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DECODING TOUCH DATA BASED ON A CODE WORD PORTION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application No. 63/461,013,
filed April 21, 2023, which is hereby incorporated by reference in its entirety as if fully set
forth herein.

TECHNICAL FIELD

The present disclosure relates to code-division multiplexing in capacitive touch sensing
devices, in particular, decoding code-division multiplexed receive data based on code word
portions to estimate a touch position in a capacitive touch sensing device.

BACKGROUND

Code-Division Multiplexing (CDM) is a spread spectrum technique which allows
multiple usage of the same channel. In spread spectrum implementations of capacitive touch
sensing devices, a respective signal is given a code word. Signal data is available on a shared
channel. A respective signal has a unique code word assigned to it called a chip sequence or
orthogonal sequence, because the code words comprise symbols or “chips.” Knowing the code
words, the receiver can distinguish the different signals. The code words are comprised of +1
or -1. Respective code words have L chips, where L also is the maximum number of orthogonal
signals. Two code words are orthogonal when their dot product yields zero (0). The dot product
of only the first elements of such two code words usually is non-zero. That is, code word
portions often are non-orthogonal to each other.

For some applications, however, it is of interest to obtain an estimate (of the transmitted
information, or the channel gain before a full code word is received and processed. Such
applications, for example, include capacitive touch sensing applications, which have relatively
fast output report rates.

In particular, human nterface devices (HID) using capacitive touch sensing have
relatively fast output report rates. Capacitive touch sensing devices comprise sensor efectrodes
funciioning as antenna that are often tormed in layers of conductive matenial, £.g. stripes of
copper of printed cirenst board layer (PCBY. These electrodes are elecinically connected 1o g
touch detection unit, for example, on the same PCB to form a compact unit. The touch detection
unit's measurement value, among others, depends on the posiion of g target object

{finger/hand) 1n the sensor electrode’s vicinity which influences the capacitive coupling
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between electrode and target, yielding a target measurement signal depending on the distortion
of the alternating electric field. Touch sensing technology for 2-dimensional touch detection
often uses a signal deviation matrix over Tx-Rx nodes (i.e., in (x,y)) to identify positions being
touched by a user’s finger, for example. A touch screen may, for example, have a signal
deviation 16X16 matrix of Tx-Rx nodes having Tx electrodes (m =0, 1, 2, ..., 15) and Rx
electrodes (n=0, 1,2, ..., 15). The code words of the Tx electrodes (m) are transmitted, receive
signals of Rx electrodes (n) are received, and the information for electrode nodes (n,m) are
decoded. When using CDM, decoding is possible only after receiving the receive signal in full,
i.e., when containing information from the entire transmitted code words. For some touch
screen applications, however, it is of interest to obtain an estimate (of the transmitted
information, or complex channel gain) before the receive signals are received in full and
processed.

There is a need for code-division multiplexing touch sensing schemes using a spread-
spectrum technique that estimates the touch positions prior to receipt of the full receive signals.

SUMMARY OF THE INVENTION

According to aspects, there is provided a code-division multiplexing touch sensing
scheme using a spread-spectrum technique that estimates touch positions prior to receipt of the
full receive signals.

An aspect provides a method comprising: providing a capacitive touch sensing system
comprising transmit electrodes and receive electrodes positioned to have mutual capacitances
between transmit electrodes and receiver electrodes at electrode intersections called nodes,
wherein the capacitance at respective ones of nodes deviates when touched; identifying a first
and a second subset of transmit electrodes based on a prior touch position estimate; assigning
code words from a first subset of code words to respective ones of transmit electrodes of the
first set of transmit electrodes, wherein respective ones of code words are a complete code
word having a first code word portion and a second code word portion; assigning code words
from a second subset of code words to respective ones of transmit electrodes of the second set
of transmit electrodes, wherein respective ones of code words are a complete code word having
a first code word portion and a second code word portion; generating a transmit signal for
respective ones of transmit electrodes according to its assigned code word; transmitting the
transmit signals; receiving a first portion of a receive signal, for respective ones of receive

electrodes, indicative of the respective capacitances between the receive electrode and
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respective ones of transmit electrodes; decoding the first portion of the receive signal for
respective ones of receive electrodes using the first portions of the first subset of code words;
and computing touch position estimates for the first subset of transmit electrodes based on the
decoded first portions of the receive signals.

An aspect provides a method as in the preceding paragraph, comprising: receiving a
second portion of receive signal for respective ones of receive electrodes; decoding the
complete receive signal for respective ones of receive electrodes using the complete code
words; computing a touch position estimate for the set of transmit electrodes based on the
decoded complete receive signals; and serially and alternatingly decoding the first portion of
the receive signal and decoding the complete receive signal.

An aspect provides the method as in any one of the two preceding paragraphs,
comprising default assigning respective ones of code words from the first subset of code words
to respective ones of the first set of transmit electrodes and default assigning respective ones
of code words from the second subset of code words to respective ones of the second set of
transmit electrodes, wherein code words comprise unique numbers, wherein transmit
electrodes are numbered uniquely, and wherein the default assigning comprises assigning the
code word with the lowest number to the lowest numbered transmit electrode, and assigning
the code word with the second lowest number to the second lowest numbered transmit
electrode.

An aspect provides the method as in any one of the three preceding paragraphs,
comprising repeating the performing a touch position estimate.

An aspect provides the method as in any one of the four preceding paragraphs, wherein
assigning respective ones of code words from the first subset of code words to respective ones
of the first set of transmit electrodes comprises: adaptive assigning respective ones of code
words from the first subset of code words to transmit electrodes identified as having been
touched or identified as assumed to have been touched based on the prior touch position
estimate, and wherein assigning respective ones of code words from the second subset of code
words to respective ones of the second set of transmit electrodes comprises: adaptive assigning
respective ones of code words from the second subset of code words to transmit electrodes
identified as having not been touched or identified as assumed to have not been touched based

on the prior touch position estimate.



10

15

20

25

30

WO 2024/220239 PCT/US2024/022717

An aspect provides the method as in any one of the five preceding paragraphs, wherein
assigning respective ones of code words from the second subset of code words to respective
ones of the second set of transmit electrodes comprises: adaptive assigning respective ones of
code words from the second subset of code words to transmit electrodes identified as having
not been touched or identified as assumed to have not been touched based on the prior touch
position estimate, and wherein assigning respective ones of code words from the first subset of
code words to respective ones of the first set of transmit electrodes comprises: adaptive
assigning respective ones of code words from the first subset of code words to remaining
unassigned transmit electrodes.

