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1 Introduction

The PCap04-EVA-KIT V2.0 evaluation system provides a complete system for generally evaluating the
PCap04 IC. It is supplied with a main board, a plug-in board, a Windows based evaluation software,
assembler software and the PicoProg Lite communication interface. The kit includes the following
elements:

PCap04 LITE V1.0 BGRP PicoProg Lite V1.0 USB to USB-C data cable

e ﬂGND
foet -
AU

120

gaPpAUX

Figure 1: Elements of the development kit

Please download the software for the kit from https://downloads.sciosense.com/PCAP04 and look
for the latest revision.

1.1 Ordering Codes

Table 1: Pin description

PCap04-EVA-KIT V2.0 220300004 PCap04 LITE board & PicoProg Lite & USB-C cable

PCap04 LITE V1.0 BGRP 220300005 PCap04 evaluation board

2 Quick Start Guide

In this section, we described how to set up quickly the PCap04-EVA-KIT V2.0 and establish basic
operation and make measurements.

2.1 Installing the Software

It is crucial to install the software before connecting the evaluation kit to your computer. A default
driver loading of your OS may interfere with correct installation.

e Download the latest zipped software installation package to the desired directory.
https://downloads.sciosense.com/PCAP04

e Unzip the package to the desired directory.

e Open “setup.exe” from the unzipped directory.

e Follow the instructions on the screen.
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e Connect the PicoProg Lite PCB to the computer by means of the USB cable. The green LED should
be on.

e Connect the PCap04 LITE to the PicoProg Lite. Two connectors are available, one for SPI
communication and one for I12C communication. They are marked accordingly.

Installing the Hardware

2.3

In the START menu search for PCap04 or look under program folder ScioSense for the PCap04 software
and start it. The software pops up with the following window:

Quick Start for Initial Measurements

N 1)
File Memory Tools Interface Help
Setup  CDCFrontend CDC RDC PDM/PWM DSP/GPIO Misc Expert SCigsense'
i g X " Open Graph
Configurations ready to use with Evaluation System
Start Measurement
. Write Config
Standard Humidity Pressure
Write Complete
Power On Reset
- Pure capacitance ratios - Humidity in rh% at RESO - Pressure in % at RESO R
- Pure resistance ratios - Temperature in *CatRES1 |- Temperature in °C at RES1 Init Reset
- Considers configured -CSense: PCO & PC1: - CSense: PCO & PC1:
compensation mode - Floating single - Floating single
- Internal reference - Internal reference 7 ]
- Internal temperature - Internal temperature o Pt
sensor and reference sensor and reference = ot
- PDM PULSEO rh3% - PDM PULSEQ pressure in %
- PDM PULSE1 temperature |- PDM PULSE1 temperature PicoProg LITE
- Update rate: 5 Hz - Update rate 500Hz
runbit @

Combined Error .

FICOCAP

Verify Interface

| # Name Results Filter fpp  Factor Offset _Span Final Result Meangm Std Dev | SNR [bit]
{[o]Fro 3 none [LIBl40 |1 0 o |e 0 ) o

1| FR1 ] none v : 0 ; 5 0. 0 o 2] (2] e

2 FR2 ] none v g\ 0 1 0 0 o ] e e

3 FR3 ] none v :‘ 0 |1 0 0 o e e [}

4 | FR4 ("} none v 3‘1 0 |1 0 0 ] e ] e

5 FRS ]  none v : 0 1 0 0 o 2] (] e

6 FR6 ) none v a 0 1 0 0 <] <] (-] e

7 | FR7 ] none v :j‘ 0 |1 0 0 o 2] ] e

Figure 2: Start page

On the right site a little icon indicates whether a device is connected and whether SPI or 12C is used.

Click the “Verify Interface” button to confirm communication with PicoProg Lite and PCap04 is
working:
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- CSense: PC1:
-Floati © X e
- Interng rence
- Internal| Software Version: 2.0 eratur

sensoran PicoProg Firmware Version: N/A prence
-PDM PUL PicoProg Lite Firmware Version:  fessur
-PDM PUL Memory read/write: failed mper:
- Update POHz

Verify Interface

Figure 3: Verify

The PCap04 plug-in board is pre-assembled with ceramic capacitors to emulate capacitive sensors.
These capacitors, each 10 pF in value, are connected to the 6 ports PCO to PC5.

To begin measurements using these preinstalled components, it is necessary to make the following
adjustments on the “CDC Frontend” tab:

1) “Capacitive Measurement Scheme” section should be set to “Floating | Single”.
2) All the capacitance ports should be turned on using the Cap. Port. Select buttons
3) The Stray Compensation setting should be set to “Both”.

The resulting settings under the CDC tab should look like this:

< ScioSense PCap04 - x ‘

File Memory Tools Interfface Help

Setup CDCFrontend  ¢DC  RDC  PDM/PWM  DSP/GPIO  Misc  Expert Scigsen se
Capacitance to Digital Conversion Frontend =
Capacitance Measurement Scheme Cap. Port Select Stray Compensation LISIEETE
Grounded | Single 0 ‘oo 8oth v Start Measurement
==
012345
i 8 Write Config
200000
b Write Complete
Port Error
Power On Reset
Discharge Resistance Port 0.3 Discharge Resistance Port4.5 Charge Resistance Init Reset
180k ~llo 180k vllo 10k ~ o

C Reference Select

o

' ’sw

external | v 0 2 pF PicoProg LITE

Runbit .

Combined Error .

FICOCAP

# | Name Results Filter fpp | Factor | Offset Span | Final Result Mean "W Std Dev | SNR [bit]
0| FRO -] none [ f81¥0 |1 0 0 ] [ ) )
1| FR1 ° none v|[@ls0 |1 0. 0 ] 8 8 8
2 | FR2 ] none ~|[§s0 |1 0 0 (] 2 ] ]
3 | FR3 ] none ¥ - ELHE 0 0 ] 8 e 8
4 | FR4 -] none ¥ ELIRE 0 0 [} ] e ]
5 | FRS ° none ¥ ELHE 0 0 [:] 8 8 8
6 FR6 ) none ~|[8s0 |1 0 0 [:] ] ] ]
7 | FR7 ] none v ;ll 0 |1 0 0 ] @ e 8

Figure 4: CDC Frontend page at the start
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To begin measurements, on the right side of the window, click the following buttons in the order

listed:

1) “Power On Reset”
2) “Write Complete”
3) “Start Measurement”

Measurements should now be running and your screen should resemble the following:

< ScioSense PCap04 = X ‘
File Memory Tools Intefface Help
Setup CDCFrontend CDC RDC PDM/PWM DSP/GPIO  Misc  Expert e .
, — _ ScioSense
Capacitance to Digital Conversion Frontend =
Capacitance Measurement Scheme Cap. Port Select Stray Compensation Open Graph
Grounded | Single v o OOOO.. Internal vl
012345 R
( - ) rite Confi
990900 d
NN Write Complete
Port Error
Power On Reset
Discharge Resistance Port 0.3 Discharge Resistance Port4.5 Charge Resistance Init Reset
90k v 90k v 10k v o
O ]sm
C Reference Select nternal Cay 8
external v > S pF PicoProg LITE
Runbit @)
Combined Error .
# | Name Results Filter fpp | Factor| Offset Span | Final Result | Mean 5[so | Std Dev | SNR [bit]
Mo Co/Cref ©800000A | none -27 | 10p 0 10p | 10p 1ep e Inf
1 | C1/Cref @3802A898 | none -27 | 10p 0 10p 10.013p 10.0131p 115.2a 16.41
2 | C2/Cref @7F184AC | none -27 | 10p 0 10p |9.92929p 9.92932p 95.2a 16.68
3 | C3/Cref ©7F9A218 | none -27 | 10p 0 10p | 9.96891p | 9.96896p 116.2a 16.39
4 | C4/Cref 00000000 | none -27 | 10p 0 0p |© e 2] Inf
5 | C5/Cref 20000000 | none -27 | 10p 0 0p |@ 2] 2] Inf
6  PT1/Ref 00000000 | none -25 (1 0 1 5} e ] Inf
7 | Alu/Ref ©@1CA35BD | Median5 -25|'1 0 1 894.941m 894.887m 14.28u 16.1

Figure 5: CDC Frontend page with running measurement

The C1 and C2 values should be continually updating but remain within a reasonably small standard
deviation as shown.

At this point the above steps have been successfully completed and the operation of the EVA kit can
be done. The following sections provide a detailed description of the hardware and software for
advanced operation.
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3 Hardware Description
3.1 PCap04 Lite Board

3.1.1 Capacitance Measurement

For the purpose of evaluating the capacitance measurement using PCap04, the board is pre-
assembled with ceramic capacitors to emulate capacitive sensors. These capacitors, each 10 pF in
value, are connected to the 6 ports PCO to PC5. They are connected as single sensors in floating
mode, i.e. each capacitor is connected between 2 ports, and hence there are 3 x 10 pF on-board
capacitors. Please refer to section 3 of the PCap04 data sheet for more information on how to
connect capacitors to the chip. In case using external reference, the capacitor connected between
ports PCO and PC1 is taken as the reference capacitor.

Figure 6: Details of the plug-in board (A=three COG ceramic capacitors)

In the process of evaluation, when you are comfortable with interpreting the measurement results
from the chip, these fixed capacitors can be replaced with the actual capacitive sensors of your
application.

