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Copyright Notice

Copyright © 2026 NetTimelLogic GmbH, Switzerland. All rights reserved.
Unauthorized duplication of this document, in whole or in part, by any means, is
prohibited without the prior written permission of NetTimelLogic GmbH, Switzer-
land.

All referenced registered marks and trademarks are the property of their respective
owners

Disclaimer

The information available to you in this document/code may contain errors and is
subject to periods of interruption. While NetTimelLogic GmbH does its best to
maintain the information it offers in the document/code, it cannot be held respon-
sible for any errors, defects, lost profits, or other consequential damages arising
from the use of this document/code.

NETTIMELOGIC GMBH PROVIDES THE INFORMATION, SERVICES AND PROD-
UCTS AVAILABLE IN THIS DOCUMENT/CODE "AS IS,” WITH NO WARRANTIES
WHATSOEVER. ALL EXPRESS WARRANTIES AND ALL IMPLIED WARRANTIES,
INCLUDING WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE, AND NON-INFRINGEMENT OF PROPRIETARY RIGHTS ARE
HEREBY DISCLAIMED TO THE FULLEST EXTENT PERMITTED BY LAW. IN NO
EVENT SHALL NETTIMELOGIC GMBH BE LIABLE FOR ANY DIRECT, INDIRECT, IN-
CIDENTAL, CONSEQUENTIAL, SPECIAL AND EXEMPLARY DAMAGES, OR ANY
DAMAGES WHATSOEVER, ARISING FROM THE USE OR PERFORMANCE OF THIS
DOCUMENT/CODE OR FROM ANY INFORMATION, SERVICES OR PRODUCTS
PROVIDED THROUGH THIS DOCUMENT/CODE, EVEN IF NETTIMELOGIC GMBH
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

IF YOU ARE DISSATISFIED WITH THIS DOCUMENT/CODE, OR ANY PORTION
THEREOF, YOUR EXCLUSIVE REMEDY SHALL BE TO CEASE USING THE DOCU-
MENT/CODE.
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Overview

NetTimelogic’'s PPS Analyzer is specifically designed for (PTP) Plugfests where
multiple devices are synchronizing each other, and the accuracy of the individual
devices shall be measured via PPS (offset from reference PPS). The device has 8
PPS inputs that are measured simultaneously, and it synchronizes itself to an addi-
tional reference PPS input. Additionally, it has a PPS output of the synchronized
clock which is used for PPS measurement and Threshold signals which can be set
when a measurement exceeds. If NetTimelLogic’'s PPS Analyzer Shield is used, it
can read calibration values from an EEPROM and has a calibration PPS. Multiple
PPS Analyzers can be connected to the same host and are all discovered automati-
cally. It uses a Serial interface (mostly over USB) or Ethernet (UDP/IP) to access
the registers in the FPGA. In the FPGA it uses NetTimelLogic's configuration IP
which represents an AXI| Master to the other IP cores. It uses a proprietary protocol
to convert the Serial or Ethernet data stream from/to AXI register access. The core
part consists of the following NetTimelLogic IP cores: PPS Slave IP core, PPS Master
IP core, Adjustable Counter Clock IP core and multiple instances of the Signal
Timestamper IP core. The tool needs no configuration and self-discovers all cores
available in the design.

The PPS analyzer is implemented on an Arty Development Board from Digilent ©
with a specific shield which contains termination resistors and 3.3V buffers which
allow PPS inputs of up to 15V.

NetTimelogic sells ready-to-use PPS Analyzer shields which gives you the most
functionality:

Key Features:

. 8 PPS Inputs

. 1 Reference PPS Input

. 1 Reference PPS Output

. Serial Connection over USB

. Ethernet Connection (requires EEPROM or otherwise fixed IP is used)
. Powered via USB or via 7-15V Powerjack (~-1A)

. Auto discovery of connected PPS Analyzers

. Multi Analyzer capable

. Multi User capable (Ethernet Connection only)

. Optional 1T Calibration PPS Output (requires NTL Shield)

. Optional 2 Threshold Outputs (High Low) (requires NTL Shield)
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Optional EEPROM for Delay compensation and configuration values (re-
quires NTL Shield)

Synchronized Clock via PPS

Timestamp resolution Tns with TDC

PPS compensated for synchronization errors introduced by the reference
PPS

Delay compensation of input and output buffer delays (requires EEPROM)
Cable Compensation individually on each PPS input

Custom PPS naming and coloring

Save Screen as PNG, JPG or TIFF

Sliding Window Screen shows up to the last 100’000 measurements
Measured Offset as Histogram

Measured Offset Variant (Allan Deviation)

Mean & Standard Deviation of each PPS Input

Calibration Mechanism (requires extra cabling or calibration shield)

Log values as CSV

Web Edition Features:

Browser-based: single HTML file runs by double-click over file:;//, no installa-
tion, runtime or server

Connects via the Web Serial APl (Chromium-based browsers and Firefox
151+), with auto-discovery and an Auto-connect button for authorized UPA
boards

Demo mode with synthetic samples - works in every browser, including Sa-
fari, with no hardware

Per-board profiles stored in the browser: names, colors, cable delays, etc.
PPS polarity configurable per channel

Double-click a channel card to show/hide it across all views at once
Per-channel thresholds with live breach detection

1 Hz capture tick in a Web Worker (immune to tab throttling);
dark/light/system theme with footer diagnostic strip
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Revision History

This table shows the revision history of this document.

