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1 Introduction

The UFC23-DK demo kit allows customers a quick and intuitive approach for using the UFC23 in
ultrasonic flow meter applications.

The kit includes the following elements:

UFC23-QF_DK_RB reference board V1.0 PicoProg Lite with USB-C — USB cable
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Figure 1: UFC23 Demo Kit

1.1 Ordering Codes
Table 1: Ordering Code

UFC23-W_DK 221080003 UFC23 Demonstrator kit including PicoProg Lite and cables

UFC23-W_DK_RB 221080002 UFC23 reference board

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production 3
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2 Quick Start Guide

This section describes how to quickly set up the UFC23 demonstrator kit, how to establish a basic
operation and to make first measurements.

Please install the software before connecting the demonstrator kit to your computer. The software
can be downloaded here: https://downloads.sciosense.com/ufc23

e Unzip the package to the desired directory

e Connect the PicoProg Lite to the computer and the UFC23 reference board to the SPI connector
of the PicoProg Lite.

¢ In single ended mode, connect your spool piece to XL_UP/GND and XL_DN/GND. XL_UP fires
upstream, means versus flow. XL_DN fires downstream, with the flow.

e Open “UFC2_DemoSoftware.exe”

The following main window will appear on the screen:

O UFC2 Demonstrator Software v1.0.0 - o x

ScioSense
— Verify Interface and Hardware © 1 Configurations © 2
Dashboard

Demonstrator Board < || Configs Ready To Use
Results
Fire Burst Generator Controls UFC Device Type ‘ UFC23_WATER SE_HSO16M_FIRETM_PGA2.cfg v |
Driver ontrols
TOF it Control Bemers e Py
Aealts & Control RN Recently Used Configurations

_ - ‘ v

Measure Task Controls Interface Device Status
Communication

PicoProgLite Firmware Version 3.24 .

Load or Save Custom Configuration

Store Data to File ©

[P — Enable Storing Measurement Data to File

/. Wiite Config * I:‘ Enable Storing

C' system Reset

Diff. TOF Mulfihit [ns]
TOF Mulihit [ns]

Figure 2: Opening page, Dashboard View

1) Verify that the correct UFC device type is displayed by “UFC23” and that the interface device
status is PicoProgLite with firmware version 3.2.4. or higher

2) Select a dedicated file from the drop box “Configs Ready to Use” and press “Load Config”.

3) Press “Write Config” in navigation panel.

4) Finally, press “Start Measurement” to begin measuring.

4 UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production
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3 Hardware Description

3.1 Introduction

The UFC23-QF_DK_RB board, shown in figure 4, is a front-end for water or heat meters. The
transducers and temperature sensors can be connected to this board directly. It comes with a 32.768
kHz quartz (X2) and a 16 MHz ceramic oscillator (X1).

Bridge for differrential mode Bridge for single-ended mode

INTN
MISO
SCK
MOSI
SSN

VCC_LEVEL
GND
vcc

E R

£
,@' TP1 TP2

Temperature sensors

Figure 3: UFC23-QF_DK_RB

Attention needs to be given to the solder
bridges LJ8 and LJ9. Close the bridge that is
needed with your transducer connection:

e LJ8 closed: single-ended operation
o LJ9 closed: differential operation

3.2 Communication Interface

The PicoProg Lite is a USB-to-SPI converter that connects the UFC23 demo board to a PC. The
PicoProg Lite is registered by the operating system initially as “PicoProg LITE V1.0”. The board
converts SPI into USB communication. The USB connector is a USB-C one.

The PicoProg Lite comes with two connectors, one for SPI communication and one for 12C
communication. For the UFC23 please use the SPI connector. PicoProg Lite reads interrupt-triggered
from the UFC23 demonstrator board.

PicoProg Lite comes with limited performance on USB communication. This implies that not full scope
of measurement results can be transferred in parallel (See dedicated section in next chapter).

PicoProg Lite is supplied with 3.0 V and the digital interface comes without level shifter. If UFC23 is
supplied with 3.3 V, additional cross currents (via digital 10s) are expected to be measured on J34.
The PicoProg Lite adds about 84 pA. For measuring the UFC23 current we recommend to disconnect
the PicoProg Lite after the IFC23 was configured and the measurement started.

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production 5
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4 UFC23 Demonstrator Software

The software opens with the main window which is separated into a “Navigation Panel” (1) and a
“Tab View” area (2), starting with the “Dashboard” view.

O UFC2 Demonstrator Software v1.0.0 - o x

Dashboard

Verify Interface and Hardware © Configurations © 2

Demonstrator Board Configs Ready To Use

Results

Fire Burst Generator Controls UFC Device Type ‘ UFC23_WATER_SE_HSO16M_FIRETM_PGA2.cfg v

Load Config

Driver & PGA Controls
Receive Processing Controls Communication with UFC Device

TOF Hit Control B D By 1599 MHz

Results & Control P — 2.98 Vol Recently Used Configurations

‘ -

Clear History

Measure Task Controls Interface Device Status
Communication
Supply Management Interface Device Type

I II! Q

PicoProglite

Graphs PicoProglite Firmware Version

Random Access Memory Load or Save Custom Configuration

Registers
Load Config.. X Save Config..

Store Data to File ©

P Start Measurement Enable Storing Measurement Data to File

. Write Config * [ ] Enable storing

C' system Reset

Diff, TOF Multihit [ns] Current File
TOF Multihit [ns]

Amplitude # 3 [mV]

Pulse Width Ratio 1 I 000

cith Ratio 2 X 000

Error Eror Flagged  ciea
Data Selected for Storage
Abaut | Remote Commands rt Mode

UFC2 Demonstrator Softwar

Figure 5: Main Window

4.1 Help and User Guidance

Clicking any of the information buttons, opens a text window on the right side of the tab view with
more detailed information about the dedicated section or parameter.