An aspect provides the method as in any one of the six preceding paragraphs, wherein
respective ones of the code words comprise binary sequences having 2*K chips of a Hadamard
matrix where K is an integer, wherein the code word portions of respective ones of the code
words comprise K chips.

According to an aspect, there is provided a system comprising: a capacitive touch
sensing system comprising transmit electrodes and receive electrodes positioned to have
mutual capacitances between transmit electrodes and receive electrodes at electrode
intersections called nodes, wherein the capacitance at respective ones of nodes deviates when
touched; a processor; and a machine readable storage medium storing instructions, which when
executed by the processor, cause the system to: identify a first and a second subset of transmit
electrodes based on a prior touch position estimate; assign code words from a first subset of
code words to respective ones of transmit electrodes of the first set of transmit electrodes,
wherein respective ones of code words are a complete code word having a first code word
portion and a second code word portion; assign code words from a second subset of code words
to respective ones of transmit electrodes of the second set of transmit electrodes, wherein
respective ones of code words are a complete code word having a first code word portion and
a second code word portion;; generate a transmit signal for respective ones of transmit
electrodes of the first subset of transmit electrodes according to its assigned code word,
transmit the transmit signals; receive a first portion of a receive signal, for respective ones of
receive electrodes, indicative of the respective capacitances between the receive electrode and
respective ones of transmit electrodes; decode the first portion of the receive signal for

respective ones of receive electrodes using the first portions of the first subset of code words;
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and compute touch position estimates for the first subset of transmit electrodes based on the
decoded first portions of the receive signals.

An aspect provides the system as in the preceding paragraph, wherein the instructions,
which when executed by the processor, cause the system to: receive a second portion of receive
signal for respective ones of receive electrodes, decode the complete receive signal for
respective ones of receive electrodes using the complete code words; compute touch position
estimates for the set of transmit electrodes based on the decoded complete receive signals; and
serially and alternatingly decode the first portion of the receive signal and decode the complete
receive signal.

An aspect provides the system as in any one of the two preceding paragraphs, wherein
the instructions, which when executed by the processor, cause the system to default assign
respective ones of code words from the first subset of code words to respective ones of the first
set of transmit electrodes and default assign respective ones of code words from the second
subset of code words to respective ones of the second set of transmit electrodes, wherein code
words comprise unique numbers, wherein transmit electrodes are numbered uniquely, and
wherein the default assigning comprises assigning the code word with the lowest number to
the lowest numbered transmit electrode, and assigning the code word with the second lowest
number to the second lowest numbered transmit electrode.

An aspect provides the system as in any one of the three preceding paragraphs, wherein
the instructions, which when executed by the processor, cause the system to repeatedly perform
a touch position estimate.

An aspect provides the system as in any one of the four preceding paragraphs, wherein
the instructions, which when executed by the processor, cause the system to: adaptively assign
respective ones of code words to transmit electrodes identified as having been touched or
identified as assumed to have been touched based on the prior touch position estimate, and
adaptively assign respective ones of code words to transmit electrodes identified as having not
been touched or identified as assumed to have not been touched based on the prior touch
position estimate.

An aspect provides the system as in any one of the five preceding paragraphs, wherein
assign respective ones of code words from the second subset of code words to respective ones
of the second set of transmit electrodes comprises: adaptive assign respective ones of code

words from the second subset of code words to transmit electrodes identified as having not
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been touched or identified as assumed to have not been touched based on the prior touch
position estimate.

An aspect provides the system as in the preceding paragraph, wherein assign respective
ones of code words from the first subset of code words to respective ones of the first set of
transmit electrodes comprises: adaptive assign respective ones of code words from the first
subset of code words to remaining unassigned transmit electrodes.

An aspect provides the system as in any one of the seven preceding paragraphs, wherein
respective ones of the code words comprise binary sequences having 2*K chips of a Hadamard
matrix where K is an integer, wherein the code word portions of respective ones of the code
words comprise K chips.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures illustrate examples of systems and methods of capacitive touch sensing
using code-division multiplexing.

FIGURE 1 shows a sensor layout with ten receive electrodes RXO0, ... , Rx9 and sixteen
transmit electrodes TxO, ... , Tx15.

FIGURE 2A shows a touch surface and time axis, illustrating a single finger touch on
the electrode crossing of Tx3, Rx3 with a constant position over time.

FIGURE 2B shows a default code-word-to-TX (S2T) mapping for the touch surface
and single finger touch shown in FIGURE 2A.

FIGURE 2C shows the code-word-to-Tx mapping as shown in FIGURE 2B while
illustrating the code words’ chip values.

FIGURE 2D shows the code-word-to-Tx mapping and chip values as shown in
FIGURE 2C highlighting the construction of a default code-word-to-Tx mapping matrix,
wherein a Hadamard matrix consists of four quadrants with smaller Hadamard matrices.

FIGURE 3 A shows a touch surface and time axis, illustrating a two-finger touch with
constant finger positions over time.

FIGURE 3B shows the code-word-to-Tx mapping as shown in FIGURE 2B yielding
ambiguous detection after eight chips for the touch surface shown in FIGURE 3A.

FIGURE 3C shows an adapted assignment or mapping of code words to the transmit
electrodes of FIGURES 3A-3B.

FIGURE 4A shows a touch surface and time axis, illustrating a two-finger touch on

Tx0-Tx7 with touch positions constant over time.
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FIGURE 4B shows the code-word-to-Tx mapping as shown in FIGURE 2B yielding
un-ambiguous detection after eight chips, for the touch surface shown in FIGURE 4A.

FIGURE 5A shows a touch surface and time axis, illustrating a three-finger touch with
constant positions over time.

FIGURE 5B shows an adapted code-word-to-TX (S2T) mapping yielding un-
ambiguous detection after eight chips for the touch surface shown in FIGURE 5A, wherein the
adapted mapping is different than a default mapping and may be based on a prior touch
estimation.

FIGURE 6 shows a timeline where alternatingly transmissions 100% and 50% of code-
division multiple access data. The 50% of code-division multiple access data is based on code
word portions or an incomplete set of code words to estimate a signal deviation matrix of a
capacitive touch sensing system.

FIGURE 7 shows a block diagram of a system having a capacitive touch sensing
system, a processor and a storage medium.

FIGURE 8 shows a method comprising assigning code words to transmit electrodes,
decoding received signals with code words, and estimating a current touch position.

