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Wiuitiple Electrode Touch Sensitive Device

Related Application

{B003] This application claims priority to United States Provisional
Application serial number 61/203,595 {entitled Four Electrodes QMATRIX

Touch Screen, filed December 26, 2008) which is incorporated herein by

reference.
Background
{8002] As touchscreens have gotien larger, the number of electrodes

needed to sense touches on the larger touchscreens effectively has grown. Each
such electrode is coupled to a pin on a controller. As the number of electrodes
grows, so does the number of pins on the controller, adding to the complexity of
the controller and wiring to couple the controller to the electrodes. In some prior
touchscreens, electrode interpolation schemes have been used to tncrease the
cffective nuraber of electrodes on the touchsereen, without increasing the

£

number of required connections to controllers. Such mterpolation schemes may

not provide desired accuracy in determining touch locations.

Summary
{00683 Two different sets of electrodes in a touch sensitive device are
formed to produce an electric field gradient from one end of the elecirodes to the
other end when opposite ends of the clectrodes are driven with different
voltages. A signal measuring cycle is performed by aliemately driving the ends
of one set of electrodes while using the other set of electrodes to receive signals.
The roles of the sets of electrodes are then reversed, such that the set that was
driven is now used fo receive signals from the other set of electrodes. Optional
reference signals representative of touch strength may be obtained by driving
both sides of one set of electrodes, and then both sides of the other set of
clectrodes. The signals obtained are then used to determine the touch position

on the touch sensitive device.
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Brief Deseription of the Drawings

{30047 FiGs. 1A and 1B are top views of two ¢lectrodes of an electrode

tayout for a touch sensitive device according to an example crabodiment.

{8805] FIG. 1C is a top view of combined electrodes from FIGs. 1A and
IB.
{B006] FIG. 2 is a block circuit diagram iHustrating connections and

circuitry to interface with a touch sensitive device according to an example
embodiment.

{0071 FI3. 3 is a biock circuit diagram illusirating alternative
connections and circuitry to interface with a touch sensitive device according to
an example embodiment.

{6008 F1Gs, 4A and 4B are top views of two electrodes of an alternative

clectrode fayout for a fouch sensitive device according to an exanple

embodiment.

{3009] FIG. 4C is a2 top view of combined electrodes from FiGs. 4A and
48,

{8810} FiGs. 5A and 58 are top views of two electrodes of a further

alternative electrode layout for a touch sensitive device according to an example

embodiment.

{0011 FI1G. 5C s a top view of combined electrodes from FIGs, 5A and
SB.

{B3012] FIG. 6 is a table illustrating signals for detecting touch locations

on a touch seunsitive device according to an exaropic embodiment.

{80131 FiG. 7 is a graph illustrating signals for horizontal measureraent
{or a touch sensifive device according to an example embodiment.

{0614] F1Gs, 8-13 are tables ilhustrating burst sequences used to obtain
signals to determine touch location according to an example embodiment.

{3015] FIG. 14 is a top view of a single laver electrode layout for a touch
sensitive device according to an example embodiment.

{B3016] Fi(G. 15 ig a top view of an alternative single layer electrode
tayout for a touch sensitive device according to an example erabodiment.

{60171 FIG. 16 is a table illastrating a proximity burst for detecting

objects proximate a touch sensitive device according to an example embodiment.
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{B018] FIG. 17 is a top view of a single layer electrode layout having
miore than two vertical axis electrodes according to an example embodiment.
{019 FiG. 18 is an exaraple circuit diagram illustrating connections (o
the electrode layout of FIG. 17

{6020] F1G. 19 is a table illustrating an example burst sequence for the
cleetrode layout of FIG, 17,

{3021] FIG. 20 1s a top view of a single laver electrode layout having
more than two vertical axis electrodes according to an example embodiment.
{6221 FIG. 21 is an examaple circwit diagram illustrating connections (o

the clectrode layout of FIG. 20.

{60231 FIG. 22 is a table tllastrating an example burst sequence for the
clectrode fayout of FIG. 20.
{B024] FIG. 23 13 a top view of a single laver elecirode layout having

more than two horizontal axis electrodes according to an example embodiment.
{B3025] FIG. 24 is an example cirauit diagram illastrating connections o
the electrode layout of FIG. 23.

{60261 FIG. 25 is a table tllustrating an example burst sequence for the
electrode lfayout of FIG. 23.

166271 FIGs, 26A and 268 are top views of two electrodes of a single
layer electrode Jayout having more than two vertical and horizontal axis
clectrodes according to an exarople embodiment.

{BB28] FIG. 26C is a top view of combined electrodes from FiGs. 27A
and 278.

{029 FiG. 27 is an exaraple circuit diagram illustrating connections (o
the electrode layout of FIG. 26C.

{6030] F1G. 28 is a block diagram of a touch sensitive device including

circuitry to interface with the touch sensitive device according to an example

embodiment.
Betailed Description
{60311 The functions or algorithms described herein may be

implemented in software or a combination of software and human mplemented

procedures in one embodiment. The software may consist of computer
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exccutable instructions stored on computer readable media such as memory or
other type of storage devices. Further, such functions correspond to modules,
which are software, hardware, firmware or any combination thercof. Multiple
functions may be performed in one or more modules as desired, and the
emibodiments described arc merely exaraples. The software may be executed on
a digital signal processor, ASIC, microprocessor, or other type of processor
operating on a computer sysien, such as a personai coroputer, server or other
computer system.