Information & Help X

Verify Hardware Status
Configs Ready To Use Verifies the hardware status of demonstrator board and

adapter board. In case of demenstrator board, the device

Verify Interface and Hardware © Configurations @

Q

Demonstrator Board

type UFC23 is retumed as well the on-board HS dock
UFC Device Type ‘ UFC23_WATER_SE_HSO16M_FIRE1M_PGA2.cfg hd ‘ frequency and the supplied voltage. For adapter board
the connected PicoProg hardware with included firmware

n peadieci version s retumed

Communication with UFC Device

When software is started with connected boards
Demonstrator Board Frequency {demonstrator & adapter) or both boards are re-
connected, the hardware status is updated automatically.

1 MHz
2.99 Vo Recently Used Configurations In case only demonstrator board is re-connected, the
2R hardware status needs to be updated by clicking the

dedicated refresh button

Demonstrator Board Supply

Interface Device Status

Clear History

Interface Device Type PicoProglite

PicoProglite Firmware Version

Load or Save Custom Configuration

Load Config... Save Config...

Figure 6: Information & Help Window
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Moving the mouse cursor on any input parameter, displays a tag with the dedicated parameter name
as defined in data sheet.

Mumber of Fire Pulses

C_FBG_FBNUM
Fire Burst Length 30277 ps

Figure 7: Parameter Name by Tag

Some parameter are dependent on other parameters. In case any parameter has no impact for a
certain condition, this parameter is greyed.

Zero Cross Level Zero Cross Level
Initial Zero Cross Calibration Initial Zero Cross Calibration
Zero Cross Level Zero Cross Level I:‘

4

Zero Cross Level Fixed Zero Cross Level Fixed 512

ero Cross Level Fixed Zero Cross Level Fixed 700.00 mV

Figure 8: Greyed Parameter

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production 7
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4.2 Navigation Panel
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The navigation panel can be separated into following sections:

Dashboard

Results

Fire Burst Generator Controls

Driver & PGA Controls

Receive Processing Controls

TOF Hit Control
Results & Control

Measure Task Controls
Communication

Supply Management

Graphs
Random Access Memory

Registers

’ Start Measurement

/_ Write Config

c System Reset

Diff. TOF Multihit [ns]
TOF Multihit [ns]
Amplitude # 3 [mV]
Pulse Width Ratio 1
Pulse Width Ratio 2

Error

About | Remote Commal

UFCZ Demonstrator Software

-0.078

69557.6 69557.7
690 689
0.78 0.78
0.90 0.90

Error Flagged ~ cear

Expert Mode

026 SaoSense B.V.

Figure 9: Navigation Panel

(1) Links to views as opened in “Tab View”

(2) Links to views which are opened in separate windows

(3) Control elements to manage continuous measurement.
A change of parameters in the GUI is indicated by a
star behind “Write Config”. After writing configuration
into UFC23, the star will disappear.

(4) Concentrated overview on ultrasonic measurement
results

(5) Merged error flag handling

(6) Links to special views, opened in separate windows

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production
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4.3 Tab View: Dashboard

ﬁrify Interface and Hardware © 1 @igurations @ R gre Data to File @ }

0/

Demonstrator Board Configs Ready To Use Enable Storing Measurement Data to File
UFC Device Type ‘ UFC23_ WATER_SE_HSO16M_FIREIM_PGA2.cfg - ‘ Enable Storing
Communication with UFC Device m O Use decimal point (e.g. 1.5) o Use decimal comma (e.g. 1.5)
Demonstrator Board Frequenc c
aueney 5 Iv Used Confi X Current File
Demonstrator Board Supply 2.99 Volt ecently Used Configurations
‘ 2026 02 24 data.csv
- v
Interface Device Status Change File... Reset to Default Open Folder
Interface Device Type
. Data Selected for Storage
Load or Save Custom Configuration
TOF Values: Mult Hit [ ] pulse width Ratio
D Amplitude Values D HS Clock Scaling Factor
D Zero Cross level D VCC / VDD

D TOF Values: Single Hit /

Figure 10: Tab View: Dashboard

The dashboard comes up with some administrative features:

1) Verify Interface and Hardware
UFC device type shall be UFC23 and communication status “OK”. Further the HSO frequency
and power supply of demonstrator board are displayed. Interface type shall be
“PicoProglLite” with a firmware version of 3.2.4 or higher.

2) Configurations
This part allows the handling of configuration files by different ways.

3) Store Data to File
Here different kind of measurement results can be selected and provided to a dedicated log
file. Note that the file is working with place holders which means that the selection can be
changed any time during data acquisition. So you may start with ToF values only, and when
you see unexpected behavior then you can add amplitude values e.g..

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production 9
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4.4 Tab Views: Ultrasonic Measurement
For ultrasonic measurement, results and controls are provided separately by different tab views.
4.4.1 Results
= ) @
IS ERE I High Speed Clock h
. . @
/S|mple Flow Calculation 1\ HS Clock Raw Value
Enable Simple Flow Calculation
- - HS Clock Frequency HS clock period (ideal)
Diff TOF (ns) (Reference) | 200 e Flow Rate (Reference) 3000 e
15.9857 MHz 62.5 ns
Flow Rate Unit Flow Rate (Calculated)
L

+*

=

%]

Bow

\@ Show TOF Single Hit Values

HS clock period HS Clock Scaling Factor
0. 159

TOE Measurement @ ) \QApp\y scaling factor to TOF results

N for Averaging ‘ 100 > | | 100 > ‘ ﬂ;e Width Ratio @ }

fiame Result [ns] Average [ns] | Std.Dev. [ps] FHL1 PW UP (Raw Value) FHL2 PW UP (Raw Value) ZCL PW UP (Raw Value)

