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1 Introduction

The MCS6A Python GUI Application is a comprehensive software solution for controlling and
monitoring FAST ComTec MCS6A (Multi-stop Time-to-Digital Converter) devices. This ap-
plication provides an intuitive graphical interface for real-time time-of-flight measurements, ad-
vanced time-resolved data visualization, and complete device configuration management.

Important Note

Software Architecture: This Python GUI application serves as an extension to the ex-
isting MPANT software ecosystem, designed to facilitate custom development and enable
users to create their own measurement routines and extensions.

For comprehensive device settings, advanced configuration options, and detailed appli-
cation examples, please refer to the official MPANT software documentation and user
manual. This Python interface primarily focuses on providing programmatic access and
simplified control for custom applications.

Key Features

e Real-time device control with start/stop/continue functionality

e Multi-input time-to-digital conversion with 100 ps resolution

e Support for Time-of-Flight, Pulse Width, and Multi-scaler modes
e Command-line interface for direct device communication

e Performance-optimized rendering for high-rate time measurements
e Comprehensive input threshold and timing configuration

e Tagged spectra acquisition for multi-detector experiments

e Constant Fraction Timing (CFT) support

e Sequential and endless acquisition modes

2 System Requirements

2.1 Hardware Requirements

e FAST ComTec MCS6A device with appropriate drivers

USB 2.0 high-speed connection (480 Mbit/s)

Minimum 4GB RAM (8GB recommended for large datasets)
e Graphics card supporting OpenGL (for 3D visualization)
e Windows XP or higher (Windows 7/8/10/11 recommended)

2.2 Software Requirements
e Python 3.7 or higher
e NumPy 1.19.0 or higher
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e Matplotlib 3.3.0 or higher

e FAST ComTec MCS6A driver software and MPANT

e MCS6A server program (MCS6A.EXE)

3 Main Interface Overview

The application features a modern tabbed interface that organizes functionality into logical
sections. Each tab provides specific tools and displays for different aspects of time-to-digital

conversion and measurement.

3.1 Main Control Panel

F|

Settings  Help

> | | »

MPA Filename: Set Filename Browse

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay

Load MPA Save Config Save MPA

Acquisition Started: 0
Max Value: 998
Runtime: 0.0
Sweeps: 0.0

Starts: 0.0

¥ Hide Command Line Interface

MC56>

Clear Qutput Execute

Figure 1: Main interface showing control buttons and file management.

The main control panel (Figure (1)) provides essential measurement controls:

e Start: Begin time measurement acquisition
e Stop: Halt current measurement
e Continue: Resume paused measurement

e Erase: Clear acquired timing data

3.2 File Management
The file management section allows users to:

e Set MPA filename for data storage

September 24, 2025 )
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e Browse and load existing MPA files
e Save current configuration settings

e Export measurement data in various formats (.mpa, .Ist, .dat, .asc, .csv)

4 Status Monitoring

The Status tab provides comprehensive real-time information about the device state, including:

e Current measurement status and sweep information

Active STOP inputs (up to 5 channels) and their configurations

Acquisition parameters and timing settings

FIFO buffer status and data rates (up to 2GB buffer)

e Error messages and warnings

Temperature monitoring of FPGA and board

Data loss indicators
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5 Input Configuration

5.1 Channel Settings

Figure [2| shows the configuration options available for each individual channel, accessible via the

Channel Settings tab.

& MCS6 Python DLL - FAST CormTec GmbH
Settings  Help

>

MPA Filename: Set Filenarne Browse

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay

Channel Control
Channel:

EACqUISItIDHETlmiﬂg DAC/Voltages Advanced Data

Auto Refresh Refresh Now

Spectrum Configuration

Spectrum Length: . Apply
ROI Minimum: Cl . Apply
ROI Maximum: . Apply

Event Preset: |[10.0 . Apply
Beshie [0 | | Apply
Active Mode: o | Apply

¥ Hide Cornmand Line Interface

MCS6>

o)

Load MPA

Settings loaded

Clear Qutput

Save Config

Execute

Figure 2: Channel-specific acquisition settings for MCS6A.

