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Objective

You can achieve the proper sensitivity for sensors in an end system that have a considerable difference in parasitic
capacitance (Cp) by tuning the raw counts of each sensor to 60 to 70 percent of the maximum value. This code example
describes a method that compensates for differences in sensor raw counts due to variations in Cp by scanning the sensors
with different bleed resistors.

Requirements

Project Name: Example_Dynamic_Bleed_Resistor

Programming Language: C

Associated Part Families: CY8C24x94

Software Version: PSoC Designer™ 5.4 Build 2946

Related Hardware: CY3280-24x94 UCC, CY3280-SLM, CY3240-12USB Bridge/MiniProg1l/MiniProg3

Overview

In some CapSense® designs, the dimensions of the sensing elements vary widely, which in turn causes variations in the Cp of
the different sensors. For example, the Cp may vary because of a difference in size or the length of the trace from the button to
the CapSense pin of the device. See Figure 1.

Figure 1. CapSense Design with Different Sensor Cp
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To implement the CapSense Sigma Delta (CSD) functionality in a CY8C24x94 device, connect an external modulation
capacitor (Cmod) and a bleed resistor (Rb) to the device, as shown in Figure 2. For more information about the CSD
architecture in the CY8C24x94 CapSense controller, refer to the CY8C21x34/B CapSense Design Guide. To learn more about
tuning the CSD User Module in the CY8C24x94 CapSense controller, refer to Appendix: CSD Calibration.

Figure 2. CapSense Design Using the CY8C24x94 Device

vdd

Rb1

CY8C24x94

Cmod

b 0

—

1

WWW.Cypress.com Document No. 001-66058 Rev.*E 1


http://www.cypress.com/
http://www.cypress.com/products/cy8c24x94-0
http://www.cypress.com/products/psoc-designer
http://www.cypress.com/documentation/development-kitsboards/cy3280-24x94-universal-capsense-controller-board
http://www.cypress.com/documentation/development-kitsboards/cy3280-slm-linear-slider-module-kit
http://www.cypress.com/documentation/development-kitsboards/cy3240-i2usb
http://www.cypress.com/documentation/development-kitsboards/cy3217-miniprog1
http://www.cypress.com/documentation/development-kitsboards/cy8ckit-002-psoc-miniprog3-program-and-debug-kit
http://www.cypress.com/?rID=48791

Dynamically Switch CSD Bleed Resistor

‘mbedded in Tomorrow

-

The following equation provides the relationship between the Cp and the raw counts in the CY8C24x94 device:

— N Sysclk 1 _ .
Raw counts = 2% * Rb * [4*Period] * [‘T% 1] * Cp Equation 1

In this equation:

N = Resolution

Rb = Bleed resistor (Q)

Sysclk = Internal main oscillator (IMO) frequency (Hz)

Period = Prescaler period (Period = 1 if prescaler is not used)
REF = Voltage reference set in CSD User Module parameters
Cp = Sensor parasitic capacitance (F)

From Equation 1, if N, Rb, Sysclk, and REF have the same value for all the sensors, then the raw count is directly proportional
to the sensor’s Cy. If the sensor’s Cp, value is different, then the raw count value will also differ. As the raw counts must be 60
to 70 percent of the maximum value to achieve the best sensitivity, tuning one sensor for 60 to 70 percent can yield hugely
different raw counts for the other sensor because of the difference in their Cp values.

If this difference is not great, you can use different Vrer values while scanning different sensors (choosing a high value for Vret
will result in lower sensitivity). However, if the difference in raw counts is very great, then using different Vet values cannot help
you to tune the sensors for the same raw counts (60 to 70 percent of the maximum value). For instance, this may happen in a
project where a matrix and buttons are implemented at the same time, and the sensing elements of the matrix show a higher
capacitance compared to a single button’s capacitance.

As a result, if a group of sensing elements cannot be properly tuned, even with different values of Vrer, you must use different
bleed resistors for different sensors.

To find the value of a bleed resistor, use the following equations:

0.70%2N

Rbmax = p— Equation 2
'SCi 1
ZN*[A,*IZeriod * l+ﬂ_1]*6p
4" 16
L 0.60%2N -
Rbmin = - [Sysclk Equation 3
2

1
* 4*Period]*[l+ﬂ_ 1]*Cp
"6

In these equations, the bleed resistor, Rbmax, gives a raw count value that is 70 percent of the maximum value, and Rbmin gives
a raw count value that is 60 percent of the maximum value.