LT L BRI 69563.89 69563.83 2.9 FHL1PW DN (Raw Value)  FHL2 PW DN (Raw Value)  ZCL PW DN (Raw Value)

Sum TOF Multi Hit (Up + Down) 139126.15 139126.18
FHL1 Pulse Width Ratio Up FHL2 Pulse Width Ratio Up

69.6
K |t d M t ® \ FHL1 Pulse Width Ratio Down FHL2 Pulse Width Ratio Down
S 3 T T

0.89
# Name Result [mV] Avrg. [mV] Std.Dev. [mV] ( \
@
1 Amplitude 1 Up 144,92 144,92 a.00 Zero Cross Level 6
2 Amplitude 1 Down 144.92 144.92 8.14
Zero Cross Level Raw Value Zero Cross Level

3 Amplitude 2 Up 288.48 288.75 8.82

4 Amplitude 2 Down 287.11 287.58 e.59 |\ V
5 Amplitude 3 Up 650.78 651.55 8.71

6 Amplitude 3 Down 648.85 648 .98 08.46

@ Relative/ Absolute Values J

Figure 11: Tab View: USM Results

For

1)

ultrasonic measurement, all required results are combined within this tab view.

Simple Flow Calculation:

Based on the provided raw results of DiffTOF measurement (2), a simple flow calculation can be
optionally enabled by user. For that, reference values for DiffTOF and Flow Rate have to be
defined.

TOF Measurement:

The UFC23 measure the time of flight based on the zero crossings of the receive burst. The TDC
measures a number of dedicated zero crossings and calculate them as a multi hit value which
can be finally provided as an averaged TOF result and typically used for flow calculation.

During the development phase it might be of interest to look also into the individual zero
crossings to see which ones have low noise and good temperature stability. For that reason is

10
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possible to turn on the display of detailed TOF data by toggle button “Show TOF Single Hit
Values”. Then the TOF single hit values can be displayed at the bottom of this tab view. Due to
limited performance of demonstrator kit, it has to be considered that these single hit values
are only updated if UFC23 is operating not batch cycle mode.

3) Amplitude Measurement:
The UFC amplitude peak measurement can be performed on up to 3 configurable waves as part
of the receive burst.
For supporting the first hit level regulation, the measurement is typically performed on the
wave of first hit and on its follow up wave. By configuring the 3™ measurement on a wave
coming with the maximum amplitude of receive burst, the receive burst can be monitored for
identifying any changes in waveform characteristics (e.g. amplitude, clearance).
By toggle button “Relative/Absolute Values” the amplitude values come without or with
included value of zero cross level (6).

4) High Speed Clock:
The high speed clock is measured to calculate the deviation of the supplied HSO frequency
compared to its nominal value.
An HS clock calibration factor can be provided on the measured time related TDC raw value.
For post processed results, the appliance of the HSO calibration factor is not necessary on TDC
results when only ratios of results are of interest, e.g. for temperature measurement on sensor
interface. It is of interest when precise actual time values are needed, e.g. when calculating
flow from results TOF measurement (2).

5) Pulse Width Ratio:
As an additional method to monitor the receive burst and to support first hit level regulation,
pulse width at first hit level for wave 1 & 2 can be measured as well for wave after switching
from first hit to zero cross level. The dedicated calculated ratios should be in the range of 0.4
.. 0.8.

6) Zero Cross Level:
The zero cross level as given for ultrasonic measurement is displayed here, independent from
kind of determination, either by calibration of by configuration of a fixed value.

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production 11
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4.4.2 Fire Burst Generator Controls

USM: Fire Burst Generator Controls ©

HS5 Clock Frequency .
15985.68 KHz Fire Burst
@plit Mode

Split Burst

Clock Division Parameter

}
Clock Divider

1

Fire Burst Frequency 999.11 kHz

4O

Split Burst Position 1

Fire Burst Period 1.001 ps
Fire Burst Split Width

Mumber of Fire Pulses 30 —

Qlit Time Inserted 250.22 QBUTST Length 30-2?'7

Figure 12: Tab View: USM Fire Burst Generator Controls

[ :

This tab view summarizes all important controls for generation of fire burst.

1) Fire Burst:
A fire burst is characterized by the number of fire pulses and the frequency of fire burst which
should be near at resonate frequency of transducer.
The divisor has to be defined to get the fire burst frequency from supplied HS clock frequency.
By this the period and the whole length of fire burst can be calculated.

2) Split Mode:
The fire burst can be split by insertion of a low phase, which can be defined by the position
inside the burst and the width of inserted time.

12 UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production
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4.4.3 Driver and PGA Controls

USM: Driver & PGA Controls @

@nsor Connection

ey

Sensor Connection Mode

Single Ended
TX Resistor Trimming @ 4 a
@

RX Resistor Trimming

u
Kii

N

Figure 13: Tab View: USM Driver & PGA Controls

ScioSense’

—

N

Enabled

[ ]

Default Gain

/@tage 1

Stage 1. Inverting Input

Stage 1. Unity Gain

Stage 1, Gain

© ]

Stage 1, Bypass I:‘
Mot bypassed

PGA Stage 2

%

/

This tab view summarizes all important controls for ultrasonic driver and PGA.

1) Sensor Connection:

Here it can be defined how the sensors are connected to UFC23: single-ended or differential.
Further the internal resistors can be matched to transducer separately for transmit and receive
paths. It has to be considered that the dedicated parameters can be defined by a 5-bit code.
The corresponding nominal values can be referred by clicking on the dedicated information

button.

Note: The solder jumpers LJ8/LJ9 need to be closed in a way to math this setting.

