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ELECTRODE DESIGN FOR ELECTRIC 
FIELD MEASUREMENT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 61/715,966 filed on Oct. 19, 2012, entitled 
ELECTRODE DESIGN FOR ELECTRIC FIELD MEA 
SUREMENT SYSTEM”, which is incorporated herein in its 
entirety. 

TECHNICAL FIELD 

The present disclosure relates to electrodes, in particular 
the design of an electrode for use in an electric field 
measurement system. 

BACKGROUND 

Human device interfaces in particular for mobile devices 
often use sensors arrangements for detecting an user input 
that do not necessarily require any movable parts. Examples 
are touch screens and capacitive Switches that are required 
to be touched to be activated. Such sensor systems comprise 
electrodes that are arranged on the device wherein if a user 
touches them or gets into very close proximity a change in 
capacitance can be measured to trigger an event. These 
electrodes are often formed by small metal plates, etched 
areas on a circuit board, or areas in a metal layer Such as a 
transparent TIN oxide layer for use in displays. 

Similar electrodes can also be used for electric field 
measurement. This type of sensor device allows detection of 
an object without touching and at far greater distances from 
the device as conventional capacitive sensor Systems. In an 
electric field measurement system, an electrode is used as a 
transmitter to project an electric field outside or in front of 
a respective device. The field may be generated by a 30-200 
kHz, in particular a 70-140 kHz or a 40-115 kHz, signal and 
thus is quasi-static in the near field. Whenever an object 
enters such an quasi-static electric field, its parameters are 
influenced or changed. The same electrode or a separate 
receiver electrode can be used to detect these changes. If a 
plurality of Such electrodes are used in a sensing system, 
multi-dimensional gesture detection becomes possible 
which allows operation of the device without touching it. In 
electric field sensing arrangements the sensors often need to 
be shielded or arranged in specific order and then may be 
coupled to a front end integrated circuit device for evalua 
tion of incoming signals. 

SUMMARY 

Sensitivity of electrodes used in a system that generates a 
quasi-static electric field and sense disturbances in that field 
when an object enters the field is often low, in particular in 
a system that uses solid electrodes. Hence, there exists a 
need for improved electrodes and electrode arrangements. 

According to an embodiment, an electrode arrangement 
for an electric field sensor device generating a quasi-static 
electric field with at least one transmitting electrode and at 
least one receiving electrode, comprising a nonconductive 
Substrate having a first conductive layer and a second 
conductive layer, a first electrode arranged within the first 
conductive layer, wherein the first electrode is a receiving 
electrode of the electric field sensor device, and a second 
electrode arranged within the second conductive layer, 
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2 
wherein the second electrode is a transmitting electrode of 
the electric field sensor device wherein the second electrode 
covers a larger area than the first electrode and wherein the 
first and/or second electrode is textured to reduce the capaci 
tance between the first and second electrode. 

According to a further embodiment, only the second 
electrode can be textured Such that it comprises at least one 
cut-out area having a similar form of the first electrode and 
being located under the first electrode such that the first 
electrode covers the cut-out area. According to a further 
embodiment, the entire area of the second electrode can be 
textured by a hash or hatch texture. According to a further 
embodiment, the texture can be formed by a plurality of 
conductive lines. According to a further embodiment, the 
hash or hatch texture can be homogenous. According to a 
further embodiment, the hash or hatch texture can be formed 
by a plurality of conductive lines forming a mesh. According 
to a further embodiment, the mesh can be formed by a first 
set of parallel arranged conductive lines and a second set of 
parallel arranged conductive lines. According to a further 
embodiment, the first set of parallel arranged conductive 
lines may cross said second set of parallel arranged conduc 
tive lines at an angle of 90 degrees. According to a further 
embodiment, the mesh may comprise a peripheral conduc 
tive line enclosing the mesh. According to a further embodi 
ment, the second electrode can be textured to provide a 
plurality of grooves. According to a further embodiment, the 
grooves can be arranged in parallel at predefined distances. 
According to a further embodiment, only the first electrode 
is textured. According to a further embodiment, the elec 
trode arrangement may further comprise a plurality of first 
electrodes arranged above said second electrode and a 
plurality of feeding lines for electrical connection to said 
second electrodes. According to a further embodiment, at 
least one set of four first electrodes can be arranged to define 
a rectangular area. According to a further embodiment, the 
electrode arrangement may further comprise a center elec 
trode within the rectangular area defined by the four elec 
trodes. According to a further embodiment, the second 
electrode can be textured as a mesh electrode and only 
covers the rectangular area defined by the at least one set of 
four first electrodes. According to a further embodiment, the 
feeding lines may have a width of about 0.15 mm. According 
to a further embodiment, the first conductive layer can be a 
top layer of a printed circuit board. According to a further 
embodiment, the second conductive layer can be a bottom 
layer of a printed circuit board. According to a further 
embodiment, the first conductive layer can be a transparent 
conductive top layer on a transparent isolating carrier mate 
rial. According to a further embodiment, the second con 
ductive layer can be a bottom layer on the transparent 
isolating carrier material. According to a further embodi 
ment, the feeding lines and said second electrode can be 
arranged within an inner layer of a multi-layer printed circuit 
board. According to a further embodiment, a bottom layer of 
the multi-layer printed circuit board can be connected to 
ground. According to a further embodiment, the electrode 
arrangement may further comprise a front end analog device 
coupled with said receiving electrodes through said feeding 
lines. According to a further embodiment, the front end 
analog device may comprise a Voltage divider for attenuat 
ing a signal received through said feeding lines. According 
to a further embodiment, the Voltage divider may comprise 
a frequency compensation. According to a further embodi 
ment, the electrode arrangement may comprise a plurality of 
second electrodes electrically insulated from each other each 
forming a partial transmission electrode. According to a 
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further embodiment, each transmission electrode can be 
formed by a rectangular electrode section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a solid transmission (Tx) electrode on the 
bottom layer and receiving (RX) electrode on the top layer of 
a dielectric substrate, 