Version Date Revision

0.1 16.04.2018 First draft

1.0 21.06.2018 Added logging

Added delay screen

1.2 10.02.2020 Added threshold screen

Added protocol and Register map

11 15.02.2019

06.04.2020

1.4 09.07.2020 Added ethernet connection

1.5 06.11.2020 Added selective interfaces

21.03.2023 Added Electrical Specification, added Shield Revi-
sion B, added ArtyA7-100T and ArtyS7-50 support

1.7 05.04.2024 Timestamp Resolution now Ins with TDC

Updated Tool Screenshots, added latest shield revi-
1.8 18.07.2025

sion, added preparation chapter

1.9 04.03.2026 Added Color changing

22.05.2026 Added browser-based Web Edition (UPA-Web)

11.05.2026 Added Software for Windows and Linux

Table T Revision History
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Definitions

Definitions

PPS Slave Clock A clock that can synchronize itself to a PPS input

A clock that generates a PPS to synchronize other nodes
PPS Master Clock _
via a PPS output

Signal A core which takes timestamps on an edge of a signal and
Timestamper can compensate delays
Offset Phase difference between clocks
Drift Frequency difference between clocks
Table 2: Definitions
Abbreviations

Abbreviations

AXI| AMBA4 Specification (Stream and Memory Mapped)

CSV Character separated value

PPS Pulse Per Second

PS PPS Slave

PM PPS Master

TS Timestamp

Field Programmable Gate Array

Hardware description Language for FPGA’s

Table 3: Abbreviations
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1 Introduction

1.1 Context Overview

The PPS Analyzer is designed to compare PPS references from multiple sources
simultaneously and check their accuracy against a reference PPS. It synchronizes
itself to the reference PPS input and generates a reference PPS from this synchro-
nized clock. The PPS is compensated for the input and output delays introduced by
the 3.3V buffers. The 3.3V buffers are optional but it has to be taken care of, that
the PPS input and output pins are directly connected to the FPGA input via a 200
Ohm serial resistor. Also, the design compensates the delay of the 3.3V buffer
which means that if the buffers are not inserted the reference clock has an offset of
the 3.3V buffers. This has a minimal influence on the accuracy measurement since
the delay applies to all Inputs including the reference PPS but the buffers might
have different delays. If not compensated the output PPS is then shifted by the
sum of output and input delay.

All PPS cables shall be of the same length but can be compensated for in the appli-
cation.

Host

Serial or
Ethemet

r-—,

A REF PPS OUT

A4

PPS Shield “

REFPPS IN REF PPS OUT PPSN
| LR v

™
LowilHcH PPS CALIB OUT

Figure 1: Context Block Diagram

1.2 Function

The PPS Analyzer synchronizes itself to the reference PPS via the NetTimelLogic
PPS Slave IP core and generates a reference PPS based on the synchronized clock
via the NetTimelLogic PPS Master IP Core. The 8 PPS inputs are timestamped via
the NetTimelLogic Signal Timestamper IP core on the rising edge of the PPS input.
The timestamps are then passed to the application where the difference to the
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next or last second overflow of the reference clock which is synchronized to the
reference PPS is calculated. The current error of the reference PPS is also meas-
ured via an additional Timestamper and can be used to compensate the error intro-
duced by the synchronization in the application. Additionally, the input and output
buffer delays are compensated by calibration values stored in the EEPROM (if
available). The application also checks for threshold values and asserts them (ex-
ceed High or Low) if measurements are exceeded
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2 PPS Analyzer

2.1 Electrical Specification
Powered via USB or via 7-15V Powerjack (~1A)

PPS Input (PPS-IN-1 to 8):
e 3.3V TTL (Allowed input range: Low: OV -1V, High 2.5V - 15V)
o 4.7kOhm terminated
e Active high

e Min pulse width T ms

Reference PPS Input (REF-IN-PPS)
e 3.3V TTL (Allowed input range: Low: OV -1V, High 2.5V - 15V)
o 4.7kOhm terminated or no termination
e Active high
e Min pulse width 10 ms

Reference PPS Output (REF-OUT-PPS)
e 33V TTL,
e Max output curent 25mA
e Active high
e Pulse width ~500 ms

2.2 Hardware

The PPS Analyzer hardware is built out of two components:
e The FPGA Module
e A custom Arduino Shield which contains the 3.3V buffers (M74HC4050B1R),
the 4.7kOhm termination resistors to protect the FPGA from too high input
voltages and the BNC connectors and optional threshold signals, a calibra-
tion PPS and threshold signals.

The ArtyA7-35T or ArtyA7 100T board is an FPGA board from Digilent Inc. with an
Artix7 FPGA from AMD/Xilinx. (http://store.digilentinc.com/arty-board-artix-7-
fopga-development-board-for-makers-and-hobbyists/).

If no Ethernet is required (communication only via USB-UART interface) it is also
possible to use the ArtyS7-50 board from Digilent Inc. with an Spartan7 FPGA from
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AMD/Xilinx. (https://digilent.com/shop/arty-s7-spartan-7-fpga-development-
board/).

Since the shield contains no logic (EEPROM is optional) except of ensuring correct
voltage levels and protecting the FPGA |O pins it can be easily built yourself, the
only requirement is that the pins are connected to the correct 10s (See 2.2.1 for de-
tails).

The shield can be bought as a fully assembled and calibrated kit:
https://www.nettimelogic.com/tools-pps-analyzer.php

Figure 2: Latest PPS Analyzer Shield variant (Rev D)

Figure 3: Older PPS Analyzer Shield variants (left: Rev A; right Rev B)
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2.2.1 Pinout ArtyA7

The signals are connected to the following pins on the ArtyA7-35T/100T board,
naming is according to printing on the board.

