, disk, etc.) and an USB hub can be connected
to the USB host in the USB "tiered star" topology.

4.24. USB Device Port (UDP)

In the current revision of the AT91SAM9G45 USB High speed is not working. It will
work in the processor's next revision, which is expected in august 2011. The Stamp9G45
integrates one USB device port supporting speeds up to 480 MBit/s. It is multiplexed with
the USB Host Port B. Only one of them can be used at a time.

The controller is fully compliant with the Enhanced HCI(EHCI) specification. It supports
both High-speed 480 Mbps and Full-speed 12 Mbps devices.

The USB Device Port (UDP) is compliant with the Universal Serial Bus (USB) V2.0 full-
speed device specification. The USB device port enables the product to act as a device
to other host controllers.

The USB device port can also be implemented to power on the board. One I/O line may be
used by the application to check that VBUS is still available from the host. Self-powered
devices may use this entry to be notified that the host has been powered off. In this case,
the pullup on DP must be disabled in order to prevent feeding current to the host. The
application should disconnect the transceiver, then remove the pullup.

4.25. Ethernet MAC (EMAC)

The EMAC module implements a 10/100 MBit/s Ethernet MAC compatible with the IEEE
802.3 standard using an address checker, statistics and control registers, receive and
transmit blocks, and a DMA interface.

The address checker recognizes four specific 48-bit addresses and contains a 64-bit hash
register for matching multicast and unicast addresses. It can recognize the broadcast
address of all ones, copy all frames, and act on an external address match signal.

An individual 48-bit MAC address (ETHERNET hardware address) is allocated to each
product. This number is stored in flash memory. It is recommended not to change the MAC
address in order to comply with IEEE Ethernet standards.

To completely implement ethernet an additional physical layer interface is needed (PHY).
A sample implementation is found on the Starterkit Board.

4.26. Universal Sychronous Asynchronous Receiver and
Transmitter (USART)

The Stamp9G45 has up to four independent USARTS, not including the debug unit.
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The Universal Synchronous Asynchronous Receiver Transceiver (USART) provides one
full duplex universal synchronous asynchronous serial link. Data frame format is widely
programmable (data length, parity, number of stop bits) to support a maximum of
standards. The receiver implements parity error, framing error and overrun error
detection. The receiver time-out enables handling variable-length frames and the
transmitter timeguard facilitates communications with slow remote devices. Multidrop
communications are also supported through address bit handling in reception and
transmission.

The USART supports the connection to the Peripheral DMA Controller, which enables
data transfers to the transmitter and from the receiver. The PDC provides chained buffer
management without any intervention of the processor.

Six different modes are implemented within the USARTS:

e Normal (standard RS232 mode)

RS485

Hardware Handshaking

ISO7816 Protocol: T=0 or T=1

IrDA

RS485. In RS485 operating mode the RTS pin is automatically driven high during
transmit operations. If RTS is connected to the "enable" line of the RS485 driver, the driver
will thus be enabled only during transmit operations.

Hardware Handshaking. The hardware handshaking feature enables an out-of-band
flow control by automatic management of the pins RTS and CTS. The receive DMA channel
must be active for this mode. The RTS signal is driven high if the receiver is disabled or if
the DMA indicates a buffer full condition. As the RTS signal is connected to the CTS line of
the connected device, its transmitter is thus prevented from sending any more characters.

ISO7816. The USARTs have an ISO7816-compatible mode which permits interfacing
with smart cards and Security Access Modules (SAM). Both T=0 and T=1 protocols of the
ISO7816 specification are supported.

IrDA. The USART features an infrared (IrDA) mode supplying half-duplex point-to-
point wireless communication. It includes the modulator and demodulator which allows
a glueless connection to the infrared transceivers. The modulator and demodulator are
compliant with the IrDA specification version 1.1 and support data transfer speeds ranging
from 2.4 kb/s to 115.2 kb/s.

Signals of the Serial Interfaces. All UARTs/USARTs have one receiver and one
transmitter data line (full duplex). Not all USARTs are implemented with full modem
control lines. Furthermore the available lines depend largely on the used multiplexing.
Most modem control lines can be implemented with standard digital ports.

Hardware Interrupts. There are several interrupt sources for each USART:

* Receive: RX Ready, (DMA) Buffer Full, End of Receive Buffer
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Transmit: TX Ready, (DMA) Buffer Empty, End of Transmit Buffer, Shift Register Empty

Errors: overrun, parity, framing, and timeout errors

Handshake: the status of CTS has changed

Break: the receiver has detected a break condition on RXD

NACK: non acknowledge (ISO7816 mode only)
* Iteration: the maximum number of repetitions has been reached (ISO7816 mode only)

Please refer to the chapter about the DMA unit (PDC) for a description of the "Buffer Full"
and "End of Receive / Transmit Buffer" events.

4.27. Synchronous Peripheral Interface (SPI)

The Stamp9G45 features two SPI ports, with four respectively one chipselect available.

The Serial Peripheral Interface (SPI) circuit is a synchronous serial data link that
provides communication with external devices in Master or Slave Mode. It also enables
communication between processors if an external processor is connected to the system.

The Serial Peripheral Interface is essentially a shift register that serially transmits data
bits to other SPIs. During a data transfer, one SPI system acts as the "master" which
controls the data flow, while the other devices act as "slaves" which have data shifted into
and out by the master.

A slave device is selected when the master asserts its NSS signal. If multiple slave devices
exist, the master generates a separate slave select signal for each slave (NPCS). The SPI
system consists of two data lines and two control lines:

* Master Out Slave In (MOSI): This data line supplies the output data from the master
shifted into the input(s) of the slave(s).

* Master In Slave Out (MISO): This data line supplies the output data from a slave to the
input of the master. There may be no more than one slave transmitting data during any
particular transfer.

* Serial Clock (SPCK): This control line is driven by the master and regulates the flow of
the data bits. The master may transmit data at a variety of baud rates; the SPCK line
cycles once for each bit that is transmitted. The SPI baudrate is Master Clock (MCK)
divided by a value between 1 and 255

* Slave Select (NSS): This control line allows slaves to be turned on and off by hardware.

Each SPI Controller has a dedicated receive and transmit DMA channel.

4.28. Synchronous Serial Controller (SSC)

The Stamp9G45 has one SSC interface available, depending on the multiplexing of the
pins.
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The SSC supports many serial synchronous communication protocols generally used in
audio and telecom applications such as I2S, Short Frame Sync, Long Frame Sync, etc.

The SSC has separated receive and transmit channels. Each channel has a data, a clock
and a frame synchronization signal (RD, RK, RF, resp. TD, TK, TF). Both a receive and a
transmit DMA channel are assigned to each SSC.

4.29. AC97 Controller (AC97C)

AC97 Component Specification 2.2 compliant AC97 digital controller. It supports mono or
stereo up to 20 bit sample length and features a sampling rate up to 48 KHz.

Pin Description Type
AC97CK 12.288-MHz bit-rate clock Input
AC97RX SDATA IN Input
AC97FS 48-KHz frame indicator Output
AC97TX SDATA OUT Output

Table 4.4. AC97 I/0O Lines

4.30. Image Sensor Interface (1SI)

The Image Sensor Interface (ISI) supports direct connection to the ITU-R BT. 601/656 8-
bit mode compliant sensors and up to 12-bit grayscale sensors. It receives the image data
stream from the image sensor on the 12-bit data bus. This module receives up to 12 bits
for data, the horizontal and vertical synchronizations and the pixel clock. The reduced pin
count alternative for synchronization is supported for sensors that embed SAV (start of
active video) and EAV (end of active video) delimiters in the data stream.

