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Quick Start Guide: Optical Timing Distribution System for
Advanced LIGO

This document provides a Quick Start Guide for the Optical Timing Distribution System of
Advanced LIGO. Its intended purpose is to facilitate quick system deployment.

FEATURES

Synchronized clocks
Low phase noise
GPS/UTC synchronization
Multi-level self diagnostics
Master/FanOut/Slave modules
Scalable star topology
Optical fiber coupled nodes
Automatic fiber delay correction
Flexible platform (i.e., FPGA)
Open source
0 hardware,
0 firmware (FPGA) and
0 software (communication with external computer)
e Expandable hardware
0 64 avail. LVDS lines — different platforms can be designed and connected
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1. Overview

The Advanced LIGO Optical Timing Distribution System (OTD) provides synchronized timing
information to detector subsystems. It synchronizes its central component (central node) to an
external timing source, such as a GPS Receiver synchronized to Coordinated Universal Time (UTC).
It synchronizes the remotely located nodes of the rest of the system to this central node. The remote
nodes are then used to provide timing signals and diagnostics to AdvLIGO subsystems, therefore
maintain their synchronization to UTC.

The OTD provides synchronized (i) 2~ clock signals, (ii) 1 pulse per second (thereafter, </PPS’)
signal and (iii) so-called DuoTone signals (sum of 960 Hz and 961 Hz sinusoids phase synchronized
to the 1PPS). These signals are used to clock external devices and to inject traceable timing
diagnostics/calibration information. Nodes of the OTD can be located anywhere within 10km from
each other, and the OTD automatically compensates for this distance while synchronizing.

The central unit of the OTD is called ‘Master’ (LIGO-D070011 & LIGO-D080094). The Master
board features an internal Oven Controlled Crystal Oscillator (thereafter, ‘OCXO’) that has excellent
phase noise characteristics and naturally operates on a 2" base frequency. The Master board provides
synchronized timing information (2** Hz clock signal and 1PPS signal) to other parts of the system:
up to 16 FanOut and/or Slave boards.

FanOut boards (LIGO-D070011) are subcomponents of the OTD system. They receive timing
information from the Master board or another FanOut board, and provide synchronized timing
information (2** Hz clock signal and 1PPS signal, identical to timing information from the Master
board) to up to 16 more FanOut and/or Slave boards.

Slave boards (LIGO-D070071) are at the end of the OTD system chain. They receive timing
information from a Master or FanOut board. They provide 1PPS/UTC synchronized 2'°Hz clock,
GATE, and DuoTone signals to devices external to the OTD system. Each Slave board assembly
incorporates a DuoTone board (LIGO-D080335) as a communication interface.

Status information of each board is readily shown by LEDs located on each front panel and can also
be transmitted through the internet for data logging purposes. On the Master and FanOut boards,
both the upstream and downstream synchronization status is shown by LEDs on the front panel,
while the Slaves indicate the upstream synchronization status.




LIGO

LSC

Optical Timing Distribution System Quick Start Guide - Advanced LIGO

2. Front and Rear Panel Functions

2.1 Master/FanOut Board Front Panel

The front panels of the Master and FanOut boards have identical connectors and LEDs (see Figure
1). The only difference between them is the names 'Timing Master' and 'Timing Fanout'. Below, we
describe the function of each connector and LED, indicating the differences between the roles of the
two board types.

. Master
G

Trmlng '
INPUT g

Figure 1. Master and FanOut board front panels (D080517-C).

ON LED - indicates that the Master board is on and is ready to distribute timing information.
2.1t toggles every time the board's internal clock generates a 1PPS signal, therefore it is ON for one
second and OFF for the next second (thereafter, ‘%> Hz blink’) if the board operates properly.
3.1t is constantly OFF (thereafter, ‘OFF”) if the board is turned OFF and/or does not generate 1PPS
signals.

1PPS LED' — indicates that an external 1PPS signal is received by the Master board through the
1PPS IN connector (see rear panel, Figure 2).