The reference number for any illustrated element that appears in multiple different
figures has the same meaning across the multiple figures, and the mention or discussion herein
of any illustrated element in the context of any particular figure also applies to each other
figure, if any, in which that same illustrated element is shown.

DESCRIPTION

Aspects provide code-division multiplexing (CDM) touch sensing schemes
implementing a spread-spectrum technique to decode partial CDM receive data based on parts
of code words to estimate touch positions before the receive signals for the entire multiplexed
code words are received and decoded with a complete code word or a complete set of code
words. Code word portions of respective ones of the code words may be compiled into a
Hadamard matrix, wherein respective ones of code word portions comprise respective ones of
rows of the Hadamard matrix.

Where the approximate location or locations of a finger or fingers touching a capacitive
sensing system’s touch surface are known, a subset of a set of orthogonal code words may be
assigned to the touched Tx electrodes. The code words in the subset assigned to the touched

Tx electrodes begin with sub-code words orthogonal to each other. At the receiver side, de-
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spreading and unambiguous touch detection may happen after receiving data for the sub-code
words orthogonal to each other in the subset assigned to the touched Tx electrodes, without
waiting until the full code words of data has been received.

FIGURE 1 shows a schematic view of a mutual-capacitance touch detection system.
This touch detection system comprises a set of parallel transmit electrodes and a set of parallel
receive electrodes positioned orthogonal to the set of parallel transmit electrodes in a two-
dimensional (x,y) plane. A Tx-Rx electrode intersection, crossing, or ‘node’ is located at the
intersection of a transmit electrode and a receive electrode. FIGURE 1 shows a mutual-
capacitance touch detection system having a 16X10 array of Tx-Rx electrode nodes. In the
touch detection system, measurement values change for a node when a finger is touching a
touch surface of this (x,y) plane at the node. The measurement value for a Tx-Rx electrode
node is dominated by the mutual-capacitance between the respective electrodes, which is
affected by a finger touching this node. When a finger touches the node, the measurement value
change of the node is a signal deviation because the capacitance at the node changes when the
node is touched. The term touching, as used herein, is not meant to be limited to physical
contact, and i1s meant to include proximity sufficient to cause significant change of the
capacitance at the node which can be detected as a signal deviation.

A receive signal may be observed for respective ones of the receive electrodes, wherein
the receive signal is indicative of the respective capacitances between the receive electrode and
respective ones of the transmit electrodes. Because a single receive electrode (for example,
Rx2) receives transmit signals from multiple transmit electrodes (TxO through Tx15), the
transmit signals may be independently deciphered by assigning a complete code word (for
example, a 16 chip binary code word) to respective ones of the transmit electrodes. The
assigned code words may be the rows of a size 16 Hadamard matrix. The receive signal may
be decoded to identify the transmit signal of respective ones of the transmit electrodes by its
complete assigned code word. For the mutual-capacitance touch detection system shown in
FIGURE 1, the receive signals of respective ones of the receive electrodes (Rx0 through Rx9)
may be separately decoded to identify the transmit signal of respective ones of the transmit
electrodes (Tx0 through Tx15) by its complete assigned code word so that all transmit signals
are deciphered to identify deviations of the transmit signals at nodes being “touched.” A signal
deviation matrix over the 16X10 array of Tx-Rx electrode nodes (i.e., in (x,y)) may be derived

from the decoded receive signals. Touch positions of the two-dimensional (x,y) plane may then
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be estimated for a point in time at which the receive signals are observed. U.S. Patent Number
9,927,933 discloses a systen having a gesture detection device with a plurality of nput
channels and an output channel which uses au alternating electric near field generated through
at least one transmission electrode coupled with the output channel, wherein some of the input
channels are coupled with receiving electrodes of the gesture detection device. The entire
disclosure of U.S. Patent Number 9,927,933 is incorporated herein by reference for all
purposes.

Parts of a signal deviation matrix over the 16X10 array of Tx-Rx electrode nodes (i.e.,
in (x,y)), may also be derived in less time than it takes to transmit complete code words. For
example, parts of a signal deviation matrix may be derived after receiving only eight chips of
the receive signal, before receiving all sixteen chips of the receive signals containing complete
code words. First, a subset, Tsubset, Of transmit electrodes are identified whose signals are
affected by fingers touching at any receive electrode (signal deviation) at a previous point in
time. Next, eight transmit electrodes, including those identified as being affected by fingers at
the previous point in time, are assigned respective ones of the first eight rows of the size sixteen
Hadamard matrix H,, in FIGURE 2C as respective code words, where Hadamard matrix H16
in FIGURE 2C is constructed from four Hadamard matrices H8 as shown in FIGURE 2D and
as explained further below. While FIGURES 2B-2D show a default assignment of code words,
an adapted code-word-to-TX-electrode mapping may be based on the prior touch estimate so
that the subset, Tsubset, Of transmit electrodes being touched may be reassigned the first eight
code words (first eight rows of the size 16 Hadamard matrix His). Then, the remaining eight
rows of the size 16 Hadamard matrix H,, are assigned to the remaining transmit electrodes
outside the subset of transmit electrodes Tsubset, 1.€. the transmit electrodes not being touched.
The transmission system is then run to transmit the transmit signals, i.e., code words, for all
sixteen transmit electrodes. After reception of the first eight chips of the receive signal, the
detection system performs the CDM de-spreading operation with the size eight Hadamard
matrix Hg to derive a partial signal deviation matrix over the 16X10 array of Tx-Rx electrode
nodes (i.e., in (x,y)). This estimate may be called a 50% estimate because it is based on code
word portions that are 50% of the complete code words (eight chips of the complete sixteen
chips) in an Hs Hadamard matrix, and the signal deviation matrix can only be computed and

updated for the transmit electrodes in Tsubset — the rest of the signal deviation matrix is assumed



10

15

20

25

30

WO 2024/220239 PCT/US2024/022717

10

to be unchanged compared to a previous, 100% (full) estimate. For a 100% (full) estimate, the
receiving signal comprises both a first portion of the code words (first eight chips) and a second
portion of the code words (second eight chips) so that complete code words (sixteen chips) are
received, and the complete receive signal may be decoded for the receive electrodes using the
complete code words.