FIG. 2 shows a similar arrangement with a cutout Tx 
electrode area underneath an RX electrode according to 
various embodiments, 

FIG. 3 shows a textured Tx electrode according to an 
embodiment, 

FIG. 4 shows a textured Tx electrode according to another 
embodiment, 

FIG. 5 shows a textured Tx electrode with Tx cutout 
underneath the RX electrode according to an embodiment, 

FIG. 6 shows a standard electrode equivalent circuit, 
FIG. 7 shows an extended electrode equivalent circuit 

according to various embodiments, 
FIG. 8 shows a typical arrangement of transmitting and 

receiving electrodes in an electric field gesture detection 
system, 

FIG. 9 shows signal deviation with optimized Tx struc 
tures according to various embodiments, and 

FIG. 10 shows another example of a sensor system 
according to various embodiments. 

FIG. 11 shows a sectional view through a printed circuit 
board, for example, the circuit board shown in FIG. 10. 

FIG. 12 shows a top view of yet another embodiment of 
an electrode arrangement. 

DETAILED DESCRIPTION 

According to various embodiments, electrode design, in 
particular for use with an integrated front end device can be 
improved enabling significant higher sensitivity to the object 
to be tracked, for example a users hand. 

FIG. 1 shows a conventional layout 100 of a transmission 
electrode 120 and a single reception electrode 110 for a 
quasi-static electric field sensor system. More or less trans 
mitting and receiving electrodes may be used but for clarity 
purposes only one transmitting electrode is shown in FIG. 1. 
Also, in this embodiment only a single reception electrode 
110 arranged on a top layer of a dielectric carrier substrate 
130 is shown. However, a plurality of separate reception 
electrodes 110 may be arranged on the top layer of dielectric 
carrier substrate 130. The transmission electrode 120 is 
arranged on the bottom layer of dielectric carrier substrate 
130. This arrangement causes a capacitive link between the 
transmission and reception electrode. 

In operation, the transmission electrode will be fed with 
an alternating signal, for example a square wave signal 
generated by a microcontroller having a frequency of about 
30-200 kHz, in particular about 70-140 kHz or 40-115 kHz. 
Other Suitable frequency ranges may apply. This generates a 
quasi-static electric field above and below the transmission 
electrode plane. In most applications only the field generated 
away from the transmission electrode 120 in direction of the 
receiving electrode 110 is of interest. Once an object, such 
as a hand of a user having a hand capacitance C, enters 
this quasi-static electric field, a signal at the receiving 
electrode will change due to capacitive influences caused by 
the object. Such disturbances vary with the distance of the 
object to the electrodes. A front end circuit can detect such 
signal changes and further evaluate or process these signals. 
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4 
The signal sensitivity of Such a front-end integrated 

circuit system as will be explained in more detail below is: 

where dS is approximately a linear function of the hand 
capacitance C. C is the capacitance between the 
transmission and reception electrode. C., is the input 
capacitance of the input buffer of the front-end integrated 
circuit device. C, is the capacitance created between the RX 
feeding line and the Tx electrode. Cy is the noise coupling 
capacitance. C. is the capacitance between RX electrode 
and ground. Parameter 'a' is an attenuation factor deter 
mined by the voltage divider used in the input circuit. 
The above equation show that the sensitivity to the hand 

increases when the denominator is minimized. In an appli 
cation, the following parameter are influencing factors: 

(a) the RX feeding line capacitance C. 
(b) the RX electrode ground capacitance C and 
(c) the capacitance between the Rx and the Tx electrode 

CRTs. 
A first solution for factor (a) can be achieved by maxi 

mizing the distance of the Rx feeding lines to the Tx 
electrode and its feeding lines. Nevertheless, this is a 
tradeoff between shielding the RX feeding line from hand 
influences which is recommended. According to various 
embodiments, the above equation shows that it is better to 
shield the Rx feeding line with a Tx signal instead of ground. 
Ground shielding would increase C, which has a more 
negative impact on the system sensitivity than C. It is 
always good to make the RX feeding lines as thin as possible. 
This minimizes both the feeding line capacitance to TX and 
to ground as well as the influence of the hand to the feeding 
line. 
A second solution for factor (a) can be achieved when 

using an active guard/shield around the RX feeding line, 
where the guard/shield is driven actively by the received and 
buffered input signal. In ideal this guard would be a coax 
cable which completely encloses the feeding line. Other less 
optimum designs are shielding from the top and/or from 
both sides. 
A solution for factor (b) can be achieved in general by 