1.1t is OFF if the board does not receive a signal (e.g. the /PPS IN cable is disconnected).

o [t exhibits 2> Hz blink if it receives 1PPS signal.

GPS LED?” - indicates that the internal GPS signal is received by the Master board through the GPS
connector (see rear panel, Figure 2).

e It is OFF if no internal GPS receiver board is attached to the Master board.

e [t exhibits 2 Hz blink (on for 250 millisecond and off for the next 250ms) if the GPS receiver
board is attached to the Master board but the GPS antenna is disconnected, or if the internal GPS
receiver board is NOT locked to satellites.

It exhibits % Hz blink if the GPS antenna is connected and the internal failover GPS receiver board is
locked properly. This indicates that the GPS operates properly.

! This LED is NOT USED on FanOut boards.
2 This LED is NOT USED on FanOut boards.
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OCXO LED’ — indicates the proper operation of the OCXO on the Master board.
1.1t is OFF if OCXO is NOT present (therefore the module is a FanOut).
2.1t exhibits 2 Hz blink if OCXO is present but it is not locked to the external 1PPS.
3.1t exhibits %2 Hz blink if OCXO 1is present and is locked, toggling every time the OCXO
generates a 1PPS signal.

INPUT* Connector— is a 2xLC Female fiber connector. The FanOut board receives timing and
timing diagnostics information from a Master or FanOut board through this connector. It should be
connected to one of the 16 numbered output connectors (Output) on the front panel of a Master or
FanOut board upstream

INPUT LED’ — indicates that timing information is received through the INPUT connector on the
front panel of the FanOut board.
e It exhibits 2 Hz blink if the INPUT connector is connected to a Master or FanOut board (front
panel) and the board is NOT synchronized to the upstream clock.
e [t exhibits %2 Hz blink if the board is synchronized to the incoming 1PPS signal, i.e. properly.

1,2, ..., 16 Connectors - identical 2xLC Female connectors (on removable SFP transceiver
modules) for Output. They are used to transmit and receive timing and timing diagnostics
information from FanOut or Slave boards via optical fibers. They should be connected to the INPUT
connectors on the front panels of FanOut or Slave boards.

e 1,2,...,16 LEDs — they provide visual feedback on the synchronization status of the FanOut or
Slave boards connected to the corresponding Output connectors. Each LED is OFF if the
corresponding Output connector is not connected to an operating FanOut or Slave board.

e Each LED exhibits 2 Hz blink if a FanOut or Slave board is connected to the corresponding
Output connector but it is NOT LOCKED.

e Fach LED exhibits %2 Hz blink if a FanOut or Slave board connected to the corresponding Output
connector is LOCKED.

> This LED is NOT USED on FanOut boards.

* The INPUT connector is NOT USED on the Master board (any input received on the Master board INPUT connector is
ignored).

> The information received through the INPUT connector is NOT USED by the Master board. However, the INPUT LED
does indicate signal reception on the INPUT connector (i.e. toggling every time it receives a 1PPS signal).
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2.2 Master Board Rear Panel

Figure 2. Master board rear panel (D080517-D).

DC 12V and DC 24V Connectors — both are D-sub 3w3 Male (FCI D3W3P36A6GX08LF) power
supply connectors, one of them is a 12 VDC (min 40W) input, while the other one is 24VDC (min
10W). Facing the rear panel, the leftmost is the positive voltage pin, the middle is the ground pin,
while the rightmost pin is not connected.

JTAG Connector — the board can be programmed using a computer through this connector.

RS422 Connector — is a DB9 Female connector. It sends status and other diagnostic information to
a remote host computer or a Universal Device Server (e.g. Lantronix).

1PPS IN and 1PPS OUT Connectors - the Master board can receive an external 1PPS signal
through its 1PPS IN connector, and send out a 1PPS signal synchronized to its internal clock through

its IPPS OUT connector. Both are BNC Female connectors and use TTL voltage levels.

GPS Connector — is an N Female input connector that can be connected to a GPS antenna and
receive UTC GPS signal which is processed by the GPS board attached to the Master board.