If you want to connect your capacitive sensors in grounded mode, then GND points are provided at
the two corners of the board, where the sensor ground connections ought to be soldered.

The typical value of the capacitive sensors that can be connected to the evaluation kit lies in the
range of 30 pF to 3.5 nF. The reference capacitor should be in the same order of magnitude as the
sensor. Depending on the value of the sensor, the value of the internal resistor for performing the
measurement has to be selected. For the pre-assembled 10 pF capacitors, an internal discharge
resistor of 90 kQ works well. See section 3 of the PCap04 data sheet on how to select the value of
the internal discharge resistor.

3.1.2 Temperature Measurement

Temperature measurement or other resistive tasks may also be of interest for the user of this kit.
The evaluation kit offers this possibility through the RDC (resistive-to-digital converter) ports. An on-
chip thermistor coupled with an on-chip temperature-stable reference resistor made of polysilicon
is sufficient for observing the temperature measurement capability of the PCap04 chip.

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production 7
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Figure 7: Temperature sensor connection pads

A Port PT1 for second external temperature sensor (not supported by the standard firmware)
B Port PTO for external temperature sensor

C Port PT2 for external reference resistor

D 10 nF COG

However, there is a possibility to connect the reference resistor and the thermistor externally to
the chip, too. In case of external resistors, the temperature-stable reference resistor ought to be
connected at port PT2REF on the plug-in board. The board allows you to connect the external
thermistor, e.g. a PT1000 sensor at port PTO (or PT1, not supported yet by the standard firmware).
In any case, for the temperature measurement, an external capacitor 10 nF COG has to be
connected to the chip; it is already pre-assembled on board.
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1 Software Description

1.1 Initialization

Configuration files, Firmware, Settings and Calibration Data are subsumed in a project (.prj) file.
When opening a project file then automatically the configuration and firmware data will be
transferred to the chip and the chip is initialized.

Step 1: The first to do after starting the evaluation software is to read the device version from Chip
by pressing the button or to select the supported PICOCAP device on the setup page. In the initial
phase start with our standard firmware that calculates the capacitance ratios and resistance ratios.
It automatically recognizes the operation mode and takes care of the set number of capacitors and
the kind of connection. But it does no further processing.

Step 2: If you want to change from the default SPI to I2C interface, please select under Interface --
> Bus --> 12C. The LED on the PicoProg Lite interface should now turn red. When the LED does not
glow at all, then it indicates that the interface is faulty.

Step 3: By pressing the ‘Standard’-button, the standard project file will be open.
You also may load your own project file.

Step 4: Open Graph window and press ‘Start Measurement’.

1.2 Graphical User Interface

Next, the main front panel comes up. Overall, the graphical user interface offers various windows
for on-line configuration, for parameter and calibration data setting, and of course for the graphical
and numerical display of the measurement data. The various windows will be explained in this
chapter.

1.2.1 Front Panel

This is the main window. On the right side, the front panel shows six general buttons:

Open Graph Open a window for graphic representation of measurement data

Start Measurement Start or stop a running measurement

Write Config. Transfer once more, the present settings in the evaluation software to the chip (in case of
doubt)

Write Complete Transfer the complete firmware, calibration data and configuration to the chip

Power On Reset After Power up reset, ‘Write Config.” may be necessary.

Init Reset With an init reset, the chip is re-initialized with respect to its frontend and processor.

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production 9
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1.2.1.1 Setup Page

CONTENTS PAGE @

= ScioSense PCapl4
File Memory Tools Interface Help

Setup CDCFrontend CDC  RDC  PDM/PWM DSP/GPIO Misc  Expert

Configurations ready to use with Evaluation System

Standard Humidity Pressure

- Pressure in % at RESD
- Temperature in *C at RES1
- CSense: PCD & PCI:

- Floating single

- Internal reference
- Internal temperature
sensor and reference
- PDM PULSED pressure in %
- PDM PULSEL temperature
- Update rate 500Hz

- Pure capacitance ratios
- Pure resistance ratios
- Considers configured
compensation mode

- Humidity in rh% at RES0
- Temperature in *C at RES1
- CSense: POD & PCI:

- Floating single

- Internal reference
- Internal temperature
sensor and reference
- PDM PULSED rh3%
- PDM PULSE] temperature
- Update rate: 5 Hz

Verify Interface

.= )
ScioSense
Open Graph
Start Measurement

Write Config
Write Complete
Power On Reset

Init Reset

‘SPI
e

PicoProg LITE

Runbit (@)

Combined Error .

FICOCAP

# | Name Results Filter fpp | Factor | Offset

o | cojcret ] none <Bls 27 (100 |0 0p @
1 | c1/cCref @ none w|fS44 -27 (100 |0 0p @
2 | c2/Cref ] none ¥ - EEFIL 0p @
3 | c3/Cref ] none ¥ - EEFIL 0p @
4 | cafcref ] none ¥ - EEFIL 0p @
5 | C5/Cref ] none ¥ - EEFIL 0p @
6 | PT1/Ref a none - w251 0 1 a
7 | Alu/Ref ] Median5 | 5-25 1 0 | 1 a

Span | Final Result MeangE-:- Std Dev | SNR [bit]

L]

[-RR-- RN R R ]

@ @

D E DO O S
D E DO O S

Figure 8 Setup page

Options on ‘Setup’ page:

Standard

firmware.
Humidity

firmware.
Pressure

firmware.

Verify Interface

Opens the <Selected Device>_standard.prj project file with configuration and standard

Opens the <Selected Device>_humidity.prj project file with configuration and linearization

Opens the <Selected Device>_pressure.prj project file with configuration and linearization

When everything is in order, then pressing this button will indicate the release version

number of the software and of the PicoProg Lite / PICOPROG V3.0 Firmware. It also
confirms with ‘Memory read/write: OK' if a supported PICOCAP device is present.

The lower part of the window is used for real-time numerical display of the measurement results. In
principle it shows the content of the read registers. The content itself depends on the firmware.
Figure 8 shows the content as it is given with the standard firmware. The first six rows show the
capacitance ratios, the last two rows show the temperature result (resistance ratio or linearized

temperature).

10
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The tab has 12 columns of information, defining labels, data format, resolution specification (white
background) and results (grey background). The information in the white fields increase convenience
of reading and is stored in the project files (*.prj). All number may get a character to indicate the
well-known prefixes for denoting the factor in thousands (‘p’, ‘f’, ‘a’, ‘k’... ).

Name Label for the register content, depends on the firmware.

Results Raw hex data display of the result register content. The column before shows the width. The
button column after shows whether the result is signed or unsigned.

Filter Selection of various software filters like Sinc (rolling average) and Median (non-linear filter).

fop This column shows the size of the fractional part of the fixed point number and the necessary shift.
Depends on the firmware.

Factor The factor is a scaling factor that allows to scale the result according to the reference capacitor.
Factor = ‘1’ gives back the initial capacitance ratio in column ‘Final Result’.

Offset Offset to be added or subtracted in the evaluation software.
Auto Offset By pressing [AQ], the software re-calculates the ‘Offset’, setting back the ‘Final Result' to 0
Span Number that defines the maximum span of the sensor. Is relevant only for the calculation of the

resolution in column SNR [bit].

Final Result Display of the final result, scaled by ‘Factor’ and the ‘Offset’ added.

Mean Display of the mean value. The sample size can be selected.
Std.Dev Standard deviation of the ‘Final Result'.
SNR [bif] Signal-to-Noise ratio in bit, calculated as ‘Span’/ ‘Std.Dev.’

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production 11
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1.2.1.2 CDC Frontend Page
< ScioSense PCap04 = X {
File Memory Tools Interface Help
Setup CDCFrontend (DC RDC PDM/PWM DSP/GPIO  Misc Expert .
ScioSense
Capacitance to Digital Conversion Frontend =
Capacitance Measurement Scheme Cap. Port Select Stray Compensation L Open Giaph
Grounded | Single v 0000ee intemal =
012345 I R ||
—_—
Write Complete
Port Error p—
| Power On Reset
Discharge Resistance Port 0.3 Discharge Resistance Port4.5 Charge Resistance Init Reset
90k vl 90k v 10k v o
'i' .........
i lSPl
C Reference Select nternal Cap 0 o

external v $ PicoProg LITE

w
«

o
-

Runbit @)
Combined Error .j‘

FPICOCAP

#  Name Results Filter fpp | Factor Offset | Span | Final Result | Meani‘@ Std Dev | SNR [bit]
o | co/cref 0800000A [none [ [[BI4 27 (100 |0 10p | 10p 10p le | Inf
1 c1/cref 08024898 [none | [[SH4 27 (10p |0 10p |10.013p |10.0131p 115.2a 16.41
2| cofcret | @7F184AC none [ [f8}4 27 [10p |0 10p |9.92929p | 9.92932p 95.2a 1'16.68
3 | c3/Cret | @7F9A218 | none [ 3-27 |10p |0 10p |9.96891p  9.96896p 116.2a 16.39
4 | ca/Cref 00000000 |none | | 577-27 |0p |0 0p @ ] ] | Inf

5 | Cs/Cref | 00000000 [none | |84 -27 [10p |0 10p @ ) e | Inf

6 | PT1/Ref | 00000000 [none [ (ISH%-25 |1 |0 1 |e e @ |Inf
7 | Alu/Ref | 81CA35BD | Medians [ |82 25 (1 |0 1 |894.941m | 894.887m 14.28u 16.1

Figure 9 CDC Frontend page
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Options on ‘CDC Frontend’ page:

Capacitance Measurement
Scheme

Cap. Port Select

Stray Compensation

Discharge Resistance Port
0.3

Discharge Resistance Port
4.5

Charge Resistance

C Reference Select

Internal Cap

Grounded | Single — Single capacitive sensor connected between a port and ground.