The Image Sensor Interface interrupt line is generally connected to the Advanced
Interrupt Controller and can trigger an interrupt at the beginning of each frame and at
the end of a DMA frame transfer. If the SAV/EAV synchronization is used, an interrupt can
be triggered on each delimiter event.

For 8-bit color sensors, the data stream received can be in several possible formats: YCbCr
4:2:2, RGB 8:8:8, RGB 5:6:5 and may be processed before the storage in memory. The
data stream may be sent on both preview path and codec path if the bit CODEC _ON in the
ISI CR1 is one. To optimize the bandwidth, the codec path should be enabled only when
a capture is required.

In grayscale mode, the input data stream is stored in memory without any processing. The
12-bit data, which represent the grayscale level for the pixel, is stored in memory one or
two pixels per word, depending on the GS_ MODE bit in the ISI CR2 register. The codec
datapath is not available when grayscale image is selected.

4.31. LCD controller

The LCD controller supports single and double scan monochrome and color passive
STN LCD modules and single scan active TFT LCD modules with a resolution of up to
2048x2048 with a color depth of up 24 bits per pixel.
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The LCD controller relies on a relatively simple frame buffer concept, which means that
all graphics and character functions have to be implemented in software: character sets
and graphic primitives are not integrated in the controller.

4.31.1. LCDC Initialisation and LCD Power Sequencing

LCD cells (pixels) should not be subjected to DC power for prolonged periods of time,
as chemical decomposition might take place. The LCD controller therefore provides for
a strict AC control of the LCD pixels. To do so, the LCD controller has to be initialized
appropriately. Switching on the LCD supply voltage therefore has to take place after the
LCDC initialization or shortly before.

Accordingly, the LCDC should not be powered down without deactivating the LCD supply
voltage. The same is true if the LCDC is stopped indirectly by stopping the respective
clock source, namely the PLLA.

The LCD backlight supply is not involved in these considerations. It may switched on or
off at any time independently of the state of the LCDC.

4.31.2. LCDC Frame Buffer
The LCDC Frame Buffer typically resides in the external RAM.

The LCDC video memory is organized as a frame buffer in a straight forward way. It
supports color depths of 1, 2, 4, 8, 16, or 24 bit per pixel. The video data is stored in a
packed form with no unused bits in the video memory.

The color resolutions of 1, 2, 4, and 8 bpp (bits per pixel) use a palette table which is made
up of 16-bit entries. The value of each pixel in the frame buffer serves as an index into
the palette table. The value of the respective palette table entry is output to the display
by the LCDC, see Table 4.5, “LCDC palette entry”.

Bit[14..10] Bit[9..5] Bit[4..0]
Blue[7..3] Green[7..3] Red[7..3]

Table 4.5. LCDC palette entry

The bits 2..0 of each color channel are not used in the palettized configuration — they
are set to 0.

The same scheme as above is used in the 16-bit color resolution configuration, although
in this case the frame buffer entry is output directly to the display instead of indexing a
palette table.

In the 24-bit color resolution configuration, each frame buffer entry consists of one byte
for each color, see Table 4.6, “LCDC 24 bit memory organization”.

Bit[23..16] Bit[15..8] Bit[7..0]
Blue[7..0] Green[7..0] Red[7..0]

Table 4.6. LCDC 24 bit memory organization
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If the LCD Module has lower color resolution (fewer bits per color component), only the
most significant bits of each component are used.

The Linux frame buffer driver offers a function which returns the information about the
frame buffer structure including the assignment of each frame buffer bit to a color channel
bit. It is recommended that graphics software uses this function in order to achieve a
correct color representation.

4.32. Touch Screen ADC Controller (TSADCC)

The Stamp9G45 has additional to touch panel support three ADC channels available.

The Touch Screen ADC Controller is a 10-bit Analog-to-Digital Converter supporting
resistive touch screen panels. It can be used as Touch Screen Controller, ADC or both
supporting eight lines maximum. It integrates a 8-to-1 analog multiplexer for analog to
digital conversions of up to 8 analog lines, four power switches that measure both axis
positions and a pen-interrupt and pen-loss switch.

The conversions extend from 0V to TSADVREEF an external voltage reference for better
accuracy. It supports 8-bit or 10-bit resolution mode. Every channel can be enabled and
disabled seperately. It supports 10-bit 384 Ksamples/sec.
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5. Design Considerations
5.1. Ethernet Controller (EMAC)

The emac needs an aditional PHY design. The emac supports both, MII and RMII interface.

Please take care of the specific layout requirements of the Ethernet port when designing
a base board. The two signals of the transmitter pair (ETX+ and ETX-) should be routed
in parallel (constant distance, e.g. 0.5mm) with no vias on their way to the RJ45-jack. The
same is true for the receiver pair (ERX+ and ERX-). No other signals should be crossing
or get next to these lines. If a ground plane is used on the base board, it should be omitted
in the vicinity of the Ethernet signals.

A 1nF / 2kV capacitor should be connected between board ground and chassis ground
(which is usually connected to the shield of the RJ45-jack).

5.2. USB
5.2.1. USB Host Controller (UHP)

External Parts. A few external parts are required for the proper operation of the UHP:
* No pull-down resistors are needed.

* No series resistors are needed.

* Small capacitors (e.g. 15pF) to ground on each line (optional).

» ESD protection devices are recommended for applications which are subject to external
contact. The restrictions with regard to capacitive loading have to be applied when
selecting a protection device.

* A circuit to generate the 5V VBUS supply voltage.

Vgus considerations for USB Host. A USB host port has to provide a supply voltage
Vgus of 5V +- 5% which has to be able to source a maximum of 500mA, or 100mA in case
of battery operation. Please refer to the appropriate rules in the USB specification. A low
ESR capacitor of at least 120pF has to be provided on Vgyg in order to avoid excessive
voltage drops during current spikes.

Vgus has to have an over-current protection. The over-current drawn temporarily on
Vgus must not exceed 5A. Polymeric PTCs or solid state switches are recommended
by the specification. Suitable PPTCs are "MultiFuse" (Bourns), "PolyFuse" (Wickmann/
Littelfuse), "PolySwitch" (Raychem/Tyco).

It is required that the over-current condition can be detected by software, so that Vgyg
can be switched off or be reduced in power in such a case.

Layout considerations. If external resistors are needed, they should be placed in the
vicinity of the module's connector. The two traces of any of the differential pairs (USB-
Host A+ and USB-Host A-, as well as USB-Host B+ and USB-Host B-) should not encircle
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large areas on the base board, in order to reduce signal distortion and noise. The are
preferably routed closely in parallel to the USB connector.

USB High-Speed. If designing USB High-Speed a wave impedance of 90 Q on the
traces should be respected. The traces shoud be routed as short as possible and in parallel
with as low parallel capacitance as possible.

5.2.2. USB Device Controller (UDP)

External Parts. A few external parts are required for the proper operation of the UDP:
* No pull-down resistors are needed.
* No series resistors are needed.