PGA Stage 1:

For using internal PGA by stage 1 only, following PGA modes can be distinguished by setting

dedicated parameter differently:
a. Bypass PGA:
irrelevant.

Internal PGA is disabled and bypassed. All other PGA parameters are

UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production
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b. Unity Gain:  Operating with internal PGA and a gain of 1. It has to be ensured that
the inverting input of stage 1 is enabled and that PGA stage 2 is bypassed.
In differential mode, also non-inverting input of stage 1 has to be enabled.

c. Default Gain: Operating with internal PGA and a gain higher than 1. It has to be ensured
that the inverting input of stage 1 is enabled and that PGA stage 2 is
bypassed. In differential mode, also non-inverting input of stage 1 has to be
enabled. The gain parameter can be defined by a 5-bit code. The
corresponding nominal values can be referred by clicking on the dedicated
information button.

3) PGA Stage 2:

For using internal PGA also for higher gains, stage 2 has to be enabled, too. PGA stage 2 can be

used only when sensors are connected in differential mode. Stage 1 has to be configured

accordingly. Total gain can be calculated by multiplying both gains from stage 1 and stage 2.

4.4.4 Receive Processing Controls

USM: Receive Processing Controls ©

ﬁero Cross Level

Initial Zero Cross Calibration

Performed with Measure Init Sequence First Hit Level Up 54.80 mV

Zero Cross Level v First Hit Level Down 40

performed by Zero Cross Calibration @1 Hit Level Down 54.80 mV

et e e (Pulse Width Detection

mitialization

Initialization Mode m"uplitude Measurement

‘ USVREF/PGA/ADC before transmit is released v

mrst Hit Level

o/
il

First Hit Level Up 40

4

Pulse Width Detection mode

Pulse Width Detection Enabled (2 FHL + 1 ZCL)

AN

AN »l

Amplitude Measurement Enable

US VREF Init Time [ps] 85 —
Enabled
PGA Init Time [ps] 15 — <
Peak number 1 1 >
ADC VREF Init Time [s] 10 = —
Peak number 2 2 >

%k number 3 8 -

Figure 14: Tab View: USM Receive Processing Controls

This tab view summarizes all important controls for ultrasonic receive processing.

14 UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production
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1) Zero Cross Level:
The zero cross level can be either determined by a cyclic zero cross calibration or defined by a
fixed level.

2) Initialization:
Here the order/duration how the analog modules in ultrasonic interface shall be initialized for
measurement. The recommended order mainly depends on time of flight of sensor element
(spool piece) and some other configuration parameter (e.g. PGA gain).

3) First Hit Level:
The first hit levels can be defined here, separately for up and for down direction.

4) Pulse Width Detection:
Here the pulse width detection can be enabled to support regulation of first hit level. It can be
further decided if it should be performed for 1 wave or 2 waves at first hit level.

5) Amplitude Measurement:
The amplitude measurement can be enabled for monitoring receive wave as a part of error
handling or to support first hit regulation. The position inside receive burst where a peak
measurement of amplitude has to be performed can be configured for up to 3 waves which
should be defined in an ascending order.

4.4.5 TOF Hit Control

USM: TOF Hit Control ©

KTOF Operation Mode } TOF Timing }
TOF Sequences per Measure Cycle Fire Burst Length 30.28 ps
TOF Sequence Pause Time TOF Mask Time (£ 0.5 us) 415ps

k‘ﬂ} ms v
TOF Timeout
ﬁ'OF Hit Recording ) )
wﬂmeout

256.00 ps

Single Hits to Record 30

/'6F Hit Release Windows
Multi Hits to Record 10
TOF Hit Release Windows

Qulti Hit 5Start (Hits after Start Hit)

TOF Hit Release Parameter Up 1240 -

TOF Hit Release Window Up T1.75 ps

TOF Hit Release Parameter Down 1240 —

@Hit Release Window Down T7.75

A 0

Figure 15: Tab View: USM TOF Hit Control

(8]
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This tab view summarizes all important controls to configure TOF hits for ultrasonic measurement.

1) TOF Operation Mode:
The parameter for TOF operating mode define the number of TOF sequences (1 or 2) per
measure cycle as well the dedicated pause time if 2 sequences are performed successively
within one measure cycle.

2) TOF Hit Recording:
Here different parameter can be defined how the hits are selected for recording (measuring
and storing). For demonstrator kit the number of transferred single hits is limited to 30 and is
only possible when UFC23 is not operating in batch cycle mode.

3) TOF Timing:
For adequate TOF measurement a mask window shall be defined longer than the fire burst
length which is also displayed here. The dedicated parameter can be configured with a
resolution of 1us. For calculation an additional offset of 1.5 us has to be considered with an
uncertainty of 0.5 us.
Further the timeout condition should be defined accordingly to given application.

4) TOF Hit Release Windows:
Separate hit release windows for up and down direction can be defined additionally with a
better resolution. The resolution is directly defined by 1 period of HSO clock. For calculation,
an additional offset of 4 HSO periods has to be considered too.

16 UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production
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4.5 Tab View: Temperature Measurement

Temperature Measurement: Results & Controls ©

ﬁw Data \ Sequence Controls }
TM Direction Mode

# Name Results
Teggling Direction With Every Temperature Measurement v ‘
1| Gain compensation value 58772832
2 RDSON correction value 188983817 TM Sequences per Measure Cycle
3 Discharge Time Value, Reference Port 188754593
2 Sequences
4 Discharge Time Value Measure Port 1 181119464
) ) TM Cycle Select
5 | Discharge Time Value Measure Port 2 188953520
‘ 512 ps (default) v ‘
6 Gain compensation value 58778344
7 RDSON correction value 188979225 mrt Controls }
& Discharge Time Value, Reference Port 188756099
. ) TM Port number
9 Discharge Time Value Measure Port 1 181118510
TM Inactive Ports while Measurement I:'
Calculated Results 2

Port 1: Seq 1(°C) Port 1: Seq 2(°C) Port 1: Average(*C) \ Pulled to GND /

Port 2: Seq 1(°C) Port 2: Seq 2(°C) Port 2: Average(*C)

Figure 16: Tab View: Temperature Measurement Results & Controls

For temperature measurement, results and controls are provided by a single tab view.