Grounded | Differential — Differential capacitive sensor connected between 2 ports
with the middle tap of the sensor connected to ground.

Floating | Single — Single capacitive sensor connected between 2 ports.
Floating | Differential — Differential capacitive sensor connected between 2 ports with
the middle tap of the sensor connected to another 2 ports.

Select which capacitive ports have to be measured (Ports 0-5), i.e. at which ports the
sensors have been connected in hardware.

None — No compensation

Internal — One additional measurement performed through only the chip-internal stray
capacitance with respect to ground.

External — One additional measurement per port pair, performed through a parallel
connection of the capacitance at the two ports with respect to ground.

Both - Both internal and external compensation together.

Selects the value of the internal resistance (180k, 90k, 30k, 10k) for measurements on
port PCO to PC3 through which the discharge cycles during measurement are to be
performed. This value has to be selected in accordance with the capacitance value of
the sensor.

Selects the value of the internal resistance (180k, 90k, 30k, 10k) for measurements on
port PC4 to PC5 through which the discharge cycles during measurement are to be
performed. This value has to be selected in accordance with the capacitance value of
the sensor.

Choice of one out of 4 on-chip charging resistors (180k, 10k) for the CDC. Permitting
to limit the charging current and avoiding transients.

Switching between external and internal reference capacitance.

Selection of internal reference capacitance value. (0..31pF)

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production 13
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1.2.1.3

CDC Page

© ScioSense PCap04

File Memory Tools Interface Help

Setup CDCFrontend CDC RDC

. <

PDM/PWM  DSP/GPIO  Misc  Expert = .
: o - ScioSense
Capacitance to Digital Conversion Settings =
Cycle Control
Open Graph
Precharge Time Fulicharge Time Discharge Time
012]s x3rr 20u 3]s [x0 20u 2] [x0
A = == > - B Write Config
vdd » { C_FAKE
~ 0 = Write Complete
C AVRG Power On Reset
d 1¢ycle (Sample Size) Init Reset
- L 2 i
ovi—~ T
Time
Cycle Clock Select
50,0kHz | Low Power v Conversion Duration | 6.40ms i IS"‘
.
Conversion Control PicoProg LITE
Cap. Trigger Select ext. Trigger-P Conversion Time | 80.0ms
Timer Triggered vll[2 DSP_IN ~ Runbit &

Conversion Time

-

Measuring Rate | 12.5Hz
Combined Error .

o PICOCAP
# | Name Results Filter fpp | Factor| Offset Span | Final Result | Mean em Std Dev | SNR [bit]
Mo | co/cref 0800000A ?none v : -27 | 10p 0 10p | 10p 1ep e Inf
1| C1/Cref ©8801C6ED l none v a -27 | 10p 0 10p | 10.0087p | 10.011p  2.508f 11.96
2 | C2/Cref @7EEQF72 | none v : -27 | 10p 0 10p | 9.9124p 9.92418p 6.382f 10.61
3 | C3/Cref @B4EQ4CF | none v S -27 | 10p 0 10p | 10.381p 10.0521p 16ef 5.966
4 | Ca/Cref 00000000 'inone v : -27 | 10p 0 0p (O e 2 Inf
5 | C5/Cref 00000000 Inone v g -27 | 10p 0 0p (@ -} e Inf
6 | PT1/Ref 00000000 l\nomz v : -25 |1 0 1 o e ] Inf
7 | Alu/Ref @1CA2EAB ‘\ Median5 | :‘ -25 |1 0 1 894.891m  894.699m 126u 12.95

Figure 10 CDC page

Options on ‘CDC’ page:

Cycle Control

Precharge Time

Fullcharge Time

Discharge Time

C_FAKE

C_AVRG

Cycle Clock

Select

Time to charge via resistor for current limitation, can be set in multiples of the cycle clock
Time for final charge without current limitation, can be set in multiples of the cycle clock
Time to discharge the capacitor, can be set in multiples of the cycle clock

Number of fake measurements per measurement cycle. Performing fake measurements
may help in reducing noise.

Enables averaging the measurement results over multiple measurement cycles. Setting
to 1 = No averaging, Setting to any number N, will result in averaging over N
measurement cycles for generating one measurement result. (0..8191)

50,0kHz | Low Power — Single capacitive sensor connected between a port and ground.

500kHz | High Speed/4 - Differential capacitive sensor connected between 2 ports with
the middle tap of the sensor connected to ground.

2,00MHz | High Speed — Single capacitive sensor connected between 2 ports.

14
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Conversion Duration Displays the entire conversion duration per cycles for averaging and fake
measurements.
C_TRIG_SEL Selects the source that triggers the start of a capacitance measurement

Continuous — Continuous measurement, self-triggering. Recommended when no
temperature measurement is made in parallel.

Read Triggered — Triggered by read out

Timer Triggered — Depending on the setting the ‘Conversion Time’. Generally
recommended setting = less prone to error conditions.

Timer Triggered (Stretched) — Depending on the setting the CONV_TIME. The
parameter is used as sequence period.

Pin triggered — Triggered by external Pin, selectable from option ext.Trigger-Pin
Opcode Triggered | Off — Started by SPI Command 0x8C
Continuous (exp.) — (not recommended)

Ext. Trigger-Pin Used to select the pin to be used as the source of trigger for the capacitance
measurement.

NOTE: In the delivered EVA board, the pins DSP_INO and DSP_IN1 are part of the SPI
communication interface, hence only DSP_IN2 and DSP_IN3 selections are relevant.

Conversion Control

CONV_TIME Sets the conversion time in multiples of twice the period of the low-frequency clock
Conversion Time Displays the entire conversion time per measurement.
Measuring rate Displays the frequency at which capacitive measurement data is transferred from the

DSP to the interface (SPI or 12C).
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1.2.1.4 RDC Page
= ScioSense PCap04 - * ‘
File Memory Tools Interfface Help
Setup CDCFrontend CDC RDC  PDM/PWM DSP/GPIO  Misc Expert .=
: - _ ScioSense
Resistance to Dlglllal Conversion for Temperature Measurement =
Open Graph
; ~
e L”/— Write Config
1 L
PTO/REF ALU Paly-Si/
PT1000 | | REF Write Complete
[ PT1 ] T
Power On Reset
|
Init Reset
10n Ooag REFERENCE
- = ]sm
o -
Cycle Control Conversion Control .
PicoProg LITE
Precharge Time R_AVRG Temp. Trigger Select R_TRIG_PREDIV
20us 1 ~ o CDC asynchron  |wv |5 1 =
Fullcharge Time R_FAKE Runbit .
20us 2 ~llo © Trigger-Pin |DSP 1 Combined Error .
ex gger-rin uos NU »
Discharge Time Conversion Duration
v [Slnor [s00us FICOCAP
# | Name Results Filter fpp | Factor| Offset Span| Final Result Meangls-:- Std Dev | SNR [bit]
[0 | co/cref 0800000A (none | [IS]%-27 10p |0 10p  10p 10p ) Inf
1| C1/Cref ©8801C6ED | none v 34‘-27 10p |0 10p 10.0087p 1@.011p | 2.588f 11.96
2 | c2/cref @7EE@F72 | none v :“-27 10p 0 10p | 9.9124p 9.92418p | 6.382f 1@.61
3 | C3/Cref BB4E@4CF | none ~ 3*"27 10p |0 10p | 10.381p 1@.8521p 16ef 5.966
4 | ca/Cref 20000000 | none v a-l? 10p 0 10p (@ @ e Inf
5 | C5/Cref 00000000 | none w84 -27 (10p |0 10p @ -] ] Inf
6 | PT1/Ref 20000000 |none v ;‘-Jj 1 0 1 %] @ ] Inf
7 | Alu/Ref O1CA2EAB | Median5 [y | ;‘-25 1 0 1 894.891m  894.699m | 126u 12.95

Figure 11 RDC page

Options on ‘RDC’ page:

Temp.Sensor0

Temp.Sensor1
Temp.Sensor2

Reference

Cycle Control

Precharge Time
Fullcharge Time

Discharge Time

R_AVRG

CONTENTS PAGE @

To select a thermistor connected to port PTO/REF for temperature measurement. This

could be e.g. an external PT1000.

To select a thermistor connected to port PT1 for temperature measurement.

To select either the internal aluminium (ALU) thermistor for temperature measurement.

To select either the internal Poly-Si thermistor or an external reference resistor at port

PTO/REF for temperature measurement.

Displays the precharge time. It depends on R_OLF_DIV.

Displays the fullcharge time It depends on R_OLF_DIV.
Set the discharge time. It depends on R_OLF_DIV.

Set averaging for temperature measurement.

16
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R_FAKE Set number of fake measurements per temperature measurement cycle.
Conversion Duration Displays the entire conversion duration per cycles for averaging and fake
measurements.

Conversion Control

Temp. Trigger Select Selects the source that triggers the start of a temperature measurement:

Off: Default setting when no temperature measurement is wanted. In this case, a
temperature measurement can still be started by SPI Command 0x8E.