The active channel can be selected using the Channel dropdown in the channel control

section. The MCS6A supports:
e 1 START input (Channel 6)
e Up to 5 STOP inputs (Channels 1-5)
e Individual channel enable/disable via Active Mode field
Key parameters include:

ROI Min/Max: Region of Interest limits

Event Preset: Maximum events before stopping

Bit Shift: Bin width setting (powers of 2)

Range: Spectrum length (up to 65536 channels for coincidence mode)

September 24, 2025
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5.2 Input Thresholds and Timing

E MC56 Python DLL - FAST ComTec GmbH - O et
Settings  Help
- | » &
MPA Filename: Set Filename Browse Load MPA Save Config

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay

Channel Control

Chanrnel: |0 w Auto Refresh Refresh Now Settings loaded
g

EES Advanced Data

Acquisition Timing

DAC Veoltage Settings
CH 6/ START Voltage: | - + Set Voltage
CH1 Voltage: | - + Set Voltage
CH 2 Voltage: | - + Set Voltage
CH 3 Voltage: | - + Set Voltage
CH 4 Voltage: | - + Set Voltage
CH 5 Voltage: | - + Set Voltage

[ Show Hex Values

¥ Hide Command Line Interface

MCS56= Clear Qutput Execute

Figure 3: DAC/Voltages tab with threshold configuration for MCS6A inputs.

The DAC/Voltages tab (Figure [3) provides channel-wise configuration of voltage thresholds
and timing parameters for the START input and up to 5 STOP inputs. Each input can be
individually configured as follows:

Threshold Settings
e Adjustable threshold voltage (from -1.5V to +1.5V)

e Fast NIM-compatible preset levels (e.g., -0.3V)
e Sensitivity better than 10 mV

e Hysteresis approximately 5 mV
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Edge Detection

Rising edge detection

Falling edge detection

Both edges (for pulse width measurement)

Constant Fraction Timing (CFT) mode

Timing Configuration

Acquisition delay (steps of 6.4 ns)

Hold-off time settings

Sweep length and bin width definition

e Maximum time range of up to 20.85 days

Input delay adjustment (0-48 ns in 3.2 ns steps)
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6 Board Settings

6.1 Board Configuration Interface

[F MC56 Python DLL - FAST ComTec GmbH -
Settings  Help

Ld n L3

MPA Filename: Set Filename Browse Load MPA

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay
Current Status

A

Save Config

Sweepmode: - 126972
Prensa: 0
Cycles: 128
Sequences: 1
Digio: 0

Digval: 0

DACO: 9841
DACT: 9320
SerMo: 200
Active: 1
HeldAfter: 0.0
Swpreset: 1.0
Fstchan: 0.0
Timepreset: 50.0

Board Settings Configuration

Sweep Mode: Apply
Preset Enable: Apply
Cycles: Apply
Sequences: Apply
Hold After: Apply
Sweep Preset: Apply
First Channel: Apply

i+ Show Command Line Interface!

Figure 4: Board settings tab showing MCS6A hardware configuration options.

The Board Settings tab (Figure E[) provides access to global hardware configuration parameters

for the MCS6A:

e Sweep Mode Configuration (sweepmode): Acquisition mode control with the following

base modes:

Normal mode

Differential (relative to first stop)
Sequential mode

Sequential + Differential (Chl)
Differential to stop in Ch2

I
© gk Q2

Additional control bits:

Bit 4: Software start

Bit 6: Endless acquisition

Bit 7: Start event generation
Bit 8: Enable TAG bits

September 24, 2025 10
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— Bit 9: Start with rising edge

— Bit 11: Pulse width mode

Bit 12: Abandon sweep counter in data

— Bit 14: Ch6 reference (differential mode)

Bit 15: Enable Ch6 input (START sampling)

e Preset Enable (prena): Bitmask for enabling acquisition presets:

— Bit 0: Realtime preset

— Bit 2: Sweep preset

— Bit 3: ROI1 preset

— Bit 4: Starts preset

— Bits 5-9: ROI2-ROI6 presets

e Synchronization Outputs:

SYNC_1: Fast-NIM output (-0.8V/16mA into 50 €2)
— SYNC_2: TTL output on FEATURE connector
Selectable signals: 10MHz, 78.125MHz, 100MHz, 156.25MHz, 200MHz, 312.5MHz

— Input monitoring capabilities

e Digital I/O Configuration: 8-bit digital I/O port for external control and monitoring

September 24, 2025 11 Version 1.0
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7 Data Settings