maximizing the distance between the RX-Tx electrode stack 
up and ground. Since ground parts typically cover large 
areas in an integrated front-end system e-field stray effects 
dominate typically C. and it often doesn't make sense to 
increase the RX electrode distance to ground to more than a 
few millimeters. 
A first solution for factor (c) can be achieved by increas 

ing the distance between the Rx and the Tx electrode. In a 
good quasi-static alternating near field electrode design 
C. dominates the other capacitances in above equation. 
Thus, it is desirable to optimize C by other ways than 
just increasing the distance between the Rx and Tx electrode 
since very thin electrodes designs are desirable for most 
consumer electronic devices which are driven by ultrathin 
device designs. Many of these designs may use a main 
printed circuit board with the substrate serving as the 
non-conductive carrier material as, for example, shown in 
FIG 1. 

According to various embodiments, the capacitance 
between the RX and the Tx electrode can be decreased while 
the useful capacitance C between RX and the hand kept 
in the same order of magnitude. Since in a typical integrated 
front-end design a smaller RX receive electrode 110 is placed 
on top of the larger transmitting Tx electrode 120 the RX-Tx 
capacitance can assumed to be the plate capacitance of the 
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face to face areas of the Rx and Tx superimposed with the 
capacitance created from the stray e-field from the RX 
electrode 110 to the much larger Tx electrode 120 as shown 
in FIG. 1. The plate capacitance is defined as C=ee. A/d. 
The target object (e.g., a users hand) influences in this 

model only the stray field but not the plate capacitance 
between the face-to-face areas of RX and Tx. Thus, accord 
ing to various embodiments, the plate capacitance versus the 
RX-TX stray capacitance is minimized and by this the 
influence of the hand to the stray field is maximized. This 
can be achieved by cutout 240 (leave open) of the TX 
electrode 210 underneath the RX electrode 220 as shown, 
e.g., with electrode arrangement 200 in FIG. 2. Here, again 
a substrate 230 such as a printed circuit board or any other 
Suitable carrier provides on one side for the transmitting 
electrode 220 and on the other side for the receiving elec 
trode 210. The cut-out area 240 does not need to exactly 
match the size of the RX electrode 220. As will be shown 
below with FIG. 10, the cut-out area can also be larger, for 
example extend to cover an entire exterior area when four 
RX electrodes are arranged to define a rectangular sensing 
aca. 

The above equation of the signal sensitivity shows fur 
thermore an optimum signal sensitivity is yield for a given 
capacity between the RX input and ground (C+C+ 
a-C) when (CR 7+C) equals (Cy+Co a Ca). 

For an integrated front end circuit design the RX electrode 
210 is typically shielded by the Tx electrode 220 from the 
(device) ground. Therefore C is typically Smaller than the 
Cz capacitance. Cy and Care very low anyhow as will 
be discussed below in more detail. A proposed solution of an 
arrangement 300 as shown in FIG.3 is to hash/texture the Tx 
electrode surface 310 in order to reduce the (plate) capaci 
tance between RX and Tx. FIGS. 3 and 4 show different 
embodiments 300 and 400 wherein the transmitting elec 
trode is differently textured in each case. Thus, different 
structures are possible. 
A textured electrode may have different shapes. A hash or 

hatch pattern may be used to texture an electrode. Thus, the 
terms “hash pattern' and "hatch pattern” are considered to 
be equivalent terms in this disclosure. The main aspect of 
texturing an electrode is to reduce the effective electrode 
area while not changing the size of the electrode. FIG. 10 
shows examples of two textured electrodes 1050 and 1060 
and will be discussed in more detail below. Thus, a grid of 
crossing connection lines may be used to form an electrode 
area as shown in FIG. 10. According to other embodiments, 
a plurality of parallel conductive stripes or conductive lines 
may be used as shown in FIG. 4. The lines may be all 
interconnected on one or both ends of the respective struc 
ture. In the embodiment shown in FIG. 5, the additional 
cut-out 520 might separate the various conducting lines if a 
striped pattern is chosen for the transmitting electrode 510. 
In Such an embodiment, any electrically separated sections 
may be connected by additional feed lines or connected at 
the peripheral edge if possible. A textured electrode, for 
example when formed by a copper layer of a printed circuit 
board or a transparent TIN layer, for example in a display, 
basically removes a certain amount of copper or conductive 
material and thus reduces the capacitive coupling of such an 
electrode while the over-all size remains the same. Thus, a 
texture can be simply formed by a plurality of conductive 
lines. In one embodiment, these lines may cross each other, 
in other embodiments no crossing takes place and the lines 
are connected with each other in a peripheral area. 

According to some embodiments, the receiving electrodes 
may also be textured electrodes. In some embodiment, only 
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6 
the transmitting electrodes are textured, in Some embodi 
ments, both, the receiving and the transmitting electrodes 
may be textured, and in Some embodiments only the receiv 
ing electrodes are textured. 

