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SLICE-FPGA-Il Manual

Model No. SLICE-FPGA-II
Document Last Updated on 2023/06/09 20:51

Please read Limited Warranty and General Warnings and Cautions prior to operating the SLICE-FPGA-
Il.

Fig. 1: The SLICE-FPGA-II

Links

Click here for the Main Manuals Page.

Click here for the FFC-100 Quick Start Guide.

Click here for the FFC-100 Fiber Frequency Comb Manual
Click here for the FFC-100 API.

Description

The SLICE-FPGA-II is an FPGA-based locking instrument for use with a Fiber Frequency Comb such as
the FFC-100. The included software allows for seamless locking of both the Carrier Envelope Offset
and Optical frequencies.

Contents

The contents of the SLICE-FPGA-II box includes

e SLICE-FPGA-II

e USB memory stick with WinPython-64bit-3.6.1.0Qt5 and control software
e Power cord for your ship-to country

e An Ethernet cable for connecting your SLICE-FPGA-II to a computer.

Ensure that you received all of the materials. If you did not receive all of the materials, contact us at
info@vescent.com
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List of Warning Symbols

Warning. Pay special attention to procedures
and notes. If procedure is not followed
carefully, damage to the SLICE-FPGA-II or
devices connected to it may occur.

Potential for electrical shock hazard.

Absolute Maximum Ratings and Power Input

Note: All modules designed to be operated in a laboratory environment.

Parameter Rating
Environmental Temperature 15°C<T<30°C
Environmental Humidity <60%
Environmental Dew Points <15°C
Maximum AC Line Input Current 2A

Tab. 1: Absolute Maximum Ratings

Notice
Do not block the airflow vents on the side of the chassis or the fan inputs & outputs
on either the FFC-100 or the SLICE-FPGA-II.
If this instrument is used in a manner not specified by the manufacturer in this
manual or other relevant literature, protection provided by the instrument may be
impaired.
Successful implementation of the SLICE-FPGA-II depends critically on the design of
the whole system: Frequency Comb, phase locking electronics, and any references to
which the Frequency Comb is locked or vice versa.
Specifications
Inputs
Parameter Value
fOPT '30 -~ '15dBm
fCEO '30 -~ '15dBm
External Clock Input 0dBm "
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Outputs
Parameter Value
Current Out +10V
PZT Out 0-5V
Analog Slow Servo +10V
10MHz Out +3VTTL?

Tab. 2: Specifications of SLICE-FPGA-II Inputs and Outputs

Front Panel

fero fopr  CURRENT PIT
IN IN ouT ouT

Fig. 2: Front Panel of the SLICE-FPGA-II

feeo iINput (SMA)

foer input (SMA)

Current output for modulating pump diode
PZT modulation output to modulate PZT

e whE

Back Panel

ICE-FPGA-I

External Clock Input. Use requires specifying input frequency in the settings menu.

Fig. 3: Back Panel of the SLICE-FPGA-II

AC power entry module and fuse
Extension port (unused)

Analog Slow Servo control voltage (x10V)
Ethernet port for communication with a computer

ke whe

Reference Clock signal (+3V 10MHz) for clocking external equipment
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e Install WinPython (WinPython-64bit-3.6.1.0Qt5) from the USB memory stick provided with the
SLICE-FPGA-II in an easy to remember location. Do not use “WinPython-64bit-3.6.1.0Qt5” from
the sourceforge.net or Github.net websites.

¢ Open the WinPython folder after installing WinPython, and launch the WinPython terminal within
this folder.

* Navigate to the “digital_servo_python SLICE-FPGA-II" folder and type “python XEM_GUI3.py” to
start the GUI.

CVWINDHONWS n ysheemn LT mad

Fig. 4: Start-up Menu

¢ A start-up menu should appear (figure 5). Check that the software can recognize the ethernet
connection to the module. If the module is recognized, the device name and IP address will
appear next to “Connected FPGAs”. If the device is not initially found, click “Broadcast discovery
packet” to search for the device. Ensure “Push default values to Red Pitaya” is selected and
press OK.

e |f your computer does not see the SLICE-FPGA-II in the start up screen, consult the
troubleshooting guide for additional help.