* A voltage divider on the 5V USB supply voltage VBUS converting this voltage to 3.3V
(1.8V), e.g. 27 kQ / 47 kQ, for the VBUS monitoring input (USB_CNX).

* ESD protection devices are recommended for applications which are subject to external
contact. The restrictions with regard to capacitive loading have to be applied when
selecting a protection device.

The USB specification demands a switchable pull-up resistor of 1.5 kQ on USB-Device+
which identifies the UDP as a full speed device to the attached host controller. On this
module, this resistor is integrated on the chip. It can be switched on or off using the "USB
Pad Pull-up Control Register”, which is part of the "Bus Matrix User Interface" (not the
"USB Device Port User Interface", as one might expect). This pull-up resistor is required
to be switchable in order not to source current to an attached but powered down host.
This would otherwise constitute an irregular condition on the host. The software has to
take care of this fact.

The capacitors are intended to improve the signal quality (edge rate control) depending
on the specific design. They are not mandatory. The total capacitance to ground of each
USB pin, the PCB trace to the series resistor, and the capacitor must not exceed 75pF.

Operation with Vgyg as a Supply. Special care has to be taken if the module is
powered by the VBUS supply. Please refer to the appropriate rules in the USB specification
with regard to inrush current limiting and power switching. As the module draws more
than 100mA in normal mode, it is a "high-power" device according to the specification
(<100mA = "low-power", 100..500mA = "high-power"). It therefore requires staged
switching which means that at power-up it should draw not more than 100mA on VBUS.
The capacitive load of a USB device on VBUS should be not higher than 10pF.

Layout considerations. The external resistors should be placed in the vicinity of the
module's connector. The traces of the differential pair (USB-Device+ and USB-Device- )
should not encircle large areas on the base board, in order to reduce signal distortion and
noise. The are preferably routed closely in parallel to the USB connector.

5.3. Memory Bus

On the Stamp9G45 the memory bus is driven with 1.8V. This affects the voltages of PIOC-
controller pins, they are 1.8V as well. Not affected are the ADC-Channels, which have their
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own ADVRggr. The Vygym pins on the module are pin one and two of the bus interface. If pins
of PIOC or the memory bus are in use on the customer's design it is highly recommended
to implement buffers on both memory bus and PIOC pins.

The memory bus is used inside of the module. It can be either 1.8V or 3.3V. The Vyyem
pin of the module is powered by the module itself. Do not power this pin externally to
maintain inter-product dependencies. A difference between Vo, and VCC may also affect
the behaviour of one PIO-controller of the respective module.

To connect 3.3V chips to the memory bus or to maintain compatibility between various
products it is recommended to implement buffer chips on the memory bus externally, like
shown in Figure 5.1, “Buffered Memory Bus (PIOC) 1.8V - 3.3V”

To connect 5V chips the same schematics can be used with suitable buffer chips.
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Appendix A. Peripheral Color Codes

This table matches the color used to identify various peripherals in tables.

Power Supply/Ground
USART

SD-Card/MMC

Ethernet

Image Sensor Interface
Embedded Trace Macrocell
Compact Flash Interface

Can Controller

Soft Modem
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Appendix B. Peripheral Identifiers

ID Mnemonic

Peripheral Name External
Interrupt

7 Uso USART 0
8 US1 USART 1
9 US2 USART 2
10 US3 USART 3
11 MCIO High Speed Multi Media Card Interface 0

25 EMAC Ethernet MAC

26 ISI Image Sensor Interface

28 Reserved

29 MCI1 High Speed Multi Media Card Interface 1
30 Reserved

Table B.1. Peripheral Identifiers
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Appendix C. Address Map (Physical
Address Space)

After the execution of the remap command the 4 GB physical address space is separated
as shown in the following table. Accessing these addresses directly is only possible if
the MMU (memory management unit) is deactivated. As soon as the MMU is activated
the visible address space is changed completely. If absolute memory addresses should be
accessed within an application, the corresponding address space has first to be mapped
to the virtual address space using mmap or ioremap under Linux.

Address (Hex) |Mnemonic Function

50 0000 LCDC LCD/TFT controller

FFF8 0000 MCI 0 Multimedia Card / SD-Card Interface #0

FFF8 C000 USARTO Synchronous or Asynchronous Serial Port #0
FFF9 0000 USART1 Synchronous or Asynchronous Serial Port #1
FFF9 4000 USART?2 Synchronous or Asynchronous Serial Port #2
FFF9 8000 USART3 Synchronous or Asynchronous Serial Port #3
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Address (Hex) |Mnemonic Function
FFFB 4000 ISI Image Sensor Interface

FFFB C000 EMAC Ethernet Controller
FFFD 0000 MCI 1 Multimedia Card / SD-Card Interface #1

FFFF EE00 DBGU Debug Unit, including UART

FFFF FD50 SCKCR Serial Clock Register

Table C.1. Physical Address Space

28



R

=

I
Stamp9G45 Pin Assignment

Appendix D. Stamp9G45 Pin Assignment

49

Pin| GPIO |Periph. A |Periph. B| Add. Add. Periph. B | Periph. A| GPIO |Pin
Function Function
1 VMEM VMEM 2
3 4
5 6
7 8
9

RTS2 CFCE2

GND

GND 50

51

VCC

VCC 52
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Pin| GPIO |Periph. A | Periph. B Add. Add. Periph. B | Periph. A| GPIO |Pin
Function Function
65
67
69 GND
71 ISI DO ISI D1
73 ISI D2 ISI D3
75 ISI D4 ISI D5
77 ISI D6 ISI D7
79 ISI PCK ISI
HSYNC
81 ISI VSYNC PCK1 ISI MCK
83 TXD3 ISI D8 ISI D9 RXD3
85 ISI D10 ISI D11
87
89
91 RTCK
93 NTRST JTAGSEL 94
95 TDI TMS 96
97 TDO TCK 98
99 GND GND 100
Table D.1. Pin Assignment BUS Interface
Pin| GPIO |Periph. A |Periph. B| Add. Add. Periph. B | Periph. A| GPIO |Pin
Function Function
1 VCC VCC 2
3 ETXCK ERXDV 4
s I oty 6
7 TSADVREF 8
9 LCD LCD 10
VSYNC HSYNC
11 LCD LCDDEN 12
DOTCK
13 LCDCC LCDD2 LCDDO 14
15 LCDD1 LCDD3 LCDD4 LCDD2 16
17 LCDD3 LCDD5 LCDD6 LCDD4 18
19 LCDD5 LCDD7 LCDD10 | LCDDG6 20
21 LCDD7 | LCDD11 LCDD12 | LCDD8 22
23 LCDD9 | LCDD13 LCDD14 | LCDD10 24
25 GND GND 26
27 LCDD11 | LCDD15 LCDD18 | LCDD12 28
29 LCDD13 | LCDD19 LCDD20 | LCDD14 30
31 LCDD15 | LCDD21 LCDD22 | LCDD16 32
33 LCDD17 | LCDD23 LCDD18 34
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49

Periph. A | Periph. B Add. Add.
Function Function

51
53

55

57
59
61
63
65
67
69
71
73
75
77
79
81
83
85
87
89
91
93
95
97
99

VCC

MCIO DA4

MCIO DA5

MCIO DA6

MCIO DA7

TXD1

RXD1

RTS1

CTS1

TXD2

RXD2

.