In order to emit an homogenous field it may be recom 
mended to use a fine and homogenous texture, where the 
texture is connected to TX. Solutions as shown in FIGS. 2, 
3 and 4 can be combined as well. For example, FIG. 5 shows 
an embodiment 500 in which a textured transmission elec 
trode 510 according to the embodiments of FIG. 3 or 4 
further provides for a cut-out area 520 underneath the 
receiving electrode according to the embodiment of FIG. 2. 
As mentioned above, the cut-out area is used to further 
reduce the capacitive coupling and therefore does not need 
to match the area of the respective receiving electrode under 
which it is arranged. Alternatively to the cut-out area a hash 
or hatch pattern of different density compared to the texture 
of the remaining transmission electrode 510 can be used to 
balance the capacitances (CR +C) and (Cy+Crg a C). 
Thus, an area within the transmission electrode TX below a 
receiving electrode may have, for example, a texture with 
thinner lines or less lines thereby reducing the capacitance 
between Tx and RX electrodes. 

FIG. 8 shows a three-dimensional view of yet another 
example of an electrode arrangement 800 on a substrate 840. 
Here two RX electrodes 810, 820 are shown which are 
elongated Strips of conductive material. Such as copper, 
arranged along or adjacent the border lines of the Substrate. 
Again, the Tx electrode 830 may be textured according to 
the embodiments shown in FIGS. 3 and 4 and arranged on 
the backside of substrate 840. 

FIG. 9 shows signal deviation with optimized Tx struc 
tures according to various embodiments. As can be seen, the 
reduction of capacitance between the Tx and Rx electrodes 
yields to highly improved deviations and therefore better 
signal detection. The bottom curve shows the signal devia 
tion of a conventional arrangement. The middle curve shows 
results for an arrangement with a hashed Tx electrode, for 
example according to FIG. 3. The top curve shows the effect 
of a combination of hashing and cut-out in the Tx electrode, 
for example according to FIG. 5. 

FIG. 10 shows a top view of yet another embodiment of 
an electrode arrangement 1000. Here, the a first set of outer 
receiving electrodes 1010b, c, d are arranged on opposites 
sides on top of a printed circuit board, which may be 
designed to also comprise the entire front end circuitry, for 
example on the periphery of the board. A second set of 
receiving electrodes 1040, a, b, c, d may be arranged inside 
the area framed by the outer electrode set 1010, a, b, c, d. 
The second set of receiving electrodes 1040, a, b, c, d. can 
be spaced apart from the first set of electrodes 1010, a, b, c, 
d as shown in FIG. 10 wherein the distances of the hori 
Zontally (X-axis) arranged electrodes may be different from 
the vertically (y-axis) arranged electrodes. The center area 
can be filled with a specially designed center electrode 1060 
which can be used to enhance the resolution of the Z-coor 
dinate perpendicular to the electrode area in close proximity. 
Furthermore the center electrode 1060 can be used as a touch 
electrode. In addition, the entire sensor arrangement may 
comprise an outer shielding ring (not shown in FIG. 10). In 
this embodiment, the center electrode 1060 is formed by a 
grid or mesh formed by conductive paths. All electrodes 
1010, 1040 and 1060 on the top of the substrate can be 
formed by the top copper layer of the printed circuit board 
according to an embodiment. The printed circuit board may 
be a multi-layer board and feeding lines 1020 may connect 
to each electrode 1010, 1030, 1060 on the top layer through 
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respective vias as known in the art of printed circuit board 
manufacturing. Thus, an area 1030 may be used as a general 
connection area from which a plurality of feed lines 1020 
connect to the respective electrodes 101, 1040 and 1060. 
According to other embodiments, the inner second set of 
electrodes 1040 may be omitted and a respective larger 
center electrode 1060 may be formed accordingly. The 
number and arrangement of RX electrodes 1010, 1040 is of 
course not limited to the arrangement shown in FIG. 10. 
Other configurations may apply. 
The transmitting electrode 1050 can be formed on the 

backside of the printed circuit board or within an inner layer 
of a multi-layer printed circuit board and may be designed 
to have a grid pattern as shown in FIG. 10. Thus a plurality 
of square areas may be etched away to form the grid 
according to one embodiment. In other words, the grid is 
formed by a plurality of crossing vertical and horizontal 
conductive lines. Thus, the entire grid is interconnected and 
thus forms a single electrode. As shown in FIG. 10, trans 
mitting electrode 1050 may consist of multiple section or in 
other words may be divided by the feeding lines 1020. Each 
section may have a peripheral conductive line that encom 
passes the entire section. Similarly center electrode 1060 
shows such a peripheral conductive line that encompasses 
the entire center electrode 1060. Also, the mesh within the 
center electrode 1060 is not only wider spaced than the mesh 
of the transmitting electrode 1050 but also arranged at an 
angle with respect to the mesh formed by the transmitting 
electrode 1050. Other patterns are possible to form such a 
textured structures. For example, a structure similar to that 
used for the center electrode 1060 may be used. The center 
electrode 1060 may also be used as a shielding electrode 
which may receive a phase shifted signal derived from the 
main transmission signal fed to the transmitting electrode 
1050. As shown in FIG. 10 and already mentioned above, 
the transmitting electrode 1050 does not overlap with the 
outer receiving electrodes 1010, a, b, c, d. Thus, the capaci 
tive coupling between these receiving electrodes 1010, a, b, 
c, d and the transmitting electrode 1050 is further reduced. 
Here the cut-out area covers the entire external periphery 
defined by the four electrodes 1010a, b, c, d. However, a 
designed as proposed in FIG. 2 could also be used. 
As mentioned above, the feeding connection lines could 