Signal Name Arty Pin FPGA Pin Description
REF_ PSS IN 1026 U Reference PPS input
PPS1 1027 V16 Measure PPS input 1
PPS2 1028 M13 Measure PPS input 2
PPS3 1029 R10 Measure PPS input 3
PPS4 1030 R Measure PPS input 4
PPS5 |O37 R13 Measure PPS input 5
PPS6 1032 R15 Measure PPS input 6
PPS7 1033 P15 Measure PPS input 7
PPS8 103 ™ Measure PPS input 8
REF_PPS_OUT |06 T15 (Reference) PPS output
PPS CALIB_OUT giex T16 Calibration PPS output (not
aligned in any way)
TH_LOW 1040 P18 Threshold Low output
TH_HIGH 1047 N17 Threshold High output
I2C_DATA IO u18 I2C Data in/output
12C_CLK 1012 R17 12C Clock output
2C_WP 1013 P17 12C Write Protect output

Table 4: Pinout A7
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12C_WP  12C_CLK 12C_DATA

USB UART

Ethernet
PPS8
PPSI
PPS2
PPS3
No EEPROM PS4
Sl L > PPS5
12cwe AETAVNET PPS6
Cont. fetch g PPS7
2 gaf gaEalE
EEPROM ' - B

CALIB_PPS_OUT

REF_PPS_OUT

REF_PPS_IN

. _ TH_LOW

PPS-LED InSync-LED Alive-LED Soft Reset

Figure 4: ArtyA7 (source Digilent Inc)

TH_HIGH
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2.2.2 Pinout ArtyS7

The signals are connected to the following pins on the ArtyS7-50 board, naming is
according to printing on the board.

Signal Name Arty Pin FPGA Pin Description
REF_ PSS IN 1026 U Reference PPS input
PPS1 1027 ™ Measure PPS input 1
PPS2 1028 R Measure PPS input 2
PPS3 1029 T13 Measure PPS input 3
PPS4 1030 T12 Measure PPS input 4
PPS5 |O37 V13 Measure PPS input 5
PPS6 1032 u12 Measure PPS input 6
PPS7 1033 V15 Measure PPS input 7
PPS8 103 R14 Measure PPS input 8
REF_PPS_OUT |06 R17 (Reference) PPS output
PPS CALIB_OUT giex V17 Calibration PPS output (not
aligned in any way)
TH_LOW 1040 V16 Threshold Low output
TH_HIGH 1041 u15 Threshold High output
I2C_DATA IO H17 I2C Data in/output
12C_CLK 1012 K14 12C Clock output
2C_WP |O13 G16 12C Write Protect output

Table 5: Pinout S7
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12C_WP  12C_CLK 12C_DATA

USB UART
CALIB_PPS_OUT

REF_PPS_OUT

PPS8
REF_PPS_IN
PPSI

PPS2

PPS3

PPS4

No EEPROM
PPS5
12C WP PPS6
Cont. fetch PPS7
EEPROM
TH_LOW
TH_HIGH

PPS-LED InSync-LED Alive-LED Soft Reset

Figure 5: ArtyS7 (source Digilent Inc)

2.3 Preparation

Instructions on how to program the FPGA board and assemble the PPS Analyzer
Shield can be found in the following PPS Analyzer video guide:

Assembly of the PPS Analyzer
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2.4 Classic Edition (Qt)

This section describes the classic Qt desktop application for Microsoft Windows
and Linux. For the browser-based Web Edition, see chapter 2.5

2.4.1 Software

The PPS Analyzer software is available in two editions. The classic edition is a sim-
ple Qt application that automatically discovers and connects to all available PPS
Analyzer hardware via USB/UART and Ethernet and starts displaying PPS meas-
urements.

The software is available for both Microsoft Windows and Linux;
e Windows: UniversalPpsAnalyzer.exe

e Linux: UniversalPpsAnalyzer-x86_64.Applmage

Under Linux, the Applmage must first be made executable before starting it:

chmod +x UniversalPpsAnalyzer-x86_64.AppImage
./UniversalPpsAnalyzer-x86_64.AppImage

The measurement screen can be saved or cleared, and it is possible to select be-
tween compensated and raw measurement values. In general, the compensated
values should be used, since they remove much of the synchronization error intro-
duced by the reference PPS.

In addition to saving the displayed screen, the measurement values can also be
logged into a CSV file (separator ;). Once logging is started, all new values are
continuously written into the file until logging is stopped or the application is
closed. Every time logging is started, a new file with a date-based filename is cre-
ated automatically (can be changed manually).
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¢ NetTimeLogic GmbH - Universal Pps Analyzer - o
File ?
Config  Advanced  Pps
Disconnect Full Sereen
Available Serial Interface(s) = Adress Map
COoM20 0x10000000 - 0 1000FFFF, Insthr: 0001, Type: CLK SignalTimestamper, Com Port: COM20
0%20000000 - 0x2000FFFF, Insthir: 0002, Type: CLK SignalTimestamper, Com Port: COM20
0x30000000 - 0x3000FFFF, Insthr: 0003, Type: CLK SignalTimestamper, Com Port: COM20
0x40000000 - 0x4000FFFF, Instir: 0004, Type: CLK SignalTimestamper, Com Port: COM20
0x50000000 - 0xS000FFFF, Insthir: 0005, Type: CLK SignalTimestamper, Com Port: COM20
0x60000000 - 0x6000FFFF, Insthir: 0008, Type: CLK SignalTimestamper, Com Port: COM20
0x70000000 - 0x7000FFFF, Insthir: 0007, Type: CLK SignalTimestamper, Com Port: COM20
0%80000000 - 0XB0D0FFFF, Instiir: 0008, Type: CLK SignalTimestamper, Com Port: COM20
0%30000000 - 0x3000FFFF, Insthir: 0009, Type: CLK SignalTimestamper, Com Port: COM20
0XCO0D0000 - DXCOOOFFFF, Instihir: 0001, Type: 10 Configuration, Com Port: COM20
0x30000000 - 0xBO0OFFFF, Insthir: 0001, Type: 12C Configuration, Com Port: COM20
Avallable Ethernet Interface(s)
Ethernet
Ethemet 2
* Select Interfaces where to look for PPS Analyzers
¢ NetTimeLogic GmbH - Universal Pps Analyzer - o