FIGURES 2A-2D illustrate providing a capacitive touch sensing system comprising
transmit electrodes and receive electrodes positioned to have mutual capacitances between
transmit electrodes and receive electrodes at electrode intersections called nodes (see FIGURE
1), wherein the capacitance at respective ones of nodes deviates when touched; and performing
a touch position estimate by: identifying a first and a second subset of transmit electrodes based
on a prior touch position estimate; assigning code words (default or adapted) from a first subset
of code words to respective ones of transmit electrodes of the first set of transmit electrodes,
wherein respective ones of code words from the first subset of code words are a complete code
word having a first code word portion and a second code word portion; assigning code words
(default or adapted) from a second subset of code words to respective ones of transmit
electrodes of the second set of transmit electrodes, wherein respective ones of code words from
the second subset of code words are a complete code word having a first code word portion
and a second code word portion; generating a transmit signal for respective ones of transmit
electrodes according to its assigned code word; transmitting the transmit signals; receiving a
first portion of a receive signal, for respective ones of receive electrodes, indicative of the
respective capacitances between the receive electrode and respective ones of transmit
electrodes; decoding the first portion of the receive signal for respective ones of receive
electrodes using the first portions of the first subset of code words; and computing a touch
position estimate for the first subset of transmit electrodes based on the decoded first portions
of the receive signals.

A signal deviation matrix over the 16X10 array of Tx-Rx electrode nodes (i.e., in (x,y)),
may further be derived after reception of all sixteen chips. The detection system performs the
de-spreading operation with the full size sixteen Hadamard matrix H; ¢ using the complete code
words for all transmit electrodes. The signal deviation matrix thereby obtained may be an

estimate with improved signal-to-noise ratio (SNR) compared to the 50% estimate. This second
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estimate may be called a 100% estimate because it is based on the complete code words (sixteen
chips) in a His Hadamard matrix.

Arrays of Tx-Rx electrode nodes may be of any size and any aspect ratio. Code words
may take any form, in particular, they may be any spreading sequence. Chip values may take
values other than +1 and -1, for example, +2 and -2. A Hadamard matrix or any other
mathematical structure may be used to derive an estimated signal deviation matrix of an array
of Tx-Rx electrode nodes.

A signal deviation matrix and detection system that makes alternating 50% and 100%
report estimates may provide an increase of the report rate of the touch position estimates. As
explained with reference to FIGURE 1, the report rate of the touch position estimates may be
doubled by making estimates based on the first eight chips of the eight code words of the first
group of transmit electrodes (50% estimate) in addition to making estimates based on the full
sixteen chips of the sixteen code words of the combined first and second groups of transmit
electrodes (100% estimate). Estimates in any communication/sensing system, including an
estimate computed after 100% of the data are available, may be wrong because estimates are
based on assumptions, and prone to measurement noise and other variables.

In some applications, report rates as high as 200Hz are desirable. By alternating
between 50% estimates and 100% estimates, report rates as high as 200Hz may be obtained.

For use as a CDM sensing system, respective ones of the transmit electrodes are
assigned a spreading sequence or code word from a set of orthogonal spreading sequences or
code words. As used herein, default assigning or mapping means initial or original mapping of
code words to transmit electrodes without using a prior touch estimate to inform the assignment
or mapping. As used herein, adaptive assigning or mapping of code words means subsequently
assigning or mapping code words to transmit electrodes based on a prior touch estimate. An
adapted mapping may map a first set of code words to any transmit electrodes estimated to
have been touched or assumed to have been touched by a prior touch estimate.

For the mutual-capacitance touch detection system shown in FIGURE 1, there are
sixteen transmit (Tx) electrodes Tx0, Tx1, ..., Tx15. FIGURE 2D shows a default code-word-
to-TX (S2T) mapping of code words to the transmit electrodes, wherein the transmit electrodes
are numbered TxO0 through Tx15 from top to bottom. The set of sequences or code words may

be the rows of the size 16 Hadamard matrix
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which can be recursively computed by

ok—1 sz—l ]
k-1 —H k-1

H
H, = [H

with H;¢ = 1 using Sylvester’s construction. Row q of Hy¢, , g € {0,1, ...,15}, denoted

(16)

by ¢,

, is assigned to Tx m, m € {0,1, ...,15}. Generally, the decoding (' de-spreading’) of a
receive sequence or code word when employing code words of length sixteen chips, is
completed after having received all sixteen chips of the code word. However, according to an
aspect providing a special construction of the size 16 Hadamard matrix H,g4, the first eight
received chips may be decoded using the size 8 Hadamard matrix Hg, which may yield an
ambiguous result because the same encoding size 8 Hadamard matrix Hg is used for both the
first subset Tsubset Of transmit electrodes (Tx0 — Tx7) and the remaining transmit electrodes
outside the subset Tsubset (Tx8 — Tx15). Ambiguous results are described more fully below.
FIGURE 2A shows a touch surface and time axis, illustrating a single finger touch
(shown by a circle on the plane representing a touch surface) on the electrode crossing of Tx3,
Rx3 with constant position over time (shown by a cylinder extending from the plane
representing a touch surface). FIGURE 2B shows a default code-word-to-TX (S2T) mapping
for the touch surface and single finger touch shown in FIGURE 2A, wherein code words co
through ci1s are assigned to transmit electrodes Tx0 through Tx15, respectively, and respective
ones of the code words has sixteen chips. In this example, a single finger is touching the touch
surface on Tx3. There is no finger touching any of the other electrodes, particularly not the Tx
electrodes TX8 — Tx15. Consequently, as there is no change in the position of the touch, and
neither a new touch, there is no influence from a finger touching Tx electrodes Tx8 - Tx15 on
the signal deviation, such that there is no ambiguity in the signal deviation. Touches on TX8 —
Tx15 may result in receive data ambiguous with receive data upon touches on Tx0-Tx7 after
receipt of the first eight chips, because portions Co®- C7/® of code words Co — C7 are the same
as portions Co® — C7® of code words Cs — C1s. As used herein, the term “ambiguous” means
a detection system is unable to definitively determine a touch position between two or more
possible positions because there are two or more code word portions that are identical. As
shown in FIGURES 2C-2D, the first eight chips of code words assigned to transmit electrodes

Tx0-Tx7 are identical to the first eight chips of code words assigned to transmit electrodes Tx8-
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Tx15, so that the touch position is ambiguous based on encoding data solely of transmit
electrodes Tx0-Tx7, because the touch position could be at either transmit electrodes Tx0-Tx7
or transmit electrodes Tx8-Tx15. Because CDM is based on a set of orthogonal code words,
for this example, the rows of Hadamard matrix are of size sixteen. Two code words are
orthogonal when their dot product is zero (0). Two code words are substantially orthogonal
when the code words comprise a dot product less than 0.1 times the code word length.
Orthogonality means that touching Tx m does not affect measurement values for other Tx m,

where m #= m.

