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Uioul101
16 Key QMatrix" KeyraNeL Sensor IC

® Advanced second generation QMatrix controller <O 66060

® 16 touch keys through any dielectric geREhss8822

® 100% autocal for life - no adjustments required Nonnnnnnonnno

® SPI Slave or Master/Slave interface to a host controller Mos| {144 4342 414039 38 37 36 35 3¢, 50

® Parallel scan interface for electromechanical compatibility 'V'S'ii Ci gf = g:i

® Keys individually adjustable for sensitivity, response time, .o —, 0 cea
and many other critical parameters vdd =5 QT60161 29[ Aref

® Sleep mode with wake pin ):’TS; Cj TQFP-44 zj = 2\(/5;;

® Synchronous noise suppression Wit M 65 ves

® Mix and match key sizes & shapes in one panel RX 9 25 YS2

® Adjacent key suppression feature TX 10 24 Y81

® Panel thicknesses to 5 cm or more NS 13141516 1718 1920 21250 [ o

® Low overhead communications protocol 9} E E E >U< E E E E E E

® 44-pin TQFP package S § g Regggegg

APPLICATIONS -

¢ Security keypanels e Appliance controls ¢ ATM machines ¢ Automotive panels

¢ Industrial keyboards e Outdoor keypads ¢ Touch-screens ¢ Machine tools

The QT60161 digital charge-transfer (“QT”) QMatrix™ IC is designed to detect human touch on up 16 keys when used in
conjunction with a scanned, passive X-Y matrix. It will project the keys through almost any dielectric, e.g. glass, plastic, stone,
ceramic, and even wood, up to thicknesses of 5 cm or more. The touch areas are defined as simple 2-part interdigitated
electrodes of conductive material, like copper or screened silver or carbon deposited on the rear of a control panel. Key sizes,
shapes and placement are almost entirely arbitrary; sizes and shapes of keys can be mixed within a single panel of keys and can
vary by a factor of 20:1 in surface area. The sensitivity of each key can be set individually via simple functions over the SPI or
UART port, for example via Quantum’s QmBtn program, or from a host microcontroller. Key setups are stored in an onboard
eeprom and do not need to be reloaded with each powerup.

The device is designed specifically for appliances, electronic kiosks, security panels, portable instruments, machine tools, or
similar products that are subject to environmental influences or even vandalism. It can permit the construction of 100% sealed,
watertight control panels that are immune to humidity, temperature, dirt accumulation, or the physical deterioration of the panel
surface from abrasion, chemicals, or abuse. To this end the device contains Quantum-pioneered adaptive auto self-calibration,
drift compensation, and digital filtering algorithms that make the sensing function robust and survivable.

The part can scan matrix touch keys over LCD panels or other displays when used with clear ITO electrodes arranged in a matrix.
It does not require 'chip on glass' or other exotic fabrication techniques, thus allowing the OEM to source the matrix from multiple
vendors. Materials such as such common PCB materials or flex circuits can be used.

External circuitry consists of a resonator and a few capacitors and resistors, all of which can fit into a footprint of less than 6 sq. cm
(1 sq. in). Control and data transfer is via either a SPI or UART port; a parallel scan port provides backwards compatibility with
scanned electromechanical keys.

The QT60161 makes use of an important new variant of charge-transfer sensing, transverse charge-transfer, in a matrix format
that minimizes the number of required scan lines. Unlike some older technologies it does not require one sensing IC per key.

AVAILABLE OPTIONS

Ta TQFP Part Number
0°C to +70°C QT60161-S
-40°C to +105°C QT60161-AS
o )
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Table 1.1 Device Pin List

Pin Name | Type | Description
Master-Out / Slave In SPI line. In Master/Slave SPI mode is used for both communication directions.
1 MOSI /0 PP h . :
In Slave SPI mode is the data input (in only).
9 MISO /O PP Master-In / Slave Out SPI line. Not used in Master/Slave SPI mode.
In Slave mode outputs data to host (out only).
3 SCK I1/O PP | SPI Clock. In Master mode is an output; in Slave mode is an input
4 RST | Reset input, active low reset
5 Vdd Pwr +5V supply
6 Vss Pwr Ground
7 XTO O PP Oscillator drive output. Connect to resonator or crystal.ply
8 XTI | Oscillator drive input. Connect to resonator or crystal, or external clock source.
9 RX [ UART receive input
10 X O PP UART transmit output
11 WS | Wake from Sleep / Sync to noise source
12 SMP O PP Sample output control
13 X0OPA 1/0 PP | XO Drive matrix scan / Communications option A input
14 X10PB 1/0 PP | X1 Drive matrix scan / Communications option B input
15 X2 O PP X2 Drive matrix scan
16 X3 O PP X3 Drive matrix scan
17 Vdd Pwr +5V supply
18 Vss Pwr Ground
19 XS0 | XS0 Scan input line
20 XS1 | XS1 Scan input line
21 XS2 [ XS2 Scan input line
22 XS3 [ XS3 Scan input line
23 YSO0 O PP YSO0 Scan output line
24 YS1 O PP YS1 Scan output line
25 YS2 O PP YS2 Scan output line
26 YS3 O PP YS3 Scan output line
27 AVdd Pwr +5 supply for analog sections
28 AGnd Pwr Analog ground
29 Aref Pwr +5 supply for analog sections
30 CS3B 1/0 PP | Cs3 control B
31 CS3A /0 PP | Cs3 control A
32 CS2B /0 PP | Cs2 control B
33 CS2A 1/O0 PP | Cs2 control A
34 CS1B /0 PP | Cs1 control B
35 CS1A /0 PP | Cs1 control A
36 CS0B /0 PP | CsO control B
37 CSO0A 1/0 PP | CsO control A
38 Vdd Pwr +5 supply
39 Vss Pwr Ground
40 LED O PP Active low LED status drive / Activity indicator
41 DRDY 00D Data ready output for Slave SPI mode; active low
42 Vref | Vref input for conversion reference
43 SO O PP Oscilloscope sync output
44 SS I/O OD | Slave select for SPI direction control; active low
1/0: | = Input
O = Output