It has to be considered that for demonstrator kit, temperature results are only transferred if UFC23
is not operating in batch cycle mode and number of single TOF hits are configured to 0.

1) Raw Data:
Display all raw data as measured and provided by TDC.
2) Calculated Results:
Based on raw data, calculated results in °C for both temperature ports and for both measure
sequences are provided here.
3) Sequence Controls:
Sequence of temperature measurement can be defined by different parameter.
4) Port Controls:
Number and mode of temperature ports can be configured here.
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4.6 Tab Views: Common Controls

Common controls are provided separately by different tab views.

4.6.1 Measure Task Controls

Measure Task Controls @

Measure Mode 1 Masure Rate Generator \

Measure Cycle Trigger Mode LR s

Every Measure Cycle Trigger v

by Measure Cycle Timer
Zero Cross Calibration Rate

. Every 64. Measure Cycle Trigger v |
/ Measure Cycle Timer 2 v e e
Voltage Measurement Rate
M Cycle Ti 128 =
S h Every Measure Cycle Trigger v
Measure Cycle Time 125.000 ms High Speed Clock Calibration Rate
Measure Cycle Tail Time Every 64. Measure Cycle Trigger v

~ 1.953 ms v
K / Temperature Measurement Rate

{Perature Measurement Rate 1000

Figure 17: Tab View: Measure Task Controls

This tab view summarizes all important controls to configure TOF hits for ultrasonic measurement.

1) Measure Mode:
By “Measure Cycle Trigger Mode” it can be defined if measurement cycle is triggered by
internal measure cycle timer (typical use case) or by external MCU.
To start continuous measurement by dedicated button in navigation panel, “Measure Cycle
Trigger Mode” has to be set to “by Measure Cycle Timer”.
If “Measure Cycle Trigger Mode” is configured to “by external MCU”, measurements can be
managed by “Remote Commands” window.

2) Measure Cycle Timer:
The “Measure Cycle Time” defines the favoured measure rate. With the “Measure Cycle Tail
Time”, the remaining time of measure cycle can be defined and provided as a flag to
“Communication Flag Register”. Typically by checking this status flag, the external MCU can
estimate the time for communication left after interrupt has been provided.

3) Measure Rate Generator:
Derived from the configured measure cycle time, the measure rate generator provides a
repetition rate for each frontend task. Temperature measure rate can be configured with a
finer granularity and a wider range.
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4.6.2 Communication

Communication ©

Interrupt Event Indicators

D Bootload Done

D Measure Init Done
Measure Cycle Done

D Measure Batch Done

ScioSense’

—

@)

x ﬂntend Error Indicators

HCC: TDC Timeout

TM: TDC Timeout

TM Error: Short (0) / Open (1)

@ Service Task Done

ﬁnterru pt Error Indicators

o

TM Error on any Port

USM: Hardware Error Up

AN

UISM: Hardware Error Down

O USM: TDC Timeout PW Up
USM Pause Error

O ) USM: TDC Timeout PW Down
Task Sequencer Timeout

< W<

USM: TDC Timeout TOF Up

USM: TDC Timeout TOF Down

USM: TOF Hit Errer Up

USM: TOF Hit Error Down

\EEEHHEEEEEHH /
w

/OOOOOOOOOOO

Figure 18: Tab View: Communication

This tab view summarizes all important controls to configure communication via SPI interface.

1)

2)

3)

Interrupt Event Indicators:

The “Interrupt Event Indicators” can be enabled for initial/single task operation (“Bootload
Done”, “Measure Init Done”, “Service Task Done”) as well for cyclic task operation (“Measure
Cycle Done”, “Measure Batch Done”).

Interrupt Error Indicators:

Additionally interrupt can be also enabled for “Ultrasonic Pause Error” and “Task Sequencer
Timeout” error condition.

Frontend Error Indicators:

Different frontend errors can be enabled, in case of occurrence provided to dedicated error
flag register. TDC timeout errors (Bits 0,1,6,7,8,9) are typical in case of any defect of UFC23
and shall be not occur in typical application. TM errors (Bits 2,3) only occur in dedicated
application in case of any open or short connection of TM sensors. USM hardware errors (Bits
4,5) are only detected by an open transducer after dedicated service task has been triggered.
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For an extensive error handling it’s recommended to enable all flags.

6.3 Supply Management

Supply Management ©

Power Supply (Demo Board) 1 /mgh Speed Clock }

Demonstrator Board Supply 298V HS Clock Frequency

m}wer SUpp'y [LDO) ) Divider for Reference Clock (4MHz)

15.9928 MHz

4 (H50: 16 MHz) hd
LDO Power Supply 1.79V

F

LDO Refresh Rate Startup Time 14 v

| 8 Hz v ‘
@tup Time 350 u

LDO Startup Time Select

% 1.953 ms v‘j

Figure 19: Tab View: Supply Management

This tab view summarizes all important controls for supply management.

1)

2)

Power Supply (Demo Board):

The power supply of demonstrator board is measured and displayed here (typical 3.0 V).
Power Supply (LDO):

LDO generated voltage can be continuously measured and is displayed here when “Voltage
Measurement Rate” is not disabled (nominal: 1.8 V).