Co
¢
H16_ &
C15
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
=|1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1

1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1
A respective Tx is assigned a code word ¢;, for example, a binary sequence from HI16,

where for the scalar product of two code words holds

16 :i =
T _
Ci'cf_{o:iqtj

The transmit vector of Tx electrode m is:

sM=¢c.,m=01..15

On the Rx side, respective receive signal 7™ of receive electrode # is a weighted sum
of the sixteen transmit signals, where the weight for a TX changes upon finger touch

on this Tx. The received vector of Rx electrode # is:

15
T(n) = Z W(n,m) : S(m) , n € {0)11 }

m=0

The decoding of electrode node (n,m) is:

y@m) = . (s e (01,..}

=16-w®™

For the first eight chips, the code words for Tx8-Tx15 are identical to code words for

Tx0-Tx7, which makes an ambiguity. The ambiguity may be resolved by decoding
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after receiving all sixteen chips, because the full code words of length sixteen chips are
orthogonal to each other. An ambiguity may be avoided by assuming that at most Tx
electrodes of the first set of Tx electrodes are being touched and the remaining TX
electrodes outside the first set are not being touched, wherein this assumption may be
based on a 100% estimate prior to the 50% estimate. A single touch may cover more
than one transmit electrode.
FIGURE 2D shows a diagram of the code words as shown in FIGURE 2C, wherein the
set of orthogonal code words has rows of Hadamard matrix of size sixteen. FIGURE 2D is
highlighting the construction of a default code-word-to-Tx mapping matrix, wherein a

Hadamard matrix consists of four quadrants with smaller Hadamard matrices.

Co
¢ .
b | e |2 o
16 — 2 =1 7
‘\Hg Hgi
Cy—1

As noted, there is an ambiguity for the first eight chips, because the first eight chips of

the code words for Tx8-Tx 15 are identical to the first eight chips of the code words for

Tx0-Tx7. In particular, there is an ambiguity because a touch on TxI1 is

indistinguishable from a touch on Tx3 when only given the receive signal values for

the first eight chips. An ambiguity/interference may occur when touches are both on

Tx0-Tx7 and Tx8-Tx15. When it is assumed, based on information from a previous

point in time, that there is no touch on Tx8-Tx15, an interference can be excluded and

an unambiguous measurement may be taken on Tx0-Tx7.

FIGURE 2D shows a construction method for Hadamard matrices, wherein the size
sixteen Hadamard matrix Hie 1s recursively constructed, in four quadrants of the size sixteen
Hadamard matrix, containing four copies of a size eight Hadamard matrix Hs, one in the bottom
right quadrant being sign inverted, where the size eight Hadamard matrix Hs is a set of
orthogonal rows eight chips long. There are repeating patterns in this matrix because of the
special construction method, namely the size sixteen Hadamard matrix Hie is constructed from
four copies of the size eight Hadamard matrix Hs. The size eight Hadamard matrix Hs, has
orthogonal rows.

After eight Rx chips are received, there is ambiguity between touches on Tx #0-#7 and
#8-#15 because the partial code words of Tx #0-#7 and #8-#15 are identical. For example, a
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touch on Tx #11 yields the same Rx signals as a touch on Tx #3. This ambiguity exists when
there is a chance that there is a touch both on Tx #0-#7 and #8-#15. Howeyver, if it can be
assumed there is no touch on Tx #8-#15, then a touch on Tx #0-#7 can be resolved
unambiguously, or vice versa, even after receipt of only the first eight chips of the original code
word’s sixteen chips.

FIGURE 3A shows a touch surface and time axis, illustrating a two-finger touch —one
touch on Tx electrode #3 (Tx3) and another touch on Tx electrode # 11 (Tx11). FIGURE 3B
shows a code-word-to-TX (S2T) mapping for the touch surface shown in FIGURE 3A. In this
example, a single finger is touching the touch surface on Tx3 and another single finger is
touching the touch surface on Tx11. There is no finger touching any of the other electrodes.
Consequently, in the event that there is no change in the position of touch, there will be an
influence from a finger touching Tx electrodes Tx8-Tx15 on the signal deviation, such that
there may be ambiguity in the signal deviation. Code words of Tx8 — Tx15 may be ambiguous
with code words of Tx0-Tx7 after receipt of the first eight chips, because the first eight chips
of code words Co-C7 are identical to the first eight chips of code words Cs-Cis, see Figure 2D.
The ambiguity of FIGURE 3B may be resolved by decoding after receiving all sixteen chips,
because the second eight chips of code words are not identical. Alternatively, FIGURE 3C
shows an adapted assignment or mapping of code words to transmit electrodes, which may
preclude an ambiguity of the code words when decoding after receipt of the first eight chips.
Via the adapted assignment, code words Co-C3 are assigned to transmit electrodes Tx2-Tx5,
respectively, and code words Cs-C7 are assigned to transmit electrodes Tx10-Tx13,
respectively. There is no ambiguity with this adapted assignment because the touched transmit
electrodes (Tx2-Tx5 and Tx10-Tx13) are assigned code words Co-C7 and the remaining
untouched transmit electrodes (Tx0-Tx1, Tx6-Tx9, and Tx14-Tx15) are assigned code words
Cs-Cis.

FIGURE 4A shows a touch surface and time axis, illustrating a two-finger touch on
Tx0-Tx7—one touch on Tx electrode #2 (Tx2) and another touch on Tx electrode # 5 (Tx5).
FIGURE 4B shows a code-word-to-TX (S2T) mapping for the touch surface and single finger
touch at the previous point in time shown in FIGURE 4A. There is no finger touching any of
the other electrodes, particularly not the Tx electrodes Tx8 - Tx15. Consequently, in the event
that there is no change in the position of touch, there will be no influence from a finger touching

Tx electrodes Tx8 - Tx15 on the signal deviation, such that there is no ambiguity in the signal
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deviation. In this example, two-finger touches can be unambiguously resolved/detected after
only eight receive chips when they are both located on Tx electrodes TxO - Tx7. Any number
of touches on the area of Tx electrodes TxO - Tx7 can be resolved provided it is assumed that
there is no touch on Tx electrodes Tx8 to Tx15. Code words for Tx8 — Tx15 may be ambiguous
with code words for Tx0-Tx7 after receipt of the first eight chips because these code word
portions are identical. If it has been previously estimated that there are no touches on Tx8 —
Tx15, then the detection system may assume estimated touches, if any, will be on Tx0 - Tx7,
i.e. not on Tx8 — Tx15.