File 7

Config  Advanced  Pps

Clear Sawve View Save Values Start Log Raw Values Chanage Conf Min [ns]  -100
Mean & Standard Deviation Offset Chart Offset Histogram Offset variance
COM20_REF (COM20_PPS_REF):
cur: Ons, avg: 1.535ns
10: 1.597ns, min/masc -3/dns
COM20_PRS_1T: 100
cur 9ns, avg: 9.050ns
1a: 0.409ns, min/ma 8/10ns
COM20_PPS_2: a0
cur: bns, avg: 6.406ns
10 0.839ns, min/max: 5/8ns
80
COM20_PPS._3:
cur: 1ns, avg: 12.129ns
10: 0.845ns, min/ma 10/14ns w
COM20_PPS 4
cur 2ns, avg: 1426ns
3 J 20
o —_— e ——— ———
-
-60
-80
-100
-100 -95 90 85 -80 -75 -0 -65 -60 -55

100

Max [ns]

Offset [ns] @ Sample N

() Fixed scale

¥ [

Set Thresholds @

O COM20_REF (COM20_PPS_REF) B COM20_PPS_{ B COM20_PPS_2 MCOM20_PPS_3 B COM20_PPS_4

-45
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~ NetTimeLogic GmbH - Universal Pps Analyzer - O X
File 7
Confic  Advanced  Pps
Clear Save View Save Values Start Loq Raw Values Change Conf Min [ns]  -100 Max [ns] 100 O rixedscale |+ - Set Thresholds @
Mean & Standard Deviation Offset Chart  OffsetHistogram  Offset Variance
COM20_REF (COM20_PPS_REF):
cur ns, avg: 1.573ns Offset [ns] @ SampieN
T0: 1.365ns, min/masc -3/6ns
COM20_PRS_1T: 100
cur 9ns, avg: 11.482ns
1a: 1.655n5, min/ma 8/15ns
COM20_PPS_2: a0
cur: 5ns, avg: 8.650ns
T 3.746ns, min/max: 3/17ns
80
COM20_PPS._3:
cur: 10ns, avg: 8.842ns
10 2.275ns, min/mai: 5/14ns w
COM20_PPS.4:
cur:Ons, avg: -3.248ns
To: 5.545ns, min/max: -17/5ns 2
" “Wmm
i s N it
D WJ‘J e "-_\\/ - “"“-..‘/g“'-\-"‘"" St
-20
-
-60
-80
-100
-1000 -950 -900 -850 -800 -750 -700 650 -600 -550 -500 -450 -400 -350 -300 -250 -200 -150 -100 -50 o
-

Figure 7:

PPS Analyzer Software Offset Charts with different time scales
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~ NetTimeLogic GmbH - Universal Pps Analyzer - o x
File 7

Config  Advanced  Pps

Clear Save View Save Values StartLog Raw Values Change Conf Min [ns]  -100 Max [ns] 100 O FxedSecale  + [ - Set Thresholds @
Mean & Standard Deviation Offset Chart  OffsetHistogram  Offset Variance
COM20_REF (COM20_PPS_REF):
cur: 2ns, avg: 1.502ns MNumber of Samples @ Offset [ns]
1g: 1.533ns, min/max -4/4ns
O COM20_REF (COM20_PPS_REF) 8 COM20_PPS_1 B COM20_PPS_2 BICOM20_PPS_3 B COM20_PPS_4

€OM20_PPS_1: 155
cur: 8ns, avg: 9.020ns
16: 0.547ns, min/max: &/10ns
COM20_PPS_2: 138
cur: 6ns, avg: 5.900ns
10: 0.872ns, min/max 4/8ns

124
COM20_PPS_3:
cur:9ns, avg: 11.423n3
10: 1.235ns, min/max: 9/14ns -
COM20_PPS.4:
cur: -3ns, avg: 0.85Tns
102 1.878ns, min/max: -4/4ns a3

77

52

46

31

15

0
100 50 -80 - 60 -50 -0 -30 -2 -10 0 10 ) 30 “ 50 60 0 80 %0 100

Figure 8; PPS Analyzer Software Offset Histogram
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S NetTimeLogic
O COM20_REF (COM20_PPS_REF) B COM20_PPS_1 B COM20_PPS_2 M COM20_PPS_3

100
80

60

D e e e e A e e T e e e e e e e e e e T e e e e e e
-20
-n
-60
-80
-100
-200 -190 -180 -170 -160 -150 -190 -130 -120 -110 -100 90 80 -7 60 -50 -an -30 20 -10 0
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O COM20_REF (COM20_PPS_REF) BCOM20_PPS_1 BCOM20_PPS_2 ECOM20_PPS_3 B COM20_PPS_4 B COM20_PPS_S

38

61

-100 -90 -80 -0 -60 -50 -40 -30 -20 -10 a 10 20 30 40 50 60 70 80 90 100

Figure 9: PPS Analyzer Saved Screenshots (Chart and Histogram)

Also, the cable delays, names and color of the individual PPS can be changed and
enabled to be shown in the graph. The delay can be to compensate different delays
on input buffers (if no EEPROM) or different delays due to different cable lengths
from the source to the PPS inputs. The configured delay is subtracted from the
measured offset for each PPS individually, positive and negative values are
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possible, changing delays in software will not have any influence on the PPS Out-
put behavior, this must come from a calibration value.