[8032] First and second sets of electrodes in a touch sensitive device are
formed to produce an clectric field gradient from one end of the clectrodes to the
other end when opposite ends of the electrodes are driven with different
voltages. The sets of electrodes form a mairix from which touch position may be
obtained with minimal connections to the matrix. A signal measuring cycle is
performed by alternately driving the ends of the first set of elecirodes, while
using the other set of electrodes to receive signals. The roles of the sets of
electrodes are then reversed, such that the second set of electrodes are driven as
above with the first set used to receive signals. Reference signals representative
of touch strength may be obtained by driving both sides of the first set of
electrodes, and then both sides of the second set of electrodes. The signals
obtained are then used to determine the touch position on the matrix of
electrodes.

{6833] Several embodiments are described that create gradients of
electric ficlds across electrodes formed of different materials. Some
embodiments utihize resistors external to a sensing arca with electrodes formed
of highly conductive material. In some embodiments, the resistivity is high
enough such that undesirably large currents do not result when the electrodes are
driven to create the electric field gradient. Drive and reccive sequences are also
deseribed, along with algorithms for determining touch positions.

{B3034] FiGs. LA, 1B and 1C are top views of separate and combined
electrodes of a touch sensitive device 100 having a set of electrodes 118
exhibiting a vertical ficld gradiont and a sct of elecirodes 115 exhibiting a
horizontal field gradient. The electrodes in one emmbodiment are formed of

highly conductive material such as copper. Many different highly conductive

4



WO 2010/075308 PCT/US2009/069057

materials may be used, including many metals and other materials that provide
little resistance to electrical signals.
{8035] In one embodiment, the set of electrodes 110 include multiple
rows of horizontally disposed diamond shaped structures that are coupled
together at horizontal corners by strips of conductive material. Adjacent rows
re coupled by a resistor, as indicated for example at 120, coupling rows 122 and
124, fn this embodiment, there are six such rows, ending in a row 126, all
connected to aresistive chain 128, Row 122 1s coupled to a conductive line 130,
referred to as VERTO. Row 126 is coupled to a conductive Hine 132, referred to
as VERTI. In one embodiment, tines 130 and 132 may be selectively coupled to
drive circuilry, and line 132 may be selectively coupled to sense cireaitry which
is not shown i FIG. . Conductors 136 and 132 are also coupled through the
resistors between the rows of electrodes, such as resistor 120, The resistive
chain 128 operates as a resistive divider that creates an electric field gradient
the rows of electrodes in a vertical direction when either of the VERTO or
YERT1 hnces are driven with a drive voltage, with the other linc held at a
reference voltage, such as ground. Fach resistor acts as an atteruator to reduce
the voltage applied to the next elecirode, while end rows are driven with at the
drive voltage or are tied to the reference voltage.
{B036] A horizontal electric field gradient is produced in a similar
manner in columns of nter-conmected diamond shapes corresponding to
glectrode set 115, Outside columns are indicated at 140 and 142, and are
coupled to conductive lines 144 (HORO) and 146 (HOR1) respectively. The
cotumus of electrodes are coupled together via a resistive chain 150, that
meludes resistors extending between the conductive lines 144 and 146, and
coupled to the cofumns to create an electric ficld gradient in the columns of
clectrodes in a horizontal direction when cither of the HORO or HOR'Y Huoes are
driven, with the other line held at a reference voltage, such as ground. fn some
embodiments, the resistive chains may be formed of discrete resistive elements.
{8037] The twe sets of elecirodes 110 and 115 form an electrode pattern
that appears as a grid of diamond shapes. The clectrodes may be formed onthe
same layer with insulated crossovers, or may be formed as two separate layers

separated by an mmsulating layer. Various conductive materials, such as {[TO
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(indium tin oxide) and PEDOT (Polyethylenedionythiophene) copper or silver
paint {(when used in fine line mesh patterns for touchsereens) may be used to
form the electrodes. The resistive chains 120, 150 in one embodiment, form
resistive bridges which create a smooth gradient of the electric fields in both the
horizontal and vertical directions. The resistive chaing 120, 150 may be located
outside edges of the sets of elecirodes.
{3038] FIG. 2 s a schematic representation of example circuitry 200 for
driving and receiving signals on the clectrode patiern 100 of FIG. 1. Many
different methods of driving and receiving signals may be employed, and
cireuitry 200 1s just one example. Fach of the lines VERTO 130, VERTI 132,
HORO 144, and HOR1 146 are driven by corresponding voltages VO, V1, HO,
Hl. In one embodiment, line VERT is coupled to a sense capacitor CsO at 210,
which may be further coupled via a line labeled MV at 211 to a ramping resistor
216 for roeasuring transferred charge on Cs0. Line HOR is coupled to & sense
capacitor Csl at 212, which may be further coupled via a line Iabeled MH at 217
to a ramping resistor 218 for measuring transferred charge on Csl. Circuitry 220
8 coupled fo the ramping resisiors to receive and roeasure the charge from the
sense capacitors. The rampmg resistors are used for analog to digital
conversion, and may be replaced with other analog to digital converters in
further embodiments. in further embodiments, the sense capacitors may be
replaced by circuitry that may inclade integrators and operational amplifiers, or
other means of sensing charge. Circuilry 230 may also be coupled to lines MV
211 and MH 217 to switch the lines between a reference voltage, floating, and
charge fransfer positions in accordance with bursting sequences described below.,
{60391 Circuitry 230 may be used to provide multiplexing of drive
signals and {o providing timing and control signals switch components during
driving and sensing of the device 100, Circuttry 230 moay include a
microcontrolier n some embodiments to provide control signals for providing
drive signals, sensing transferred charge, and for calculating touch positions.
Cireuitry 231} is representative of drivers to provide the drive signals, and
receivers for receiving sensed sigoals from electrode patterns. One example

circuit for driving and sensing may be found in UK. Patent No. 6,452,514,
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{3340] In a further embodiment 300 in FIG. 3, sense circuitry, such as
sense capacitors 310 and 312 may also be coupled to line VERTO 130 and

HORO 144 respectively. Performance of charge measurement may or may not
be better than that provided by just using sense capacitors 210 and 212, as one
capacitor coupled to each set of electrodes should suffice to collect the
transferred charge given the low resistance of the clectrodes in this embodient,
Further ramping resistors 320 and 322, used for analog to digital conversion,
may also be used as shown in FIG. 3 in conjunction with sense capacitors 310
and 312.

