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1 Introduction

The SX8650 Linux® driver was developed to help users of the SX8650 touch screen controller
to quickly use the device. The driver acts as a human input device in the Linux kernel. The
driver was developed and tested using a SX8650EVK with an Atmel AT91SAM9261-EK
evaluation board.

2 Connections

The SX8650 device must be connected to the host processor running the touch screen driver. This driver was
developed and tested using the AT91SAM9261-EK board with SX8650EVK.

The following connections are required:
e Power +3.3v, and ground from the Atmel board prototype area.
SDA for I’C™ data.
SCL for I°C clock.
Pen-down interrupt signal NIRQ.

On the SX8650EVK board, connections are made to JP1 to provide the I°C and interrupt signal. The four analog
signals from the touch screen are made to J3 on the SX8650EVK. When using the SX8650EVK with touchscreen
and microprocessor external to the EVK, remove all jumpers from JP1 and J3. For details on JP1 and J3, refer to
the SX8650EVK users guide.

On the AT91SAM9261-EK board, the included on-board touch controller ADS7843 is disconnected and replaced
with the connections show in Figure 1. Refer to the AT91SAM9261-EK users guide for relevant documentation
about connections to that board.

® Linux is a registered trademark of Linus Torvalds
™ °C is trademark of NXP Semiconductor.
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AT91SAM9261-EK board

PC2

— [R73[] X_LEFT

oo [ JR76[] Y_UP
PA8 PA7 ———[R77[] X_RIGHT

[R78[] Y_LOW

S26
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O 0|3.3v-pullup:

Figure 1 - SX8650 connection to AT91SAM9261-EK board

3 1°C interface

The I°C bus is the control and data bus through which the host processor sends commands and reads the analog
values. The SX8650 driver uses the I°C bus using the standard Linux I°C API. The I°C API in the kernel
provides all the necessary functions to write SX8650 registers and commands, and to read samples from the
device.

For the hardware connection, the I°C signals are connected to PA8 = SCL and PA7 = SDA on the
AT91SAM9261-EK. PAS8 is available on J16-45, and PA7 is available on J16-44. Verify the pull-up resistor on
the IzC bus: R18 and R4 on the SX8650EVK should be approximately 2.2kohm for sufficiently fast rise time on
the 1°C bus.

The SX8650-NIRQ signal is connected to PC2/IRQO pin available on J16-73 on the AT91 board. The on-board
ADS7843 is disconnected by cutting the S26 jumper.
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4 Touch Device Driver

The device driver is implemented in the file sx8650.c.

The SX8650 is used in PENTRG mode, meaning that the NIRQ signal will be inactive when no pen is down on the
touch screen. When the SX8650 device detects the pen is down on the screen, the device will first take samples,
and then assert the NIRQ pin after the samples are available to be read by the driver software. After the samples
have been read from the device, the NIRQ will de-assert. If the pen continues to be held down on the screen, the
SX8650 device will again start a conversion cycle and assert the NIRQ when new samples are ready. The rate at
which NIRQ will become asserted, is determined by the POWDLY setting multiplied by the number of channels
selected to be converted in the channel mask register. See SX8650 datasheet for the rate formula. The human
interface input subsystem in the Linux kernel supports reporting pressure from the touch-screen in addition to the
X, Y coordinates. The SX8650 is configured to sample X, Y, Z1, and Z2 channels.

To initialize the driver, the kernel calls the sx8650_probe() function. The SX8650 is reset and initialized for
PENTRG operation, and the channel mask is set to convert X, Y, Z1, Z2 channels. In this probe function, the
interrupt configuration is set up to cause sx8650_i1rq() to be called when the NIRQ pin is asserted. However, in
the context that sx8650_irq() is called, no lengthy operations can be performed. The driver uses a work
gueue to read the samples from the SX8650 device. The sx8650_irq() function only calls queue_work(),
which flags that samples need to be read. In the function sx8650_pen_irqg_worker() the analog values are
read from the SX8650 device and reported to the operating system. Normally samples will be immediately read
from the touch screen device, yet if other kernel activities are busy in the work queue, some latency can be
experienced in reading samples.

The SX8650 device does not uniquely report the pen-up condition. Instead, the software driver uses a high-
resolution timer to detect the pen-up condition. If the pen has been lifted, a timeout will occur. This timeout
condition can be detected when sx8650_timer_handler() is called. Every time the driver reads samples
from the SX8650, the time-out is reset by calling hrtimer_start(), ensuring the timeout will only occur when
interrupts from the device have stopped. The definition of TS_TIMEOUT must have a value which is appropriate
for the interrupt rate from the SX8650 device.

The interrupt handler sx8650_irg() function is called twice for every interrupt from the SX8650. Therefore,
state of the NIRQ pin from the device is checked by get_pendown_state() before continuing. The SX8650
will keep the NIRQ pin asserted until samples are read from the device, yet a de-asserted pin indicates samples
are not ready.

No platform dependant code exists in sx8650.c. The actual hardware setup exists in board-sam9261ek.c.
In this board setup file, the board-specific initialization is performed, and the physical pin used for NIRQ is
defined. The I°C slave address of the SX8650 is defined in this file. The I°C master configuration is defined in
at91lsam9261 devices.c.

The SX8650 driver can be used on any hardware platform that Linux runs on, provided an I°C driver exists. The
board-specific initialization and configuration must also be provided, using board-sam926lek.c as an
example. The board-specific initialization defines the slave address of the SX8650 as well as the interrupt pin on
the target microprocessor. The struct i2c_board_info is used to pass this information.