GND

ETXO0

ERX0

ERXER

EMDC

Table D.2. Pin Assignment IO Interface

52
54

56

58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96
98
100
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Appendix E. Stamp9G45 Electrical

Ambient temperature 25°C, unless otherwise indicated
Symbol Description Parameter Min. Typ. Max Unit
Vee Operating Voltage 3.0 3.3 3.6 Vv
VMEM Memory Bus Voltage 1.65 1.8 1.95 \%
VRES Reset Treshhold 2.9 \Y%
Tres Duration of Reset 150 280 ms
Pulse
Vig High-Level Input|3.3V 2.0 Vee + 0.3 |V
Voltage (PIOC4 - PIOC31)|1.26 2.1 \Y
1.8V
ViL Low-Level Input|3.3V -0.3 0.8 \Y%
Voltage (PIOC4 - PIOC31)[-0.3 0.54 Vv
1.8V
P Normal Operation 345 mwW
Full Load max. 457 mW
Stand-By 266 mW
Power-Down 125 mW
VBATT Battery Voltage 2.0 3.0 Vee Vv
IgaTT Battery Current Ambient temp. = 5 HA
25°C
Ambient temp. = 17 pA
70°C
Ambient temp. = 22 pA
85°C

Table E.1. Electrical Characteristics
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Appendix F. Stamp9G45 Clock

Characteristics
Symbol Description Dependency Tolerance |Typical Unit
Value
MAINCK Main Oscillator frequency 12.000 MHz
SLCK Slow Clock 32.768 KHz
PLLACK PLILA Clock MAINCK 800.000 MHz
PCK Processor Clock PLLACK 400.000 MHz
MCK Master Clock PCK 133.000 MHz
DDCK DDRAM Clock MCK 266.000 MHz
BCK Baudrate Clock MCK 1.5% 8.25(max) |MHz
UPLLCK USB Clock MAINCK 0.25% 480.000 MHz

Table F.1. Clock Characteristics
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Appendix G. Stamp9G45 Environmental

Ratings

Symbol Description Parameter Operating |Storage Unit
Min. [Max. |Min. Max.
Ta Ambient temperature -30 85 -45 85 °C
Relative Humidity no condensation 90 90 %RH

Absolute Humidity

<= Humidity@Ty, = 60°C,

90%RH

Corrosive Gas

not admissible

Table G.1. Environmental Ratings
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Appendix H. Stamp9G45 Dimensions
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Figure H.1. Stamp9G45 Dimensions

35



1951}

Starterkit Schematics

Appendix I. Starterkit Schematics

8X I1njIaIe]s ‘11 aanbig

0T-G62TT9 08(0) 6v+ Xed 0-562T19 0£(0) 6+ 1oL 9 /T W8S  TI0Z'L0'%T WMeq  w oWy TOTOT'6T  IIN-d1
uiliag 28y2T-Q ‘L€ WWeQ JouIag-goID 8Xd  uomwns
Hqwo 1visel (2) 60-Y wosnes  9SBE-GHOAWELS  wreloa
ano OIN3/6TVd olaw3
ano OQW3/BTVd 2aW3
L L N3XL3/pTvd PENE]
oar oaL HIXHI/ITVd ¥Ix3
SWL SWL TXYI/ETVd TXy3
1aL 1aL 0X¥3/2Tvd ox¥3
T3soVLr 13sOVLe TX13/TTVd ™13
ISUIN LSHIN 0X13/0TVd ox13
LIVMN/STOdE LIVMN ano
LY oL ano
JITZN Livan daa 4aa
1SuN 1S¥N waa waa
A dNIM 9daH 8daH
_ NGHS NGHS AWaH ANaH
TIQ7ISI/THOML/TTEd T10_IS1/STd VdaH VdaH
01d ISI/TAML/0TEd 014 ISI/¥Td _ YWaH VYWaH
60_ISI/EaX¥/68d 60_ISI/ETd ¥8011/6¥a_01ON/SVd £VAON
80 ISI/E0XL/88d 80 ISI/2Td ¥YOIL/2¥a_0IoW/bvd 2v¥aoN
THOIMON_ISI/TESd SOW_ISI/TTd YIHOL/TVA_OIOW/EVd VAW
ONASA_ISI/628d ONASA_ISI/0Td £8011/0v¥a_010W/2vd OVaW
ONASH_ISI/0E8d ONASH IS1/60d 5101/ 0IOW/0Vd SO0
30d_IS1/8zad M0d_1S1/80d £YOIL/¥AD 0IOW/TVd VAOOW
1a71s1/228d TQY/T10d 2MS/TaY
9a7I51/928d 1aL/0Tad TMS/TAL
Sa_IS1/528d THY/ETAd AT VTR
va_Isi/vzad 0%0d/T3L/2TAd AT 1/THL
£a_IsI/ezad T44/5Tad o] qua /Ty
2a_lIsi/eead | T3i1/v1ad Qd3/T4dL
Ta_IsI/Tead Ta_ISI/10d 2NMd/0%0d/92ad 2505/00xy
0a7IS1/028d 00" IS1/00d THOS/TH10L/620d THOS/AXL
ano ax¥a/zrad 5 axd
ano axLa/eTed 85axia
ST sta TvOIL/120d 89 a14/0s10
Vora v1a 0¥011/020d 758020/05 1y
 era €10 2axy/.9d 5o 28SA/00%d
Vot 21a 2ax.1/98d 5 B¥10/00XL
Vit 11d TSL0/.1ad Ho|8s1o
0T 1 ora TSLY/91ad 598518
] 600 TAXY/S8d 29 aaxy
oo 800 _TaX1/v8d $oeaxt
o0 200 £X43/.YQ_0IOW/6Vd N
o0 900 2X43/9vQ_0IOW/8Vd &5 ¥a0a
o0 sod £X13/SYQ0IOW/LYd e vasa
Voo vod 2X13/b¥Q 0IW/9Vd e vala
O T —50| €09 0SLD/ISON_TIdS/ST8d 52 vsL0
VeoaTas—a2{ 200 0S18/0SJdN_TIdS/2T8d vSLd
;mmﬂmwmlwm 100 - TSDdN_01dS/00X4/8T8d S vaxy -
LS00 TTase 82 000 QD 2SDdN”01dS/00X1/6T8d o vaxL QD
o o oo °
—t ene+ Q@ 20A T EAE+ Qmﬁ 20A T
[st:00la T1838 T _[os] MUW w T _[os] muw —
3 ~
2514/23049/60d8 2304 c 0%OML/T2Vd SOML
13040/80d8 13090 _ 0aML/02Vd am O
ol T1838 SUMN (7)) TSOdN”TIdS/94LAVSL/820d ol
B10140/TYMN/TSEN_TIg38 THMN TWMd/ZSIdN_01dS/S2ad -{2sads —
ELE "Tig38 OUMN — OWMG/TSIdN 01dS/¥2dd £ 1S0dS
3040/QUN TI838 QuN S 0SJdN_01dS/€8d 2ds >
£NDA/TOdeE LSON =3 ISOWN_0IdS/Tad ISON -+
2N0a/00d8 9SON OSIW0lds/08d {osin )
2SL0/TSO40/SSON/TTOdE SSON D 5I0dS~01dS/28d >10dS =
>101/05040/v50N/0TOd8 ¥SON = £20007/0£3d 001 —
SOANVN/ESON/PTIdE €SON -h 2200071/623d 220001 Q
2SON/ETOdE 2SON Q 120a071/823d 120001
SOAS/TSON_TIg3g TSON o 02a27/223d Qa1 (@]
0SON_TIg38 0SON 6100071/923d TAa1 o]
X4.60¥/90d XHL60V (0] 8100071/523d a0
SVOIL/X1260v/.0d X160V £€200a01/.10a0/v23d 4 (ezas210)an
SYTOL/MIL60V/60d 0260V 220007/9TAA01/€23d (220/910)a01
S8011/5460¥/80d 4260V 120007/51A001/223d 120/51Q)a01
T o] 0200971/vTAAIV/T23d 5 a/v1Q)a01
ano 6100071/E1AA01/023d G a/£10)ad1
MNY0/S2V/2TOdE sev 8100071/21A001/613d o5 (810721000
2v/L0dg ey $10097/11AA2/813d (510/110)ad1
£2v/90d8 £2v T _[s]ame
EQel! a8 2 ano
JIVANVN/T2v/p0d8 T2v ¥10097/0TAQYV/L13d 2o (v1a/010)a0
02v/€ddg [ £10007/60001/9T3d 10/60)001
61v/20d8 61V 210001/804071/ST3d (z1a/80)a01
STYTIETg 81V 110007/200971/¥T3d (110/20)a01
e 1y 0100071/90091/ET3d (010/90)a21
STV T 91V £0a271/50001/213d £20/50)a01
SV TeT St 90a21/¥aadV/T13d a/vQ)ad1
oty vIv $a051/£A021/013d 0/£0)a01
EEE] ETY #0021/20097/63d ¥0/2Q)ao
STV TTEag 422 £00071/TA00V/83d £0/10)a01
TV TTE v 20a271/00027/23d 20/00)a01
ST oty 20007/23d 22021
ST 60V N3Q@1/93d a1
SO TTaay 80V 5010aa0/53d 30100001
EEE] LoV ONASHAOV/v3d o ONASHAO1
SOV TTEg 90v ONASAGDV/ETd ONASAGDT
oV TTE sov J3AQVSL Liven
ST vov Ssa
oV €0V 0%101/620d XdNVO
(A EE] 20v 2volL/zead XINVO
Tz RNTZSIN T TOY AQX¥3/STYd JE]
A4 TNt A L N SOXI3/LTVd Z%0X13
et < WIWA+ << 00\
SsJaav Tig3g NS+ %X WIWA+ S+ %k 00A
23 T9X