{60411 FiGs. 4A, 4B, and 4C are top views of separate and combined
electrodes of an electrode layout 400, where the electrodes are formed using a
fransparent conductive material, such as ITO. In this embodiment, a diamond
pattern is again formed, but using a conductive material that has a resistance to it
suitable for forming an electric field gradient. In this embodiment, sets of
clectrodes 410 and 415, are again formed as rows and columns of diamond
shapes respectively, connected at corners by sirips of the conductive material.
{60421 The sets of electrodes 410 and 415 are coupled at cach end by a
conductive bar 420, 422, 424, 426 that does not result a significant electric field
gradicnt between adjacent rows or columns of cach set of electrodes. Bar 420 is
coupled to one end of each of the electrodes in electrode set 415, and bar 422 1s
coupled to the other end of the electrodes m electrode set 415, Bar 420 15
coupled to a line 430, referred to as VERTG, and bar 422 is coupled to line 432,
YERTI1. Application of a voltage via hine 430 VERTG, while line 432 VERT1 is
coupled to a reference veltage, resulis in an electric field gradient being formed
along electrode set 4135 between the ends coupled to bars 430 and 432, An
opposite gradient may be formed by providing a drive voliage signal on ling 432
VERT and a reforence on line 430 VERTO, Bars 424 and 426 are coupled 1o
respective ends of electrode set 410, and also to lines 434 HORO and 436 HOR |
to create a simnitar gradient when either tine is driven and the otherheld o a
reference.

{60431 FiGs. 5A, 5B, and 5C are top views of separate and combined
electrodes of an electrode layout 500, where the electrodes are formed using a

transparent conductive material, such as ITO. Layout S00 is similar to layout
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400, and utilizes the same reference numbers where elements remain unchanged.
In layout 500, the diamond pattera of shapes has been modified o increase the
resistance as a row ot coluron of electrode shapes is traversed between bars.

Cuts have been made in the diamond shapes to split them, and connect the sphit
diamonds by a conductive path, resuliing in a higher resistance for each column
and row. In one embodiment, the electrode resistance is similar to that of a
narrow strip of material, similar in width to that of the sirips connecting corners
of the diamond shapes in FIG. 4. In one embodiment, all the cuts are consistent
to obtain a uniform pattern that results in a smooth electric field gradient when
the sets are driven. In other embodiments, the cuts may be varied to obtain other
than a smooth gradient.

{6044] The layouts 400 and 500, as well as layout 100 may be driven and
sensed m accordance with cireuitry 200 or 300 as described above. Touch
position may be caleulated by measuring the accumulated voltage on the
sampling capacitors separately on two perpendicolarty oriented sets of elecirodes
having electric field gradients on twoe lavers. Driving one end of one set and
grounding the other end, creates a gradient of the field across the set of
electrodes which in one embodiment is smoothly modulating sensitivity across
the set of electrodes from maximuin fo zere. The signal is acquired from the
other set of clectrodes which work hike a single receiver plate. Then, the sets of
clectrodes are swapped, reversing the roles of the sets, so the other set 15 driven
with the remaining set now operating as the single receiver plate.

[B045] Reference signals RH are obtained by driving both opposite sides
of a set of electrodes (for example VERTG and VERT) and acquiring the signal
on the oppostie layer (HORO and HOR 1), Driving in this manner removes the
gradicnt of the seunsitivity across the surface of an clecirode set such that the
entire electrode set has equal sensitivity across the entire surface to work as a
untform, unitary capacitive key.

{B3046] To get the complete XY position m one embodiment, six different
drive signals may be applied to different lines of the sets of elecirodes. In one
embodiment, the drive signals take the form of bursts of voltage pulses that
result in charge transfer from one electrode set to another. The amount of charge

transterred may be affected by a touch. The signals stilized in one embodiment

&
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are described in table form in FIG. 6. The first colwmm in FIG. 6 refers to a burst
number, which each may nclude one or more pulses of electricity. The order
may be changed as desired. For each burst, the status of each of the connections,
VERTO, VERTI, HORG and HORI are then deseribed in subseguent cohurmns.
For example, during burst number 1, VERT{ is driven with the bursts, VERT1 is
tied to a reference, such as ground, HORG 1s floating, and HOR1 is acquiring
transferred charge. The acquired charge is labeled in the next colummn referred to
as signal. The signals, including references, acquired include SV1, 8VZ, RV,
SH1, SH3 and RH, where RV and RH are reference signals from driving both
ends of each set of electrodes.

{60471 There are several types of bursts {or identifving a touch event.
Some burst types measure the position along one axis of a sensing surface. For
example, such a burst type may drive one end of electrodes spanning a sensing
area and ground the other end, which creates gradient of the field. A signalis
acquired using electrodes spanning the sensing area in a different divection than
the driven electrodes. These signals are shown in FIG. 6as SV1, SV2, SH1 and
SH2.