Pwr = Power pin

1/O = Bidirectional line

PP = Push Pull output drive
OD = Open drain output drive
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1 Overview

QMatrix devices are digital burst mode charge-transfer (QT)
sensors designed specifically for matrix geometry touch
controls; they include all signal processing functions
necessary to provide stable sensing under a wide variety of
changing conditions. Only a few low cost external parts are
required for operation. The entire circuit can be built in under
6 square centimeters of PCB area.

Figure 1-1 Field flow between X and Y elements

overlying panel

X Y
element element

The device has a wide dynamic range that allows for a wide
variety of key sizes and shapes to be mixed together in a
single touch panel. These features permit new types of
keypad features such as touch-sliders, back-illuminated keys,
and complex warped panels.

The devices use an SPI interface running at up to 3MHz rates
to allow key data to be extracted and to permit individual key
parameter setup, or, a UART port which can run at rates to
57.6 Kbaud. The serial interface protocol uses simple
commands; the command structure is designed to minimize
the amount of data traffic while maximizing the amount of
information conveyed.

In addition to normal operating and
setup functions the device can also
report back actual signal strengths
and error codes over the serial
interfaces.

QmBtn software for the PC can be
used to program the IC as well as
read back key status and signal
levels in real time.

A parallel scan port is also provided
that can be used to directly replace
membrane type keypads.

QMatrix technology employs X

transverse charge-transfer ('QT')
sensing, a new technology that
senses the changes in an electrical
charge forced across an electrode
set.

Figure 1-3 Fields With a Conductive Film

1.1 Field Flows

Figure 1-1 shows how charge is
transferred across an electrode set
to permeate the overlying panel
material; this charge flow exhibits a
high dQ/dt during the edge
transitions of the X drive pulse. The

Figure 1-2 Field Flows When Touched

element

Figure 1-4 Sample Electrode Geometries

PARALLEL LINES SERPENTINE SPIRAL
charge driven by the X electrode is partly received onto the

corresponding Y electrode which is then processed. The part
uses 4 'X' edge-driven rows and 4 'Y' sense columns to sense

up to 16 keys.

The charge flows are absorbed by the touch of a human
finger (Figure 1-1) resulting in a decrease in coupling from X
to Y. Thus, received signals decrease or go negative with
respect to the reference level during a touch.

As shown in Figure 1-3, water films cause the coupled fields
to increase slightly, making them easy to distinguish from
touch.

1.2 Circuit Overview

A basic circuit diagram is shown in Figure 1-5. The ‘X’ drives
are sequentially pulsed in groupings of bursts. At the
intersection of each ‘X’ and ‘Y’ line in the matrix itself, where
a key is desired, should be an interdigitated electrode set
similar to those shown in Figure 1-4. Consult Quantum for
application assistance on key design.

The device uses fixed external capacitors to acquire charge
from the matrix during a burst of charge-transfer cycles; the
burst length can be varied to permit digitally variable key
signal gains. The charge is converted to digital using a
single-slope conversion process.

Burst mode operation permits the
use of a passive matrix, reduces RF
emissions, and provides excellent
response times.

Refer to Section 3 for more details
on circuit operation.

1.3 Communications

The device uses two variants of SPI

communications, Slave-only and

Master-Slave, a UART interface,

plus a parallel scan interface. Over

Y the serial interfaces are used a

element command and data transfer
structure designed for high levels of
flexibility using minimal numbers of
bytes. For more information see
Sections 4 and 5.

overlying panel

The parallel scan port permits the
replacement of electromechanical
keypads that would be scanned by
a microcontroller; the scan interface
mimics an electromechanical
keyboard’s response.
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