OLF_CLK: Triggered by Low-frequency oscillator.
Pin-Triggered: Triggered by external Pin, selectable from option ext.Trigger-Pin

CDC asynchronous: Depending on the setting in the ‘T_TRIG_PREDIV’ counter on the
RDC page. The DSP is triggered by the RDC end of conversion. If RDC rate is less than
CDC rate the DSP is triggered directly from the CDC for inactive RDC conversions.

CDC synchronous: Depending on the setting in the ‘T_TRIG_PREDIV’ counter on the
RDC page. The DSP is triggered by the RDC end of conversion. Assuming that RDC
rate is less than the CDC rate, the inactive RDC conversions are replaced by a delay.

R_TRIG_PREDIV For CDC and OLF options the RDC measure rate can be reduced by setting a divider.
Conversion Time Displays the entire conversion time per measurement.
Measuring Rate Displays the frequency at which capacitive measurement data is transferred from the

DSP to the interface (SPI or 12C).

Ext. Trigger-Pin Used to select the pin to be used as the source of trigger for the capacitance
measurement.

NOTE: In the evaluation board, the pins DSP_INO and DSP_IN1 are part of the SPI
communication interface, hence only DSP_IN2 and DSP_IN3 selections can be used.
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3.1.2.1 PDM / PWM Page

© ScioSense PCap04
File Memory Tools Interface Help

PDM/PWM DSP/GPIO  Misc  Expert

. <

Setup CDCFrontend CDC RDC . = -
ScioSense
Pulse Interface 0 Pulse Interface 1 =
Open Graph
Clock Select Clock Select
oft I oft I
Resolution Resolution Write Config
10 bits vllo 10 bits vlllo Write Complete
Pulse Interface Select Pulse Interface Select Power On Reset
PDM vlilh PDM w1 Init Reset
[JToggle Enable [JToggle Enable
Pulse Select Pulse Select |
c1/cref vl Alu/Ref vl AR ls"‘
PicoProg LITE
Runbit @,
Combined Error .
# | Name Results Filter fpp | Factor| Offset Span | Final Result | Mean e"\so Std Dev | SNR [bit]
’0 CO/Cref 03800000A Inone v :" -27 | 10p 0 10p | 10p 1ep 2 Inf
1| C1/Cref ©801C6ED | none v 3-27 10p 0 10p | 10.0087p 10.011p 2.508f 11.96
2 | C2/Cref @7EE@F72 | none v ;‘~27 10p 0 10p | 9.9124p 9.92418p 6.382f 10.61
3 | C3/Cref @B4E@4CF | none v a -27 | 10p 0 10p | 10.381p 10.0521p 16ef 5.966
4 | C4/Cref 20000000  none v ;‘ -27 | 10p 0 10p |© e <] Inf
5 | C5/Cref 00000000 | none v a -27 | 10p 0 0p |O e e Inf
6 | PT1/Ref 20000000 | none v ;‘ -25 |1 0 1 <] e 2] Inf
7 | Alu/Ref ©1CA2EAB | Median5 |, g -25 |1 0 1 894.891m 894.699m 126u 12.95
Figure 12 PDM/PWM page
Options on ‘PDM / PWM’ page:
Clock Select Selects the clock frequency to be used for the PWM/PDM generation.
Resolution Resolution of the output in bits. This resolution also determines the pulsed output range.

Pulse Interface Select Select the pulse interface — Pulse Width Modulated Output (PWM) or Pulse Density
Modulated (PDM) Output. Of the two, the PDM is the recommended interface.

With PWM option, 100 kHz clock and 10-bit resolution the resulting PWM output
frequency = (100 kHz / 1024) ~ 100 Hz.

Toggle Enable activates toggle flip flop at Pulse Interface Output, especially for PDM to
create 1:1 duty factor

Pulse Select Select the measurement result which has to be given out as pulsed output — any of the
capacitance or temperature measurement results.
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3.1.2.2 DSP/GPIO Page

< ScioSense PCap04 = X ‘
File Memory Tools Intefface Help
Setup CDCFrontend CDC RDC PDM/PWM DSP/GPIO  Misc  Expert . =
ScioSense
DSP =
Open Graph
DSE_SPEED - DSP_FF_IN DSP_MOFLO_EN
Sow 2 0000 @0
zZzzz= oo Write Config
DSP_START_EN SENG B —
Write Complete
0000 - L
gxdz DSP_STARTONPIN Power On Reset
SRES L=
'y B 0000 Init Reset
2= mmmm -
koI 3LTT
mm® D
z22 <
= I
| —
. ISPI
GPIO ) A
PicoProg LITE
PG_DIR_IN PG_PU PGOXPG2
0000 0000 [Jpuiseo > pa2 [IPG4_INTN_EN °
bd b2 VOV Runbit
3333 8RY PGIPGS [APG5_INTN_EN ‘)
[euise1>ra3 Combined Error ./‘
# | Name Resuits | Filter fpp | Factor| Offset | Span| Final Result| Mean [so_| Std Dev | SR [bit]
0 | co/cref 08000004 [none [ |[B% 27 (100 |0 10p |1@p 10p ) | Inf
1| C1/Cref ©801C6ED [none [ IS4 27 (10p |0 10p | 10.0087p 10.611p  2.508f 11.96
2 | c2/Cref @7EEQF72 [none | |84 -27 [10p |0 10p |9.9124p  9.92418p 6.382f 10.61
3 | c3/cref ©84E04CF none [ IS4 27 |10p |0 10p [10.381p  10.0521p 160f  5.966
4 | ca/Cref 00000000 [none | |84 27 [10p |0 10p @ ) [ | Inf
5  C5/Cref 00000000 |none | | 37-27 10p |0 10p O [*) e | Inf
6 | PT1/Ref | 00000000 [none [, |84 -25 (1 |0 1 e ) I | Inf
7 | Alu/Ref @1CA2EAB [Medians [ |84 -25 (1 |0 1 |894.891m  894.699m 126u  12.95

Figure 13 DSP/GPIO page
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Options on ‘DSP/GPIO’ page:

DSP

DSP_SPEED

DSP_FF_IN
DSP_MOFLO_EN

DSP_STARTONPIN

DSP_START_EN

GPIO

PG_DIR_IN

PG_UP

PGO_X_PG2

PG1_X_PG3

PG4_INTN_EN

PG5_INTN_EN

Select the DSP Speed.
Choose between Fastest, Fast, Slow and Slowest.

Pin mask for latching flip-flop activation (PGO to PG3)
Activates anti-bouncing filter in PG0 and PG1 lines

Not supported by standard firmware

The DSP can be started externally by a signal on a pin; these buttons select the pin that
has to be sensed for detecting the start signal.

Mask for activating various trigger sources for starting the DSP

To configure the ports PG0-PG3 as input (otherwise output)

To enable the internal pull up on the ports PG0-PG3

Possible only when the selected interface for communication is IIC. Interchange PortGO
with PortG2. This is useful when the Pulsed output is needed on Port PGO instead of PG2.

Possible only when the selected interface for communication is IIC. Interchange PortG1
with PortG3. This is useful when the Pulsed output is needed on Port PG1 instead of PG3.
Map the Interrupt output from chip, INTN to Port PG4.

This setting is useful for 24 pin QFN package, because the dedicated INTN pin is absent in
this version.

Map the Interrupt output from chip, INTN to Port PG5.

This setting is useful for 24 pin QFN package, because the dedicated INTN pin is absent in
this version.

20
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3.1.2.3  Misc. Page
= ScioSense PCap04 - * ‘
File Memory Tools Interfface Help
Setup CDCFrontend CDC RDC PDM/PWM DSP/GPI0O Misc  Expert .=
ScioSense
LF Clock HF Clock o
OX_RUN Open Graph
OLF_CTUNE OLF_FTUNE
. or vllo
50kHz |~ [[4 7 5
Clox_pis [Jox_sTop Write Config
[Jox_auTtostor_DIs  [Jox_Diva S COmp e
Power On Reset
Init Reset
Guarding
) C_G_OP_TR ]
Guarding Fort Select C_G_TIME {x500ns ) 0 v o A 15"
000000 0 3
012325 C_G_OF_ATIN PicoProg LITE
0,5pF |~ o
C_G_OP_RUN O
C_G_OP_EXT
permanent |~ === C.G.0P VU Runbit @
x1,00 |~ (g
Combined Error .
# | Name Results Filter fpp | Factor| Offset Span | Final Result Meangls-:- Std Dev  SNR [bit]
0 | Co/Cref ©800800A | none v |J84-27 [10p |0 10p  16p 18p ] Inf
1 | C1/Cref ©801C6ED | none v 34‘-27 10p 0 10p | 10.0087p 18.011p 2.508f 11.96
2 | c2/cref @7EE@F72 | none v |84 -27 [10p |0 10p | 9.9124p 9.92418p  6.382f 10.61
3 | C3/Cref @B4E@4CF | none ~ 31‘27 10p 0 10p 10.381p 1e.e521p | 1sef 5.966
4 | ca/Cref 00000000 | none ¥ EREE 10p @ ] ] Inf
5 | C5/Cref 00000000 | none v 8% -27 [10p |0 10p © ] @ Inf
6 | PT1/Ref 20008000 | none v :“-Jj 1 0 1 %] @ ] Inf
7 | Alu/Ref @1CA2EAB | Median5 |, ;‘-25 1 0 1 894.891m  894.699m | 126u 12.95

Figure 14 Miscellaneous page

Options on ‘Miscellaneous’ page:

LF Clock
OLF_CTUNE
OLF_FTUNE Fine-tune the low frequency clock. (0..15)
HF Clock
OX_RUN

settling time before a measurement starts.
OX_DIS Disable the OX clock.
OX_AUTOSTOP_DIS

sequences.
OX_STOP Stop the OX-generator
OX_DIV4 OX clock frequency := raw freq./4

Sci§$ense@

T—

Coarse-tune the low frequency clock. (10kHz, 50kHz, 100kHz, 200kHz)

Controls the permanency or the latency of the OX generator. Latency means an oscillator

Disables the automatic stop function of the OX generator between the individual measure
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Guarding
Guarding Port Select Individual Guard enable to each Port PC0..PC5

C_G_OP_RUN permanent — Guarding OP is permanent activated
(additional power consumption)

pulsed — Guarding OP set to sleep mode between CDC conversions

C_G_TIME Controls the pre-charge phase

C_G_OP_EXT Switch between internal guarding OP and an optional external OP
C_G_OP_TR Trim power consumption of guarding OP.