be formed within an inner layer of the printed circuit board. 
The transmission electrode can also be formed within an 
inner layer according to an embodiment. Thus, according to 
Some embodiments, in a three layer printed circuit board, the 
transmission electrode and the feeding lines can be formed 
in an inner layer and the receiving electrodes can be formed 
in a top layer whereas a bottom layer may be used as a 
ground layer shielding both Tx and RX electrodes. Multi 
layer printed circuit boards may be designed in a similar 
manner wherein additional layers in the electrode area may 
not be used, or only used for the feed lines. FIG. 11 shows 
an exemplary four layer printed circuit board with the RX 
electrodes arranged within the top or first layer and the TX 
electrode and feeding lines arranged within the third layer, 
wherein the fourth or bottom layer is used as a ground 
shielding layer. According to an embodiment, the second 
layer as shown in FIG. 11 may be omitted entirely. Accord 
ing to other embodiments, a simple two-sided circuit board 
may be used and the feed lines 1020 can be arranged on the 
bottom side. Any section separated by a feed line 1020 may 
be separately connected, for example in the area 1030. 

FIG. 12 shows a top view of yet another embodiment in 
which multiple transmission electrodes Tx1, Tx2 . . . TXM 
are arranged underneath the receiving electrodes RX1. 
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8 
RX2 . . . RXN. Each transmission electrodes Tx1, Tx2 . . . 
TxM is electrically insulated from each other and, thus, the 
respective transmission electrodes Tx1, Tx2 ... TxM can be 
controlled separately or one or more or even all transmission 
electrodes Tx1, Tx2 . . . TxM can be fed with the same 
transmission signal. Thus, instead of a single transmission 
electrode Tx a plurality of transmission electrodes Tx1, 
Tx2 . . . TxM may be arranged in parallel, for example, the 
transmission electrodes may be rectangular strips as shown 
in FIG. 12. However, other electrode forms may be used and 
the transmission electrodes may be arranged to form a 
homogenous texture or any other texture. Each transmission 
electrode Tx1, Tx2 . . . TxM may have the same shape as 
shown in FIG. 11. However, other embodiments may be 
used in which the transmission electrodes have different 
shapes and/or sizes. Such an arrangement may allow for a 
proximity and touch sensor System with improved spatial 
resolution. The transmission electrodes Tx1, Tx2 . . . TXM 
and/or receiving electrodes RX1, RX2 ... RXN may also use 
a hash or hatch pattern as discussed above in particular to 
reduce the capacitance between the respective portions of 
the transmission and receiving electrodes that are most 
responsible for the capacitance between transmission and 
receiving electrodes. 
1. Standard Electrode Equivalent Circuit 

FIG. 6 shows a standard electrode equivalent circuit, with 
V, the analog front end device voltage, 
V, the transmitting electrode Voltage, 
Va., the analog front end Rx buffer input voltage, 
V, the auxiliary voltage to derive Va, 
V the external noise voltage to be injected to the 

receiving electrode e. 
e—the transmitting TX electrode of the system 
e—the receiving RX electrode of the system 
C, the capacitance between TX electrode to ground 
C, the capacitance between RX and Tx electrode 
C, the RX feeding capacitance to TX 
C. the capacitance between RX electrode and ground 
C. the capacitance between the hand and RX 
C, the input capacitance between the analog front end 

RX input buffer 
R—the analog front end TX driver source resistance 
Ra the input resistance of the analog front end RX 

input buffer 
The analog front end, for example the integrated circuit 

MGC3130 manufactured by Applicant, may have a low 
impedance output of R-8002 and may be designed to drive 
load capacitances C. up to 1 nF. For such load capaci 
tances it can be assumed that V. V. 
2. Extended Electrode Equivalent Circuit 

FIG. 7 shows an extended electrode equivalent circuit 
according to various embodiments, with 
V, the analog front end device voltage, 
V, the transmitting electrode Voltage, 
Va., the analog front end Rx buffer input voltage, 
V, the auxiliary voltage to derive Va, 
Vy—the external noise Voltage to be injected to the 

receiving electrode e. 
e—the transmitting TX electrode of the system 
e—the receiving RX electrode of the system 
C, the capacitance between TX electrode to ground 
C, the capacitance between RX and Tx electrode 
C, the RX feeding capacitance to TX 
C. the capacitance between RX electrode and ground 
C, the capacitance between the hand and RX 
C, the Voltage divider capacitance 
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C, the input capacitance between the analog front end 
RX input buffer 

R, the Voltage divider resistor for frequency compen 
sation 

Re—the input resistance of the analog front end RX 
input buffer 
An external capacitance C, and resistor R can be used to 

reduce the input voltage V, to a defined level that under 
high noise conditions the input buffer is not overloaded. The 
resistor R, is used to realize a frequency compensated 
voltage divider. The condition for this frequency divider 
(probe head circuit principle) is 

RCd RBf CBuf 

It may not be desirable to reduce the Tx output voltage of 
the chip. A best signal-to-noise ratios may be achieved with 
a maximum TX signal, as shown below. Furthermore, an 
external TX signal boost amplifier can be considered when 
required. 
3. Receiver Input Signal 

It can be assumed that the buffer input resistance has a 
much lower effect than the buffer input capacitance in the 
relevant frequency range of 30-200 kHz and for now it is 
assumed that 

RRBF = RD = co 

CD 
CBuf + CD 

(1) 
WRBuf = Wh Wi, a 

wherein a C, y(C+C, ) is the attenuation factor of the 
introduced Voltage divider. In case no voltage divider is used 
a=1 and C is replaced by a short circuit. 