-

Rad Froays Connectsn

O Funk defaul values to Bed Prayas | Eecnpaedt 1= e already rurriryg Red Praye Cpar the (UL withaut arvy Red Pitaya

IP Address

Use marual antry Hanual [P entry 191 168.01% Host Port 5000

D Use lismed [ Connected FPGAs Mame = RPM-100 FPGA Controller, IP = 190, D6E.0.150, MAL = 00: 26:32-/:a3:d7, Color = #ESEEES

Brosccas decowery packer  UDP Broadicass adcesss 192 1680255

Ipdate FRPGA firmware FPGA Firmware e red piteyas top extnt_chbe

Update CPU saftwars CPU Solftviare Bl FTICI R0ir-top

Fig. 5: Start-up Menu

» Navigate to the “Settings” tab and select the appropriate clock signal to be used (figure 8). If
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using an external clock, type the frequency (in Hz) of your reference signal.

» Note: The SLICE-FPGA-II accepts a variety of discrete clock signal frequencies (15, 20, 25, 30,
40, 50, 75, 100, 125, 150, 200 and 250 MHz). Due to limitations of the internal dividers of the
FPGA, certain external clock frequencies will result in an inaccurate absolute frequency

reference. If a clock frequency other than those provided is required, please contact Vescent
staff to discuss your application.

.‘ RFM- 100

MADC inputs.

Zyry tamparature [mas BS degl operabng): 5400 degC
Veoint = 1,01 W

Viccoux = 1.B1 Y Dpen temperature deplay window

() DAC_a output to PLL b input [cascade lock)
O COC_b output to PLL b ingut

() Wideband (31 Mrz) ©) Marrowband (7.5 Mriz) () Widebard FIR (62 MHz)
DDC & CORDIC or Quadrature: ) CORDIC () Guadrature MSE () Cuuadrature LSB
() Tn-Phase MSB () In-Phase LSB
DOC 1 fiker BWN: () Wideband {31 Mz} € Marrowhband (7.5 Miz) () Widehand FIR (52 MHz)
DDC 1 CORDIC or Quadrature: Q) CORDIC () Quadrature MSE () Quasdrabare LSB
() Tn-Phase MSB () In-Phase LSB

Fig. 8: Settings Tab

FPGA Control

The SLICE-FPGA-II FPGA Controller can be used to phase lock f., to a reference and fy; to a reference

laser such as the Rio Planex. The SLICE-FPGA-II should be connected to a Vescent frequency comb
(FFC or Comb Module) as shown below (figure 7).
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Fig. 7: System Level Diagram of the SLICE-FPGA-II Connected to an FFC-100

Locking f,,. requires a reference CW laser and heterodyne setup (such as a 50:50 beam splitter and

DWDM filter). The stability of the lock will depend on the reference laser used. All Vescent
performance data is collected with a Rio Planex laser.

Locking f(CEO)

1. Navigate to the “CEO Lock” tab and enable the “Auto-refresh” button in the top left of the
window. Set your desired RF lock frequency of the Fceo beatnote in the “Reference Frequency
[Hz]” input. Adjust the “Offset DAC 0” slider near the top left by clicking and dragging the slider
until the Beatnote is roughly centered in the red filter trace (figure 9). It is also possible to
adjust the FFC-100 oscillator current on its front panel to make this adjustment.

2. Note: If parts of the FPGA GUI window are cutoff, shift the window out of full screen and press
the maximize window button.
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Fig. 9: Centering f(CEO) on reference

frequency (Baseband 1Q optimization)

3. Press the “Lock” button (figure 10, top middle). If the system doesn’t lock, change the VCO sign
to the opposite polarity (top right) and try again. A warning may occur if the selected VCO sign
is incorrect. If the system still won't lock, try lowering the K; value (bottom left).

