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Introduction

Figure 1. Resistive touch screen

Touch-screen interfaces are effective in many information
appliances, in personal digital assistants (PDAs), and as
generic pointing devices for instrumentation and control
applications. Getting the information from a touch screen
into a microprocessor can be challenging. This article
introduces the basics of how resistive touch screens work
and how to best convert these analog inputs into usable
digital data. Issues such as settling time, noise filtering,
and speed trade-offs are addressed.
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Resistive touch screens
Resistive touch screens consist of a glass or acrylic panel
that is coated with electrically conductive and resistive
layers made with indium tin oxide (ITO) (see Figure 1).
The thin layers are separated by invisible spacers.
Resistive screens are generally the most affordable type
of touch screen, which explains their success in high-use
applications like PDAs and Internet appliances. Although
clarity is not as good as with other touch-screen types,
resistive screens are very durable. The only concern is that
the resistive layers can be damaged by a very sharp object.
The two most popular resistive architectures use 4-wire
or 5-wire configurations, as shown in Figure 2 (the 5-wire
configuration uses the second layer as a wiper contact, not
shown here). The circuits determine location in two
coordinate-pair dimensions, although a third dimension can
be added for measuring pressure in 4-wire configurations.
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Texas Instruments (TI) offers specialized analog-todigital converters (ADCs) for interfacing to these two
popular resistive touch screens. Since the majority of
applications use 4-wire touch screens, the rest of this
article concentrates on this architecture, although the
same advice applies to the 5-wire screens and the
ADS7845, TI’s 5-wire touch-screen controller.

Figure 2. Touch-screen circuit configurations
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Resistive touch-screen controllers

Using a differential or ratiometric measurement technique like this provides much more accurate results,
particularly in systems with noisy power supplies or where
the touch screen is located a significant distance away
from the controller.

When a position is measured on a 4-wire touch screen,
voltage is applied across the screen in the Y direction;
and a touch presses the layers together, where a voltage
can be read from one of the X electrodes. The contact
made as a result of the touch creates a voltage divider at
that point, so the Y coordinate can be determined; the
process then repeats with the X direction being driven,
and a reading is taken from one of the Y electrodes.
A touch-screen controller is simply an ADC that has
built-in switches to control which electrodes are driven
and which electrodes are used as the input to the ADC.
The ADC can often be operated with different reference
modes: single-ended or differential.

Touch-screen settling time

Single-ended configuration
In a single-ended configuration, the ADC reference is supplied between a reference input (VREF) and ground. Very
often, VREF is actually the power supply voltage.
The ADC output is then a ratio of the input signal to the
VREF voltage. Since the touch screen is a voltage divider,
this may seem sensible. However, there are several possible errors that may show up due to the driver switches,
such as gain and offset errors from temperature, voltage
drops in the switches, etc.
If the reference voltage is not the power supply, then
power-supply variations could cause errors, since the
power supply is the voltage placed across the screen; and,
while it varies, the reference voltage will not.
Variations in touch-screen impedance can also cause
gain or offset errors.

Differential configuration
In the differential configuration, the ADC’s voltage reference is taken directly across the touch screen, eliminating
driver variations, power-supply changes, and even changes
in the touch-screen impedance. The output of the ADC is
still the ratio of the input to VREF. VREF is now the voltage
across the screen, and the output is a true reflection of
the position of the touch on the screen.

When the touch panel is pressed or touched, there are two
mechanisms that will affect the voltage level at the contact
point. These two mechanisms will cause the voltage across
the touch panel to “ring” and then to settle (decay) down
slowly to a stable dc value.
The two mechanisms are:
1. Mechanical bouncing caused by vibration of the top
layer sheet of the touch panel when the panel is pressed.
2. The charging of the parasitic capacitance between the
top and bottom layer sheets of the touch panel and at
the input of the ADC that occurs when the drivers turn
on, and inductive effects from the leads connecting the
panel to the drivers in the controller.