C_G_OP_ATTN Capacitive attenuation of Guarding OP.

C G OP VU OP Gain (from Sense Port to Guard).

3.1.2.4 Expert Page

Please modify the settings on the Expert page only in consultation with ScioSense Support team.

3.1.3 Front Panel Menus

3.1.3.1 File Menu

< ScioSense PCap04
Memory Tools Interface |

Open Project Ctrl+0

_ DC F
Save Project Ctrl+5S
Import
Export
; DLF_FTL
Close Ctrl+W
S 1
Figure 15 File Menu
Open Project Open project file *.prj that subsumed the firmware and configuration filenames and the

settings and Calibration data
Save Project Here you can save your own project file.

Import Import configuration (*.cfg), calibration data (*.dat) or firmware.

Note: Any import will modify the active project file! Save the project file under a new name.

Export Here you can export Config (*.cfg), Calibration (*.dat), Memory (*.dat) or Firmware (*.hex),
separately
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Close Close the evaluation software

3.1.3.2 Memory Menu

= ScioSense PCap04

File Tools Interface Help

Firmware Ctrl+M
Calibration
Read Config from NVRAM

Set

Figure 16 Memory Menu

Sci§$ense@

T—

Firmware Opens the window to download the firmware. (section 4.2.3.1)

Calibration Opens the Calibration window (section 4.2.3.2)

Read Config from Reads back the configuration information from the NVRAM and overwrites those of the

NVRAM GUL.

3.1.3.3 Tools Menu

= ScioSense PCap04

| File Memory BEEEN Interfface  Help

Setup  CDC J Run Measurement Ctrl+R fW

| Graph Ctrl+G
LF Clock Registers Ctrl+F ]

Linearize Ctrl+L
OLF_CTUN

S0kHz Assembler Ctri+ A

Figure 17 Tools Menu

Run Measurement Start the measurement

Graph Opens the window for graphical display of the various measurement results (section 4.2.3.4)

Registers Opens the Register window (section 4.2.3.5)

Linearize Opens the Linearize window

Assembler Opens the assembler
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3.1.3.4 Interface Menu

© ScioSense PCap0D4

| File Memory Tools Help

B
Setup  CDCFronten usl ’
Devices 4
' uss Ctrl+U

General  CDC
PicoProg Lite Firmware Update

Figure 18 Interface Menu

Bus Select between SPI and 12C interface

USB Opens the USB Communications window with PicoProg V3.0 Settings and the possibility to
send opcodes

3.1.3.5 Help Menu

= ScioSense PCap04
File Memory Tools In‘terface

Help Contents F1
Setup CDCFrontend CDC €p Lontents

General CDC TDC Line About F12

P

Figure 19 Help Menu

Help Contents Opens the help window
Check Errors Opens the error message window if there is an inconsistency after plausibility check.
About Version

After each change in settings, the evaluation software automatically performs a plausibility check in
the background. If a setting is not allowed or doesn’t fit with the setting of the other parameters,
the faulty setting is highlighted in red color.
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3.1.4 Special Windows

3.1.4.1 Firmware Window

In the ‘Firmware’ Window the write data can be edited.

If the NVRAM is read (‘Read’ button), the content is automatically compared with the ‘Write Data’
window content. If contents are equal this will be indicated by a green illuminated LED.

< Memory = X

Firmware  Calibration  Misc. Calibration  Complete Memory ®

Write Data PCap04vl_linearize_vl.hex

Open File 24 05 RO O1 20 €C 42 5C 42 B3 02 91 SD 7F BO 00 A
00 BL Ol 92 OE B2 02 78 20 €B B€ 00 00 B7 00 00
Reload File 84 48 20 24 90 00 7F 20 8F €A D4 41 FA 7A E7 43
54 E9 44 1C 41 €A FD 45 84 Ol 21 44 €A F2 43 7A
[IRemove 'FF' atEnd |E2 44 20 CD 7A CO 43 E1 44 21 F4 E5 E7 43 ES 44
7A C5 E1 43 E0 3A 7A C2 E1 43 7A CE F3 E€ 41 2C

70 22 €7 €€ €7 7€ 77 €€ 59 FD 7B 01 79 Cl1 El1 24
3E D4 E7 43 E9 44 7A C5 E1 43 49 EO 34 7A C2 E1
43 7A CF E8 E€ 41 2C 8A 7A CO E1 43 EO 3A 02 €A
D7 41 AB 20 7A Cl1 D8 E€ 43 ES 44 7A DF FF FF FF
d0 d1024 FF E3 41 1C 43 4€ 4€ 4€ 32 44 E9 13 7A Cl1 EO E€

43 E9 58 AA ED 7A CS5 El1 43 EO 3A 7A CF E3 E€ 43

Fl 44 29 E0O DB CO 27 ES Cl1 D8 24 3E 02 €A FD 41

Address Length

Write 42 5C 495 sC AR 07 7A CO 44 E3 44 E5 44 02 72 C1
E7 43 €A D€ 33 AB 04 C5 C7 C9 27 0OC 7A E3 45 D8
Read 45 C1 CA E€ 43 ES 44 7A C2 E1 43 7A CC F8 E€ 41 ¥
Read Data Data equal (@
)
Firmware Version
Product Group
Program Type
Version
Figure 20 Firmware Window
Open File Select and open a firmware file (.hex) or import firmware from a project file. The content is
shown in the ‘Write Data’ window.
Reload File Reload the last opened firmware file (.hex). The content is shown in the ‘Write Date’
window again.
Read Pressing this button, the content of the NVRAM is read and shown in the ‘Read Data’

window. In ‘Address’ and ‘Length’ you can specify how many bytes you want read, starting
at which address.

Write Writes the firmware into the chip’s NVRAM. The status of the write process is indicated by
the green bar. The successful end is indicated by a pop-up window. For verification we
recommend to read back the NVRAM afterwards and compare it with the source.

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production 25



Scigsense@ CONTENTS PAGE <)

T

Firmware Version In the firmware, a specific address is reserved to save 3 byte information about the
application and the version of the software. The coding is specified in the header file of the
supported PICOCAP device, for example: pcap_standard.h. The header file is found in the
library directory of the assembler.

3.1.4.2 Calibration Window

The NVRAM provides the possibility to store data like linearization coefficients, division steps, alert
levels etc.. This way, one and the same firmware can be used for various types of sensors.

The Calibration data are part of the project file. After opening a project, the Calibration data need
to be written manually. Therefore please open the “Memory / Calibration” menu and then press
“Write” or use the ‘Write Complete’ button.

< Memory — 4
Firmware Calibration Misc. Calibration  Complete Memory .
Calibration No. of Calibration Values | 55 % | Start Address |d 800
# Name Value fpp s/u  Length Address Value (hex) A
@ pi0_resultd ] 8 s 4 800 PER0EBEE
1 pi0_resultl 1o 8 s 4 804 eeeac4ee
2 pi0_pulse0 ] ] u 2 808 eeee
3 pi0_pulsel 16.383k e u 2 8le 3FFF
4 pil_resultd -48 8 5 4 812 FFFFD80@
- pil_resuitl 125 8 s 4 816 eeea7Doeo
6 pil_pulse0d ] ] u 2 820 eoee
ri pil_pulsel 16.383k =] u 2 822 3FFF
8 xi_at_ccpl @ 26 s 4 824 goeoeeoe
9 Xi_at_ccp2 1 26 s 4 828 24000000
1@ ci_at_ccpl e 26 u 4 832 eoooeooe
11 ci_at_ccp2 1 26 u 4 836 84600000
12  cc32 @ @ 5 4 840 geeoeeoe
13 cn_div32 2] -] u 1 344 ee
14 cc22 e e 5 4 345 eoooeooe
15 con_div22 e e u 1 849 6@
16 «ccl2 @ @ 5 4 850 geeoeeoe
17 cn_divl2 e ] u 1 854 ee
18 «cc02 e e 5 4 855 eoooeooe
19 cn_shift2 @ e s 1 859 88
20 «cc3l 2] @ H 4 860 geeoeeoo
21 cn_div3l ] ] u 1 864 ee
22 cc21 2] e 5 4 865 Boooe0oe
23 con_div2l ] e u 1 869 (517] v
Import Linearization Data Write Read
Figure 21 Calibration Window
Import Linearization Imports Linearization Data from “Linearize / Pulse” window
Data
Write Writes the data into the chip’s NVRAM.
Read Pressing this button, the Linearization Data are read from the NVRAM and shown in the

tab.
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3.1.4.3 Misc. Calibration Window

This window shows miscellaneous calibration bits at address d’956-d’959 (4 byte). The meaning of
the content strongly depends on the firmware.