Product Manuals - https://www.vescent.com/manuals/


https://www.vescent.com/manuals/doku.php?id=ffc:locking_electronics:slice-fpga-ii#img_ceo_lock

Last

update: ) ) . - ) . . . .
2823/06/09 ffc:locking_electronics:slice-fpga-ii https://www.vescent.com/manuals/doku.php?id=ffc:locking_electronics:slice-fpga-ii&rev=1686343899
20:51
*
CEO Lack Optical Lock Counbers Sattings
Settngs
Export 750 dats ([ Awso-refresh LOCk VOO Gain (DACD) [Hzfv]:  #.0e3 YO0 5gn +
Trarsfer fcton  Refresh debay [ms]: 33 Reference freg [Haj:  30es Detecied YOO Gan [HzM]: - & voo sgn -
Export ADC data Achual delay: 125 ms
Specirum analyzerjdagnoshics (al computed Som raw ADC input)
'E),c,,_!' E:_: c?{'ngm[{q 3?:?['“ Spectrum, nose floor = 3100 nW/sgrt{Hz)
. b w R
a0 1 c . 1 O -m !
. = - S i \ | n"f\y | \f A
‘B - e ﬁ 'Wr'l“ Lot T b | A rﬂ'ﬁ
. -] @ "*] m'i' m‘lﬁ I’l‘rrl ‘|\fnl '|’l1r\""l'|'fI Pﬂﬁ"'\‘lﬂ"'““"h\mﬁ 1'
10 5 Tt ADCD =) 0 |
. " - Fiot type: Specrum | [
LD e '"";:'::;;' """;m':" BT 135, Sz Ponts: 1.73e3 [] 10 ] E'] e £ 0
Phase roese (al comgted from DOC output)
T T Phase noise P50, std dev = 1.52 radms
REW: 6.6 kHe; Points: 52 %68e3 o —— = | ! 4 LB
= Anmuesbons 1 20 T = |
i, X 343, Se6 = — L"‘R__—-—-_' o - =
T o S LA T l;.l-n,m P E
e, Yreax sy w N ! L 1 b 'ﬂ‘“ﬁw 1
# = . | —— i
(o a B oam Te——
| Faster updates <140 _-__—_— —
Reesatart Aviraging - 18404 18405 18406
Freq errar: 0,00 Mz Frequency [Hz]
Loap fiters
100
B oo E
B edon &0
. - 0
Hp -E.45e+01
m
fi:  1.500e+04 I 13
S = T—— =
fir  5.000e+01 I s :-‘_“-‘-::_:__ _— S— J—
f: 2400405 [ | 0 I
0 - T
fdf: 3.390+06 I 100 — e — ————;—_________‘—.__
B firefer tn kp orossover 1e+01 L& 402 1=+03 1404 1405 e 405 12407

Fig. 10: Locking f(CEO)
4. If the Beatnote is properly locked, the integrated phase noise value listed in the center of the
window should be close to the value listed in your devices CoC.

Locking f(opt)

1. Ensure that your laser reference source is properly mixed with the “EDFA Out” optical port of
the frequency comb as described in the devices CoC and is input back into the device via the
“fr iNput port at a power level of <1.5 mW.

2. Navigate to the “Optical Lock” window and enable the “Auto-refresh” button in the top left of
the window. Set your desired RF lock frequency of the f,, beatnote in the “Reference Frequency
[Hz]” input. Adjust the “Offset DAC 1" slider near the top left by clicking and dragging the slider
until the Beatnote is roughly centered in the red filter trace (figure 11).