The LDO requires a dedicated refresh rate. Additionally frontend processing requires a pre-
performed synchronous startup-time of LDO. Both parameter are dependent on continuous
power consumption and external capacity connected to VDD18 pins.

High Speed Clock:

High speed clock frequency of demo board is measured and displayed here.

Further the divider for the internal reference clock (4 MHz) needs to be defined. as well the
startup time which is performed at the beginning of frontend processing.

20
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4.7 Separate Windows
4,71 Graphs
IIr Graphs = O X
/ ﬁOF Graph 1}
‘ DIFF TOF MultiHit [ns] v ‘
69850 | gog50 1r™ ‘ TOF MultiHit Up [ns] - ‘
69.850 | ga.a50 Il_r ‘ TOF MultiHit Down [ns] v ‘

69.849 | go.g40 er ‘ h ‘j

69.848 | 69,849

69.848 | 59,848

69.848 | 69,848

69.847 | 59.847
69.847 | 69,847
69.846 | 69.846

69.846 [ 69,846

0 \IMOO 300 400 500 600 700 800 900 1,000 1.100 1200 1.300

how Temperature Graphe

Graph Navigation

l:‘ Auto Fit Zoom to kit Graphs View: 2 Hold left mouse button to drag / pan. 3

Hold right mouse button to scale individual axis (only X or only ).

. i - Hold middle mouse button to zoom to a region (alternative: Hold left Alt
l:‘ Sync X-Axis Clear History I:I Show Legend key and left mouse button).

Figure 20: TOF Graph

1) In the “Graphs” window, TOF results as selected (1a) can be displayed (1b).

2) By several control elements, the graph view can be managed differently.

3) As defined in the text field “Graph Navigation”, each graph can be adjusted and displayed
individually.
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The graphs are provided with the average rate, as defined in “USM Results” window.

TOF Measurement

:m 100 :‘

[ N for Averaging ‘ 100

#  MName Result [ns] Average [ns] | Std.Dev. [ps]
1 TOF Multi Hit Up 60842 .87 60243.06 187.5
2 TOF Multi Hit Down 69842.87 60343.09 114.6
3 Diff TOF Multi Hit (Up - Down) e.ee -8.e3 67.8
Figure 21: Average Rate for Graphical Display
I Graphs
69.251
69.250
69,849
— 69,848
- _ 69,847
\\ 69,846
69.845

] 100 200 300 400 500 600 YOO 200 900 1000 1000 1.200 1200

e e Al e e e e s oy e e LA = b U ey V|

100 200 300 400 500 600 70O 00 900

D Auto Fit Zoom to Fit Graphs View:
D Sync X-Axis Clear History I:I Show Legend

1000 1100 1200 1.300

Figure 22: TOF & Temperature Graph

69.851

69.850

69.849

69.848

69.847

TOF Graph

| DIFF TOF MultiHit [ns] hd |
J-Lr | TOF MultiHit Up [ns] hd |
Il_r | TOF MultiHit Down [ns] v |
1rE| ~]

Temperature Graph

| T @ Port 1, Average (°C) v |
J-I_r | T @ Port 2, Average (°C) v |
rE| d
M| g

Show Temperature Graphs
Graph Navigation [ P P ()]

Haold left mouse button to drag / pan.

Hold right mouse button to scale individual axis (only X or only Y).

Hold middle mouse button to zoom to a region (alternative: Hold left At
key and left mouse button).

For heat meter applications, where also temperature measurement is enabled, a second graph for
temperature results can be displayed together with the TOF graphs by switching the dedicated toggle

button.
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4.7.2 Random Access Memory

{8} Random Access Memory X

Random Access Memory @

Write / Read Access

Address Address Address Address

Hexadecimal v ‘ ‘ AD E ‘ = | Decimal v ‘ ‘ 160 = ‘
Write Value WriteValue Read Data

Hexadecimal v ‘ ‘ 00000000 — | ° 00 0000 64
e o

Figure 23: Random Access Memory

This window allows a direct read & write access to “Random Access Area” of UFC23, which includes
configuration register area (addresses 0xAO0...0xB2) as well the area of internal RAM memory
(addresses (0x00...0x9F) where all the results are continuously updated.

It has to be considered, that updating a configuration parameter on dedicated address of UFC23, the
corresponding control element in GUI is not updated accordingly.
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4.7.3 Registers

= Registers = m} X

J Configuration Register

ﬁgister Settings GUI x Transfer Options /@ter Settings UFC23 )
exA8 @eeaRess  CRFRUIFH oxAB 09000064  CR_FRU_IFH
OxAl @OOEOFFF  CR_FRU_EFH axAl @BERAFFF | CR FRU_EFH
BxA2 @eeeesDB  CR_GP CTRL BxA2 000086DB | CR_GP_CTRL
OxA3 eeeeeal3 CRPM exA3 00000013  CR_PM
BxA4 @00@172F = CR_TSC oxAd P8ea172F  CR.TSC
BXAS 2000BE30 = CR_MCT BxA5 P00O8BOSe  CR_MCT
BxA6 @OB8AE79  CR_MRG OxA6 POOSBETY  CR_MRG
OxA7 2080198E4 =~ CR_FEP_MCTRL BxAT @00198E4 | CR_FEP_MCTRL
B 0000ERE0 = CR_Reserved OxA8 0P0POROB  CR_Reserved
OxA9 94900000 =~ CR_FEP_TDC_TRIM @xA9 04980080  CR_FEP_TDC_TRIM
BxAA E@e@ree23 = CR_USM_PROC BxAA EBOFBO28  CR_USM_PROC
axAB @eReAreE = CR_USM_FBG_MCTRL 0xAB 0POROFOE  CR_USM_FBG_MCTRL
BxAC 00000000 CR_USM_FBG_HRC BxAC £0AA0AA8  CR_USM FBG HRC
BxAD @cesBeer  CR_USM_ANA_CTRL1 8xAD PCO8BOOF  CR_USM_ANA_CTRL1
BxAE 48501284  CR_USM_ANA_CTRL2 BxAE 485012084  CR_USM_ANA_CTRL2
OxAF B3EACF55 = CR_USM_RCV_INIT BxAF @3EACF55 | CR_USM_RCV_INIT
exBe 20014400 CR_USM_HIT_CTRL 0xB@ 00014400  CR_USM_HIT_CTRL