< Memory — X
Firmware Calibration Misc Calibration  Complete Memory .
Miscellaneous Calibration Bits at Address d956 | |d95%
# | Name [ T # | Name
e | Ol |16 O
1 Q| |17 (@]
2 Q| |18 (@]
3 O |19 (@]
a Of | 20 O
5 O |2a (@]
6 O |22 (@]
7 Ol |23 O
8 Q| | 24 @]
9 O |25 O
10 Q| |28 O
11 Q| | 27 (@)
12 Ol |28 (@]
13 O |29 (@]
14 O |30 O
135 Ol [m ol
x 00000000
Write
Read
Figure 22 Misc. Calibration Window
Write Writes the data into the chip’s NVRAM.
Read Pressing this button, the bits are read from the NVRAM and shown in the tab.
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3.1.4.4 Complete Memory

© Memory = X
Firmware Calibration Misc. Calibration Complete Memory .}

Write Memory

<] 24 |05 || A0 ||01 || 20 ||6C [|42 ||5C |48 ||B3 ||@2 ||91 |5D || 7F ||BO
16 90 ||B1 ||01 |92 J|ec |IB2 |02 || 78 || 20 || 6B ||B6 || 00 ||ee ||B7 ||ee
32 84 ||148 || 20 || 24 ||90 ||00 || 7F || 20 || 8F ||6A ||D4 ||41 ||FA || 7A |E7
48 54 JE9 |44 ||1C |41 |I6A ||FD 145 ||84 |01 ||21 |44 ||6A [|F2 143
64 E2 |44 |20 ||CD || 7A J|CO |{43 J|E1 {44 || 21 ||F4 [|E9 JE7 |43 J|E9
8e 7AJICS JE1 §43 JJE@ || 3A || 7A | C2 JJE1 |43 || 7A J|CE | F3 J|E6 |41
96 170 |22 |67 |66 ||67 || 76 || 77 ||66 |99 ||FD || 7B |01 79 | C1 JE1
1112 3E ||D4 JJE7 |43 JJE9 ||44 || 7A || C5 JJE1 |43 ||49 [|E@ ||34 | 7A J|C2

Write v Store ] Erase

Read Memory Data equal |

e 00 |00 |00 |00 |00 | G0 00 |06 60 |60 oo |06

@
@
@
(o)
@
Cx"
@
>

16 00 |00 |06 |00 |00 | 00 00 |00 ee | o0 | o0 o0

[~
o
(]
«
®
(5
>
()

20 | 00 |02 ||0C | 20 |20 00 e |oe | 60 |00 o0 |oe oo | ee  ee

20 ||0e | ee oo
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Figure 23 Complete Memory Window

Write Writes the complete NVRAM.

Store The complete data transfer from Memory (volatile) to FLASH (non-volatile) is performed by
a STORE

Erase During this ERASE procedure, first the complete NVRAM will erased (set to zero) and
afterwards the MEM_LOCK bits will be cleared.

Read Pressing this button, the complete NVRAM are read and shown in the tab.

Recall This means that the complete Memory is copied from the FLASH (non-volatile) to the

Memory (volatile). After a power-on reset, a recall is processed.
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3.1.4.5 Graph Window
< Graph - o x
s +H R/
10.013p- CO/Cref =
C1/Cref
10.013p-
c2/crei AN
10.013p cajcret [N
10.013p- C4/Cref m
10.013p- cs/cret AN
& 10.013p- PT1/Ref “P N
% 10.013p- au/ref 0
T

10.013p-

10.013p-
10.013p-
10.013p-|
10.013p-

10.013p-

10-0139:| ] ] ] ] ] ] ]
31 40 60 80 100 120 140 160 180 200 220 240 266
Samples L
Y /div| 50a
Data Reduction 1 = Save Data to File Clear History Zoom | All Y X Undo Start Measurement

Figure 24 Graph Window

The data to be displayed are selected in the field at the bottom right. The labels in the buttons are
the same as in the diagnostics window. To display data press the corresponding button so that it gets
green. Top right of the ‘Graph’ Windows are various options for automatic zoom in/out, center or
scale in other ways. Below the graph are various automatic zoom functions for the x-axis and the y-
axis.

Y-Zoom will be chanced with the keys [+], [-] and X-Zoom with the keys [*], [/]. With the cursor
control keys [«], [—], [1], [|] is it possible to move the graph.

The data displayed can be stored into a text file. For long-term investigations it is possible to reduce
the data displayed and stored. The field ‘Data Reduction’ allows to define the level of data
reduction.

3.1.4.6 Registers Window

These windows display the configuration data in hexadecimal format as they are currently used. Also
the result registers‘ content is shown in hexadecimal format, but updated only when the button is
pressed. Finally, the various status bits are shown.
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= Reqgiste.. —

Write Registers

Register3,2,1,0
Register 7, 6,5, 4
Register 11, 10,9, 8
Register 15, 14, 13, 12
Register 19, 18, 17, 16
Register 23, 22, 21, 20
Register 27, 26, 25, 24
Register 31, 30, 29, 28
Register 35, 34, 33, 32
Register 39, 38, 37, 36
Register 43, 42, 41, 40
Register 47, 45, 45, 44
Register 51, 50, 49, 48

|

Results

Register

x 18588010
x 288Feele
x @ee7De0e
x @3FFo8ee
x @eo02400
x 3@500100
x 8588473
x @882005A
x 48470008
x 71666600
x ggoseaoe
x @leceona
x 00000000

CONTENTS PAGE <:D

© Registe.. — X
Write Registers  Results

Results
Res0<31.0> x 0300000A
Res1<31.0> x @882A326
Res2<31.0> |x @7F1821D
Res 3<31.0> x @7F99@A4
Res 4<31..0> 'x 0000000
Res 5<31..0> x 00000000
Res 6<31.0>  x 00000000
Res7<31.0> x @1CAF239

Read Results

PortError 2 Al

Statusreg

) Runbit @ come_ere

@ cocactive @ Err_OvAL
@ moriae @ Mup_erroR
@ 2utoboorbusy @) ROC_ERR

@ estvooe @) sense_TesTo

RES_FLAG

Figure 25 Write Registers and Results
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3.1.5 Linearize

3.1.5.1 Sensor Characterization

The first step is the characterization of the sensor. Therefore, it is necessary to collect data at
several measurement points and at several temperatures.

As mentioned earlier, the data collection should be made of minimum 12 measurements, taken at
least at 3 different temperatures. The temperatures should cover the operating temperature range
of interest of the final device. The number of calibration points is set at the top left. This is the first
thing to be done. Then calibration can begin. Line by line the user can enter the reference values
for Z and o at the various calibration points. Having the cursor in this line it is sufficient to press the
acquire button to get the actual ci_ratio result. But of course the value can be entered manually,
too.

The graph on the bottom left shows the Z, ¢ distribution of the calibration points. Ideally it should
have dots on three different lines covering the operating range of the sensor.

The table on the left shows the calculated calibration coefficients and the graph below shows the
deviation due to the mathematical approximation.

< Linearize - s ‘
Calculating the Coefficients for Linearization-Polynomial P P
Sensor Characterization  Temp. Sensor Characterization  One/Two Point Calibration  Pulse  Expert
Calibration Points # | Z_Result Temp. [*C] C_ratio "
25 s 1 | 19.570000 14.580000 1053100 Coefficients of polynomial
Acquire data in selected row from PCap |0 20000 i i el 32 344650 cc22 101446 ccl2 995188 cc02 325385 |
B 52:470000 12900000 015380 cc31 318872 cc21 842161 ccll 927619 o0l -304335
select Ratio R 76-230000 Ertill bbiiis cc30 -67657.0 cc20 199801  ccl0 -195711 ccOD 636332
don v e 5 | 90.700000 14820000 0571926
6 | 20650000 25.130000 1.055800
7 | 35.990000 25.010000 1.037080
8 | 50.230000 24.950000 1.020510
9 | 75.280000 24860000 0991876
10| 91.060000 24.780000 0973561
11/ 20.170000 45170000 1.064430
12 36.130000 45.020000 1.024980
13| 49.470000 45,020000 1.028950
Measured Points 14/ 75.130000 44.870000 0.998793 Error vs Temperature
r 1 |15/ 90.650000 42 830000 0.980007
16| 18.830000 65.720000 1.076870
o 17| 34.260000 65.480000 1057370 £
S 18| 49.570000 65.290000 1.038960 B
5 50 19| 75.730000 64.000000 1.007570 o
iw 20/ 91.920000 64.600000 0.087885 £ ’
E 20 21/ 19.190000 75.820000 1.088620 a
" 22| 34.290000 75.600000 1.069340
ool o 23| 49.660000 75.330000 1.050340
D 24| 75.850000 74.800000 1017910 .
40 60 Temperature [*C]
T 25/ 91650000 74.680000 0.997477 (
Manx. Error | -1.82102
v
! at Temp. [°C] | 65.29

Figure 26 Sensor Characterization
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3.1.5.2 Temperature Sensor Characterization

Together with the calibration of the capacitance sensor it is mandatory to calibrate the temperature,
too. Whether the internal aluminum sensor is used or an external platinum sensor or any other sensor:
they need to be calibrated to get the correct temperature information which is then used as input
for the polynomial correction of the capacitance measurement.