{6048] Another burst type measures the strength of a touch. Suoch bursts
may simultancousiy drive both ends of a screen, converting the whole screen
futo a capacitive key with the same sensifivity across the whole area. The
acquired signal provides a reference to allow a more precise calculation of
touch position by reducing the effect of signal strength on the reported touch
location. It is understood that other burst types are possible for sensing touch
events without departing from the scope of the present subject raatier, inchiding,
but not Hroited to, burst types using mutual capacitance as discussed above and
burst types using self-capacitance to sense a touch event.

{6049 Burst number 1in FIG. 6 measures a signal with a vertical
gradient having a maximum signal on VERTO to a minmmum signal on VERTE
Burst number 2 measures the signal with the vertical gradient reversed, such that
the maximum signal is on VERT 1 with a minimum signal on VERTO. In burst
nurnber 3, the signal is measured without a vertical gradient because both
VERTO and VERT are driven. In burst number 4, the signal is measured with a

horizontal gradient, corresponding to a maximum signal on HORO and minimom
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signal on HOR1. In burst number 5, the gradient is reversed, and in burst
number 6, there is no horizontal gradient as both are driven.

{80501 The formulas for calculating the positions divide an area to two
zones where one of the signals is stronger than the other and each zone has ils
own formula. The transition between the two formulas as a touch moves
between the two zones does not create a glitch because both formulas yield the

same result at the transition. The ideal signals from horizontal measurement

o

between a point “Xu” and "X on a touch sensitive device are shown in FIG,
7. FIG. 7 illustrates how signal relationships change if the touch moves from a
horizontal coordinate X on the left of the touch sensitive device to a horizontal
coordinate X on the right side of the touch sensitive device. Point A is the
vaiue of RH at a particular touch point X0, B is the value of 8HI at X0, and C is
the value of SH2 at X0. A sumilar graph (not shown) represents how signal
relationships change between SV1 and SV2 as a touch moves, for example, from
a point “Y,” at the bottom of a touch area (0 a point “Y..«” at the top of the
touch area.

{00651 In various embodiments, a burst may provide a reference signal
RH representative of a horizontal position at an extreme cdge of the area. In
some embodiments, RH 18 a predetermined constant.

160521 As stated above, for calculating a touch position including a
horizonial coordinate, the horizontal area of a touch screen, for example, s

divided into two zones. Horizontal zone 1 includes an area where the SH1 field

~1

15 is stronger than or equal to the SH2 field 720 {e.g. the area to the feft of Xm
. 710}, Horizontal zone 2 includes the area where SHZ is stronger than SH1.
{60531 Thus , when SH1 1s bigger than or equal to SH2, the horizontal
coordinate, X, of a touch ovent is calculated as:

RH - 8H1 )
2*RH ~{(SH1-8H2Y

X =N (

where IV, 18 a scaling factor that can be used 1o provide a given range of
coordinate values between positions X, and X, when X 18 zero,
{3054] When SH? is bigger than SHithe horizontal coordinate, X, 15

i

calculated as:

16
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H - SHZ
X =N {1~ e Ty
2¥RH —(SH1+85HD)
{3055] To calculate a vertical coordinate of a touch event, signals SV1,

SV2 and RV are used. The vertical area of a touch sensitive area is divided into
two zones, Vertical zone 1 includes an arca where the SV1 field is stronger than
or equal to SV2 field. Vertical zone 2 includes the area where SH2 1s stronger
than SH1.
{B056] When SV1 is bigger than or equal to SV2 a vertical coordinate,
Y, of a touch event is calculated as:

RV - 8V1

VN o)
TERY —(SV1-8V2)

where &V, 15 a scaling factor that can be used to provide a given range of
coordinate values between positions Yoy, and Y.
{8457} When 8V2 is bigger than 3V a vertical coordinate, Y, of a touch
event is calculated as:

RV - 8V2

A Pp———— )
2ERY ~{SV1+SVD)

where, with reference o FIG. 6,
SV1 15 the signal measured during burst #1,
SV2 1s the signal measured during burst #2.
RV is a reference signal measured during burst #3.
SH1 is the signal measured during burst #4.
SH2 is the signal measured during burst #5.
RH 1s a reference signal measured during burst #6.
{8858 In some embodiments, RH and RV need not be used. RH and
VH, when used, provide the ability to deterraine touches accurately across the
screen. The ervors would generally be largest at the edges of the screen. In
further embodiments, a weighted average formula may be obtained from the
above formulas for calculating positions. One example formula for calculating
the X coordinate of a touch event may be written as;

X =Np(1*(RH - SH1} + 2%RH- SH2)} / (2*RI - (SH1 + 5H2) -} - M.
{6059] Example burst timing compositions for each of the above bursts