1 (2) 
V = Vr, C. C. C. C. " 

CRT + CL 
1 

WN - , , , , , , , , , ,- 
1 + CRT + CL + CRG + a CBf + CN 

Cw 

= (2) in (1) (3) 

WP, R, f = O. VT -- (4) 
RBuf - CN + CRG + a CBf + CH 

CRT + CL 
Wy 

1 + CRT + CL + CRG + a CBf + CH 
Cw 

4. Receiver Signal Sensitivity 
The receiver signal sensitivity regarding the hand influ 

ence is defined as the signal delta with and without the hand 
capacitance at noise free conditions (VO) 

(5) AS = VRBuf ch=0 - VRBuf ch=C. 

AS = V . (6) 
1 1 

CN + CRG + a CBf CN + CRG + C CBf + CHand 
CRT + CL CRT + CL 
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10 
In a typical analog front end setup it can be assumed that the 
hand capacitance C is much smaller than the RX-TX 
electrode capacitance C and equation (6) becomes 

(7) Chand AS = Wr, . a- - - 
T. C. CRT + CL +2(CN + CRG + a CBlf) + 

(CN + CRG + a CBuf) / (CRT + C) 

wherein AS is approximately a linear function of the hand 
capacitance CHand. The equations show the sensitivity to 
the hand increases when the denominator in (7) is mini 
mized. In an application the following parameter are influ 
encing factors: 

(a) the RX feeding line capacitance C. 
(b) the RX electrode ground capacitance C and 
(c) the capacitance between the Rx and the Tx electrode 

CRTs. 
(a) can be achieved by maximizing the distance of the RX 

feeding lines to the Tx electrode and its feeding lines. 
Nevertheless, this is a tradeoff between shielding the RX 
feeding line from hand influences which is recommended. 
Equation (7) shows it is better to shield the Rx feeding line 
with a TX signal instead of ground. Ground shielding would 
increase C, which has a more negative impact on the 
system sensitivity than C. (see also equation (7)). It may be 
always a good idea to make the RX feeding lines as thin as 
possible. This minimizes both the feeding line capacitance to 
Tx and to ground as well as the influence of the hand to the 
feeding line. 

(b) can be achieved in general by maximizing the distance 
between the RX-Tx electrode stack up and ground. Since 
ground parts typically cover large areas in a an analog front 
end system, e-field stray effects dominate typically C. and 
it often doesn’t make sense to increase the RX electrode 
distance to ground to more than a few millimeters. 

(c) can be achieved by increasing the distance between the 
RX and the TX electrode. In a good analog front end 
electrode design C. dominates the other capacitances. 
Thus, it is desirable to optimize C, as discussed above, 
for example using cut-out areas 240, 520. 

Other measures could be the structuring of the Tx elec 
trode to lower its capacitance to RX as shown in FIGS. 3 and 
4. Structuring the Tx electrode means designing the TX 
electrode for instance as a grid pattern instead of a com 
pletely filled conductive surface. This is done typically in 
keyboard designs. Nevertheless these measures may impact 
the shielding of an analog front end system against noise and 
increases the electrode ground capacitance C. Decreas 
ing the area of the RX electrode is another possibility. 
Furthermore it can be consider to structure the RX electrode. 
Both has to be done well considered since the hand capaci 
tance C is also build between the RX receive electrode 
and the hand and is a function of the RX electrode design. 
5. Signal Deviation 
The signal deviation S to the users hand in an analog 

front end system is the receiver signal sensitivity amplified 
by the receiver gain g and referenced to the analog 
voltage range of the chip of VDDA-3.0V. When C is 
Small compared to the TX-RX electrode capacitance 

2ks (8) CHand 
SD = Q gpGA VT 3V CRT 6. 

X 
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S is given typically in LSBS (lowest significant bit) of a 
16-bit integer value. 
6. Signal-to-Noise Ratio 
The receiver input signal-to-noise ratio SNR is defined as 

the ratio between the signal and the noise term of equation 
(4) 

-- CRT + CL + CRG + a CBf + CH (9) 
W. SNR = Tx. CN 
Wy CN + CRG to CBuf CH 

CRT + CL 

- Vir CRT + CL 
Vy CN 

With it the SNR is independent from the attenuation factor 
a and the hand. At given coupling capacitances, it is desir 
able to work with the maximum possible Tx signal level 
VRX to maximize the SNR. Therefore at high noise level 
designs, e.g. in a LCD display application it is recommended 
to use an external TX signal boost amplifier. The optional 
Voltage divider is set to an attenuation factor a avoiding 
overloading the input channel under all noise conditions. 
SNR can also be improved by reducing the noise coupling 

capacitance Cy and thus lowering the received noise (second 
term in equation (4)) by increasing the effective distance of 
the receiving RX electrode to the noise source (e.g. an 
DC/DC or a backlight converter). Typically a low imped 
ance full surface Tx electrode shields effectively the receiv 
ing electrodes from noise sources inside a device. 
7. Examples 

In a first example no voltage divider is used and optimum 
capacitive values are chosen. The transmit Voltage level is 
set to 2Vpp in order to avoid an overload of the input buffer 
under all noise conditions: 

V-3 V, -8.5 V. 

