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ABSTRACT

The TSC2003 is a four-wire resistive touch screen controller with an 12°C™ digital interface that requires a
specific power-up sequence. This application report addresses these power-up related concerns and
discusses how to ensure a safe TSC2003 start-up process.

1 TSC2003 Power-Up Sequence

Based on design principles and extensive tests with the TSC2003, power for the device must adhere to a
specific power-up sequence in order to make sure that the TSC2003 is reset to a default working state
after every power up occurs.

During the power-up process, the I’C bus must be in an idle (logic high) state. That is, the TSC2003 SDA
and SCL pins must be high before the device power-supply +Vpp pin ramps up to 0.9 V, as illustrated in

Figure 1.
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Figure 1. TSC2003 Power-Up Sequence Requirements

I>C is a trademark of NXP Semiconductors.
All other trademarks are the property of their respective owners.
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1.1 Logic High
What exact voltage is considered to be logic high, as indicated in Figure 1? Logic high may be different
during the power-up process and after the device is at 100% power.
As defined in the product data sheet, the TSC2003 power supply (+Vpp) operates in the range from +2.5 V
to +5.25 V. When +V, reaches 0.9 V during the power-up process, the TSC2003 internal circuitry wakes
up. It then checks the status of both SCL and SDA to determine whether they are high (that is, idle or
inactive) or low (that is, working or active). If the status of both SCL and SDA is high, a power-on reset
(POR) command is issued. If the status of either SCL or SDA is low, no POR is issued, which could result
in the device locking up (see Section 1.2). In other words, before +V,, at 100% power, the TSC2003
device begins to operate based on the status of the SCL and SDA lines.
In order for the TSC2003 to work with the minimum +V;, voltage, the logic high level in Figure 1 must be
at least the value specified by Equation 1.
0.8 x (+Vpp)min = +2 V Q)
So then, logic high in Figure 1 can be replaced by +2 V.
1.2 Possible Problems if Power-up Sequence Cannot Be Satisfied
What could occur if the power-up sequence defined in Figure 1 cannot be met?
During the TSC2003 power-up process, an internal reset circuit wakes up when +Vy, ramps up to
approximately +0.9 V. A reset signal is then sent to the TSC2003 internal I°C port in order to reset that
port only if there is no activity on the I2C bus lines (that is, both SCL and SDA are at logic high).
If the TSC2003 SCL or SDA pins have not reached logic high when +V,, ramps up to approximately +0.9
V, the TSC2003 internal reset circuit may not issue the reset. This failure to issue the power-on reset
could, in turn, cause the TSC2003 to accidently hold the SDA pin low.
If the SDA pin is held low (a condition also known as TSC2003 SDA lock-up), abnormal system operation
occurs, and the I°C bus cannot be accessed by the master device in the system.
2 Ensure a Proper Start-Up

To ensure the safe and proper start-up of the TSC2003, these design guidelines should be followed:

1. Hardware.
If the TSC2003 +V,, and the I°C bus interface supply share the same power source, place one or
more capacitors (with proper capacitance) next to the TSC2003 +Vy,, pin to slow down the +V,
ramp-up.
If the TSC2003 +V,, and the I>C bus interface supply are supplied with different power sources, the
I,C bus interface supply power source should be turned on first before the TSC2003 +V is powered
up.
Both of these points emphasize the need to satisfy the power-up sequence requirement as shown in
Figure 1. Moreover, allow adequate time for the I1°C interface supply to power-up and settle. Multiple
I2C devices on the bus will impact this time.

2. Software.
If the I°C interface supply cannot be activated before the TSC2003 supply, as specified in Figure 1,
and therefore the TSC2003 holds the SDA line low, the following software fix can be applied in order to
bring the TSC2003 out off the SDA lock-up state and back to normal operation:

(8) Toggle the SCL line at least nine times.
(b) Issue a START/STOP condition after the SDA bus is released.

The first step causes the TSC2003 to release the SDA line, and the second step places the TSC2003
I2C port into the proper operating state.
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3 References

The following documents are available through the Texas Instruments website (www.ti.com):
1. TSC2003 I*)C Touch Screen Controller product data sheet. Tl literature number SBAS162G.
2. TSC2003-Q1 I°C Touch Screen Controller product data sheet. Tl literature number SBAS454.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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