of Fig 6 are now described with reference to FIGs. 8-13, Burst sequence nunber

1
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one of Fig 6 is shown expanded in FIG. 8. Bursting of pulses is done on VG,
with Vi connected to GNE or another refer voltage, while H} ig left
floating. Measuring is performed on H1, corresponding o the signals from a
first vertical gradient. As previously indicated, the acquisition bursts described
herein are just one example of drive signals that may be used. Many other drive
signals and charge acquisition methods may be used in further embodiments.
{3060] At a fivst step in Fig §, referred to as an initial discharge state, all
capaciiors are fully discharged. V0, MV, V1, HO, MH, and H! are imitially
coupled to ground (as represented by a ‘(¥ in the table), or other reference
voltage. Atstep 2, MV, HO and HI arc allowed to float (as represented by a “F°
in the table). At step 3, charge is transferred from VO (by driving pin VO high,
as represenied by a ‘17 in the tabie} and accumulated on sense or sampling
capacitor Csl. At step 4, MH is allowed to float, floating Cs to end the charge
transfer. Atstep 5, H1 is coupled to ground to discharge parasitic capacitance,
Cp. Atstep 6, VO is coupled to ground, discharging the unknown capacitance,
Cx. Atstep 7, H1 is allowed to float to prepare for the next transfer. Alstep 8,
MH is grounded to ground Cs 1o prepare for the next transfer. At step 9, steps 3-
8 are repeated N times until the acquisition burst is completed, where ‘N is a
predetermined nuraber designed to provide a targeted amount of signal gain and
noise suppression by virtue of repetitive signal accunudation; "N’ in the context
of this and further table figures hervein, may be any integer number and roay also
include zero. Atstep 10, MH is floated to prepare for the measurement. At step
11, MN is coupled as an analog comparator input, and H1 is coupled to ground.
At step 12, the CHRG line to the sense cireuitry 18 coupled to perform
measurement of the signal via ramping of the voltage on the sample capacitor(s)
via a resistor such as 216, unti] the voltage on the sample capacitor reaches a
predeternined voltage, the measurement being taken by tinming the mterval
required to reach the predetermined voltage. The above explanations apply also
similarly to Figs 9 through 13 with modifications as will be discussed below.
(6] The floating states are used explicitly in some embodiments to
avoid cross-conduction when output drivers of pins switch on and off. in some
microcontroflers, during transitions between floating and output states and vice-

versa while one pin is “semi output”, another comnected to the other side of a
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sampling capacitor 1s also “semi output”. The result can be a significant,
unpredictable and thermally dependent amount of charge being destroyed on the
sarople capacitors due to such cross-conduction. However, the burst sequences
will operaie adequately if floating states are not expressly used as shown in the
various table figures in some embodiments, specifically if the output drivers

avoid such cross-conduction by their intrinsic design.

{3062] Burst step number 2 of Fig 6 13 expanded as iHhustrated in FIG. 9.
This step consists of bursting pulses on VI, with VO comnected to GND while

HO is floating, with measuring performed on HI to acquire a second vertical
gradient. The individual steps illustrated in FIG. 9 are similar to those in FIG. 8
as discussed supra, except that in step 3, charge is transferred from pulses on V1
instead of VO,

{8063] Burst step number 3 of Fig 6 1s expanded as iHustrated in FIG. 10,
This step consists of bursting pulses on both VO and V1 with HO floating, while
measurement is performed on H1. This acquires signal without a voltage
gradient, so that the entire screen responds as a single unitary ‘key’ without
differentiation as to touch position. As discussed, the signal resulting from this
step 1s used as areference RV in order to make position calculations along the
vertical axis more precise by reducing the imfluence of signal strength variations.
{B064] Burst step number 4 of Fig 6 1s expanded as iHustrated in FIG. 11
This step consists of bursting pulses on HO, with HI connected to GND withV0
floating, while measurement is performed on Vi in order to acquire signal with
a first horizontal gradient.

{6065] Burst step number 5 of Fig 6 is expanded as ilustrated o FIG. 12,
This step consists of bursting pulses on HO while H1 is connected to GND and
Vi 1s floating, with the measurement being taken on V1 in order to acquire a

second horizontal sigonal gradient,

{3066] Burst step number 6 of Fig 6 18 expanded as ilhustrated in FIG. 13.
This step consists of bursting pulses on HO and HI while V{0 is floating while

measuring signal on V1. This acquires signal without a voltage gradient, so that
the entire screen respounds as a single unitary ‘key’ without differcotiation as to
touch position. As discussed, the signal resulting from this step is used as a

reference RH in order to make position calculations along the horizontal axis

—
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more precise by reducing the mfluence of signal strength variations. Each of

7l

equences numbers 4, 5, and 6 correspond closely to sequences 1, 2, and 3
respectively except that opposite sets of clecirodes are driven and sensed.
{88671 Using a single layer 1TO design in one embodiment may result in
one or more advantages hike reduced cost, increased relability, higher yield rate,
cte. Also, the difference between the gains in the measurements on the top and
the bottorn layer will become minor since such a configuration has no Z-axis
layer displacement. One sohution for using {TO for such touch screen is shown
on FIG. 14, The whole design is formed of multiple substantially paraliel lines.
{6668] Half of the lines 1410 are used to create a horizontal gradient
between connectors HORD and HOR1. Lines 1410 may utilize externally
connected resistors 1415, In some embodiments, resistive sinictures may be
formed of 1TO or other resistive material. The other half of the lines 1420 are
used to create a vertical gradient between VERTO and VERTL. Lines 1420 may
be connected in parallel. When using equal thickness lines it is possible that the
resistance of the Hines 1420 connected in paraliel may be low, resulting in a sub-
optimal vertical gradient.
{66691 In FIG. 18, bines 1510 used to form a vertical gradient are made
narrower than the Hoes 1410 used to create the horizontal gradient. To obtain
2K resistance across 10 vertical bars in paralie] between VERTO and VERT the
resistance of cach bar should be 20K in one embodiment. Other resistances may
be used in further embodiments. Also, asing a higher resistance [TO layer will
help to increase the resistance between VERTO and VERT to a desired range.
in further erobodiments, zigzag patterns {not shown) roay be used fo increase the
resistance of the bars connected between VERTO and VERTL. It is understood
that other methods and circuits for mutual capacitance type touch event sensing
re possible without departing from the scope of the preseunt subiect roatter. o
addition to charge transfer circuits and method used for exarnple herein, other
methods inchude, but are not Hmited to, amplitude detection, RC time constant
measurements, modified charge transfer methods, charge transfer methods using
filtering such as “leaky integrators” having an asymptolic respounse, and