C-15 pF 
C, -5 pF 
C-7 pF 

C-5 pF 
The buffer signal without noise is with first term of 

equation (4) 

1 

1 + CN + CRG + CBf + CH 
CRT + CL 

1 

1 + 3 pF +7 pF + 8 pF + 1 pF 
15 pF +5 pF 

VRBuf = 2Vpp. = 1.176 Vpp 

The signal delta becomes 

AS = 2V. 0.00918 = 18.37 mV 

The digital signal deviation S, at the output of the CIC 
filter is at G-10 
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215 
So = Grca AS. = 2006 LSB 

The SNR becomes 

2V, 15 pF +5 pF 
8.5V, 1 pF 

SNR = = 4.706 E 13.45 dB 

In a second example an 2:3 Voltage divider is used and 
same optimum capacitive values as above are chosen. The 
transmit Voltage level is set to the maximum output level of 
the analog front end device. 
V7-3V. 
V-3 V, -8.5 V. 
a=0.666 

C-15 pF 
C, -5 pF 
C-7 pF 
C=O.5 pF 
C=1 pF 
Co. 5 pF 
C-10 pF 
The buffer signal without noise is with the first term of 

equation (4) 

VT 

WRBuf F a CN + CRG to CBuf FCH -- - - 
CRT + CL 

V = 2V — = 1.258V RBuf - p RF7F 32 pF OS RF = 14.8VPP 
15 pF + 6 pF 

The signal delta becomes 

0.5 pF 
A = 3rd IS RF is F121 p. 7 p.F. 33 RP). 

(1 pF +7 pF +3.3 pF)?f (15 pF + 5 pF) 
2 

AS = 3Vpp. 30.01.019 = 20.4 mV 

The digital signal deviation S, at the output of the CIC 
filter is at G-10 

215 
So = Grca AS. = 2228 LSB 

The SNR becomes 

2V, 15 pF +5 pF 
8.5V, 1 pF 

SNR = = 7.059 = 16.97 dB 

The second example demonstrates that with about the 
same signal levels at the receiver input, the SNR is improved 
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by about 3.5 dB as expected. The signal deviation produced 
by the hand is 11% higher than in example 1. 

In a third example no voltage divider is used and typical 
capacitive values are chosen. The transmit Voltage level is 
set to 2V pp: 

V-3 V,328.5 V. 
C20 pF 
C=10 pF 
C-15 pF 

C-5 pF 
The buffer signal without noise is with the first term of 

equation (4) 

1 

1 + CN + CRG + CBuf + CH 
CRT + CL 

1 

vet - VP, pF SDES DEOSDE - live 
20 pF + 10 pF 

The signal becomes 

0.5 pF 
A-2Vpp20 pF 10 pF 21 F + 15 pF SPF). 

(1 pF + 15 pF+5 pF)? (20 pF + 10 pF) 

AS = 2V. 0.00577 = 11.53 mV 

The digital signal deviation SD at the output of the CIC 
filter is at G-10 

215 
Sn) = G . A.S. - = 1259 LSB D F JPGA 2W 9 

The SNR becomes 

2V, 20 pF + 10 pF 
8.5W 1 pF pp 

SNR = = 7.059 = 16.97 dB 

In the third example again the received signal level at the 
RX input buffer is similar to the previous examples. The SNR 
is the same compared to the second example where a higher 
TX transmit voltage was used. The higher RX-Tx electrode 
coupling shields in this example the noise. Nevertheless the 
sensitivity to the hand is 37% and 43% lower compared to 
the first and second example, respectively. 

For maximum range it is desirable to choose an electrode 
design with maximum signal deviation to the hand and to 
use a boost amplifier to address external noise when 
required. The gain of the boost amplifier should typically not 
exceed more than 6, to allow a Voltage divider capacitance 
above 1 pF. 

What is claimed is: 
1. An electrode arrangement for an electric field sensor 

device with a transmitting electrode configured to generate 
a quasi-static electric field and a plurality of receiving 
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14 
electrodes associated with the transmitting electrode, 
wherein the electrode arrangement is configured to deter 
mine a non-touching gesture of an object above the electrode 
arrangement from signals received from the plurality of 
receiving electrodes, the electrode arrangement further com 
prising: 

a signal generator configured to generate an alternating 
signal fed to the transmitting electrode and operable to 
generate the quasi static electric field; 

a nonconductive Substrate having a first conductive layer 
and a second conductive layer, wherein the second 
conductive layer only comprises the transmitting elec 
trode, 

wherein the plurality of receiving electrodes are each 
formed by a section of the first conductive layer, and 

the transmitting electrode is formed by a section of the 
second conductive layer, wherein the transmitting elec 
trode covers a larger area than a combined area of the 
plurality of receiving electrodes and wherein the sec 
tion forming the transmitting electrode is textured 
thereby reducing a capacitance between the transmit 
ting electrode and each of the plurality of receiving 
electrodes. 