Additional blue LEDs are located next to each power supply connector. They indicate the proper
operation of the power supplies. If a connector is receiving the required power, the blue LED next to
it is ON, otherwise it is OFF.

2.3 FanOut Board Rear Panel

® ®
DC12V_ 1ag BS422

Figure 3. FanOut board rear panel (D080518-D).

DC 12V Connector — is a D-sub 3w3 Male (FCI D3W3P36A6GX08LF) power supply connector
with 12 VDC (min 40W) input. Facing the rear panel, the leftmost is the positive voltage pin, the
middle is the ground pin, while the rightmost pin is not connected.
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JTAG Connector — the board can be programmed using a computer through this connector.

RS422 Connector — is a DB9 Female connector. It sends status and other diagnostic information to
a remote host computer.

1PPS IN and 1PPS OUT Connectors — on the FanOut board, the 1PPS IN connector is NOT
USED. The FanOut board sends out a 1PPS signal synchronized to its internal clock through its
1PPS OUT connector (BNC Female, uses TTL voltage levels).

An additional blue LED is located next to the power supply connector. It indicates the proper
operation of the power supply. If the required power is received, the blue LED is ON, otherwise it is
OFF.

2.4 Slave Board Front Panel

Chassis Timing Interface
INPUT JTAG
. 1HElmm.
i 0

w
H
a
a

P
<
s

Figure 4. Slave board front panel. The image shows the connectors and LEDs of the Slave
board. There might be other connectors or LEDs depending on other integrated parts of the
Chassis Timing Interface.

POWER LED —is ON if the Slave board is ON, otherwise it is OFF.

INPUT Connector — is a 2xL.C Female fiber connector. The Slave board transceives timing and
timing diagnostics information from and to a Master or FanOut board through this connector. It
should be connected to one of the 16 numbered output connectors (OQutput) on the front panel of a
Master or FanOut board.

INPUT LED - indicates that timing information is received through the INPUT connector on the
front panel of the Slave board.
e [t exhibits 2 Hz blink if the INPUT connector is connected to a Master or FanOut board (front
panel) and the board is NOT synchronized to the upstream clock.
e It exhibits /2 Hz blink if the board is synchronized to the incoming 1PPS signal, i.e.the board
operates properly.

JTAG Connector — the board can be programmed using a computer through this connector.
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2.5 Slave Board Rear Connector

DC 12V —is an SL 5.08/2 power supply connector with 12 VDC (min 15W) required input. Facing
the rear panel, the left pin is the positive voltage, and the right pin is the ground.

2.6 DuoTone Board Connections
The DuoTone board (LIGO-D080335) is attached to the top of the Slave board. The external

connections of the board are shown in Figure 5. The DuoTone board has six I/O headers (P3 — P8),
of which P4, P5, P7 and P8 are presently used and these are described below.

P4 - configurable output header, with 4 possible outputs: DO[3..0]. DOO outputs the Gate Signal
(see section 3 for description), while DOJ[3..1] are set to GND.

PS5 - configurable input header, with 6 possible inputs: DI[5..0]. DIO is used for Gate Request Signal
input (see section 3 for description), while DI[5..1] are not in use.

P7 - DAC clock output header with the following outputs:

CLOCKO0, CLOCK4 - DAC CLK
CLOCK1, CLOCKS5 - NOT (DAC_CLK)

CLOCK2, CLOCK6 - DAC CLK AND GATE
CLOCK3, CLOCK7 - NOT (DAC_CLK AND GATE)

where DAC_CLK is a 2'° Hz TTL clock signal, with its rising edge synchronized to the rising edge
of the UTC 1PPS; NOT and AND are logic functions. See Section 6 for description of GATE signal
and DAC clock signal.

P8 - DuoTone and DuoTone clock output header.
1.DUOTONE 0 and 1 are used for DuoTone signal outputs. The 960 Hz and 961 Hz DuoTone
sinusoid components have equal weights in the sum, and both are at zero phase at the rising edge
of the UTC 1PPS.
2.CLOCK DUOTONE][1..0] are available for future use.