3. Note: If parts of the GUI window are cutoff, shift the window out of full screen and press the
maximize window button.

https://www.vescent.com/manuals/ Printed on 2024/05/18 17:31


https://www.vescent.com/manuals/doku.php?id=ffc:locking_electronics:slice-fpga-ii#img_opt_bbiq

2024/05/18 17:31 9/15 SLICE-FPGA-Il Manual

L

CEO Lack Optical Lk Counters Sattings

Setings

B PeD data | I Auto-red ™ LOCk VOO Gains (DAC Y, DSCA) [Hzfi): a4 182 O VD sgn +
Trarsfer fcton  Refresh debay [ms]: 33 Reference freg Hzj: 21426 Detecied YOO Gan [HzM]: - {2 voo sign -
Export ADC data | Ackual delay: Fms

Specirum analyzerjdagnostics (sl computed fom raw ADC input)

ADCH SNR Qutput  Offsel  Ouiput
[it] [48] OaC 1[V] DaC 1 [V] DC 2[¥]
2 w

15

DAC 2[¥] s Spectrum, nose floor = 19000 nV/fsgqri{Hz)
Baseband 10: e ,:
i -4 A Vo r
- o ey “T“'FT""PWWW”PWqWWH__ o

10
- 25 [} |
d 5 Irput: ADCi - W
- -100 |'
- - - Plot type: Spectrum T am
N . L
MBkE 141108 DEDE:LI‘ .n‘.amN:n:.' -u';]m:::u a';]ll:a_iu ABW: 125.8 K Poinds: 1733 3 =) = = = = =

Phase noise (all compuied from DOC cutput)

Phaze - Phase noise P50, std dev = 0.97 radrms

REW: 6,6 kHE; Pointe: 32 768e3
B 1.2
# Acquisitions: 1 0 T—
\ -_"‘u\_ | o~
Hemin,. Krmars 3e3, Sed E - \\ Sl — ,/. L —— E
Yrmin, Ymax -103, -30 g 1 L) \ ll."\/ N = é
# A ages = t T ¥ L
(imof LB . — 1Ly AL
[ Faster updates a0 | |
Reisgtart Avieraging Al 1405 w406

Freq error; -4, 00 Mz Preguency [Hz]
Loop fiters

0 oF Saw PIT [DACT) Faat FIT (DACT)

() Acquisition on show PZT only  Acg gain:

! = Bwon 100
y : -
”) Lodk on fast PZT onfy Olxdon
") Lok on both PZTs Acquisition Bz QU000 He
odkgaint Kpe -79.0 L

1B Fip sign on acusition Lack gan: l

[ — -28 - fi:  5.000e+05 .

Tntegrator 1 state: OFF AL B 2000e+04 |

: O
Tnbegrater 2 state: O & | Looos0s 1
. L.3508-+0 1 I 100 - —
18 firefer to ko crossover 1e+01 1=+02 1403 1e+04 1e+05 e 40 1407

Fig. 11: Centerig f(opt) on reference frequency (Baseband IQ optimization)

4. Press the “Lock” button (figure 12, top middle). If the system doesn’t lock, change the VCO sign
to the opposite polarity (top right) and try again. A warning may occur if the selected VCO sign
is incorrect. If the system still won't lock, try lowering the K, value (bottom center).
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Fig. 12: Locking f(opt)

5. If the Beatnote is properly locked, the integrated phase noise value listed in the center of the
window should be close to the value listed in your devices CoC.

6. Adjust PID settings (bottom of figure ## and figure 12) as needed to lower the integrated phase
noise of each parameter (f, and f ;). The default settings provided in the software are tuned
for your specific device but tweaking the values can often improve performance based on the
noise characteristics of your environment.

External Clock

The external clock input (#5 on the Front Panel Diagram) allows the FPGA to be clocked with an
external source, e.g. fREP from the FFC, or another system’s master clock. Enter the incoming clock’s
frequency (in Hz) into the “Target ExtClk Freq” box, press enter, and then press the “External clock”
button above. For example, the SLICE-FPGA-II can be clocked with an external reference, or the fg.,
signal from the FFC-100. To use this feature, it is necessary to first specify the input frequency in the
settings menu of the software provided with the SLICE-FPGA-II, under the “Target ExtClk Freq” box.
Pressing ENTER after giving a value will apply the new clock settings.
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Fig. 8: The settings screen of the SLICE-FPGA-II

The SLICE-FPGA-II will attempt to use the specified frequency, however, due to the limitations of the
FPGA's Peak Locked Loop hardware, certain frequencies work better than others. For example,
frequencies such as 25MHz, 50MHz, 75MHz, 100MHz, 125MHz, or 200MHz will result in exact clocking
and a clean 10MHz output signal. Unusual frequencies such as 42.3MHz cannot be used to produce a
precise ADC clock or 10MHz reference.