combinations thereof

14



WO 2010/075308 PCT/US2009/069057

{6670] 7avious embodiments of the disclosed electrode patterns allow
various methods of touch event detection, including various methods of
proximity detection. One form of proximity detection may be accomplished
using self -capacitance, instead of mutual capacitance as described above.
Proximity detection using sclf capacitance is possible because self capacitance
field lines freely radiate outward into free space from the electrodes. A four
electrode touch screen according to various embodiments of the present subject
matter allows simple implementation of proximity detection by issuing on
reguolar intervals, paralle! bursis on both channels. A self capacitance type
proximity burst is shown in FIG. 16, which is used in conjunction with the
circuit of Fig 2. A parallel burst on two channels 13 provided by keeping CHRG,
YV and HO floating during the burst, allowing the ficld lines to propagate away
from the surface of the sereen. 1t is understood that other methods of self-
capacitance proximity sensing are also possible without departing from the scope
of the present subject matter, for example, but not lmited to, RC time constant
sensing.

{60711 Proximity detection acquisitions using self-capacitance maybe
combined with mutual capacitance acquisitions in various ways. For example
proximity bursts may be suspended when a touch is detected on the surface, as
additional proximity detection conswmes processing resources that may be
available for, among other things, identifying the location of the touch event. In
other instances it would be desirous to acquire in both mutual and self
capacitance modes, for example when it 15 not yet clear that a finger has touched
the screen surface, eg when signals indicate an ambiguous condition. In vet
another condition, it would be desirable to only sense using self-capacitance in a
proximity detecting mode when the signals from self-capacitance are weak, eg,
when it is clear there is no touch present on the screen surface. The ratio of self-
capacitance to mutual capacitance acquisition bursts over time can be adjusted to
suit various signal conditions in order to optimize response time and power
consumption.

{60721 Normally, the touchscreen design utitizes a shape of the screen
that 1s rectangular, not square. Using only four electrodes on rectangular shaped

screens can make the resolution and/or the linearity across the X and Y
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directions more or less unequal. For higher aspect ratio screens, it is desirable to
maintain a consistent resolution and linearity along cach axis. One solution is to
add rore electrodes i one of the directions. One of the possible designs is to
use five electrodes, two to detect the position in the horizontal direction, and
three to detect the position in thevertical direction as indicated in layout 1700 in

-
7
I

FIG. 17 and corresponding connections in FIG. 18, Layout 1700 inone
embodiment is formed of resistive electrode material that is formed in two sets
of parallel lines in a single layer, forming horizontal and vertical electric field
gradients when driven. In this embodiment, CsG is shown coupled to VERTI,
but in further cobodiments, CsO roay be coupled to VERTO or VERT2.

{60731 In ovder o get enough information to calculate the touch position
and to compensate the offsets the design of Fig 18 employs seven different
acquisition burst steps as illustrated in FIG. 19, with the additional burst over
that of Fig 6 bemg used to measure signal from driving VERT2. To obtain touch
position in the horizontal divection, three bursis, 5, 6, and 7 are used. To obtain
position in the vertical direction, four bursts, 1 through 4, are used. Notice that
the design still utilizes just two sampling capacitors and two conversion ramping
resistors. Other methods and circuitry to detect a touch position are possible
without departing form the scope of the present subject matier. For example, in
some erbodiments, the raraping resistors may be omitted when using an
alternative analog to digital converter to measure accumulated charge or when
using an operational amplifier charge integrator in place of capacitors Cs.
{8741 Because the design may be made using two samphing capacitors
{one for horizontal and one for vertical measurements) there will be no
difference in the gain between different channels measured on the same
sampling capacitor, resulting in iroproved bnearity.

{B075] With respect to FIG. 17, additional electrodes may be added in
the vertical direction without the need to add more Cs sampling capacitors,
Additional electrodes may be added to the vertical divection in similar {ashion.
{B076] FI3. 20 shows a six elecirode design 2000 on single layer ITO,
where four clectrodes, VERTO to VERTS are used on the vertical axis,
Connections are shown in FIG. 21, illustrating the use of two sampling

capacitors.
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{8771 The six electrodes touch sereen utilizes eight different bursts,
The bursts are shown in FIG. 22. Compared to the burst sequence tabie of FIG.
19, additional bursts are used to measure signals from driving added clectrode
VERT3. As illustrated in comjunction with Figs 17, 18, 19, 26, 21 and 22,
clectrodes may be added in along at least one axis while still using only one Cs
sample capacilor per axis.

§B078] In still further embodiments, more electrodes may be added 1o
both directions as iflustrated in FIG. 23 at layvout 2300 and corresponding
connection diagram in FEG. 24. In this case the whole screen is divided info two
lateral sections which work in a similar way to layout 2000; the loft and night
VERTn halves are connected m identical fashion to the same circuit lines so that
the two halves behave as though they were continuous across the screen, but for
the brief interruption of the HOR 1 spine. The burst sequence consists of nine
bursts as shown in FIG. 25. One difference 18 that there will be one additional
burst in the horizontal direction as shown in step &, resulting in 9 steps.