7.1 Data Acquisition Configuration

E MCS6 Python DLL - FAST ComTec GmbH
Settings  Help

» u

MPA Filename:

Current Status

»

Set Filename

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay

Browse

Load MPA

&

Save Config

Savedata: 0

Auteoinc: 0

Format: 0

MPA Format: 0

SepHead: 1

Filename: Ci/mcsBxbd/data/MBGO.mpa

Data Settings Configuration

Save Data Mode: D
Auto Increment: CI
Format Type: l:l
MPA Format: CI
Separate Header: l:l
Filenarme: l:l

Apply
Apply
Apply
Apply
Apply

Apply

» Show Cemmand Line Interface

Figure 5: Data settings tab for MCS6A acquisition parameters.

The Data Settings tab (Figure [5)) allows configuration of data acquisition parameters specific to

the MCS6A:

¢ File Management:

— MPA filename setting with auto-increment

List file generation options

— Separate header file option

Data format selection (Binary, ASCII, CSV)

e Data Word Length: 2, 4, 6, or 8 bytes per event

September 24, 2025
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e Preset Configurations:

— Time preset (seconds)
— Sweep preset (number of sweeps)

— Event preset (ROI-based stopping)
e Sequential Mode: Multiple measurement cycles
e Tagged Spectra: 16-bit TAG input support

8 Data Visualization

8.1 Real-time Time Spectrum Display

E MCSE Pythen DLL - FAST ComTec GmbH
Settings  Help

L u 4

MPA Filename: | C:/mesBxbd/data/ TONGS.MPA Set Filename Browse Load MPA

AcqgStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay
All Channels 2D/3D Ch &
x10°

Save Config

+ (cr 1]
-

-

6321
14
] T T T T T

x10°

4 (2]
-

~E

63 2

02 0.4 0.6 0.8

Channel

+Q=

» Show Command Line Interface

1.0
x10°

Figure 6: Real-time time spectrum display showing MCS6A data from m

The Data Display tab (Figure @ provides real-time visualization of time-
MCS6A-specific features:

ultiple channels.

resolved data with

September 24, 2025 13
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Simultaneous display of up to 6 input channels (1 START + 5 STOP)

Time calibration with 100 ps resolution

Automatic range adjustment and scaling

Performance optimization for 10 GHz burst rates

ROI (Region of Interest) definition and analysis

Real-time count rate display

8.2 2D Time Correlation Display

MCSE Python DLL - FAST ComTec GmbH - O X
Settings  Help
[+ ] [ = ] [+ ]
MPA Filename: |Ci/mcsx6d/data/ TONGS.MPA | |SctFilename| = Browse | Load MPA | SaveConfig|

AcqStatus  AcqSettings DatSettings BoardSettings Channel Settings DataDisplay

All Channels 20/30 Ch 6

10

¢

107

102

10

Y Dimension

10

108

10—
0.0 02 04 0.6 0.8 1.0
X Dimension x10°

$Q= 08

Counts

| » Show Command Line Interface|

Figure 7: 2D time correlation visualization for coincidence measurements with MCSGA.

For dual-parameter time correlation measurements, the MCS6A supports enhanced display op-

tions (Figure [7)):

September 24, 2025 14
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e Time-vs-time correlation plots with 100 ps resolution

e Coincidence window analysis

e Multi-detector experiment support via TAG inputs
e Interactive zoom and navigation

e Multiple colormap options

8.3 3D Surface Visualization

E MCS6 Python DLL - FAST CamTec GmbH
Settings  Help

Lg n L4

MPA Filename: | Ci/mesBx64d/data/ TONGS.MPA Set Filename Browse Load MPA Save Config

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay
All Channels 20/3D Ch &

Log Scale 3D View Colormap: 3D Stride: |2 =

25
2.0
g -
o
g T
2 &
- 15 g
-] L=
[ =] =
) 3
10V
0.5

+Q=

» Show Command Line Interface

Figure 8: 3D surface plot of MCS6A time-resolved data with logarithmic scaling.