8X4-SN8-SrOdINVLS

ano
ano
oL oL
oar oaL
SWL SWL
1aL 1aL
SOV TESOVLL
1SHIN 1SUIN
LIVMN/STOd LIVMN
oLy oLy
Liven LLVEA
1SuN 1SN
dMIM dMIM
_ NGHS NGHS
1107 IS/ THOML/TTEd 110_ISI/STd
0Td ISI/TAML/0T8d 014 ISI/¥Td
60_ISI/£0X¥/68d 60_ISI/ETd
80 ISI/€0XL/88d 80 ISI/2Td
THO/MON_ISI/TESd SOW ISI/TTd
ONASAISI/628d INASA_ISI/0Td
ONASH_ISI/0E8d
0d_IS1/829d
L071S1/.28d
947151/928d X
SA_1S1/528d Sa_IS1/50d
ya_IsI/vzad ¥aISI/v0d
£071S1/£28d a”ISI/£0d
za7IsI/zzad 2d7IS1/20d
10_1S1/T28d 1a_ISI/10d
047 151/028d a_151/00d
ano
ano
S1a
LS v1a
lera €10
bora z1a
[ 110
lora o1a
5 600
5 a
b o0 200
booa 900
o soa
fn x50 T
€00 1193
200 TT93 coa x
b Toa Trag Toa (0¢]
fooa Ta3 www 1
— 20A lus)
[st:00la T893 ano c
ano
2SL4/23040/60d Te30i0 (7))
T3040/80d 713040
Mol Tie3 3 —
HOI30/THMN/TSEN_TI83 7 TN S
I Tie3 2 -
3040/QuN TI83 v aQuN
ENDQ/TOd 7| LSON D
2NOA/00d 7] 9SON -
2S10/TS040/SSON/TTOd N —h
20L/0S030/rSON/OTId ¥SON Q
SOANVN/ESON/YTOd ON )
ZSON/ETId ZSON
SOGS/TSON_T183 TSON D
0SON TIg3 ON
X4260¥/90d XUL6DY
SYOIL/X1260v/.Qd X1L60V
SHTOLOL6DV/6Ad 0262V
SH01L/53£6V/80d 4260V
= ano
T oo
MNEH0/52/2TOd
v2v/.2d
£2V/90d
F1OANYN/22V/S0d
JIVANYN/T2V/bd
02v/£0d
6Tv/20d
TY
M VITveTIES L1V
STV/0vE T183 o
STV T3
CAAMRAEE] vy
(EE] v
ALt z1y
e v
AALE] v
50V T3
e
O ALE] 0v
SOALE] Sov
ZOALE] rov
(GE]
{RALCE] 0%
T AEEN
__)/OV/0SEN 1153 1 FRbA
ss3yaav Tig3 anns O—6—<wanns

OIQW3/6Tvd

7801L/£¥a_0ION/SVd
#YOIL/2¥a_0IOW/PYd
PIIOL/TYA_0IOW/EVd
£8011/0va_0I1oW/2vd
EX101/5%0_010W/0vd
£VOIL/VAD 0IOW/TVd
TQY/11ad

1a1/01ad

THY/ETAd
0M0d/TH1/2Tad
T44/510d

T41/710d
ZNMd/0%0d/920d
THOS/TY10L/620d
axya/zrad
ax1a/e18d
TV011/120d
0v011/020d
2axy/L8d

2aX1/98d

1510/.1ad
TS14/910d

TaXy/58d

_10X1/v8d
£X¥3/LYQ_0ION/6Vd
2X43/9va_0IOW/8Vd
£X13/5YQ_0IOW/LYd
2X13/¥¥Q_ 010W/9Vd
0S10/ISOW_TIdS/STad
0S14/0S0dN_TIdS/LT8d
TSOdN_01dS/00X¥/8T8d
2S0dN ™ 01dS/0X1/6T8d

OMOML/TZVd

- 0aML1/02vd
TSOdN ™ TIdS/9410vS1/82ad
TWMd/ZSOdN_01dS/52ad
OWMd/TSOdN 01dS/¥Zad
0SJdN_0IdS/egd
ISOW_0IdS/T8d
OSIW_01dS/08d
30dS”01ds/28d
£20001/0£3d
220001/623d
120a01/823d
020a0V/.23d
610001/923d
810001/523d
£20001/210001/¥23d
220a01/91aa01/€23d
120001/514001/223d
020@01/¥1ad0V/123d
610001/€10001/023d
810001/210001/613d
$1Q@01/11aa01/813d