{479 The design 2300 results in nonlinearity in the horizontal direction
because of the resistance of the vertical spine extending between the two
ternunals labeled HOR1 as shown in Fig. 23, It is possible to compensate for

e
e
i

such non Hnearity in software, however by decreasing the effective resistance of
the spine by widening #t or by the use of & material that augments conductivity
along its length, the linearity can be substantially imaproved. However,
increasing the thickness of the middle bar beyond some Hmit will create
localized lincarity problems. The middle bar may also be formed at least in part
of highly conductive metal in sorue embodiments to reduce its resistivity. Inone
embodiment, Csl is coupled to the middie bar via HOR1 to collect transferred
charge. Csl may aliernatively be coupled to HORO or HORZ in other
embodiments. 50 1s shown coupled to VERT, but may alsoe be coupled to any
of the other VER T connectors in further embodiments.

{3080} FiGs, 26A, 268, and 26C are top views of separate and combined
clectrodes of a seven electrode design at 2600 with two layers of TTO, or other
suttable material. I the layers are formed on different sides of a subsirate, suc
as PET, as long as the two layers are close to each other there will be Iittle

difference in the sensitivity on bottom and top side measurements. In various
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embodiments, PET ased in the ITO designs is no more than 1250m thick and
preferably S0um thick. FIG. 27 illustrates the connections that may be used with
design 2600
{6081} In some embodiments, electrode design 2700 may be used to
form up to six different sensitive areas defined by pairs of vertical and horizontal
conductive Hoes. In other words, the area of the design 2600 bounded by
VERTO, VERTI, HORO and HORY may be treated as one area, and other arcas
will correspond to other pairs of vertical and horizontal conductive lines. In this
manner, touches in separate arcas may be independenily detected, even if
occwrring at the same tiroe. This mode of operation may bereferred to as a
‘multi-touch’ mode of operation.  Additional sense capacitors may be used m
further embodiments if desired. Bursting sequences may be changed in further
embodiments 1o accommodate a mulii- touch mode of operation.
{03821 In vartous embodiments, & four electrode touch sensitive device
offers extreme stmplicity of design, using two sampling capacitors and two
raraping resistors. The ramping resistors may be omitted, instead using an ADC
converter, perhaps together with an operational amplifier tntegrator..
{60831 The high speed, good resolution and linearity, and the ability to
detect prociscly the touch location will allow such devices to be used in low cost
character recogrition devices, including electronic writing tablets, for example.
The low number of wires connecting the sensing circuit to the touch scre
electrodes allows for a narrow border, permitting a more optimal use of front
panel space.. The connection to the screen is also simphified because of the low
nurober of wires.
{68841 FIG. 28 is a block schematic diagram of a touchsereen 2800 and
associated touch screen countroller 2805 according to an exaraple embodiment.
Touchscreen 2800 is representative of a touch sensitive device that may be used
to provide an interface to different devices. Touchscreen 2800 melades sets of
electrodes 2810, 2815 coupled at each end by a bar 282{}, 2822, 2824, 2826, In
various embodiments, cach bar is of significanily higher conductivity than the
screen electrodes themselves, so as not to create a significant electric field
gradient between adjacent rows and columns of each set of electrodes; for

example, these bars could be made of metal, while the electrodes are made of

18



WO 2010/075308 PCT/US2009/069057

ITO. Each bar is coupled to both an input 2860 and an output 2862 of the
controller 2805 to sense touch events of the touchscreen 2800,

{0085] In various methods of sensing touch events, cach of the electrodes
is electrically excited using the ouiputs of the controller, and sensed using the
inputs of the controller. The controller includes several input and output
components to assist in timing the excitation and sensing of the clectrodes. Input
components include sarople-and-hold circuits 2864, an analog multiplexer 2866
and an analog-to-digital converter 2868, Samplers 2864 are also embodied as
the Cs capacitors shown in the various figures herein, for example Csll, Csl,
Cs2, and Cs3 of Fig 3. While four samplers are shown, i many instances only
two samiplers are required, for example when using the topology shown in Fig2.
Output components includes timing logic 2870 coupled to the input components
to time and generate output signals in coordination with the sensing functions of
the input components. Electrode drivers 2871 generate the excitation of the
clectrodes 2810, 2815 in response to the timing logic circuit 2870, Individual
drivers at 2871 each have a 3-state capability in order to implement the floating
states associated with the various burst sequences described in conjunction with
the various circuits and tables discussed above, in addition to being able to drive
to at least one reference voltage. A signal processor 2872 acquires and processes
sensed signals from the ADC 2868, Touch events and location information is
passed to a controller interface 2874, Master control logic 2876 is coupled to the
interface 2874, timing logic 2870 and signal processor 2872 to provide over-all
control and monitoring of the touch screen controller2805. In various
embodiments, the controfler interface 2874 exchanges touch event information
and status with a host device 2878,

{6086] The controller interface 2874 acts to process signals to and from a
communication protocol for commuunicating with the host 2878, Insome
embodirments, a serial protocol such as serial peripheral interface (8P or inter-
integrated circuit (12C) may be used. Various other protocols may be used in

further embodiments.
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CLAIMS

1. A controller comprising:

a driver to provide signals to drive electrodes of a touch sensitive device,
wherein the driver provides muoltiple sets of drive signals to at least four different
drive lings 1o separately couple to both ends of two sets of electrodes having
clectric field gradients and wherein the sets of electrodes are arranged to
exchange signals; and

a receiver to receive multiple sets of exchanged signals from both sets of

electrodes responsive to the signals provided by the drver.