Figure 3 shows a CapSense design in which two bleed resistors, Rb1 and Rb2, of different values are used to tune all the
sensors to 60 to 70 percent of the maximum value.

Figure 3. CapSense System with Two Different Bleed Resistors
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The PSoC Designer™ project associated with this code example, Example_Dynamic_Bleed_Resistor, demonstrates how to
switch the bleed resistor during run time to scan a sensor with a different bleed resistor. This is evaluated using the
CY3280-SLM board. The SLM board has five buttons with different Cp values, as shown in Table 1. The value of CMOD and
Rs used for the current project is shown in Table 2.

Table 1. Buttons Cp Values

Name Parasitic Capacitance
Button 0 16 pF
Button 1 14 pF
Button 2 13 pF
Button 3 14 pF
Button 4 11 pF

Table 2. Cmod and Rbx Values

Name Value
Cmod 10 nF
Rbl 7.5kQ
Rb2 10 KQ

As shown in Table 1, button 4 has the lowest Cp of 11 pF. Using Equation 1, the raw count value for button 4 is calculated as:

Counts = 212 « 7.5K « [z“ffz] * [ - 1] * 11 pF Equation 4

4 1y
4 6
In this equation:

Resolution = 12 bits
Rb=7.5kQ

Sysclk = 24 MHz
Period =1

REF =4
Cp=11pF

Therefore,

Counts = 4096 = 7.5K * [6MHz] = [1] * 11pF = 2027

Since the raw count value is 2027, this value is 49 percent of the maximum raw count value. Therefore, to ensure that the raw
count is in the range of 60 to 70 percent of the maximum value, a different Rb is used for button 4.

Using Equation 3 and Equation 4:

0.70%2N
Rbmax4 = p—
N ysci 1
2 *[4*Periad * 1, REF 1]*Cp
4" 16
0.70% 212
Rbmax4 =

212*[24MHZ]*
4x1

ﬁ—1]*11p}=
116

Rbmax4 = —>"2 _ =10.6 kQ

6MHz*11pF
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Similarly,

Rbmind = —2%%__ =9 kQ
6MHz+11pF

In this code example, Rbmax4 is used to tune button 4 to get a raw count value of 70 percent of the maximum value. The
following sections describe the requirements, setup, and steps for running the code example.

Hardware Setup

You need the following hardware:

m CY3280-24x94 Universal CapSense Controller Board
m  CY3280-SLM Linear Slider Module

m  CY3240-12USB Bridge/MiniProg3

m CY3217-MiniProgl Programmer Kit/MiniProg3

m  USB A to Mini-B cable

Assembly

Figure 4 represents the hardware setup required to test the project. The CY3280-24x94 UCC Kit connects to the CY3280-SLM
module through a 22x2_RA_Receptacle. The setup uses the MiniProgl or MiniProg3 for programming and the CY3240-12USB
Bridge or MiniProg3 to send the data to a PC using the BCP. The MiniProg1/3 and CY3240-12USB Bridge connect to the PC
through a USB cable.

Figure 4. Hardware Setup Block Diagram
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Setting Up the Board

Make the following hardware connections:

1.
2.

Unsolder the pull-up resistors, R57 and R58, which are connected to P1[5]-P1[7] on jumper J2, as shown in Figure 5.

Short the resistor pads, R15 and R20, as shown in Figure 5. This setting connects the P1[5]-P1[7] pins from the
CY8C24x94 device to the jumper J2.

Add Rb2 by connecting the 10-kQ resistor between P0O[5] and P1[5], as shown in Figure 6.

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the CY3280-24x94
UCC board.

Place a jumper on header J1 to short the Vcc and 5-V pins of the UCC board. This setting allows you to power the
CapSense controller from the in-system serial programming (ISSP) connector.

Place a jumper on header J4 to short the XRES and XRES/INT pins (pins 1 and 2) of the UCC board. This setting routes
the XRES pin of the CapSense controller to pin 3 of the ISSP connector J3; this is required only if you need to program
the device in the reset mode.

Place a jumper on header J2 to short the GND and SHIELD pins (pins 2 and 3) of the CY3280-SLMboard. This setting
allows the board hatch pattern on the CY3280-SLM board to connect to the ground.

Connect the MiniProg1/MiniProg3 to the ISSP header on J3 of the UCC board. This connection is required to program the
device with the generated hex file. This connection must be replaced with the CY3240-12USB Bridge/MiniProg3 when the
CapSense data is read in the BCP software.