Troubleshooting

Overview

In many cases, all that is necessary to get up-and-running with the SLICE-FPGA-II is to install the
correct WinPython distribution, and run the provided GUI software using the WinPython Spyder
environment. If you are unable to connect the GUI to the SLICE-FPGA-II, follow the below instructions
to eliminate possible causes of failure.
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Ethernet Controller IP Configuration

Whatever ethernet port you use to control the SLICE-FPGA-II, it is necessary that your computer
identifies itself on this Ethernet port with a fixed IP address in the 192.168.0.x subnet. Sometimes a
computer’s default settings do not fit this requirement. From the Windows Control Panel, click
through: Network and Internet -> Network and Sharing Center -> Change adapter settings

You will see a number of network adapters listed. You should see one of the network adapters change
state when you connect the powered-on SLICE-FPGA-II to your PC via the ethernet cable, as shown
below:

L"‘ Ethernet
‘- ! T i L 1,
x S Raaltek Gan
Before
.: Ethernet
-- | | natw
After

Watch for this change to identify the correct network adapter.

¢ Right-click on the adapter, and click Properties.
e From the screen that appears, click on “Internet Protocol Version 4 (TCP/IPv4)” and then click

Properties.
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Transmission Control Protocol intemet Protocol. The default
wide area network protocol that provides communication
across diverse nterconnected networks
0K Cancel

Fig. 13: The Adapter Properties screen, with the IPv4 Settings highlighted

* In the IPv4 Properties Page, select the bubble next to “Use the following IP address:”, and fill in
the IP Address to be 192.168.0.xxx, where xxx is an integer from 0 to 255, and not 150, as
that is the address used by the SLICE-FPGA-II. In this example, we used 196.
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Internet Protocol Version 4 (TCP/1Pvd) Properties .
General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate [P settngs.

(_)Obtan an [P address automabcaly

(@) Use the following [P address:

[P address 192 .168 . 0 . 196
Subnet mask 255 .255.255. Of

Default gateway:

(®) Usg the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

D'-a{ldate settings upon et Advanced. ..

[ e

Fig. 14: The IPv4 Properties page, with the IP Address and Subnet Mask filled in.
The Subnet Mask will default to 255.255.255.0, which is fine.

NOTE: If you use this same Ethernet port to connect to another network, these configuration changes
could result in connectivity problems with that network. If this poses a problem for you, consider
buying a USB-to-Ethernet adapter, and configuring just that adapter for use with the SLICE-FPGA-II.

Windows Firewall Rules

If you continue to have trouble connecting to the SLICE-FPGA-II, it’s possible that your firewall settings
are blocking communications with the device. From the Windows Control Panel, click on System and
Security -> Windows Defender Firewall -> Advanced Settings to open up the Windows Defender
Firewall with Advanced Security manager application. In the left panel of the program, click
“Inbound Rules.” Then, in the right-hand panel of the program, click “New Rule...” Use the “New
Inbound Rule Wizard” to create a new rule to the following specifications:

e Rule Type: Program

Program: [WINPYTHON INSTALL
DIRECTORY]\WinPython-64bit-3.6.1.0Qt5\python-3.6.1.amd64\python.exe
Action: Allow the connection

Profile: Domain, Private, and Public

Name: Red Pitaya WinPython (or another name of your choice)

In the left-hand panel, click “Outbound Rules”, and then click “New Rule...”. Repeat the above Rule
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creation steps to create a rule that allows outgoing packets from the WinPython directory’s
“python.exe” file. Finally, ensure that the aforementioned python.exe file is not being restricted by
any other firewall rules.

1)

Do not exceed +10dBm for the protection of the device
2)

at 10MHz
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