P7
CLOCKD 1 2
CLOCE] 3 4
CLOCK2 5 6
CLOCES 7 8
CLOCKS 9 10
CLOCES 1n 12
—CLGC I".:é 13 14
CLOCKT 15 16
17 18
G%'-D V3 |— 19 20
Header 10X2

Headar

LSC

Optical Timing Distribution System Quick Start Guide - Advanced LIGO

CLOCE DUOTOMNE O
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GND GND

13 14

Header

Figure 5 External connections of the DuoTone interface board.

GND
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3. Quick Start Guide to the Global OTD Assembly

The following steps (1-8) are also depicted in the Appendix.

3.1 Turn on Boards

1. Master board - connect 12 VDC (min 40W) and 24 VDC (min 10W) power supplies to the
DC 12V and DC 24V connectors on the rear panel, respectively.

2. FanOut board - connect 12 VDC (min 40W) power supply to the DC 12V connector on the
rear panel.

3. Slave board - connect 12 VDC (min 15W) power supply to the DC 12V connector on the
rear panel.

3.2 Connect Boards

4. Master board - Connect the external 1PPS source, e.g. a GPS receiver, to the 1PPS IN
connector.

5. Master board - Connect a 3V GPS antenna to the GPS connector (note that only 3V antennas
can be used). If the external 1PPS source on the 1PPS IN connector is not available, the
board will use 1PPS from the GPS antenna. Serially connect a GPS Lightning Arrestor
between the GPS antenna and the Master board. If the distance between the Antenna and the
Master board exceeds 200ft, serially connect GPS Line Amplifiers between the Antenna and
the Master board.

6. FanOut and Slave boards - Connect the INPUT connector of each FanOut board and Slave
board to one of the numbered [1..16] Output connectors of the appropriate Master or FanOut
board to which the FanOut or Slave board should be synchronized.

7. Slave board — connect DAC board I/O to the appropriate pins of the DuoTone board.

8. OPTIONAL: To be able to transfer diagnostic information to a remote computer from the
OTD, connect the RS422 connector of the Master and FanOut boards to an external device
server (Lantronix UDS2100). Connect the external device server to the Internet using an
Ethernet connector.

3.3 Check Proper Operation of Boards®

9. When the power supply connectors are connected and the powers are on, the blue LEDs next
to each power supply connector on Master or FanOut boards should be ON.

10. When the power supply is connected, the POWER LED on Slave boards should be ON.

11. If a Master or FanOut board is turned on, the ON LED should exhibit %> Hz blink.

6

On the front and rear panel of the OTD board, LEDs indicate board status. The four possible states are:
* OFF

* ON

* 2 Hz blink — the LED is on for 250ms and off for the next 250ms. The sign of improper operation.

* %> Hz blink — the LED is on for one second and off for the next second. The sign of proper operation.

10
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12. If the Master board receives proper 1PPS signal through its 1PPS IN connector, the 1PPS
LED should exhibit %2 Hz blink.

13. If the Master board receives proper 1PPS signal through its GPS connector, the GPS LED
should exhibit % Hz blink.

14. If a FanOut board receives proper 1PPS signal through its INPUT connector, the INPUT
LED should exhibit %2 Hz blink.

15. If a Slave board receives proper 1PPS signal from a Master or FanOut board through its
INPUT connector, the INPUT LED should exhibit %2 Hz blink.

16. If the Master board is turned on and is connected to an external 1PPS source, it starts locking
its OCXO to the external 1PPS signal. This can take up to a few minutes as locking is done
through a low pass filter to filter out high frequency noise. When OCXO is properly locked,
the OCXO LED exhibits % Hz blink.

17. If a FanOut or Slave board is connected to one of the 16 Output connectors of a Master or
FanOut board, and their internal clocks are locked, the corresponding [1..16] LEDs on both
ends of the connection should exhibit %2 Hz blink.

Under proper operating conditions,

Master board: ON LED, OCXO LED and either 1PPS LED or GPS LED exhibits % Hz blink.
FanOut board: ON LED and INPUT LED exhibit synchronous % Hz blink.