8xB1 20412828  CR_USM_WVM 8xB1 20412828  CR_USM_WVM
kxm GOFERBFR CRUSMMASKHRWIN/ oxB2 @OFOAOF®  CR_USM_MASK_HR_WIN

Figure 24: Register Window

This window allows a direct transfer from configuration register settings in GUI (1) to register
settings into UFC23 (2) and vice versa.

A change of a dedicated control element in GUI is directly updated in “Register Settings GUI” (1).

“Register Settings UFC23” (2) can be updated by dedicated refresh button.
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4.7.4 Remote Commands

E Remate Commands

Remote Commands

( A
Reset Management 1
-
~
Q@
Measure Mode Control 2
® Measure Mode is ON
\
. ® 2)
Service Task Request 3
- J

Figure 25: Remote Commands

ScioSense’

S—

: . @
ﬁag Register Handling
Communication Status
) @

b 0000 0000

Interrupt Status

®

b 0000 0000

Frontend Error Status
@

b 0000 0000 0000 0000

Frontend Update Status
b 0000 0000

@

System Status

Ne )
b 0000 0000

N

«»
«a»

=D
Clear All Read All

=

@
measure Task Request
Ultrasonic Measurement
l:‘ Zero Cross Calibration

I:I VCC/VDD Measurement

I:I Trigger Mode

\_

[ ] Hs Clock Calibration

l:‘ Temperature Measrement

Single Shot

B

This window summarizes all remote commands which are intended for communication via SPI
interface. This window demonstrates the use of these commands without running the system in
continuous read mode when activated by “Start Measurement” button in navigation panel.

1) Reset Management:

With “System Reset” complete UFC23 is reset, similar to power on reset.
“Config Init” sets all configuration register to their default state. Rest of UFC23 remains in

current state.
2) Measure Mode Control:

With this radio button measure mode can be enabled/disabled. Simultaneously to enabled
measure mode, “Measure Cycle Timer” and “Measure Rate Generator” is disabled even if
configured. When enabling measure mode, the UFC23 changes from STANDBY state into
MEASURE MODE state by performing some initial calibration tasks. After this initialization
sequence, UFC23 is ready for receiving “Measure Task Requests”.

3) Service Task Request:

As a service task on transducer connection, an error handling sequence is triggered by clicking
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this button. “Error Handling Spool Piece” checks the connection of both transducer on an open
wire condition. This task can be only performed in STANDBY state ( “Measure Mode” => OFF).
Before starting the request, it has to be ensured that the TX resistor value (C_RMSET_TX) is
configured to its nominal value.
Flag Register Handling:
UFC23 has different kind of flag register, which can be read and cleared separately as provided
on this window.
It’s also possible to combine the different flag register in arbitrary combination, but after a
measure cycle interrupt, following sequence is recommended for flag register read when not
operating in batch cycle mode:

a) Communication Status (1 byte)

b) Interrupt Status (1 byte)
c) Frontend Error Status (2 bytes) *)
d) Frontend Update Status (1 byte) *)

*) “Frontend Error Status” and “Frontend Update Status” are also provided at relative address
(+0x0B) of each USM bundle. When operating in batch cycle mode it’s mandatory that
“Frontend Error Status” and “Frontend Update Status” are read from there. In single cycle
mode it’s optional to read these 2 registers directly or from USM bundle 1.
Measure Task Request:
A remote triggered “Measure Task Request” can be sent by selecting any checkbox of dedicated
tasks and by clicking the button “Measure Task Request”. Dependent on selected “Trigger
Mode” the selected tasks are performed for one measure cycle or cyclic with defined cycle
time (an offset of about 100ms has to be considered additionally).

26
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4.8 Limited System Performance
For demonstrator kit, measurement rates up to 10 Hz can be handled reliably.

As another limitation of demonstrator kit, following kind of results can be transferred separately
only:

1) Batch Cycle Mode (with fixed humber of 4 bundles)
2) Single TOF Hit Results (maximum number: 30 for each direction)
3) Temperature Measurement Results

Highest priority: Batch Cycle Mode Lowest priority: Temperature Measurement Results

All results which are provided by USM bundle 1, are transferred without any limitation (Please refer
to definitions in data sheet).

4.8.1 Batch Cycle Mode

For demonstrator kit, the control element for “Batch Cycle Mode” is not provided within GUI as
only a fixed number of 4 bundles can be managed. Please use the dedicated configuration file
instead of, which can be loaded via dashboard view:

Configs Ready To Use

‘ UFC23_WATER_SE_HSO16M_FIRE1M_PGA2_BCM4.cfg v

Load Config

Figure 26: Configuration File for Batch Cycle Mode

It has to be further considered that with configuration for “Batch Cycle Mode” also the interrupt
event indicator has been changed from “Measure Cycle Done” to “Measure Batch Done”.

Communication ©

Interrupt Event Indicators

I:‘ Bootload Done
|:| Measure Init Done

I:‘ Measure Cycle Done
Measure Batch Done

I:‘ Service Task Done

Figure 27: Interrupt Event Indicator for Batch Cycle Mode
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4.8.2 Single TOF Hit Results

If “Batch Cycle Mode” is not configured, “Single TOF Hit Results” are transferred as soon dedicated
parameter is configured to another value than 0 . For demonstrator kit the number of recorded
single hits is limited to 30 for each direction up & down, even configured to a higher value.