The 3D visualization mode (Figure [§]) offers:

e Interactive 3D surface plots optimized for MCS6A data rates

e Adjustable viewing angles and stride control
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e Time-amplitude-intensity representations

e Performance optimization for large datasets

9 Command Line Interface

9.1 Direct MCS6A Communication

[3 mCs6 Python DLL - FAST ComTec GmbH - O X
Settings  Help
> u 4 &
MPA Filename: | Ci/mcs8x 64/ data/ TONGSMPA Set Filename Browse Load MPA Save Config

AcqStatus AcqSettings DatSettings BoardSettings Channel Settings DataDisplay

Channel Control

Channel: |3 ~ Auto Refresh Refresh Now Applied: daclv=-0.290
PP

Acquisition Timing DAC/Voltages Advanced Data
DAC Voltage Settings
CH 6 / START Voltage: | -

CH1Voltage: | - + Set Voltage
CH 2 Voltage: | - + Set Voltage
CH 3 Voltage: | - + Set Voltage
CH 4 Voltage: | - + Set Voltage
CH 5 Voltage: | - + Set Voltage
[ Show Hex Values
¥ Hide Command Line Interface
MICS6> Clear Qutput Execute

Figure 9: Command line interface for direct MCS6A device communication.

The command line interface (Figure [J)) enables direct communication with the MCS6A device
using the established control language:

e Direct command entry and execution
e Command history with navigation
e Real-time response display

e Integration with MCS6A server program

September 24, 2025 16 Version 1.0



HIFAST FAST ComTec GmbH MCS6A Python GUI

Multi-Stop Time-to-Digital Converter User Documentation

9.2 Common MCS6A Commands

Listing 1: Example MCS6A control commands.

# Set measurement rTange
range=4096

# Configure bin width (100 ps resolution)
bitshift=0

# Set acquisition delay (6.4 mns steps)
fstchan=0

# Configure input thresholds
dac0=2664 # START <input (Ch6)

dacl=2664 # STOP1 input (Chl)
dac2=2664 # STOP2 input (Ch2)
dac3=2664 # STOP3 input (Ch3)
dac4=2664 # STOP4 input (Ch4)
dac5=2664 # STOP5 input (Ch5)

# Set woltage levels directly
dacOv=-0.3 # START to Fast-NIM level
daclv=-0.2 # STOP1 to -0.2V

# Enable/disable channels

[CHN1]

active=1 # Enable STOP1

[CHN6]

active=1 # Enable START sampling

# Set timing presets
swpreset=1000000 # Sweep preset
rtpreset=60.0 # Time preset (60 seconds)

# Measurement controls

start # Start acquisition
halt # Stop acquisition
cont # Continue acquisition
erase # Clear data

# File operations
mpaname=mcs6a_measurement
savempa

loadmpa

10 Performance Optimization

10.1 MCS6A-Specific Performance Settings

The application includes several performance optimization features tailored for the MCS6A:

e USB 2.0 Optimization:

— Maximum transfer rate: 35 MB/s

September 24, 2025 17 Version 1.0
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— Dual USB port support for enhanced throughput

— Optimized buffer management
¢ FIFO Management:

— Up to 2GB DDR2 FIFO buffer
— Burst handling up to 10 GHz per channel

— Loss-less burst time: > 6.5us per channel
e Data Word Optimization:

— Automatic data word length selection (2, 4, 6, 8 bytes)
— Optimized for different measurement scenarios

— TAG bit integration support

10.2 Memory and Display Management

e Command history limited to 500 entries

Plot data caching with change detection

Automatic garbage collection for large datasets

3D stride control for complex visualizations

Efficient handling of list-mode data up to 33 MHz continuous rate

11 Troubleshooting

11.1 Common MCSG6A Issues and Solutions

Connection Issues

Problem: "MCS6A not connected” warning message
Solutions:

e Verify USB 2.0 high-speed connection to MCS6A device

Ensure FAST ComTec MCS6A server (MCS6A.EXE) is running

e Check Device Manager for proper driver installation

Verify both POWER ON and POWER GOOD LEDs are lit

Check +12V power supply connection

Restart the application and/or device
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Performance Issues

Problem: Data loss or FIFO overflow warnings
Solutions:

e Reduce input count rates below 33 MHz continuous
e Use acquisition delay to limit data volume

e Optimize data word length settings

Upgrade to 2GB FIFO option if available
e Ensure proper USB 2.0 high-speed connection
e Check for USB hub limitations