Use the USB A to Mini-B cable to connect the other end of the MiniProg1/CY3240-12USB Bridge/MiniProg3 to the PC.
Figure 5. Removing Pull-Up Resistors Figure 6. Connecting Rb2 between P1[5] and PO[5]
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Schematic

The schematic diagram for the project is shown in Figure 7. The modulator capacitor, Cmod, of 10-nF is connected to PO[5].
Rb1 is connected to P3[1], and Rb2 is connected to P1[5]. A 560-Q resistor is connected in series with each CapSense button

to reduce RF interference.

Figure 7. Schematic Diagram
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Table 3. Buttons, Cmod, and Rbx Pin Assignment

Name Pin Number
Button O P1[6]
Button 1 P1[3]
Button 2 P3[3]
Button 3 P2[1]
Button 4 P2[3]

Cmod PO[5]

Rb1 P3[1]
Rb2 P1[5]
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Software Setup
You need the following tools to set up the software:

m  PSoC Designer (version 5.3 or higher)

m  PSoC Programmer (version 3.13 or higher)

. BCP

The user modules (UMs) used in this project and the hardware resources occupied by each user module are listed in Table 4.

Table 4. User Modules and Hardware Resources

User Module Hardware Resources

CSD ACBO01, DBB00, DBB01, DCB02

EzI2Cs 12C Block

The ReadMe.txt file, available in the project, describes the parameter settings for the user modules used in this code example.
It also includes a list of the global resources.

Operation

Figure 8 shows the firmware flow of the project.

Figure 8. Functional Flow of Firmware
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On reset, all the hardware settings from the device configuration are loaded into the device and main.c is executed.

Next, the firmware performs the following operations:

1. Defines a structure, Myl2C_Regs, to store the button number, raw count, difference count, baseline, and status of the
CapSense button corresponding to the given button number.

2. Enables a global interrupt and starts the CSD User Module. The finger thresholds for buttons are set, and the baselines
are initialized (with the respective feedback resistors connected).

3. Starts the EzI2Cs User Module and sets Myl2C_Regs as the 12C buffer.
Performs the following operations in an infinite loop:

o Scans buttons 0-3 with feedback resistor Rb1 and button 4 with feedback resistor Rb2. Myl2C_Regs is updated with
the raw count, difference count, baseline, and status of the requested CapSense button.

o The 12C master can request the CapSense data of a particular button by writing the button number into the first byte of
the 12C buffer of the EzI2Cs slave.

Changing the Feedback Resistor

In the example project, buttons 0—3 use a bleed resistor connected to P3[1], while button 4 uses the bleed resistor connected
to P1[5]. Before scanning, a function is called to modify the routing of the comparator output that drives the new bleed resistor.
This is achieved by modifying these registers: PRTxDMx, PRTxGS, and CMP_GO_EN.

Following is a brief description of the functionality of these registers:

m  PRTxDMx: These registers set the configuration of the output; the bleed resistor must be put in the open drain low mode.
The pin that has to be disconnected from Rb must be made High Z. To switch between these modes, you need to change
only the PRTXDMO mode. You do not have to alter the DM1 and DM2 registers. The port number for the corresponding
pin is x.

m  PRTxGS: This register connects the pin of the resistor to the proper internal global bus. The port number for the
corresponding pin is X.

m  CMP_GO_EN: This register sets the comparator output to the global bus.

Note For more information about these registers, refer to the device TRM available at www.cypress.com/?rID=34621.

The values shown in Table 5 must be ORed with these registers to enable a pin for Rb operation.

Table 5. Values to Be ORed

Pin PRTXDMO PRTXGS CMP_GO_EN
P1[1] 0x02 0x02 0x40
P3[1] 0x02 0x02 0x40
P1[5] 0x20 0x20 0x80
P3[5] 0x20 0x20 0x80
P5[1] 0x02 0x02 0x40
P5[5] 0x20 0x20 0x80

The code snippet used in this project to connect Rb to P5[5] is:

CMP_GO_EN |= 0x80
PRT5DMO |= 0x20
PRT5GS |= 0x20

WWW.Cypress.com Document No. 001-66058 Rev.*E 8
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The values shown in Table 6 are ANDed with the same registers to disconnect Rb from the pin.