First choose the PPS Analyzer on which you want to configure the delays then
choose the PPS input to correct. If you are done with an Analyzer press “Change
Delays and Names and Colors”, only then the values will have an effect.

Note: Be aware that changing the delay on the reference PPS has an influence on
all PPS belonging to the same analyzer.

# Configuration

Configuration

I PPS Analyzer com7 i I Version 0x02010000

PPS REF [ns] 0 Manual Select Ref ppsReF @I ShowPPSREF  ColorPPSREF  #EGEGES

PPs 1[ns] 51 NamePPS1  AIONYX HiveS @ showpps 1 Color PPS 1 SE4LAIC

RS 2 [ng] -37 NamePPS2  AIONYX Hive-M 8 showprs 2 Color PPS 2 #377E88

PPS 3 [ns] -0 NamePPS3  TestDevice 1 8 showpes 3 Color PPS 3 #4DAF4A

PPs 4 [ns] -210 NamePPS4  TestDevice 2 @ showprs 4 Color PPS 4 #FF7FO0

PS5 ns] -255 NamePPSS  TestDevice 3 @ show PPs 5 Color PPS 5 SFFFF33

PPS 6 [ns] 0 NamePPS6  COM7_PPS_6 8 showPPs & Color PPS & #9B9EA3

PPS 7 [ns] 0 NamePPS7  COM7_PPS_7 8 showpes 7 Color PPS 7 #A65628

PS8 ns] [ NamePPS8  COM7_PPS_8 @ showPrs s Color PPS 8 #17BECF

Change Delays and Names and Colors I Change Reference

[0 Caleulate Allan Deviation

Figure 10: PPS Analyzer Software Delay Screen

In addition, you can set the Threshold per PPS (nheed to be also enabled to be
shown). When a specific signal exceeds the configured Threshold level the corre-
sponding Threshold signal is set and the Status picture changes. First choose the
PPS Analyzer on which you want to configure the thresholds, change the values
and press “Change Thresholds”, only then the values will have an effect.
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Thresholds

<

PPS Analyzer coM20

PPSREFH [ns] 50 PPSREFL[ns] -50 8 Enable THREF

PPS 1H [ns] 1000 PPS1L[ns]  -1000 ([0 Enable TH 1

PPS 2H [ns] 1000 pesaLns]  -1000 O Enatle

PPS 3H [ns] 1000 PPS3L[ns]  -1000 (0 Enable

PPS 4H [ns] 1000 PPsaLns] 1000 ([ Enable

FPS 6H [ns] 1000 PRSEL[ns  -1000 (O Enable

PPS 5H [ns] 1000 PPS5L[ns] 1000 (O Enable H 5

PPS 7H [ns] 1000 PPs7L[ns] 1000 ([ Enable

PPS8H [ns] 1000 PPS8L[s]  -1000 (0 Enable

Chanae Thresholds

Figure 11 PPS Analyzer Software Threshold Screen

D..Q®

Figure 12: PPS Analyzer Threshold State

2.4.2Run

1.

10.

1.

12.

Connect the Arty board via USB (which is combined Power, JTAG and
UART)

Download the bitstream to your Arty (flash via JTAG over USB), this needs
to be done only once

Make sure SWO-SW3 are all OFF

Power cycle the board

Connect the Arty board via USB (which is combined Power and UART) or
Ethernet (requires external Power, default IP is 192.168.1.128)

Connect a PPS to the REF_PPS_IN input

Connect the other PPS inputs (if not all are used make sure they are on a
stable O logic level, there are weak pull downs on the pins).

Open the Universal PPS Analyzer application

Select the interfaces where the PPS Analyzer is connected to

Press Connect

Wait until the grey signal which is the reference PPS error is close to zero
and the InSync LED is lit on the Arty, then clear the screen.

Check your PPS signals
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Steps 1-4 need to be done only once when the FPGA is not programmed yet.

2.4.3Calibration and setting MAC and IP

For Calibration, an extra calibration shield or special cabling is required. Contact us

(contact@nettimelogic.com) if you need instructions on how to build or purchase a
calibration shield. Our pre-assembled and calibrated modules do not need addi-
tional calibration.

WARNING Do not start a calibration if you have no calibration shield, you will lose
the pre-calibration!

When the Ethernet Port shall be used to connect and an EEPROM is in place (e.g.
our shield) then the MAC and IP of the device can be configured.

1. Make sure SWO-SW3 are all OFF

2. Connect via UART or the default IP 192.168.1.128
3. Go to the Advanced tab

4. Press Calibrate

A NetTimeLogic GmbH - Universal Pps Analyzer - O x

Clear Log SavelogFile  NA Browse Calibrate

DebugLog

INFO: Read Register:

INFO: Read Register:

INFO: Read Register:

INFO: Read Register:

INFO: Read Register:

INFO: Read Register:

INFO: Read Register:

INFO: Read Register:

INFO: Write Register:

INFO: Checking Port:

INFO: connection io

Figure 13: Advanced tab

5. Press Calibrate
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6. Go to the Calibrate tab

~ NetTimeLogic GmbH - Universal Pps Analyzer

1. Connect Calibration Shield
2. Set the SW positions to SW0: OFF, SW1, OFF, SW2 ON, SW3 OFF

File 7
Config  Advanced  Calibrate
I PPS Analyzer COM20 ~ I
Instructions
Read Values Calibrate 8 calibrated
Wirite Values Calibration Date 16.09.2024 11:06:06
Serial Number 202410