FIGURE 5A shows a touch surface and time axis, illustrating two fingers covering Tx
electrodes Tx2 to Tx6, and one finger covering Tx electrodes Tx9 to Tx11. FIGURE 5B shows
an adapted code-word-to-TX (S2T) mapping, wherein code words are mapped as follows:
C0—Tx2; C1—>Tx3; C2—Tx4; C3—>Tx5; C4—Tx6; C5—Tx9; C6—Tx10; and C7—Tx11.
This adaptive mapping may yield un-ambiguous detection after eight chips for the touch
surface and finger touch positions shown in FIGURE 5A. One way to avoid an ambiguity is to
confirm by a prior touch estimate that all of the touches are on transmit electrodes Tx0 — Tx7,
so the current, touching finger(s) may be assumed to be located on transmit electrodes TxO -
Tx7. However, in this example of FIGURES 5A-5B, the ambiguity problem may be solved for
finger touches on any Tx electrodes, provided that sufficiently many Tx electrodes remain
untouched or, more precisely, the respective Tx-Rx channels may be assumed to yield zero
signal deviation. The first eight spreading sequences or code words in H,4 are adaptively
assigned to the touched Tx electrodes. In particular, the two fingers covering Tx electrodes Tx2

to Tx6 and one finger covering Tx electrodes Tx9 to Tx11 shown in FIGURES 5A, are

adaptively assigned, respectively, to code words céle) to cfe) and céle) to c§16)

FIGURE 5B. This is an adapted code-word-to-TX (S2T) assignment or mapping. This

, as shown in

assignment can be represented by multiplication of the code word matrix with a code-word-to-
Tx mapping matrix I'. For the example in FIGURES 5SA-5B, multiplication of the code word

matrix with a code-word-to-Tx mapping matrix I', is I' - H;¢ with
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The sequences or code words may be spread by Sylvester’s construction. For Hadamard

matrices computed with Sylvester’s recursive construction with

_ [Hyk-1 Hjyk-1
Hye = Hok-1 —sz—1]
5 and H, = [1], latency may be further reduced.
According to one aspect, the Hadamard matrix H16 may be expressed as
A I ]
o L L ~H,
1" [Hg —Hgl |[H,

) <la il
H, —H, H, —H,
which implies that if at most four Tx electrodes are being touched, the first four rows
of H,;, may be adaptively assigned to the Tx electrodes being touched, so that the signal
10 may be effectively decoded after having received the first four chips. In other words,
when there are finger touches only on Tx electrodes to which the first four rows of H16
are assigned as code words, then the finger positioning can take place already after
having received data for the first four chips. This process can be played down to a
single touched electrode. Because the first eight spreading sequences or code words in
15 H,, are adaptively assigned to the touched Tx electrodes, there is no ambiguity.
FIGURE 6 shows a graph with an example of the measurement and finger position
estimate update over time. In this example, at ten millisecond intervals, the system has
alternatingly received 50% and 100% of the chips, for 50% and 100% estimates, respectively.
At 0 milliseconds, no previous information is given about finger positions on the touch sensor.
20  Therefore, a default assignment or mapping of code words to Tx electrodes is applied, which

is why the data bar is shown as an outline rather than a solid bar. At 10 milliseconds, the graph
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shows that the system received data for the first eight chips. If there would have been prior
touch information at time Oms, and if the code word to Tx mapping could have been applied
such that to all touched Tx electrodes were assigned code words from the first eight rows of
the Hadamard matrix H16, then a position estimate update could be computed for the respective
Tx electrodes. However, as there was no prior touch information available at time Oms, a
sensible position estimate update could not be computed at this Oms time. At 20 milliseconds,
the graph shows that the system received 100% of the transmitted code words, implying that
position estimate updates were computed for 100% of the transmit electrodes (“100% Tx) by
de-spreading the receive data with the code words from a full-sized Hadamard matrix, which
also implies signal deviation estimates with improved SNR compared to the 50% Tx estimates
where only the first halves of the full code words are employed. Also at 20 milliseconds,
because there was information about finger touches available, an adapted code-word-to-Tx
mapping is applied for the next measurement cycle, ensuring that all touched Tx electrodes
have mapped code words from the set {cO, cl, ..., c7}. At 30ms with the next 50% Tx estimate,
touch position estimate updates are computed for the Tx electrodes associated with code words
c0, ..., ¢7 using the receive data for the first eight transmitted chips and code words from the
rows of Hadamard matrix H8. At 40ms after receiving data for all sixteen transmitted chips,
touch position updates are computed for all sixteen Tx electrodes, and a new adapted code
word to Tx map is prepared for the next measurement cycle. The graph shows these steps are
repeated at 50 and 60 milliseconds, and again at 70 and 80 milliseconds. Report estimates may
be provided by serially and alternatingly decoding the first portion of the receive signal (50%)
and decoding the complete receive signal (100%). Thus, signal deviation matrices providing
estimates of touch position(s) may be reported at more frequent time intervals.

A detection system that makes alternating 50% and 100% report estimates may provide
an increase of the report rate of the touch position estimates. In this case, an estimate of the
touch position is decoded by the detection system on 10 millisecond intervals. Whereas, if
100% estimates are exclusively decoded, the detection system may estimate the touch position
on 20 millisecond intervals. By making estimates based on the first eight chips of the eight
code words of the first subset of transmit electrodes (50% estimate), wherein code words are
adaptively mapped based on information from previous estimates, in addition to making
estimates based on the full sixteen chips of the sixteen code words of the combined first and

second subsets of transmit electrodes (100% estimate), the detection system may make
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estimates at 10 millisecond intervals. Detections systems may make estimates of touch
position(s) at 10 millisecond intervals, 5 millisecond intervals, 1 millisecond intervals, or any
time interval greater than or equal to 1 millisecond. Detection systems may report estimates of
touch position(s) at SOHz, 100 Hz, 150 Hz, 200 Hz, or any report rate faster than or equal to 50
Hz. Signal deviation matrices providing estimates of touch position(s) may be reported at time
intervals.

A first set of data may be transmitted to provide a 50% estimate, a second set of data
may be transmitted to provide a 100% estimate, a third set of data may be transmitted to provide
another 50% estimate, and so forth. Subsequent estimates may be based on prior assumptions
about the number of touching fingers and their positions. An estimate at a point in time may be
based on transmission of code word portions comprising 50% or more of the code words,
respectively, for example the first eight chips of sixteen chip code words or any number of
chips between eight and sixteen. An estimate at another point in time may be based on
transmission of code word portions comprising 50% or less of the code words, respectively,
for example the first eight chips of sixteen chip code words or any number of chips between
one and eight.