¥10001/010A0V/2T3d
£10001/60007/9T3d
210001/8A007/ST3d
110001/2000V/vT3d
0T0@01/9000V/ET3d
£00971/50001/2T3d
94a01/¥aaoV/IT3d
$0001/£00071/0T3d
¥0001/20001/63d
£0001/10001/83d
20021/00407/23d
000071/23d
N3Qa01/93d
%0100a01/53d
ONASHAOV/¥3d
ONASAQO1/€3d
43YAQYSL

Swa

03101/€2ad
2v0lL/22ad
AQXY3/STVd
NOX13/LTVd

8X4-0/I-579dWVLS

JAQIVIHY
NOAI VAL

QU3 V/TR
Qd3/TdL

2405/aaxy
THOS/AAXL

814/2810

8a00/0S14
84Sa/0axXy
8410/0aXL

adJelalu] O/1-8X4

ool
&

T _[“oc]

810001
(€za/210)ad1
(zza/91@)ant
(rea/s1@)aot
(0za/y1@)ant
(610/£1Q)A01
(810/210)ad1
(5Ta/T1@)a01
ano

ene+ %H

ano
(¥10/01Q)a01
(e10/6@)a01
(zrasga)ann
(T10/20)a01
(ota/e@)aot
(zass@yann
(9a/v@)aon

(ea/1@)aon
(zasoa)ann
20091
N3ao1
50100001
ONASHAO1
ONASAGOT
FILEIN

36



1951}

Starterkit Schematics

Iayyng INI8LIe)S “g'T 2aInbig

0T-G62TT9 0£(0) 6%+ Xed 0-S62TT9 0E(0) 67+ “IoL

000ATVPL

9/7 WS TTOZL0WT SWmeEq W oWy TOTOTET UN-dl
uIag £8yZT-q ‘LE WWeQ JauIag-goI H344Ng  :uouns
HAWD 31uydsanauyday wisel (2) 60-Y womney 9SE-GYOAWEIS  vroons
oo ebhd o Llbd o Jalikel o Talba o Talkel o Tebl o Toloks
HEEEI aNo 2l 3]s ang B ano 2l 3]s an Al 38 aNo B = 15 an 2|8 32 ang 28
MdSVZLBHOVYL MdSYZIBHONYL MASVZLBHOAVYL MdSYZIBHOAVYL MdSVZLBHOAVYL MdSVZIBHOAVYL MASVZLBHOAVYL
3601 8201 -_— 8901 -— -0l -_— 8401 -_— €0l -_— 8201 -_— &100
800 voon 200 woOA 800A__ WOOA 200 wooA 800A__ WoOA 200 VoA 800A__ WoOA
T;TN T ;TN e |t vz TN T ;TN e |t ve %mw T T EIRE ve [ee [t
Inan+ WA+
MdSZLBHONY YL
0 |7
va-/av f[7—O Wawa+
13040/80d8 sr{88 v for 13040/80d _
HOI40/THMN/TSEN_T1838 e wis ¥OI40/TYMN/TSEN TIg3
dNa xz 3040/QuN T1838 sr{oe ovlg 3040/QuN” TI83
\\\\\\\\\\ - 2Wda/00da ss svfr 2ZNOa/00d
. | s : 2310.1/0S240/7SON/0TIdE e wls 2¥101/0SD40/7SON/0TId
! | 2SON/ETOdE sTles ev 2SON/ETOd
| 0SON TIg38 o T = 0SON 1183
| " ¥2v/L0d8 e wle ¥2v/20d
E3 " ER | ZE]
|
|
dnan+ ENE+ | dneA+ wana+ !
P | MdSZLBHONY YL
0 |7
va-/av f7—QO Wawa+
MN¥0/52v/2Todg FT188 8V |or MNY30/52v/2Tod
SOAS/TSON Tlg3g e wis $OQS/TSON Tl83
SOONVN/ESON/10d8 sr{os ovlg SOANYN/ESON/PTId
2510/15040/9SON/TTd8 se svlz 2S10/TSJ40/SSON/TTOd
£NDQ/10d8 ar|ve s £NOA/TOd .
ELLE I_T1838 FT]E8 &V IMLO/0: 1183
000AWWYL 00OATVYL MOl TIg38 e ol MOIEI/E: Tig3
Livmn/sTods [ [ Livmvstod 2518/23049/6d8 e wie 2518/23049/69d
Voo
dNa "\Nﬂq\,
L=
Jnan+ [F——<"7 =ne3o-
o
000ATYPL
SOONVN/ESON/PTOd
ang30- <} L ——— -
T <] s0as/TsoN Tiga Jr—
30177
va-/av fz—O WaWA+
ZTv/Tvd 11939 T wm w« oT PANZANTEIAEEN
i 6
stv/zoda (—OTVOvE T3 Ell Pl SIVAVE TS — gryz0g
CIATN DA b JAMAEEN
JVANYN/TZY/70d8 ar{re IVANYN/T2Y/70d
02v/£2d8 srles evle 02v/£2d
£2v/92d8 s o £2v/92d
31a 0dg e wle 3100 9d
Vool
MISTELBHONYL MdSPZLBHOAY YL
- Ng30-
Sl [V . o— S A so-
o Z
va/av |7 3040/QuN TI83 v o [F—O wawns
100 Tia3g T mm w« LS ((ORAEEN b rvreomrzsan TraT | 80 o for T
€00 T1a39 o] [6—coq Tray s
bsoq Tia3g ot %8 O [soq Tiaay €0v_TTa3d 11 Pl &
[ORAEE AT R EEN [Sov_Tia3g £l T 5
s00 TIagaT| e vV EEN Zov_Tia3g T|%8 VT T
e e LEN EOTMAEEE] ELE B ] [
SORAEEE R Ll i3 EEN [Tiv_Tia3g i R T
R EE A R i3 BB\ eIV Tla3g 07| [T TV 1103y
— Gl E-E— R EIAAUEE)
Vo1
MdSYZLBHOY YL [
- 4n830-
<> 0 7 ~ 10 |7
va/av |7 3040/QUN varav [—O wawn+
8v
W Ma mu,m, (ACMIEEE] FT|88 8 [or AAIEE)
ov g LEN TV 11939 13 P TV 1183
SVIT EEN (EEE) oT]%8 o[ T
T wls RALE) 80V_T1839 T|S8 SVIT (EEN
%00 11939 6r| %9 €Y [T oq Traay 90v_T1939 11 I (EEN
200 Tragg_oz| [T PASRAEEN D L1 g & =y
—_Jooa e (e e Ssa o7 [e et
[st:00]a TIg38 vl [st:00]a TIg3 CES]
—_— —

ss3aav TIg3g

$s3aav TI83

37



1951}

Starterkit Schematics

ATowd | IpjI9YIe)S "¢ Inbrg

0T-562TT9 0€(0) 6v+ 'Xed  0-662T19 0£(0) 67+ “I18L 9 /€ @Wds  TT0Z'L0'WT ‘Wneq W oWy TOTOT'6T  N-d1
UIpeg [8YZT-Q *LE WWRQ JAUIIBE-50ID AHOWIN  uomuns
Hawo 1ysel (2) 60-Y wosmey  9SRG-GHOAWRIS  vefoig
o1e
FAN o[ > sne
aseJ3 ‘SINg
gsouoin
35V O
35v0 o4 N
ziva $VOI1L/2¥a_0IOW/vvd NTONSLO