2. The controller of claim 1 wherein the multiple of drive signals
fnclude:
four drive signals to be provided to each end of both sets of electrodes;
a drive signal to be provided to both ends of one set of electrodes; and

a drive signal to be provided to both ends of the other set of electrodes.

3. The controller of claim 2 and further comprising a processor to determine

a touch position responsive to the exchanged signals received by the receiver,

4. The controller of claim 3 wherein exchanged signals received as a result
of the drive signals being provided to both ends of the sets of electrodes are

reference signals.
5. The controller of claim 3 wherein when the four drive signals to be
provided to an end of a set of elecirodes are cach provided while the other end of

the set of electrodes is held at a reference voltage.

6. The controlier of claim 1 whercin the exchanged signals arc obtained

from etther end of the sets of electrodes.

26



WO 2010/075308 PCT/US2009/069057

7. The controller of claim 1 wherein the driver provides drive signals in the

form of bursts of pulses,

g. The controller of claim 7 wherein the pulses are provided in six different

sets of bursis corresponding to six different measuremenis.

9. The controller of claim 8 wherein four of the sets of bursts correspond to

driving fowr different corresponding ends of the two sets of electrodes.

10, The controlier of claim 2 wherein two of the sets of bursts correspond to

driving both ends of each of the two sets of electrodes.

11 The controller of ¢laim 1 wherein the controller is configured to
selectively drive both sets of electrodes at the same time to operate in a

proximity detection mode.

12. The controller of claim 1 wherein exchanged signals are obtained from
sense cireuitry coupled to one set of electrodes and sense circuitry coupled to a

second sei of electrodes.

13, The controller of claim 12 wherein each of the sense circuitry comprises

a single sense capacitor corresponding to each set of electrodes.

4. A mcthod coroprising:

alternately driving different ends of a first set of electrodes of a touch
sensitive device;

reasuring signals transferred from the first set of electrodes o a sccond
set of electrodes;

alternatively driving different ends of the second set of electrodes of a
touch sensitive device; and

measuring signals fransferred from the second set of electrodes to the

first set of electrodes.
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15, The method of claim 14 and further comprising:

driving both ends of the first set of electrodes;

measuring signals transferred from the frst set of elecirodes to the
second set of electrodes resulting from driving both ends to obtain a first
reference signal:

driving both ends of the second set of electrodes; and

measuring signals transferred from the second set of electrodes to the
first set of electrodes resulting from driving both ends o obtain a second

reference signal,

16, The method of claim 14 and further comprising determining a touch

Y

position signal from signals resulting from the measuring of transferred signals,
17. A touch sensitive device comprising:

a plurality of x electrodes having two ends coupled to form an electric
ficld gradient between the ends of the x electrodes when cither end is driven; and
a plurality of y clectrodes arranged to exchange signals with the x

electrodes and bhaving two ends coupled to form an electric ficld gradient

between the ends of the y electrodes when either end is driven.

18, The touch sensitive device of claim 17 wherem the X electrodes and v

electrodes are orthogonal to each other.

18, The touch sensitive device of claim 18 wherein the x elecirode and vy

electrodes are formed in separate layers.

20, The touch sensitive device of claim 17 wherein the x electrodes and v
clectrodes are substantially parallel to each other and are formed m the same

layer.

21. The touch sensitive device of claim 17 wherein the electrodes are formed

of metal.

-2
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22, The touch sensitive device of claim 17 wherein the electrodes are formed

of a transparent conductive material.

23, The touch sensitive device of claim 22 wherein the material comprises

ITO.

24, The touch sensitive device of claim 22 wheremn the x electrodes are
coupled by a resistive chain to provide the electric field gradient and the v
electrodes are formed of strips of transparent conductive material that are

narrower than the x electrodes fo provide the electric ficld gradient.

25.  The touch sensitive device of clatm 17 and further comprising resistive
chains coupled to each of the x electrodes and the y electrodes to provide the

gradient.

26, The touch sensitive device of claim 17 wheretn the x elecirodes and v

electrodes are formed in a diamond pattern,

27.  The touch sensitive device of claim 26 wherein the diamond patiern

comprises split diamond connected by a conductive bar fo enhance the gradient.
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BUEST VERTO VERT! HORO HORI SIGNAL DESCRIPTION
\ MEASURE THE SIGNAL WITH VERTICAL
1 DRIVE  GND | FLOAT ACQUIRE  SV1 | GRADIENT MAX SIGNAL ON VERTSEND,
MIN SIGNAL ON VERT! END
~ MEASURE THE SIGNAL WITH VERTICAL
2| GND  DRIVE | FLOAT ACQURE  Sv) | GRADIENTMAX SIGNALON VERTI END,
MIN SIGNAL ON VERTO END
| MEASURE THE SIGNAL WITHOUT VERTICAL
3 | DRVE | DRIVE | FLOAT ACQUIRE RV | GRADIENT. THE SIGNAL IS THE SAME ON
THE WHOLE SCREEN
) MEASURE THE SIGNAL WITH HORIZONTAL
4  FLOAT ACQURE DRIVE  OND | SH! | GRADIENT. MAX SIGNAL GNHORDEND,
MIN SIGNAL ON HOR1 END
) MEASURE THE SIGNAL WITH HORIZONTAL
5 | FLOAT ACQURE| FLOAT DRVE  SHD | GRADIENT.MAX SIGNAL ON ORI END,
VN SIGNAL ON FORS END
_ ) MEASURE THE SIGNAL WITHOUT HORIZONTAL
6 | PLOAT ACOURE| GND | DRIVE  RH | GRADENT. THE SIGNAL IS THE SAME ON
THE WHOLE SCREEN
FIG 6
A
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