Table 6. Values to Be ANDed

Pin PRTXDMO PRTXGS CMP_GO_EN
P1[1] OXFD OXFD OXBF
P3[1] OXFD OXFD OXBF
P1[5] OXDF OXDF OXFB
P3[5] OXDF OXDF OXFB
P5[1] OXFD OXFD OXBF
P5[5] OXDF OXDF OXFB

The following is the code snippet used in this project to connect Rb to P5[5]:

PRT5GS &= 0xDF
PRT5DM0 &= OxDF
CMP_GO _EN &= OxFB

Running the Code

Programming the Board

Program the board with the project, and then use the following procedure to run the code example. To learn how to program
the UCC board, refer to the CY3280-24x94 UCC Kit Guide. Use the MiniProgl or any power sources mentioned in the
CY3280-24x94 UCC Kit Guide to power the board at 5 V.

Reading CapSense Data over |12C

Use this procedure to run the code example and read back the CapSense data to the BCP tool. For more information about
the BCP, refer to the application note AN2397 — CapSense Data Viewing Tools.

Viewing Data through the BCP

1.

Use the CY3240-12USB Bridge and a USB A to Mini-B cable to connect your computer to ISSP connector J3 of the
CY3280-24x94 UCC board.

Go to Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge Control Panel (version). The BCP
is a component that is installed in your computer during the PSoC Programmer installation.

Select the device from the port selection window.
Power the CY3280-24x94 UCC board at 5 V.

From the BCP, choose File > Open. Load the BCP.iic file from the BCP_Configuration_Files folder in the code example
project folder.

Choose Charts > Variable Settings. Load the BCP.ini file from the BCP_Configuration_Files folder in the code example
project folder.

Click OK to return to the main window.
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To read the raw count, baseline, and difference count of BTN4, proceed as follows:

1. Place the cursor on the command line W 04 00 04 and click on send button once to send the I2C write instruction.

2. Place the cursor on the command line R 04 @Sensor_Index @1RawCount @ORawCount @1Baseline @0Baseline
@1DiffCount @0DiffCount @ButtonStatus and click on the Repeat button to send I2C read instruction continuously:

Figure 9. Command Editor Window in Bridge Control Panel
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3. Click the Chart tab to view the raw count, baseline, and difference count of BTN4, as shown in Figure 10.

Figure 10. Chart Tab in Bridge Control Panel
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As shown in the BCP chart, the raw count is now calibrated to about 70 percent of the maximum value:

= Button 4 raw count with single Rb (Rb1) in CSD design = 2047 (49 percent of maximum value)
= Button 4 raw count with separate Rb (Rb2) in CSD design = 2844 (70 percent of maximum value)
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Appendix: CSD Calibration

For optimum performance, the CSD parameters are tuned with the actual CapSense hardware and overlay. Figure 11 shows

the steps necessary to calibrate the CSD.

Figure 11. CSD Calibration Flowchart
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2. Using the CY3240-12USB Bridge/UART with the actual hardware and overlay, capture the raw counts, baseline, and

difference counts for the sensors.

3. Coarse tuning: Check if the signal-to-noise ratio (SNR) is greater than 5. If the SNR is less than 5, increase the SNR using
the recommended PCB guidelines, increasing the resolution of the CSD and reducing the scan speed of the CSD. For
more information about the PCB guidelines, refer to the Getting Started with CapSense Design Guide.

4. Fine tuning: Check if the SNR is greater than 8. If it is less than 8, reduce the Ref Value parameter to increase the SNR.

5. Check if the total scan time for all the sensors meets the requirement. If it does not, reduce the resolution and/or increase
the scan speed. As these parameters also affect the SNR, go back to step 3. With a couple of passes, arrive at the
optimum resolution and scan the speed parameters that produce the best SNR and the desired scan time.

6. Capture the difference counts when the button is activated. Set the finger threshold parameter to 75 percent of the peak

value.

7. Set the noise threshold to 40 percent of the peak value.

8. Set the negative noise threshold to half of the noise threshold.
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9. Set the finger thresholds for individual sensors if necessary, by writing to the CSD baBtnFThreshold array in the
firmware.

Set the baseline update threshold according to the requirements. The frequency that the baseline is updated must be
determined on a project-by-project basis. The baseline should be a slow-moving reference, which helps to reduce the
effects of noise and temperature on the capacitive sensor.

o Fast update baseline rates: This can cause problems if you move your finger slowly to the button. It is called
“baselining out the finger.”

o Slow update baseline rates: This can leave the buttons vulnerable to temperature fluctuations, and potentially lead to a
“button lock.”
10. Set the AutoReset and Debounce parameters as required. Refer to the CSD User Module datasheet for more
information about these parameters.

11. For any other parameter, refer to the user module datasheet.
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