£1v0/a0 00T v8011/E¥a_0IOW/SVd

00T8 X
£YOI1/¥aD 0IDW/T¥d 1959y

EXDL/5 010W/0Vd

£8011/0¥a_0I10W/2Vd
YIOL/TVA 0IOW/EVd

EAE+

| |
| |
| |
, INNSPLY |
| |
! S3y-

|

| so- NOIdS/E8d |
| %8 <5 %ods_olds/zad |
' 1S 1SON"01dS/T8d |
| o OSIW01dS/08d |
| ] ”
|

| |
| |
S 1

aL
£1020d0vZTSd
Tds

4u00T

8ve
Tasovie Qo7
EAE+
dNd
jod QT auuem T
Rl
H—— < oy
avoe”  1aLefot 1aL i ”
1sun | L - -
1581-0 ansn 0o mu
1sus-0” 9
"
EEETTY \
anoe”
ZiX
Ov.l o
98OAWL
8-8101
agonTrL
61
00 <] S8011/54.60v/80d

0 I 610091/923d
I et

dNa

38



1951}

Starterkit Schematics

[ELIaS ID[IeLIR)S “f°] 9Inbig

0T-G62TT9 0£(0) 6%+ Xed 0-S62TT9 0E(0) 67+ “IoL
uipeg 8vZ1-Q ‘LE wuwreq Jaulag-goIo

Haqws isel (0)

9 /v @WdS  TT0Z'L0'WT ‘Wneq O oWy TOTOT'6T  N-d1

IVIYAS  vomiung
60-Y wosmey  9SRG-GHOAWRIS  vpeloi

ENE+

8x__iparsusuuem

TOOA/MOWISI/TESd

ONASH ™ 1S1/0€8d

Ta Is1/Tesd

04" 1s1/028d

4
4
«

oNng3a

ax1a/e18d
ax¥asziad
ene+
2x__Iopasuauuei Hﬁ dNa X¢
oT e B
11 SNaA+ | vt opr |
& 00 +
t————

yX__Iopaisuauuem L dNa x¢
|
% o | st

T
Iz

ANNN

|
|
5 g I
Y
Smmi |
EAE+ ”
! T
| ene+ |
dNQ ', & 1
g m 954 Aﬁl S8YE8ISI ﬂo |
_
e el 1 1 TaXL/ved " S
TSLY/9Tad
+qumm < 4 w . - M e { DD O ﬁmB“Zn_n_ !
E o
S8vsY =l 5 900 B an; P Taxy/sad | EVZEXVIN
|
| mﬁ | 9101 :
dNa 2, & ! ens
.
ene+ ”
enE+ |
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ]
ene+ dNA XC
ouk qak
B uﬂ EVZEXYN
o
o L 34030404
HIXIN9T/U00T
X +{-20 Noowos
k==
8syang-ans-q m»U«« 10 81N02Y ke
ﬂ—mg +10 anvan |5
—{misy 1nosu |
—{nive novi fer-
T roecd snan+ —fnien noen 3 oer
e e +58YSY TSL-S4 = 10z o7 00 1510/210d
S laheend IsLosy TaxL-sy FHNin 1nonufar Taxy/Sad
X TSL¥-S4 TS10-5Y4 rr{tnoer et for TSL¥/91ad
TaxLvad Taxy-sy TA2a-sy sr{inoer ey 0VO11/020d
-s8vsy Taxy-sd 1notL L TaXL/vad
TaX/58d . 5 T
1000-54 o
ok ok
snan+ F— EvzExvN
Tr
B e
YLX/AIT/U00T
X 7|20 noowos
o | ot -
2] awnozy 2X43/9va 01OW/8Vd
ks amvw
0TQ_ISI/TAML/0TEd +58YSY 014-SY T 1n0SY fer zalll) £X¥3/LYA 0ION/6Yd
TTQ ISI/THOML/TTEd 0S10-SY4 T Lnovd ko “——{1 [ 0SLO/ISON TIdS/ST8d
250dN_01dS/0X1/6T8d 0ula-s¥  0¥SA-SY¥ 7 1noex |77 w0 0 7 £X13/5YQ 0IOW/LVd
TSOdN™ 01dS/0aX¥/8T8d 002a-sy 1n02Y far- mil m% _
aXLa/ET8d 0ax4-S¥ F{NiTy 100t |5y L TSOdN 01dS/00X4/8T8d
axyaserad dNa L - - - -
0aMmL/02vd 0410-5¥ Tr{inoer ety 2X13/vYQ 0IOW/9Vd
0XOML/Tevd 045a-SY 0SLY-S4 srjinozL  reLfer 0SL¥/0SOdN TIdS/2T8d
0axL-sy ot fr 2S0dN 01dS/00X1/6T8d
“s8rsy V6101

140d WOD 2254

39



1951}

Starterkit Schematics

19UWIY}] JDJI9MIR]S “G'T dInbig

0T-562TT9 0€(0) 6v+ 'Xed  0-662T19 0£(0) 67+ “I18L 9/ @Was  TT0ZZ0'WT ‘Wneq O LoNY  TOTOT'6T N-d1
uiliag 2821 'LE WWeQ JBUIRE-goID 1IANYIHLT vommuns
Hawo 1ysel (2) 60-Y wosmey  9SRG-GHOAWRIS  vefoig
z
%
&
(]
1-34-A-2-Q-ZHW000°5Z-9S18Y «-wo
900/A0S/440E
i
EW 515 TOL030-08TRIAS QR g
m W % AM‘ 5 N - 900/A0S/440€E
fufu
BE 88 SIGeUS ZHWOS=9TTH z 8 33 F———< Aaxasstvd
oR @ 13 > ®
“ = E €er
N %1 0T @ 5 5 ONTO43U/INN %‘ MOX13/LTVd
Sl T g o
2 g 9TTH z .
m 2 ST 2300NNG ™S40 |=—{100t} 00 12000/823d
_ s o 3 ooy owr
o - S
S FAOHLYDD e 8 T3SINNZAT TaxL 00T ¢y TXLI/TTVd
s ct 4d 000t m 4409341a31 oo % 0X13/0Tvd dNd
E ~ NaXL 5 (00T <oy <> NaXL3/wTvd
a ™ wyQ 62 | wyo 52 I
i &
<7 3dONVD WUo 52 W0 52 OQVAHARIFXY (57100 577 <> ¥ax¥3/9Tvd w6t ot
=72 10228NY1 %
82l
K il g m_wuosn_n,ammw o MHI. mmmwﬁ«“ :Lm.m._wgoa ur dnuels=1z1y
XL 1 =
m 2 ar o .
H ap oo o o [ e e &)
IAOHLYOA < TS0
ot 1 2 < <<
= +aL b g ] S8
Y 3 82
JQON [2) E > >
110035/1az1 6 | FIONVA kb R DR > ~le
= S < 13 I3
; R e § T ||.I¢8
g 5 g 8! 2 g = 2 om-2 5
2] 2T 2T 2 S g wsH maH R L3 7
ey 28 9 Bl 1 El
HH 2 4 3 H EC]
3