Timing Issues

Problem: Poor time resolution or timing artifacts
Solutions:

e Verify input signal rise time and quality

Adjust threshold levels for optimal 100 ps resolution

Use proper 50 €2 termination and low-loss cables

e Check for ground loops and EMI sources

Enable Constant Fraction Timing (CFT) for variable amplitudes

Verify input delay settings (3.2 ns steps)

12 Technical Specifications

12.1 MCS6A Hardware Specifications
e Time Resolution: 100 ps standard (200 ps, 400 ps, 800 ps options)
e Dynamic Range: Up to 20.85 days (2°* x 100 ps)
e Input Channels: 1 START + up to 5 STOP inputs
e Input Sensitivity: < 10 mV with 5 mV hysteresis
e Threshold Range: +1.5V (software adjustable)
e Count Rate: Up to 10 GHz burst rate per input
e Pulse Pair Resolution: Optimized for best performance

e Dead Time: 96 ns end-of-sweep, none between time bins

12.2 Interface and Data Specifications
e USB Interface: USB 2.0 high-speed (480 Mbit/s)
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e Data Transfer: Up to 35 MB/s (40 MB/s with dual USB)

FIFO Buffer: 1GB standard, 2GB option available
e Data Word Length: 2, 4, 6, or 8 bytes per event

e TAG Inputs: 16-bit TTL/LVDS with 6.4 ns resolution

Digital I/0O: 8-bit configurable port

e Reference Clock: 10 MHz (internal OCXO or external)

12.3 Supported File Formats

e .mpa files: Multi-Parameter Analysis data with configuration
e .Ist files: List-mode time-tagged event data

e .dat files: Binary spectrum data (4 bytes per channel)

e .asc files: ASCII spectrum data (decimal format)

e .csv files: Comma-separated values (Tab-separated)

e .mp files: Configuration header files

12.4 Measurement Modes
o Time-of-Flight: Standard TOF measurements with 100 ps resolution

e Pulse Width: Time-over-Threshold (ToT) and Time-under-Threshold (TuT)

Multi-scaler: Multi-channel time-resolved counting

Differential: Time differences relative to reference

Sequential: Multiple measurement cycles

Tagged Spectra: Multi-detector experiments with 16-bit TAG

Coincidence: Multi-parameter correlation analysis

13 Installation Guide

13.1 Step-by-Step Installation
1. Install MCS6A Hardware and Drivers

Connect MCS6A device via USB 2.0 high-speed port
Install FAST ComTec MCS6A software package
Verify device drivers in Windows Device Manager
Test hardware with official MPANT software

2. Install Python Dependencies

1 |pip install numpy>=1.19.0 matplotlib>=3.3.0
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3. Deploy Python GUI Application

e Copy all Python files to application directory
e Ensure MCS6A server (MCS6A.EXE) is accessible

e Verify file permissions and dependencies

4. Launch and Test

I |python main_ui.py

5. Verify Operation

e Check device connection status
e Test basic start/stop functionality

e Verify data display and file operations

14 Advanced Features

14.1 Constant Fraction Timing (CFT)

The MCS6A supports software-based Constant Fraction Timing for improved time resolution

with varying signal amplitudes:
e Digital implementation (no bandwidth limitations)
e Configurable time-after-peak to time-to-peak ratio
e Maximum pulse width settings for noise rejection

e Requires both edge detection capability

14.2 50 ps Resolution Option

Enhanced time resolution using interleaved channels:
e Uses paired input channels with power splitters
e Requires precise 50 ps delay adjustment
e Software-supported odd/even sum optimization

e Maximum of 2 interleaved measurement pairs

15 Support and Contact Information

15.1 Technical Support

For technical assistance with the MCS6A Python GUI Application:

e Hardware Issues: Contact FAST ComTec GmbH directly

e Software Support: Refer to MPANT documentation

e Programming Interface: DLL interface available as option

e Custom Development: Contact for specialized requirements
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15.2 FAST ComTec Contact Information

Contact Type Information

Address Griinwalder Weg 28a, 82041 Oberhaching, Germany
Phone +49 89 665 18 00

Fax +49 89 665 180 40

Email info@fastcomtec.com

Website www.fastcomtec.com

15.3 Documentation History

Version Date Changes

1.0 2025  Initial release for MCS6A Python GUI
Based on MCS6A User Manual v1.20
Adapted from MCS8A specifications
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