TOF Hit Recording

Single Hits to Record 30 s

Figure 28: Single TOF Hits to Record

4.8.3 Temperature Measurement Results

If “Batch Cycle Mode” is not configured and also number for “Single TOF Hit Results” is configured
to 0, it’s possible to transfer temperature measurement results. Therefore it has to be ensured
that controls in dedicated tab view are configured accordingly and that the measurement rate for
temperature measurement in tab view “Measure Task Control” is configured accordingly.

Sequence Controls

TM Direction Mode

‘ Toggling Direction With Every Temperature Measurement A

TM Sequences per Measure Cycle v

TM Cycle Select

‘ 512 ps (default) v

Port Controls

TM Port number

2 Ports

TM Inactive Ports while Measurement D

Pulled to GND

Figure 29: Temperature Measurement Controls

F N
Temperature Measurement Rate 10 v

Temperature Measurement Rate 1250.0 ms

Figure 30: Temperature Measurement Rate
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5 Schematics, Layers & BOM

UFC Interface

0n
GND

VDDA

c33
100

to pin 22

vCC vCC
GND GND

czi czsI
moTon

(el o c
o ———iza
J__, s} c )
> =8 ¢
z = N o o
§ 3 & 2
s b 5 e %
2 3 > Q o 2
gl & ¥ g
8 8 g
z o
2 g —
2 5} avo WL
Z| |
Z ‘95
= 5 P55 o~ of v
il 2 54533 oD WL 2
g & T TLd W1 3
i | Tl
o X% T
] B
818
E—|dWOATSN
or IOA SN avot) WL ¢
,i—{oord Td Wi T L
2-oide
¢, Je01de
o
5[OS NIX
57087 LNOX 2
2 o 3 g
Qz3 %
¥82E8 <2 Z
= > X
b~ [ i S RS B R I
Q
=z
o
8
>
ZH189/'28
b D
SXLZEXND ¥
3
— 11 i
o =
22 %
Ly 1
8TS 2
. o
o
2 2 8
[} o

GND|
VTC

czs_l_ _|_025
100r1 I 00y
GND GND

-
4R7

z| «| Z| 3| &
7 # 2| 3 £
9
3
Q
o
>
7
<«
o k3
o
2
& o
z g ——3
< & ~
]
3 deg QI &
o o Z 0 - [T o
£ 255> " Z
7} = o z =4
SE Z %47+ s 4
FHEEEEE 2 o
25 Z
%g—t\lnqmwlh—m g
o S
] 5
o

Figure 31: UFC23-QF_DK_RB schematics

ScioSense

Note:

PicoProg Lite is supplied with
3.0 V and the digital interface
comes without level shifter.

If UFC23 is supplied with 3.3V,
additional cross currents (via
digital 10s) are expected to be
measured on J34.
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Figure 33: UFC-QF_DK_RB assembly 2:1

Table 2: Bill of materials for UFC23-QF_DK_RB V2.0

C805 C8, C11 12pF

C805 C9 10n 12
C805 C3,C18 NC

C805 C15, C17, C19, C21, C25, C29, C33 100n 7
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C1206 C16, C20, C26 100 3
1206 c23 100n 1
C805 C24, C27 1y 2
1206 28 100n 1
ST/254_7_1R_90° J1 1
ST/254_5_1R J2 1
ST/254_3_1 J6, J8 2
ST/254.2.90°  J7 2
ST/254_2 J16, J17, J34 3
R805 R16 10M 1
R805 R17 1M NC
R805 R18 0R 1
R805 R19 10R 1
R805 R20 1k 1
R805 R22 4R7 1
TP1, TP2, TP3 Pad 3
XC6206 U2 3.3V 1
UFC23QFN32 U6 1
Q/KX-327XS X1 32.768kHz 1
Q/CSTRC_G X2 16MHz 1
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6 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.

7 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.

32 UFC23-W_DK User Guide SC-003109-UG-2 / 2026-05-08 / Production



<) CONTENTS PAGE SCi§Se nse-

8 Revision Information

Table 3: Revision history

e o N

Apr 2026 First release

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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Contact:

Sciosense B.V.

High Tech Campus 10
5656 AE Eindhoven
The Netherlands

www.sciosense.com
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Sci§Sense@




	Content Guide
	1 Introduction
	1.1 Ordering Codes

	2 Quick Start Guide
	3 Hardware Description
	3.1 Introduction
	3.2 Communication Interface

	4 UFC23 Demonstrator Software
	4.1 Help and User Guidance
	4.2 Navigation Panel
	4.3 Tab View: Dashboard
	4.4 Tab Views: Ultrasonic Measurement
	4.4.1 Results
	4.4.2 Fire Burst Generator Controls
	4.4.3 Driver and PGA Controls
	4.4.4 Receive Processing Controls
	4.4.5 TOF Hit Control

	4.5 Tab View: Temperature Measurement
	4.6 Tab Views: Common Controls
	4.6.1 Measure Task Controls
	4.6.2 Communication
	4.6.3 Supply Management

	4.7 Separate Windows
	4.7.1 Graphs
	4.7.2 Random Access Memory
	4.7.3 Registers
	4.7.4 Remote Commands

	4.8 Limited System Performance
	4.8.1 Batch Cycle Mode
	4.8.2 Single TOF Hit Results
	4.8.3 Temperature Measurement Results


	5 Schematics, Layers & BOM
	6 RoHS Compliance & ScioSense Green Statement
	7 Copyrights & Disclaimer
	8 Revision Information