Offset PPS REF In [ns] 2

Calibration PPS REF Out [ns] 0

Calbration PPS REF In [ns] 18

3, Make sure all calioration values are set to 0 (make a Read at blank EEPROM or explizitly do a Write with 0)

4. Set Jumper JP-CAL 2 to pasition 2-4 (PPS REF Out to PPS 1)

5. Set Jumper JP-CAL1 to position 1-2 (PPS CAL to PPS REF In]

6. Let the PPS analyser synchronize and take over the abs. value of Offset PPS 1 as calibration value for PPS REF Out
7. Write Valuies (takes some tme for EEPROM write)

OffsetPPS 1[ns] 30 Calibration PPS 1 [ns] 24
8. Set Jumper JP-CAL2 to position 1-2 (PPS CAL to PFS 1)
OffsetPPS 2 [ns] 33 Calibration PPS 2 [ns] 2 9. Let the PPS analyser synchronize and take over the abs. value of Offset PPS 1 as calibration value for PPS REF In
10. Write Values (takes some time for EEPROM write)
OffsetPPS 3 [ns] 34 Calibration PPS 3 ns] 2
11, Set Jumper JP-CALZ to position 2-3 (FPS 1 to PPS 1)
OffsetPPS 4 [ns] 158 Calibration PPS 4 ns] 2 12. Let the PPS analyser synchronize and take over the abs. values of Offset PPS 1-8 as calibration values for PPS 1-8
13. Set a Serial Number
OffsetPPS 5 [ns] -206 Calibration PPS 5 ns] 21
14, Write Values (takes some time for EEPROM write)
OffsetPPS6[ns] 0 Calibration PPS 6 [ns] 2 15. Disconnect Caiibration Shield
17. Set Jumper JP-CAL2 to position 2-3 (PPS 1 to PPS 1)
OffsetPPS 7[ns] 0 Calibration PPS 7 [ns] 21
18. Set Jumper JP-CAL1 to position 2-3 (PPS REF In to PPS REF In)
OffsetPPS8[ns] 0 Calibration PPS 8 ns] 21

Read MAC+IP

Write MAC+IP

MAC Address

IP Address

4e:544:01:00:02

192.168.1.130

Figure 14:

Calibration tab

7. Choose the PPS Analyzer which you would like to change

8. Press the Read MAC + IP button
9. Change the values as desired
10. Press the Write MAC + IP button

1. Power cycle the board, restart the application and connect again
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2.5 Web Edition (UPA-Web)

The PPS Analyzer is also available as a browser-based Web Edition (UPA-Web). It
is a single HTML file that is opened directly in the browser from the local file sys-
tem; it requires no installation, no Qt runtime and no server.

Communication with the analyzer hardware uses the browser's Web Serial API over
the USB-serial connection. Measured PPS offsets against the reference clock are
read at 1 Hz and displayed with nanosecond resolution.

A demo mode ("Start demo mode") generates synthetic samples and runs without
hardware in any browser, including Safari.

Live hardware capture requires a browser that implements the Web Serial API:
Chromium-based browsers (Chrome, Edge, Opera, Brave, Vivaldi) or Mozilla Firefox
151 and later.

On Firefox, serial access requires a one-time site-permission add-on, which the
browser installs on the first connect.

The Web Edition implements most of the classic edition’s functionality. It does not
currently support the Ethernet (UDP/IP) transport or concurrent multi-board ses-
sions. Compared to the classic edition, it adds the following:

. Per-board profiles stored in the browser: PPS names, colors, cable delays,
polarity, channel visibility and the selected reference channel

. PPS polarity configurable and rewritten to the FPGA on every connect (the
FPGA polarity register is not battery-backed)

. Auto-discovery and one-click connect to already authorized serial ports

. Histogram render mode switchable between bars and polyline frequency
polygons

. Dark, light and system theme, with a diagnostic strip in the footer

. 1 Hz capture tick running in a Web Worker, immune to background-tab
throttling

. Demo mode with synthetic samples, working in every browser without hard-
ware
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Figure 15: UPA-Web connected: live offset chart and channel cards

PpsAnalyzer Reference Manual 1.11 Page 27 of 42



/ Net Logic

A/ NetTmetogie  upA

Figure 16: UPA-Web histogram view with bars / polyline toggle
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A/ NetTimelogic  Upa

Figure 17: UPA-Web demo mode (without hardware)
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Cable delays, names and colors of the individual PPS channels are configured in the
PPS Settings dialog (PPS Settings in the toolbar), on the Channels tab. For each
channel you can set the displayed name, the chart color, the cable delay in nano-
seconds, the signal polarity and the visibility (eye icon), and you can select which
channel is used as the reference (REF). The configured delay is subtracted from the
measured offset for each channel individually; positive and negative values are pos-
sible. Changes are applied with the Apply button and take effect on the next tick.
The current channel configuration can also be stored with “Save as new profile...”
for later reuse.