The tab , Temperature Sensor Characterization” (Figure 27) offers a tool very similar to the
capacitive sensor characterization. The resistance ratio has to be collected at several temperature
points. For best approximation 4 calibration points are needed. In case of 2 or 3 calibration points a
2nd respectively a 3rd order polynomial is calculated.

© Linearize - X ‘

Calculating the Coefficients for Linearization-Polynomial P r—— ——

Sensor Characterization ~ Temp. Sensor Characterization  One/Two Point Calibration  Pulse  Expert

Calibration Points # | Temp. [°C] R_ratio A Coefficients of polynomial Set default coefficients

2 -

f 3 70.00000
1 | 10.0000 1.25859000 2 (000000 Internal Poly
Acquire data in selected row from PCap 2 | 20.0000 1.21503000 YC
tcl  351.061 External PT1000

Select Ratio w0 -268.932

rout v Acquire

Error vs Temperature

Delta Y-result

-1 O i i O 0 i i i i i
10 11 12 13 14 15 16 17 18 19 20
Temperature [C]

Max. Error | 0

at Temp. [*C) | 10

Figure 27 Temp. Sensor Characterization

On the right side of the tab “Temperature Sensor Characterization” there are two buttons to select
default characteristic data for the internal aluminum sensor and a platinum sensor. The aluminum is
assumed to be linear in a range of 10 °C to 70°C so only two coefficients are used.

In case the default values are used it is necessary to have at least a two point calibration of the
temperature (see next section).
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3.1.5.3 One/Two Point Calibration

Once a batch is characterized with respect to the capacitive sensor and the resistive temperature
sensor it might be sufficient to perform two-point or even one-point calibration for the rest of the
sensors in the batch.

The tab “One/Two Point Calibration” offers a simple GUI to do that. On this page the user enters
the reference values for Z and 9. CCP1 stands for capacitance calibration point 1 etc.. When the
calibration conditions are reached pressing the acquire buttons will read the actual ratios while the
theoretical ones are calculated on basis of the linearization coefficients. Together with
programmable limits for minimum and maximum this gives an additional set of 12 parameters to be
written into the EEPROM.

< Linearize - X ‘

Calculating the Coefficients for Linearization-Polynomial Load from File save to File

Sensor Characterization  Temp. Sensor Characterization  One/Two PointCalibration  pulse  Expert

Note: For most accurate calibration individual sensor calibration (capactiance and temperature) is recommended.
For lot calibration with only one or two calibration points please use this sheet.

Capacitance Set Points | off v
Z_Result Temp. [*C)
‘ccPl | 0.000000 | 0.000000
ccrP2 0.000000 10.000000

¢_hex_at_CCP x_at_CCP x_hex_at_CCP
Acquire ci_at_CCP from PCap P [div_it
00000000 00000000 v _xi
Sefect Ratio Acquire CCPL | [T div2_cil 04000000 1 04000000 | [div2_xi2
ci_out |wv .
Acquire ccP2 | [Jdiv2_ci2
Temperature Set Points | off v
Temp. [*C]
Tep1 0.000000 r_hex_at_CCP y_at_CCP y_hex_at_CCP
TCcP2 0.000000 5
Acquire r_at_TCP from PCap 021 1 021
Select Ratio Acquire TCP1 Odiv2_rit
r_out v

Acquire TeP2 | [(div2_ri2

Figure 28 One/ Two Point Calibration
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3.1.5.4 Pulse

< Linearize

Calculating the Coefficients for Linearization-Polynomial Load from File save to File

Sensor Characterization ~ Temp. Sensor Characterization  One/Two Point Calibration ~ Pulse Expert

Pulse Interface 0

Acquire Results from PCap
Input of Result

Humidity / %rH [v]
Input of Pulse
Pulse_Z vl

Pulse Interface 1

Acquire Results from PCap
Input of Result

theta / °C v|
Input of Pulse
Pulse_theta v |

Figure 29 Pulse

Coefficients
' pi0_resultd 0,00000 00000000
| Acquire Result 1 pi0_resuitl 0,00000  0DOODOOD

pi0_pulse0 0,00000 00000000

Acquire Result 2 pi0_pulsel 0,00000 00000000

Coefficients
' pil_resultd 0,00000 00000000
‘ Acquire Result 1 pil_resultl 0,00000 00000000

pil_puise0 0,00000 00000000

[ Acquire Resuit2 | pil_pulsel 0,00000 00000000

34

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production



<) CONTENTS PAGE

3.1.5.5 Expert

Sc QSense

As indicated by the name this tab is for experts only. There you set the fixed point position of the
result Z. It further displays the numbers of division steps respectively shift operation to achieve the

maximum resolution over all calculations.

Those are stored in the NVRAM, too. But they are calculated by the DLL and for information purpose

only.
© Linearize - X ‘
Calculating the Coefficients for Linearization-Polynomial e ———
Sensor Characterization ~ Temp. Sensor Characterization ~ One/Two Point Calibration ~ Pulse = Expert
z_fpp C_fpp C_fpp_int theta_fpp ScaleZ
g g2 g% g8 1 v
r_fpp r_int_fpp
:,, 2 !’1 25
cc_fpp cn_div <=4 ccl tw© i wc_fpp _div
15 26 a o W 1.0184 268.932 0.766055 8 28
16 27 W 0.290188 351.061 0.0028485 6 0
16 26 W o o o 0
17 24 FFB547E6 0 [ 0
22 24 0DESF9 151
25 24
28 24
31 24
29 F3 -7
32 cn_shift HMSBB - STE-
35 0 W -3.3911E-7
5 ; Poms | [
[—
g [Hdisable c_lin_coeff_dut

Figure 30 Expert

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production

35



—
——

SC'GSenSe@ CONTENTS PAGE <))

3.1.5.6

Assembler

File

< Assembler - C\Users\norbert.breyer\OneDrive - Sciosense\Documents\_Products\PCap04\PCap04_standard_v1_gpio4.asm — O X

Edit Find Assembler Help

D@HEES 62 XBRE O QKE B

M b fee e e e tes e ke e b b M dee Me We Mo s bee Me e e W e e

PCap04_standard_vl_gpiod.asm

File: PCap®4_standard_vXX.asm
Description:

This is the standard firmware that translates the TDC Start and TDC Stop values into
CDC and RDC wvalues.
Further depending on the configuration, the Capacitance and Resistance ratios are
calculated. From 9 possible results, 8 results are given out in the Result register RESO....7.
Pre-requisite : The Resistance Ratios can be calculated for Internal or External sensor
and Internal or External Reference. However, for this firmware, following
should be ensured.
PT@ - External Sensor or External Reference
PT1 - External Sensor ONLY
Internal or External Reference ought to be selected in the R_PORT_EN_IREF
bit of Configuration Register 23.
OQutputs:
RES® .... 5 : Capacitance Ratios for Capacitance Ports PCO..... 5
RESE : Resistance Ratio for External Sensor at Port PT1l, w.r.t. Internal or External reference
RES7 : Resistance Ratio for Internal sensor, w.r.t. Internal or External reference
PULSE® & PULSEl : Pulse Outputs

Date : ©8.084.2016
Author: VK/OH

#device PCap@4vl

CONST FPP_CRATIO ; FPP of the Capacitance Ratios result
CONST FPP_RRATIO i FPP of the Resistance Ratios result
CONST C_REF_PORT_NUMBER ; Port number of the reference Capacitance port (@....6 for Gr¢

H
CONST NV_PULSE®_CAL ; Address of calibration values for pulse® output of capacitan:
FONST NV PIISFT ral NV Pl SFA Al 4 . fddrece nf ralihratinn valuas Far nnlcal antrit of Fanacitan: ©

Figure 31 Assembler

This is a comfortable editor with syntax highlighting, search and replace, copy and paste functions.

Under menu item “Assembler” the user finds the compile and download options.

Whether the call of these functions was successful or not is indicated by the messages at the bottom
of the assembler window.

Debugging is not supported in this software revision.

36
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3.2 Scaling Results

PCap04 in general calculates capacitance ratios. The measured ratios include of course all effects
from parasitic capacitances. Nonetheless, in many cases users might be interested in an intuitive
understanding the displayed values without making a full calibration run.

The following shows by example how to set Factor and Offset to give a suitable display.

Starting point: 10 pF between PCO and PC1, 12.2 pF between PC2 and PC3, 8 pF between PC4 and
PC5.

In grounded configuration, the chip measures 10pF reference against 10 pF at PC1, 12.2 pF at PC2
and PC3 and 8 pF at PC4 and PC5. In floating configuration 10pF reference is measured against
12.2 pF and 8 pF.

a) Grounded single, no compensation

The capacitance seen includes the port parasitic capacitance as well as the internal “parasitic”
capacitance (5 pF to 6 pF), which is dominated by the comparator delay (about 10 pF).

The base capacitance is then not 10 pF but 25 pF. Thereof 15 pF are Offset which can be subtracted.