2. The electrode arrangement according to claim 1, 
wherein the section forming the transmitting electrode is 
textured such that it comprises at least one cut-out area 
having the form of a receiving electrode and being located 
under the receiving electrode Such that the receiving elec 
trode covers the cut-out area. 

3. The electrode arrangement according to claim 1, 
wherein the entire section forming the transmitting electrode 
is textured. 

4. The electrode arrangement according to claim 3, 
wherein the transmitting electrode is textured by a hash or 
hatch texture. 

5. The electrode arrangement according to claim 4. 
wherein the texture is homogenous. 

6. The electrode arrangement according to claim 4. 
wherein the hash or hatch texture is formed by a plurality of 
conductive lines forming a mesh. 

7. The electrode arrangement according to claim 6. 
wherein the mesh is formed by a first set of parallel arranged 
conductive lines and a second set of parallel arranged 
conductive lines. 

8. The electrode arrangement according to claim 7. 
wherein the first set of parallel arranged conductive lines 
crosses said second set of parallel arranged conductive lines 
at an angle of 90 degrees. 

9. The electrode arrangement according to claim 7. 
wherein the mesh comprises a peripheral conductive line 
enclosing the mesh. 

10. The electrode arrangement according to claim 3, 
wherein the transmitting electrode is textured to provide a 
plurality of grooves. 

11. The electrode arrangement according to claim 10, 
wherein the grooves are arranged in parallel at predefined 
distances. 

12. The electrode arrangement according to claim 3, 
wherein the transmitting electrode comprises a cut-out area 
having the form of a receiving electrode and being located 
under the receiving electrode Such that the receiving elec 
trode covers the cut-out area. 

13. The electrode arrangement according to claim 1, 
further comprising a plurality of feeding lines for electrical 
connection to said receiving electrodes. 
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14. The electrode arrangement according to claim 13. 
wherein at least one set of four receiving electrodes are 
arranged to define a rectangular area. 

15. The electrode arrangement according to claim 14, 
further comprising a center electrode within the rectangular 
area defined by the four receiving electrodes. 

16. The electrode arrangement according to claim 14, 
wherein the transmitting electrode is textured as a mesh 
electrode and only covers the rectangular area defined by the 
at least one set of four receiving electrodes. 

17. The electrode arrangement according to claim 13, 
further comprising a front end analog device coupled with 
said receiving electrodes through said feeding lines. 

18. The electrode arrangement according to claim 17, 
wherein the front end analog device comprises a voltage 
divider for attenuating a signal received through said feeding 
lines. 

19. The electrode arrangement according to claim 18, 
wherein the Voltage divider comprises a frequency compen 
sation. 

20. The electrode arrangement according to claim 1, 
wherein the first conductive layer is a top layer of a printed 
circuit board. 

21. The electrode arrangement according to claim 20, 
wherein the second conductive layer is a bottom layer of a 
printed circuit board. 

22. An electrode arrangement for an electric field sensor 
device with a transmitting electrode receiving a square wave 
signal having a frequency of about 30-200 kHz to generate 
a quasi-static electric field above the transmission electrode 
and a plurality of receiving electrodes associated with the 
transmitting electrode, wherein the electrode arrangement is 
configured to determine a multi-dimensional gesture of an 
object above the electrode arrangement from signals 
received from the plurality of receiving electrodes, the 
electrode arrangement further comprising: 

a signal generator configured to generate an alternating 
signal fed to the transmitting electrode and operable to 
generate the quasi static electric field; 
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a nonconductive substrate having a first conductive layer 

and a second conductive layer, wherein the second 
conductive layer only comprises the transmitting elec 
trode, 

wherein the plurality of receiving electrodes are each 
formed by a section of the first conductive layer, and 

the transmitting electrode is formed by a section of the 
second conductive layer, wherein the transmitting elec 
trode covers a larger area than a combined area of the 
plurality of the receiving electrodes and wherein the 
Section forming the transmitting electrode is textured 
thereby reducing a capacitance between the transmit 
ting electrode and each of the plurality of receiving 
electrodes. 

23. An electrode arrangement for an electric field sensor 
device with a transmitting electrode receiving a square wave 
signal having a frequency of about 30-200 kHz to generate 
a quasi-static electric field above the transmission electrode 
and a plurality of receiving electrodes associated with the 
transmitting electrode, wherein the electrode arrangement is 
configured to determine a gesture of an object above the 
electrode arrangement without touching from signals 
received from the plurality of receiving electrodes, the 
electrode arrangement further comprising: 

a signal generator configured to generate an alternating 
signal fed to the transmitting electrode and operable to 
generate the quasi static electric field; 

a nonconductive substrate having a first conductive layer 
and a second conductive layer, 

wherein the plurality of receiving electrodes are each 
formed by a section of the first conductive layer, and 

the transmitting electrode is formed by a section of the 
second conductive layer, wherein the transmitting elec 
trode covers a larger area than a combined area of the 
the plurality of receiving electrodes and wherein the 
section forming the transmitting electrode is textured 
thereby reducing a capacitance between the transmit 
ting electrode and each of the plurality of receiving 
electrodes. 