Channels

Channels

Reset defaults Save as new profile... Cancel Apply

Figure 18: UPA-Web PPS Settings - Channels tab

Thresholds are configured in the same dialog on the Thresholds tab. For each
channel a low and high offset limit (in nanoseconds) can be enabled with the ON
checkbox. Breaches are recorded in the CSV log and shown as dashed lines on the
chart; disabled rows are ignored. When the optional FPGA hardware-alarm pins are
present, a breach also drives the corresponding Drv Low / Drv High pin. As with
the channel settings, changes take effect after Apply.
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Channels

Thresholds

Set high a

Reset defaults C w profile... Cancel Apply

Figure 19: UPA-Web PPS Settings - Thresholds tab

Saved board profiles are managed in the Settings dialog on the Profiles tab. Each
profile stores the channel configuration (names, colors, cable delays, polarity, visi-
bility and the reference channel). The active profile is listed first; the remaining pro-
files can be renamed inline, deleted, or activated. Activating a profile loads its val-
ues and applies them to the connected board, so the Activate button is only availa-
ble while a board is connected. The active profile cannot be deleted, as it holds the
live configuration; rename it or activate a different profile first. New profiles are cre-
ated from the current channel configuration with “Save as new profile...” in the PPS
Settings dialog, or by naming a profile when connecting.

PpsAnalyzer Reference Manual 1.11 Page 31 of 42



/ Net Logic

Settings

Saved board profiles.

Each profile remembers channel names, colors, cable delays, polanty, visibility, and the reference channel.
Profiles are picked when you connect to a board.

PTP Test JACTIVE

GNSS Test

Figure 20:  UPA-Web Settings - Profiles tab

2.5.1 Run / Connect

The hardware bring-up is identical to the classic edition: program the FPGA bit-
stream once via JTAG, connect the reference PPS to REF_PPS_IN and the signals
under test to the remaining PPS inputs, and power-cycle the board (see the Run
steps in the Classic Edition section). Only the application connect differs:

. Open https://upa.ntl.dev/ in a supported browser (Chromium-based or Fire-
fox 151+).
. Click Connect serial... and pick the board’s USB-serial port, or click Auto-con-

nect to let the application probe and connect to an already authorized UPA
board automatically.

. On first use, name a board profile (or pick an existing one). To explore with-
out hardware, click Start demo mode instead.

The Web Edition connects over USB-serial only; the Ethernet (UDP/IP) transport is

not yet supported.
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A/ NetTimelogic  upa

Figure 21: UPA-Web before connecting

2.5.2 Setting MAC and IP

In the Web Edition, the MAC address and IP address are read and written in the
Settings dialog under the Network tab. The values are stored in the NTL Shield’s
EEPROM and are written over the existing USB-serial connection, so a connected
session and a shield with EEPROM are required. Boards without on-board memory
report that no MAC/IP storage is available. The factory-default IP is 192.168.1.128.
Note that the Web Edition itself connects over serial only; programming MAC and
IP prepare the board for Ethernet use by other hosts.
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Settings

Ethernet config.
Stored in the NTL Shield EEPROM. Power-cyde the board after writing for new values to take effect.

4E:54:4C:01:08:82

192.168.1.131

Write to board

Could not read the board’s stored MAC/IP.
If no valid values are stored, the board uses these factory defaulis instead: 4E:54:4C:10:00:00 -

192.168.1.128 .

UDP port

Figure 22:  UPA-Web Settings to change the EEPROM Stored MAC or IP
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2.6 Download and buy your Shield

If you want to buy a PPS shield from us, contact us via contact@nettimelogic.com

or visit our web shop https:.//www.nettimelogic.com/shop.php.

The bitstream and application can be downloaded from http://www.nettime-

logic.com/downloads.php

The Web Edition (UPA-Web) runs directly in the browser and is hosted at
https://upa.ntl.dev

The source code of the GUI can be found here;
https://github.com/NetTimelLogic-OpenSource/UniversalPpsAnalyzer

The download page is password protected. With the delivery of the PPS Analyzer,
you get the login information.

The PPS Analyzer software is free of charge and available under the LGPL 3.0 li-
cense. The FPGA part is available as freeware, binary only.
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3 Interface and Protocol Basics

3.1 UART Interface

For the communication between the FPGA and the Host a UART interface can be
used. Often this UART interface is done via a USB UART (like on the Arty board via
an FTDI® chip). The following parameters are used:

. 1 Start bit

. 8 Data bits

. 1 Stop bit

. No Parity bit

. Baudrate 115200

3.2 ETHERNET Interface

For the communication between the FPGA and the Host also a 100Mbit Ethernet
interface can be used (only on ArtyA7-35T/100T). The following parameters are

used:

. 100Mbit only

. Access via Broadcast or Unicast MAC and IP

. IPv4

. TTL: 128

. UDP Port: OXBEEF

. Default IP (after production or without EEPROM) is 192.168.1.128

. Default MAC (after production or without EEPROM) is 4E:54:4C:10:00:00

Data is encapsulated into a UDP/IPv4 frame as one command per frame. It also ex-
pects ASCII character and does the padding and cuts off the padding.

3.3 Protocol

The protocol run on the UART and Ethernet is a proprietary protocol defined by
NetTimelLogic.

It is a simple protocol with no retransmission and therefore also not failsafe. The
protocol uses ASCII characters, so it can also be entered directly from a terminal if
UART is used (e.g. TeraTerm).

A couple of extra characters are used in the Data stream to allow synchronization
of start and end of the commands as well as separation of the individual fields.
The command always starts with a ‘$’ character followed by a two-character com-
mand code. Then individual fields can follow, each field is separated by a *;
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character. After the fields a *’ character indicates the end of the command and
that a checksum is followed, the two characters of checksum are followed. The
command ends with a <CR><LF> (carriage return and line feed) combination. The
checksum is optional for the host and can be left away, in this case the *’ character
is also left away. The checksum XOR combines all received bytes between the ‘$’
and " characters (not including) starting with Ox0O0 as starting value. If a check-
sum is present, the checksum is checked and an error is signaled by the FPGA to
the host if the checksum is not correct and the command ignored.