# | Name Results Filter fpp | Factor | Offset _._Span Final Result Meangg Std Dev | SNR [bit]
0 | cofcref BBEAEB13 |none [ _ﬂ1-2? -15p %mn 18p 18p 2] Inf

1 | C1fCref @BBBBEET | none |1| _!l1 -27 | 25p -15p 10p | 18,1864p | 18,1863p 234,5a 15,33

2 | C2fCref BBBF5F56 | none E| '311 -27 | 25p -15p 10p |12,3361p @ 12,336p 225,2a 15,44

3 | C3/Cref BBBASEAD | none E| ﬂ -27 | 25p -15p 10p | 12,275p 12,2748p 316,8a | 14,95
4 | c4fCref @75FAAB4 | none E| ‘51 -27 | 25p -15p 10p | 8,04252p 8,84221p 291,4a 15,87

5 | C5/Cref @7688199 | none E| §|1 -27 | 25p -15p 10p | 8,15871p | 8,15864p 257,6a 15,24

£ | mTarnae —— 1 al Ae | a n ol a r e e Tt

Figure 32 Grounded single, no compensation

b) Floating single, no compensation

The influence of parasitic capacitances is the same and therefore the setting for Factor and Offset
are the same.

# | Name Results Filter fpp | Factor | Offset _LSpan Final Result Meangg Std Dev | SNR [bit]
0 | cofcref 85000809 | none EE;{ 27 -15p Emp 10p 18p 2] Inf

1 | ClfCref B3BB81EAB | none E| ‘51 -27 | 25p -15p 10p | 12,2476p | 12,2474p 273,1a 15,16

2 | C2fCref @76@8E08 | none El ﬂ -27 | 35p -15p 10p | 8,0473p 5,84729p | 167,%a | 15,86

Figure 33 Floating single, no compensation

¢) Ground single, internal compensation

Now the chip sees only the port parasitic capacitance, not the internal one. This is in the order of
5 pF to 6 pF. Accordingly, the total base capacitance is 15 pF (Factor) with an offset of 5 pF.
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# | Name Results Filter fpp | Factor | Offset _._Span Final Result MEﬁni‘@ Std Dewv | SNR [bit]
0 | CO/Cref B3068821 . none [=] '51 -27 | 15p -5p % 10p | 1@p lep 2] Inf

1 | C1/Cref @3BEEBCE | none E| ﬂ -27 | 15p -5p 10p | 1@,1@56p | 18,1859p 219,2a 15,48

2 | C2fCref 89460492 | none E| '51 -27 | 15p -5p | 10p | 12,3938Bp 12,3935p 283a 15,11

3 | C3/Cref @93E1BE2 | none El f|1 -27 | 15p -5p | 10p | 12,3299p | 12,3295p | 353,1a 14,79

4 | cAfCref BEECABEL | none E| '51 -27 | 15p -5p | 10p | 7,98329p 7,93315p 274,7a 15,15

5 | C5fCref @6FBDDE2 | none E| ﬂ -27 | 15p -5p | 10p | B,09473p | 8,89469p 214,23 15,51

Figure 34 Ground single, internal compensation
d) Floating single, internal compensation

Again, the chip sees only the port parasitic capacitance. But due to the different port pattern the
correction factors are slightly higher.

# | Name Results Filter fpp | Factor | Offset _LSpan Final Result Mear@'@ Std Dev | SNR [bit]
0 | O0fCref B300008C | none 511 -27 | 20p -10p 1@p 1lep 1,632E- 52,44
1 | C1fCref BBETE36L | none ?1 -27 | 20p -10p 12,2645p 12,2646p 381l,6a 15,82

2 | CZfCref B735B673 | none 511 -27 | 20p -10p B,02454p 3,82458p 252,1a 15,28

P AmmsanAn | oo A — - ~ ~ ~ o

Figure 35 Floating single, internal compensation

Using floating in combination with an internal reference there is a deviation as we have internally
only a single grounded capacitor. This is measured twice and the factor needs to be doubled.

e) Floating, both compensation

Now all parasitic capacitances are compensated. The initial base capacitance without offset can be
used.

# | Name Results Filter fpp | Factor | Offset _Span Final Result Meangg Std Dew | SNR [bit]
0 | cojcref 88000014 [none [+ |[8)2 -27 Eg 10p | 10p 168p @ Inf

1 | C1/Cref B9EB1FBY | none E 511 -27 | 10p 1] | 10p |12,3834p |12,1831p 1,414p 2,822

2 | C2fCref BE6V73EF | none E 511 -27 | 10p 1] | 10p | 8,88514p | 6,48549p 3,783p 1,433

A [ [l = N — n R [ ~ - [

Figure 36 Floating, both compensation
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3.3 Scaling PDM Output

Here we describe how to scale the PDM output when working with the standard firmware. Open the
Memory window and select tab calibration:

= Memory - x>
Firmware Calibration  Misc. Calibration  Complete Memory .
Calibration No. of Calibration Values | 8 + | Start Address 4800
# Name Value fpp s/u  Length Address Value(hex) A
@ pi0_resultd 900.ee00lm 27 u 4 gee 87333335
1 pi0_resultl 1.1 27 u 4 804 @sCccccco
2 pi0_pulse0 (min) 1 e u 2 808 eoel
3 pi0_pulsel (max) 1.822k @ u 2 8le @3FE
4  pil_resultd 699.99999m 25 u 4 812 01666666
5 pil_resuitl 1.1 25 u 4 816 82333333
6 pil_pulse0(min) 1 -] u 2 820 2001
T pil_pulsel (max) 1.822k @ u 2 822 @3FE
W
Import Linearization Data Write Read

Figure 37 Scaling PDM Output

Set fpp to 27 and s/u to S for signed. Enter the capacitance ratios at minimum and maximum sensor
signal. Set pix_pulse1 (max) to the value according to the set resolution of the PDM. This is 1023 at
10 bit and 65535 at 16 bit.

Press “Write” to write the data into the chip.
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Figure 38: PCap04 LITE BGRP schematics
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Figure 39: PCap04 LITE layout 2:1t

Table 2: Bill of materials for PCap04 LITE

J3, 44, J5 CHIP-CAPACITOR 0805
1 C1 10n/COG ~ CHIP-CAPACITOR 0805
1 C7 100n CHIP-CAPACITOR 0805
1 C6 2u2 CHIP-CAPACITOR 0805
1 C4 4u7 CHIP-CAPACITOR 0805
1 C2 10u CHIP-CAPACITOR 0805
1 R3 OR CHIP-RESISTOR 0805
1 R5 10k CHIP-RESISTOR 0805
1 U1 PCap04 QFN24
1 U2 3,0V LDO XC6206 3,0V

PCAPO4-EVA-KIT User Guide SC-001587-UG-2 / 2023-05-16 / Production 41



SCiESense@ CONTENTS PAGE <)

—

5 RoHS Compliance & ScioSense Green Statement

RoHS: The term RoHS compliant means that Sciosense B.V. products fully comply with current RoHS
directives. Our semiconductor products do not contain any chemicals for all 6 substance categories,
including the requirement that lead does not exceed 0.1% by weight in homogeneous materials.
Where designed to be soldered at high temperatures, RoHS compliant products are suitable for use
in specified lead-free processes.

ScioSense Green (RoHS compliant and no Sb/Br): ScioSense Green defines that in addition to RoHS
compliance, our products are free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or
Sb do not exceed 0.1% by weight in homogeneous material).

Important Information: The information provided in this statement represents Sciosense B.V.
knowledge and belief as of the date that it is provided. Sciosense B.V. bases its knowledge and belief
on information provided by third parties, and makes no representation or warranty as to the accuracy
of such information. Efforts are underway to better integrate information from third parties.
Sciosense B.V. has taken and continues to take reasonable steps to provide representative and
accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Sciosense B.V. and Sciosense B.V. suppliers consider certain
information to be proprietary, and thus CAS numbers and other limited information may not be
available for release.

6 Copyrights & Disclaimer

Copyright Sciosense B.V High Tech Campus 10, 5656 AE Eindhoven, The Netherlands. Trademarks
Registered. All rights reserved. The material herein may not be reproduced, adapted, merged,
translated, stored, or used without the prior written consent of the copyright owner.

Devices sold by Sciosense B.V. are covered by the warranty and patent indemnification provisions
appearing in its General Terms of Trade. Sciosense B.V. makes no warranty, express, statutory,
implied, or by description regarding the information set forth herein. Sciosense B.V. reserves the
right to change specifications and prices at any time and without notice. Therefore, prior to designing
this product into a system, it is necessary to check with Sciosense B.V. for current information. This
product is intended for use in commercial applications. Applications requiring extended temperature
range, unusual environmental requirements, or high reliability applications, such as military, medical
life-support or life-sustaining equipment are specifically not recommended without additional
processing by Sciosense B.V. for each application. This product is provided by Sciosense B.V. “AS IS”
and any express or implied warranties, including, but not limited to the implied warranties of
merchantability and fitness for a particular purpose are disclaimed.

Sciosense B.V. shall not be liable to recipient or any third party for any damages, including but not
limited to personal injury, property damage, loss of profits, loss of use, interruption of business or
indirect, special, incidental or consequential damages, of any kind, in connection with or arising out
of the furnishing, performance or use of the technical data herein. No obligation or liability to
recipient or any third party shall arise or flow out of Sciosense B.V. rendering of technical or other
services.
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7 Revision information

Table 3: Revision history

e o S

2017 Latest version with old PICOPROG

2.0 May 2023 Release of second version for the kit which comes with PicoProg Lite All

Note(s) and/or Footnote(s):

1. Page and figure numbers for the previous version may differ from page and figure numbers in
the current revision.

2. Correction of typographical errors is not explicitly mentioned.
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Address: Sciosense B.V.
High Tech Campus 10
5656 AE Eindhoven
The Netherlands

Contact: WWWw.sciosense.com
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