For proper pressure measurement, the y_plate_ohms value is declared in the struct
sx8650_platform_data. This structure also contains the functions for getting the pen-down state, clearing the
pen interrupt, and any initialization required for the pen interrupt pin. These are all board-specific or
microprocessor-specific definitions.
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4.1 Interrupt rate considerations

The interrupt rate generated by the SX8650 is the POWDLY settings multiplied by the number of channels enabled
in the channel mask register.

Although the primary intention of POWDLY is to accommodate the RC time constant of the resistive touch screen,
additional delay may be required according to the ability of the microprocessor to handle the interrupt rate while
still providing adequate resources to application software. When increasing the interrupt rate of the SX8650, the
developer must consider the CPU time used by the 1°C driver, graphics subsystem and application software which
must run while the pen is down on the touch screen.

The pen-trigger mode of the SX8650 permits faster interrupt rate due to the only I°C activity on each interrupt is
reading the samples.
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5 Software build process for AT91SAM9261 with SX8650

The OpenEmbedded/bitbake build system is one method of building an embedded Linux system. bitbake will
retrieve and compile everything needed, including the cross compiler, the Linux kernel source, and all user
applications. There is no need to manually download each individual item.

5.1 Follow the instructions at
http://wiki.openembedded.net/index.php/Getting_Started

¢ Inthe local.conf, set MACHINE to ""at91sam9261ek", and TMPDIR to <OETMP> to a place which has at
least several gigabytes available

e A quick target recipe to build is minimal-image, but does not include X11/graphics system.

The build process can take several hours to complete.

5.2 Resulting binary files

After the bitbake build has finished, in your <OETMP> directory you will find binary files to burn into the evaluation
board in the subdirectory deploy/glibc/images/at91sam926lek/.

The root file-system is ready to use, but the kernel will default to having the ADS7843 driver.
The kernel must be re-built with the SX8650 driver instead.

5.3 Recompiling the kernel

5.3.1 Copy the kernel source from bitbake

Chose a place on your disk to build the kernel, then:

Into your working source directory, copy the Linux kernel source tree from:
<OETMP>/work/at9l1lsam926lek-angstrom-1inux-gnueabi/linux-<version>

5.3.2 adding the SX8650 driver to the kernel

e Change current directory to your working source directory, where your copied kernel resides.
e Goto the sub-directory drivers/input/touchscreen in the kernel source
e Add SX8650 to the Kconfig file in this directory, after the TOUCHSCREEN_ADS7846 entry:

config TOUCHSCREEN_SX8650
tristate ''SX8650 based touchscreens™
depends on 12C
help
Say Y here if you have a touchscreen interface using the
SX8650 controller, and your board-specific
setup code includes that in its table of 12C devices.

If unsure, say N (but it"s safe to say "Y").

To compile this driver as a module, choose M here: the
module will be called sx8650.
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e Add SX8650 to the Makefile:

wm97xx-ts-y = wm97xx-core.o

obj-$(CONFIG_TOUCHSCREEN_ADS7846) += ads7846.0

obj-$(CONFIG_TOUCHSCREEN_SX8650) += sx8650.0 # <- added
obj-$(CONFIG_TOUCHSCREEN_ATMEL_TSADCC) += atmel_tsadcc.o
obj-$(CONFIG_TOUCHSCREEN_BITSY) += h3600_ts_input.o

e copy the sx8650. c driver source file into drivers/input/touchscreen
e copy sx8650.hinto include/linux/i2c
e copy the board-sam9261ek. c into the subdirectory arch/arm/mach-at91
This file contains hardware-specific definitions for the sx8650 for this board.
e you may wish to change the .udelay setting in at91sam9261_devices.c for I°C bus speed.

5.3.3 Configuring the kernel

¢ inthe toplevel directory of kernel source, configure kernel:

# make ARCH=arm menuconfig
e Enable I°C driver:
Device Drivers -> 12C support -> [2C Hardware Bus support -> GPIO-based bitbanging 12C
(or TWI driver if available)

e Disable the ADS7843 driver, and enable SX8650 driver:
Device Drivers -> Input device support -> Touchscreens

e exit and save

5.3.4 Compiling kernel
e Add to $PATH the gnu compiler directory:

# export PATH=<OETMP>/cross/armv5te/bin/:$PATH

e build command:

# make ARCH=arm CROSS_COMPILE=arm-angstrom-linux-gnueabi-
The resulting kernel image will be in the subdirectory arch/arm/boot
U-boot requires a ulmage, it cannot boot a zImage.

e convert zImage to ulmage:

<OETMP>/staging/<hostarch>-linux/usr/bin/mkimage -A arm -O linux -C none -T kernel
-a 20008000 —e 20008000 -n linux-2.6 -d zlmage <output_ulmage name>
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5.3.5 running the kernel
The kernel can be run two ways:

e For quick testing, uboot can tftp the kernel "tftp 0x21400000 <ulmage>", if you already have
programmed into the board at91bootstrap, uboot and root filesystem.

e Or for flash burning, the procedure for flashing demo can be used from
http://www.linux4sam.org/twiki/bin/view/Linux4SAM/GettingStarted

You can edit the .tcl file for changing kernelFile

The proceedure for using SAM-BA in linux is at
http://www.linux4sam.org/twiki/bin/view/Linux4SAM/SoftwareTools

rmmod usbserial

modprobe usbserial vendor=0x03eb product=0x6124
Isusb -d 03eb:6124
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