The protocol engine in the FPGA allows empty lines and comments to be trans-
ferred via UART. A comment line starts with “--" characters. This functionality, and
the fact that the checksum is optional can be used if the whole content of a file
containing not only commands but also comments is copied to a terminal. The PPS
Analyzer GUI will always send only commands from the host to the FPGA and al-
ways with a checksum.

3.3.1 Write Command and Write Response

The two messages described here are used for writing a register.
The format of the write command looks the following:
$WC,<ADDRESS>,<DATA>*<CHECKSUM><CR><LF>

e.g.: $WC,0x50000000,0x40000001*14

A write command is always issued by the host.

The write command starts with the command identifier of the two characters
“WC”. Following the identifier, the 32bit AX| address to be written in hexadecimal
format is added. Following the address, 32bit of write data in hexadecimal format is
added. Both address and data have to start with “Ox” followed by 8 hexadecimal
characters.

A write command will always trigger a write response in the FPGA. If something
goes wrong an error response is sent containing an error code.
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The format of the write response looks the following:
$WR,<ADDRESS>*<CHECKSUM><CR><LF>

e.g.: $WR,0x50000000*64

A write response is always issued by the FPGA.

The write response starts with the command identifier of the two characters “WR”.
Following the identifier, the 32bit AXI address written in hexadecimal format is
added which is the address which was written in the FPGA (as in the examples,

Ox50000000). The address has to start with “Ox” followed by 8 hexadecimal char-
acters.

3.3.2 Read Command and Write Response

The two messages described here are used for reading a register.

The format of the read command looks the following:
$RC,<ADDRESS>*<CHECKSUM><CR><LF>

e.g.: $RC,0x50000000*70

A read command is always issued by the host.

The read command starts with the command identifier of the two characters “RC”.
Following the identifier, the 32bit AX| address to be read in hexadecimal format is

added. The address has to start with “Ox” followed by 8 hexadecimal characters.

A read command will always trigger a read response in the FPGA. If something
goes wrong an error response is sent containing an error code.

The format of the read response looks the following:
$RR,<ADDRESS>,<DATA>*<CHECKSUM><CR><LF>

e.g.: $RR,0x50000000,0x00000001*04
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A read response is always issued by the FPGA.

The read response starts with the command identifier of the two characters “RR”.
Following the identifier, the 32bit AX| address read in hexadecimal format is added
which is the address which was read in the FPGA (as in the examples,
Ox50000000). Following the address, 32bit of read data read in hexadecimal for-
mat is added. Both address and data must start with “Ox” followed by 8 hexadeci-
mal characters.

3.3.3 Connect Command and Connect Response

The two messages described here are used for testing the connection, for e.g. to
figure out if a system is connected that supports this protocol.

The format of the connect command looks the following:
$CC*<CHECKSUM><CR><LF>

e.g.: $CC*00

A connect command is always issued by the host.

The connect command starts with the command identifier of the two characters

“CCn.

A connect command will always trigger a connect response in the FPGA. If some-
thing goes wrong an error response is sent containing an error code.

The format of the connect response looks the following:
$CR*<CHECKSUM><CR><LF>

e.g.: $CR*1

A connect response is always issued by the FPGA.

The connect response starts with the command identifier of the two characters
“CR”.
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3.3.4Error Response

The error messages described here are used when something goes wrong. It is al-
ways issued as a reaction to another command.

The format of the error response looks the following:

$ER,<ERROR CODE>*<CHECKSUM><CR><LF>

e.g.: $ER,0xO0000003*70

An error response is always issued by the FPGA.

The error response starts with the command identifier of the two characters "ER”.
Following the identifier, a 32bit error code in hexadecimal format is added.

The enumeration of the errors as of today is as following:
. Ox00000000: Checksum error

. Ox0000000T: Unknown command (or error in command)

. Ox00000002: Read error on AXI

. Ox00000003: Write error on AXI

. Ox00000004: Access timeout error on AXI (illegal address, no answer)

4 Register Map

The PPS Analyzer FPGA Design contains 9 PPS Timestamper, one for the Refer-
ence PPS Input (REF_PPS_IN) and 8 for the DUT PPS Inputs (PPS1-PPS8) and the
IO module to set the threshold outputs:

e Ox10000000 - OXIOOOFFFF: Timestamper REF_PPS_IN

e 0Ox20000000 - Ox2000FFFF:  Timestamper PPSI

e (Ox30000000 - Ox3000FFFF:  Timestamper PPS2

e 0Ox40000000 - Ox4000FFFF:  Timestamper PPS3

e Ox50000000 - OX5000FFFF: Timestamper PPS4

e Ox60000000 - Ox60O00FFFF: Timestamper PPS5

e (Ox70000000 - Ox7000FFFF: Timestamper PPS6

e (Ox80000000 - Ox8OOOFFFF: Timestamper PPS7

e 0Ox90000000 - OXx900O0OFFFF: Timestamper PPS8

e OxCOOO0O000 - OXCOOOFFFF: Threshold 1O for TH_LOW and TH_HIGH
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Each Timestamper has its own Registerset at the defined base addresses above,
the register description of the Timestamper registers and functionality can be
found here: https://www.nettimelogic.com/resources/Clk_SignalTimestamper Ref-

erenceManual.pdf Chapter 3.

For the Threshold the following register exists
e OxCOOO0O000: Data Output Register (RW)
o BitO: Threshold Low (TH_LOW) Output state (O=low, 1=high)
o Bitl: Threshold High (TH_HIGH) Output state (O=low, 1=high)
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