FIGURE 7 shows a block diagram of a system having a capacitive touch sensing system
702, a processor 704, and a storage medium 706. The capacitive touch sensing system 702 may
comprise transmit electrodes and receive electrodes positioned to have mutual capacitances
between transmit electrodes and receive electrodes at their intersections called nodes, wherein
the capacitance at respective ones of nodes deviates when a node is touched. The processor 704
may be a microcontroller. The machine readable storage medium 706 storing instructions,
which when executed by the processor, may cause the system to: assign a code word to
respective ones of transmit electrodes of the set of transmit electrodes, wherein respective ones
of code words is a complete code word having a first code word portion and a second code
word portion; identify a first subset of transmit electrodes and their assigned code words based
on a prior touch position estimate; identify a second subset of transmit electrodes and their
assigned code words; generate a transmit signal for respective ones of transmit electrodes of
the first subset of transmit electrodes according to its assigned code word; transmit the transmit
signals; receive a first portion of a receive signal, for respective ones of receive electrodes,
indicative of the respective capacitances between the receive electrode and respective ones of

the transmit electrodes of the first subset of transmit electrodes; decode the first portion of the
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receive signal for respective ones of receive electrodes using the first portions of the first subset
of code words; and compute touch position estimates for the first subset of transmit electrodes
based on the decoded first portions of the receive signals.

FIGURE 8 shows a flow chart of method. A capacitive touch sensing system is provided
802 comprising transmit electrodes and receive electrodes positioned to have mutual
capacitances between transmit electrodes and receiver electrodes at node intersections, wherein
the capacitance at respective ones of nodes deviates when touched. A code word is assigned
804 to respective ones of transmit electrodes of the set of transmit electrodes, wherein
respective ones of code words is a complete code word having a first code word portion and a
second code word portion. A first subset of transmit electrodes and their assigned code words
is identified 806 based on a prior touch position estimate. A second subset of transmit
electrodes and their assigned code words are identified 808. A transmit signal is generated 810
for respective ones of transmit electrodes of the first subset of transmit electrodes according to
its assigned code word; and the transmit signal is transmitted 812. A first portion of a receive
signal is received 814, for respective ones of receive electrodes, indicative of the respective
capacitances between the receive electrode and respective ones of transmit electrodes of the
first subset of transmit electrodes. The first portion of the receive signal is decoded 816 for
respective ones of receive electrodes using the first portions of the first subset of code words.
Touch position estimates are computed 818 for the first subset of transmit electrodes based on
the decoded first portions of the receive signals.

Aspects may also apply to other sets of code words, and also when employing code
words with near-zero cross-correlation also for non-zero time-shifts between two code words
in the correlation function.

According to an aspect, there is provided the spreading gain, i.e., the signal-to-noise
ratio (SNR) gain due to CDM vs. Time-Division Multiplexing (TDM, where only one transmit
electrode has a non-zero stimulus at a time) after receiving half the number of chips of the code
words is half of what it is after receiving the full number of chips of the code words. For
example, the SNR of a 100% estimate may be twice the SNR of a 50% estimate, because of
the so-called spreading gain.

Although examples have been described above, other variations and examples may be
made from this disclosure without departing from the spirit and scope of these disclosed

examples.
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CLAIMS

1. A method comprising:
providing a capacitive touch sensing system comprising transmit electrodes and receive

electrodes positioned to have mutual capacitances between transmit electrodes

and receive electrodes at electrode intersections called nodes, wherein the

capacitance at respective ones of nodes deviates when touched; and

performing a touch position estimate by:

identifying a first and a second subset of transmit electrodes based on a prior
touch position estimate;

assigning code words from a first subset of code words to respective ones of
transmit electrodes of the first set of transmit electrodes, wherein
respective ones of code words from the first subset of code words are a
complete code word having a first code word portion and a second code
word portion;

assigning code words from a second subset of code words to respective ones of
transmit electrodes of the second set of transmit electrodes, wherein
respective ones of code words from the second subset of code words are
a complete code word having a first code word portion and a second
code word portion;

generating a transmit signal for respective ones of transmit electrodes according
to its assigned code word,

transmitting the transmit signals;

receiving a first portion of a receive signal, for respective ones of receive
electrodes, indicative of the respective capacitances between the receive
electrode and respective ones of transmit electrodes;

decoding the first portion of the receive signal for respective ones of receive
electrodes using the first portions of the first subset of code words; and

computing a touch position estimate for the first subset of transmit electrodes

based on the decoded first portions of the receive signals.

2. The method as in claim 1, comprising:
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receiving a second portion of receive signal for respective ones of receive electrodes;

decoding the complete receive signal for respective ones of receive electrodes using the
complete code words;

computing a touch position estimate for the set of transmit electrodes based on the
decoded complete receive signals; and

serially and alternatingly decoding the first portion of the receive signal and decoding

the complete receive signal.

3. The method as in any one of claims 1 to 2, comprising default assigning respective ones of
code words from the first subset of code words to respective ones of the first set of transmit
electrodes and default assigning respective ones of code words from the second subset of code
words to respective ones of the second set of transmit electrodes, wherein code words comprise
unique numbers, wherein transmit electrodes are numbered uniquely, and wherein the default
assigning comprises assigning the code word with the lowest number to the lowest numbered
transmit electrode, and assigning the code word with the second lowest number to the second

lowest numbered transmit electrode.

4. The method as in any one of claims 1 to 3, comprising repeating the performing a touch

position estimate.

5. The method as in any one of claims 1 to 4, wherein assigning respective ones of code words
from the first subset of code words to respective ones of the first set of transmit electrodes
comprises: adaptive assigning respective ones of code words from the first subset of code
words to transmit electrodes identified as having been touched or identified as assumed to have
been touched based on the prior touch position estimate, and wherein assigning respective ones
of code words from the second subset of code words to respective ones of the second set of
transmit electrodes comprises: adaptive assigning respective ones of code words from the
second subset of code words to transmit electrodes identified as having not been touched or

identified as assumed to have not been touched based on the prior touch position estimate.

6. The method as in any one of claims 1 to 5, wherein assigning respective ones of code words

from the second subset of code words to respective ones of the second set of transmit electrodes
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comprises: adaptive assigning respective ones of code words from the second subset of code
words to transmit electrodes identified as having not been touched or identified as assumed to
have not been touched based on the prior touch position estimate, and wherein assigning
respective ones of code words from the first subset of code words to respective ones of the first
set of transmit electrodes comprises: adaptive assigning respective ones of code words from

the first subset of code words to remaining unassigned transmit electrodes.