Difference between single-ended and differential modes
In both single-ended and differential modes, the ADC
acquires (samples) the input analog voltage from the
touch panel for some time, tACQ (see Figure 3). The input
voltage has to settle within tACQ in order for the ADC to
capture the correct voltage.
Turning the drivers on causes the touch panel’s voltage
to rise rapidly and then settle to the final value, as shown
in Figure 3. To acquire the correct value for conversion,
the acquisition must be complete when the touch panel
has completely settled. There are two ways of accomplishing this.
One method (shown in Figure 3) uses the ADC in singleended mode and a relatively slow clock. A slow clock
extends the acquisition time, since it extends the clock
periods used for acquisition. The drivers turn on at the
beginning of the first of three clock periods (for simple
controllers like the ADS7843, ADS7846, TSC2003, and
TSC2046). The panel must then settle completely during

Figure 3. Timing diagram of single-ended-mode operation for TSC2046
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the following two clock cycles, so that at the end of the
third clock cycle, the acquired voltage is accurate.
The second method (shown in Figure 4) uses the differential mode and a much faster clock rate. Control byte B
turns the drivers on and, as before, the touch panel’s voltage
rises rapidly and begins to settle. In this case, a conversion
is done, and then a second conversion is begun, by sending control byte C. If control bytes B and C are the same,
the internal X/Y switch of the ADC will not turn off after
completing a conversion for control byte B. Thus, the
touch panel voltage will be settled by the time the conversion from control byte C begins, and this conversion will
be accurate. This method requires that the conversion
result from control byte B be discarded, as it will not be

accurate since its acquisition period occurred when the
touch panel voltage was still ringing.
An advantage to using the second method is the potential for power savings. After the end of conversion for
control byte C, the controller can go into power-down
mode and wait for the next sampling period. In the slowclock case, the next sample period may have to come
immediately after the current conversion, leaving no time
for power down.
Using a fast clock in single-ended mode (Figure 5)
would not be of any help, because the drivers turn off
between conversions. This results in the touch panel’s
voltage rising at the beginning of each conversion, which
never gives the touch panel a chance to settle.

Figure 4. Using a fast clock in differential mode for TSC2046
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Figure 5. Using a fast clock in single-ended mode
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same process can be used for taking Z-coordinate readings
if touch pressure is also to be measured.
The Z-axis measurement for touch pressure is used in
applications such as signature capture, where the pressure
information is important for recognizing the authenticity
of a signature. However, even in conventional X-Y applications, using the Z-axis measurement can be helpful in
determining whether a touch data point is valid. Using this
measurement can help prevent spurious readings that may
occur due to the mechanical bouncing of the touch screen
plates, simply because readings where the pressure is too
light are not accepted. A complete description of the Z-axis
measurement process can be found in the datasheets for
touch-screen controllers with this capability.

Making the ADC results usable for
a human interface
Since several measurements for one coordinate pair are
being taken, the designer has the opportunity to do some
processing on this data, like averaging. This will help prevent spurious readings that may make dealing with the
human interface difficult.

Touch-screen acquisition flowchart
Figure 6 shows a typical flowchart for a touch screen. In
its idle state, the touch-screen controller’s pen interrupt
(PENIRQ) line is held high. When a touch occurs on the
screen, the PENIRQ line is driven low, signaling the host
processor that it needs to start taking coordinate readings.
The host will then turn on the X drivers, wait for settling
to occur, and then take several readings of the X coordinate. The host will then turn off the X drivers and turn on
the Y drivers. After waiting again for the screen to settle,
the host will take several readings of the Y coordinate. The

Data-averaging algorithm
The averaging algorithm reduces noise resulting from
contact bounce during use of the touch screen. Successive
X and Y samples are tested to determine if their values

Figure 6. Touch-screen acquisition flowchart
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differ by no more than a certain range. If one or more
samples falls outside this range, the samples are discarded
and the process is restarted. This is continued until successive X samples (then Y samples) fall within the range.
The average of these values is used as the X and Y coordinates, respectively.
Once independent X and Y samples are obtained, coordinate pairs are sampled to eliminate the effects of noise. If a
sample does not fall within an internal range, all X and Y
coordinate pairs are discarded and the independent X and Y
sequence is restarted. Once acceptable coordinate pairs have
been obtained, an average coordinate pair is determined.
The entire process just described can be done by the
processor or by some of the newer, intelligent controllers
like TI’s TSC2200, TSC2301, or TSC2101. These devices
take care of the settling-time issues and other touchscreen interface problems previously described; they also
relieve the host CPU from the tasks of reading and writing
over the serial interface so often. These intelligent devices
can be programmed to respond to a touch, take a complete set of coordinate readings, average several readings,
and then—only when this entire process is complete—
interrupt the host processor. The host then does only one

reading of all coordinates and need not do any further
averaging or noise reduction.
These highly integrated devices come paired with keypad controllers (TSC2200) or audio codecs (TSC2301,
TSC2101) to provide complete human/machine interface
controllers in a single package.
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