M OT/T J9ssaq T6Y'064 294 '8EY

aany

3sTAE Ted

EAE+

40




1951}

Starterkit Schematics

I9Mod ‘gS) ID[IMe]S ‘9T dunbig

0T-562TT9 0€(0) 6v+ 'Xed  0-662T19 0£(0) 67+ “I18L 9/9 @Was  TT0Z'L0'WT ‘Wneq O oWV TOTOT'6T  N-d1
uiieg £8v2T- ‘LE WWRQ JauIRg-goID H3IMOC 'GSN  :vomwuns
Hawo 1ysel (2) 60-Y wosmey  9SRG-GHOAWRIS  vefoig
8-OHOIN~8SN
snan mnm
\\\\\\\\\\\\\\ - 00 80 I1SI/€0XL/88d
r \ o o = 00 ONASA”ISI/628d
\\\\\\\\\\\\\\\\ - | _ _ z z ane oy
,1 | H10H dWV1S 310H dvis T —
_ _ | g | | EREEES
" €N NIZI08 €W N3Z108 ) g N ) T T |
2 v |
| T T W m T ZaNO  TAND ! mN _\.UN )
" 78 28 | g véx dNv1S J0H dWvIs T
| €W N3Z108 €N N3Z108 ! ® | T T W
1 K E |
| 2 - sz 2z
) T T | = o ¢ !
) 8 8 | FI0H_dNv1S 310H anvis !
|
| |
o 3 O vaNO  EAND ' T T !
LLveA [ 1z ”
dNa ! K
Frmmmmmmmm - -
| ! dNd
- . |
' ewnazios 2w Naz1o8 )
! | As+ (-
” T T | |m———————— A - dNG g
89 98 EXZSM | 8 [
- . , | , uondo . g | g
| 2w N3zios 2w Naz108 ! N H 5 5 [ -
! ! g mmo cmm <
” T T | | 'd o3 H |m——————— B s S Smm [F——<C mnudorsev/zToda
| | | 2 EQ
| 8 s8 ! 'd R NI O
. L, ” v T ” ” 1soHgsTA+  H— IS Hm H 5 AS+ 5[
e - 5 5 2R
! ! 3525 ! L-OMT9Tedy  QmmD o mm 5 =L°
dNa , o % ] 3|R82, | dNQ X2 femcimmc  §
[ | — | El=c< R | [ S 3 3
Sl=z<s r 3 B
dNa eAE+ £1 888 ! ] !
- Bl sty ! 153 ” 4nan+
Lb—dq4--F" —+ 1
F F 8T T
= o}
N ﬁ ﬁ 5 v T Tvwar L2} WINGH
5 g £V 1 0 VdaH
a g c
g8 1non  N3fzR 2 &l TVaaH L2
3 By T
7 BN 5 vZ-8sn e
veEZHnZ'T =5 6% -
- &l al a
v 91N-Z68T0S o Jmm g
. E——]
1630w 020S49 1A ¥AL Yone =0T Lk &r ¢ R 5
|
|
! =1
T Tamar t 8NaH
JOV443LINI LSOH asn | "
' =}
T-adan LA 8daH
H | ven
5 |2 | 1
g e J
2 dNa X2
NGHS aiqesia
2-8S1IT9EYOLT
z1o1 L-SLAYO2S1Z8 uo _HQ O
aNo . q
glooumd  Nofy N JNa XS
d3Lvo ! fmmmmmmmmme e —mmee———o
2 | i
NI . | ! |
g | | |
4 [ | 185 =49 |
B 5 31vo 3SN3S|g 30V443LNI 3DIA3A asn | 138 548543 m% BEN
oy 2 A e e T g e o BFER
T H 8 ﬁ‘ J, ,r : H mH : u
N H gowowesn - ~-~-rF~-°f— T o|mTT - -~~~ -T-
& 4 o}
g g 9 | £ ! < - 0}—=2 waa
oF ”H e u ¢ u DR , , _ TS
= R ” ! T ! a I T-gaq L2t daa
g 3ISNISA+ snen+ | 1 € ! 2822 b 12 g H
¥ < 1S0dn* Bt | ! IWNIDIINN ! S°00 il Sg
| Sl | | EEECI 58
ZNOTVYIGS 2d105YNG3 I et | Lommmmmmm o2 J s
3
| N 3
o+ N uondo ,
- <> es1u/z3040/60d
{1 ——<"> 13040/80d
dNa e 66l
z O O
& -
NGNS+ SNEA+ A3aAS+ EAEF 3ueIa]0) AG = OA| B AR

WINA+

41




	Stamp9G45
	Table of Contents
	1. Introduction
	2. Scope
	3. Overview of Technical Characteristics
	3.1. CPU
	3.2. Memory
	3.3. Interfaces and external signals
	3.4. Miscellaneous
	3.5. Power Supply
	3.6. Dimensions

	4. Hardware Description
	4.1. Mechanics
	4.2. AT91SAM9G45 Processor Core
	4.3. Memory
	4.3.1. NAND Flash
	4.3.2. LPDDR-SDRAM
	4.3.3. EEPROM
	4.3.4. SRAM

	4.4. Bus Matrix
	4.5. Advanced Interrupt Controller (AIC)
	4.6. Battery Backup
	4.7. Reset Controller (RSTC)
	4.8. Serial Number
	4.9. Peripheral Input/Output Controller (PIO)
	4.10. Clock Generation
	4.10.1. Processor Clocks
	4.10.2. Programmable Clocks

	4.11. Power Management Controller (PMC)
	4.11.1. Function
	4.11.2. Power Management

	4.12. Real-time Timer (RTT)
	4.13. Timer Counter (TC)
	4.14. Periodic Interval Timer (PIT)
	4.15. Watchdog Timer
	4.16. Real-time Clock (RTC)
	4.17. True Random Number Generator (TRNG)
	4.18. Peripheral DMA Controller (PDC)
	4.19. Debug Unit (DBGU)
	4.20. JTAG Unit
	4.21. Two-wire Interface (TWI)
	4.22. Multimedia Card Interface (MCI)
	4.23. USB Host Port (UHP)
	4.24. USB Device Port (UDP)
	4.25. Ethernet MAC (EMAC)
	4.26. Universal Sychronous Asynchronous Receiver and Transmitter (USART)
	4.27. Synchronous Peripheral Interface (SPI)
	4.28. Synchronous Serial Controller (SSC)
	4.29. AC97 Controller (AC97C)
	4.30. Image Sensor Interface (ISI)
	4.31. LCD controller
	4.31.1. LCDC Initialisation and LCD Power Sequencing
	4.31.2. LCDC Frame Buffer

	4.32. Touch Screen ADC Controller (TSADCC)

	5. Design Considerations
	5.1. Ethernet Controller (EMAC)
	5.2. USB
	5.2.1. USB Host Controller (UHP)
	5.2.2. USB Device Controller (UDP)

	5.3. Memory Bus

	Appendix A. Peripheral Color Codes
	Appendix B. Peripheral Identifiers
	Appendix C. Address Map (Physical Address Space)
	Appendix D. Stamp9G45 Pin Assignment
	Appendix E. Stamp9G45 Electrical Characteristics
	Appendix F. Stamp9G45 Clock Characteristics
	Appendix G. Stamp9G45 Environmental Ratings
	Appendix H. Stamp9G45 Dimensions
	Appendix I. Starterkit Schematics