7. The method as in any one of claims 1 to 6, wherein respective ones of the code words
comprise binary sequences having 2*K chips of a Hadamard matrix where K is an integer,

wherein the code word portions of respective ones of the code words comprise K chips.

8. A system comprising:
a capacitive touch sensing system comprising transmit electrodes and receive electrodes
positioned to have mutual capacitances between transmit electrodes and receive
electrodes at electrode intersections called nodes, wherein the capacitance at
respective ones of nodes deviates when touched,;
a processor; and
a machine readable storage medium storing instructions, which when executed by the
processor, cause the system to:
identify a first and a second subset of transmit electrodes based on a prior touch
position estimate;

assign code words from a first subset of code words to respective ones of
transmit electrodes of the first set of transmit electrodes, wherein
respective ones of code words from the first set of code words are a
complete code word having a first code word portion and a second code
word portion;

assign code words from a second subset of code words to respective ones of
transmit electrodes of the second set of transmit electrodes, wherein
respective ones of code words from the second set of code words are a
complete code word having a first code word portion and a second code

word portion;
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generate a transmit signal for respective ones of transmit electrodes according
to its assigned code word,

transmit the transmit signals;

receive a first portion of a receive signal, for respective ones of receive
electrodes, indicative of the respective capacitances between the receive
electrode and respective ones of transmit electrodes;

decode the first portion of the receive signal for respective ones of receive
electrodes using the first portions of the first subset of code words; and

compute touch position estimates for the first subset of transmit electrodes
based on the decoded first portions of the receive signals,

whereby a touch estimate is performed.

9. The system as in claim 8, wherein the instructions, which when executed by the processor,
cause the system to:

receive a second portion of receive signal for respective ones of receive electrodes;

decode the complete receive signal for respective ones of receive electrodes using the
complete code words;

compute touch position estimates for the set of transmit electrodes based on the decoded
complete receive signals; and

serially and alternatingly decode the first portion of the receive signal and decode the

complete receive signal.

10. The system as in any one of claims 8 to 9, wherein the instructions, which when executed
by the processor, cause the system to default assign respective ones of code words from the
first subset of code words to respective ones of the first set of transmit electrodes and default
assign respective ones of code words from the second subset of code words to respective ones
of the second set of transmit electrodes, wherein code words comprise unique numbers,
wherein transmit electrodes are numbered uniquely, and wherein the default assigning
comprises assigning the code word with the lowest number to the lowest numbered transmit
electrode, and assigning the code word with the second lowest number to the second lowest

numbered transmit electrode.
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11. The system as in any one of claims 8 to 10, wherein the instructions, which when executed

by the processor, cause the system to repeatedly perform a touch position estimate.

12. The system as in any one of claims 8 to 11, wherein the instructions, which when executed
by the processor, cause the system to:
adaptively assign respective ones of code words to transmit electrodes identified as
having been touched or identified as assumed to have been touched based on
the prior touch position estimate, and
adaptively assign respective ones of code words to transmit electrodes identified as
having not been touched or identified as assumed to have not been touched

based on the prior touch position estimate.

13. The system as in any one of claims 8 to 12, wherein assign respective ones of code words
from the second subset of code words to respective ones of the second set of transmit electrodes
comprises: adaptive assign respective ones of code words from the second subset of code words
to transmit electrodes identified as having not been touched or identified as assumed to have

not been touched based on the prior touch position estimate.

14. The system as in claim 13, wherein assign respective ones of code words from the first
subset of code words to respective ones of the first set of transmit electrodes comprises:
adaptive assign respective ones of code words from the first subset of code words to remaining

unassigned transmit electrodes.

15. The system as in any one of claims 8 to 14, wherein respective ones of the code words
comprise binary sequences having 2*K chips of a Hadamard matrix where K is an integer,

wherein the code word portions of respective ones of the code words comprise K chips.
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PROVIDING A CAPACITIVE TOUCH SENSING SYSTEM
COMPRISING TRANSMIT ELECTRODES AND RECEIVE
802~ ELECTRODES POSITIONED TO HAVE MUTUAL CAPACITANCES
BETWEEN TRANSMIT ELECTRODES AND RECEIVER ELECTRODES
AT NODE INTERSECTIONS, WHEREIN THE CAPACITANCE AT
RESPECTIVE ONES OF NODES DEVIATES WHEN TOUCHED

¥
ASSIGNING A CODE WORD TO RESPECTIVE ONES OF TRANSMIT
804~ ELECTRODES OF THE SET OF TRANSMIT, WHEREIN RESPECTIVE
ONES OF CODE WORDS 15 A COMPLETE CODE WORD HAVING A
FIRST CODE WORD PORTION AND A SECOND CODE WORD PORTION

!

806 IDENTIFYING A FIRST SUBSET OF TRANSMIT
™~ ELECTRODES AND THEIR ASSIGNED CODE WORDS
BASED ON A PRIOR TOUCH POSITION ESTIMATE

!

808~ IDENTIFYING A SECOND SUBSET OF TRANSMIT
ELECTRODES AND THEIR ASSIGNED CODE WORDS

¥
GENERATING A TRANSMIT SIGNAL FOR RESFECTIVE ONES OF

8101 TRANSMIT ELECTRODES OF THE FIRST SUBSET OF TRANSMIT
ELECTRODES ACCORDING TO ITS ASSIGNED CODE WORD

Y

8197 TRANSMITTING THE TRANSMIT SIGNALS

Y

RECEIVING A FIRST PORTION OF A RECEIVE SIGNAL, FOR
RESPECTIVE ONES OF RECEIVE ELECTRODES, INDICATIVE OF
8141 THE RESPECTIVE CAPACITANCES BETWEEN THE RECEIVE
ELECTRODE AND RESPECTIVE ONES OF TRANSMIT ELECTRODES

OF THE FIRST SUBSET OF TRANSMIT ELECTRODES

!

DECODING THE FIRST PORTION OF THE RECEIVE SIGNAL FOR
8161 RESPECTIVE ONES OF RECEIVE ELECTRODES USING THE
FIRST PORTIONS OF THE FIRST 8UBSET OF CODE WORDS

!

COMPUTING TOUCH POSITION ESTIMATES FOR THE FIRST
818" SUBSET OF TRANSMIT ELECTRODES BASED ON THE
DECODED FIRST PORTIONS OF THE RECEIVE SIGNALS

FIG. 8
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