Slave board: POWER LED is ON and INPUT LED exhibits % Hz blink.

Master and FanOut boards: [1..16] Output LEDs exhibit %2 Hz blink if their corresponding
[1..16] Output connectors are connected to properly operating FanOut or Slave boards.

~

11
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4. Slave Qutput Signals

The purpose of the Slave is to provide synchronized clock, gate and DuoTone signals to the
ADC/DAC boards. Besides a constant and synchronized clock signal, the Slave board also defines
when to start the conversion process as shown in.Figure 6

bate Reguest

Gate 38us

N
~N

~

Clock #I _

AN
|-

TBus 16 us

Clock #2

Clock #3
Clock #4

Figure 6. Timing of Gate Request, Gate, 1PPS and ADC/DAC clock signals.

Gate and Gate Request: Some ADC/DAC boards need a separate 2'°Hz Clock signal and a Gate
signal. A conversion happens at the rising edge of each clock. The ADC/DAC board does not send
the acquired data upstream until the Gate signal goes high. Consequently a properly timed
Clock/Gate signal set can ensure that the first communicated conversion happens exactly at the
rising edge of the 1PPS/UTC second tic. The Slave ensures that the Clock is synchronized to
IPPS/UTC and that the Gate rising edge is placed just right preceding the 1PPS/UTC rising edge. In
practice, this is determined based on the user input that sends a Gate Request signal to the Slave
board. Gate Request informs the Slave that conversion should start at the next available 1PPS signal

12
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rising edge. In response, the Slave issues a Gate signal to the ADC/DAC boards ~4 ps before the
consecutive 1PPS signal rising edge (after the arrival to the Gate Request signal). A 180° phase
shifted Clock signal is also provided if needed. See Gate Request, Gate, 1PPS, Clock#1 and Clock#2
signal timing in Figure 6.

Gated Clock: Some DAC/ADC boards do not have separate Clock and Gate inputs, only a Clock
input. These converter boards are able to do the conversion at the first incoming Clock rising edge.
Therefore, the Slave also provides gated clock signals. After the Gate Request signal turns on, the
Gated Clocks will turn on at the next consecutive rising edge of the 1PPS/UTC signal. A 180° phase
shifted Clock signal is also provided if needed. See Gate Request, Gate, 1PPS, Clock#3 and Clock#4
signal timing in Figure 6.

The Gate and Gated Clock signals turn off immediately when Gate Request turns off.

13




LIGO L —

Optical Timing Distribution System Quick Start Guide - Advanced LIGO

APPENDIX A. Fiber Transceivers and Cables for the Timing System

The Advanced LIGO ODT uses SFP (Small Form Factor Pluggable) fiber transceivers which are
rated for 100base-FX and/or OC-3. There are 2 types: a 1300nm LED based multi-mode module and
a 1300nm laser based single-mode module. The multi-mode transceiver modules for 1000base-SX
use a 880nm LED and are not interchangeable with the 100base-FX/OC-3 modules. Single-mode
fiber transceivers need to have a range of at least 4km (intermediate range modules) for LIGO
applications.

Supported Fiber Transceiver Modules

Type Manufacturer |[Part Number Distributor = Order Number
Mouser 630-HFBR-57E0PZ
HFBR-57EOPZ | Avnet HFBR-57E0PZ
Newark 74K5206
Avago
. Mouser 630-HFBR-57EO0LZ
multi-mode
HFBR-57EOLZ | Avnet HFBR-57EO0LZ
Newark 74K5205
. FTLF1217P2BTL @ Digi-Key 775-1011-ND
Finisar
FTLF1217P2WTL & Avnet FTLF1217P2WTL
Mouser 630-AFCT-5760TPZ
AFCT-5760TPZ = Avnet AFCT-5760TPZ
Newark 02M9340
Avago
. Mouser 630-AFCT-5760TLZ
single-mode
AFCT-5760TLZ | Avenet AFCT-5760TLZ
Newark 02M9339
Finisar FTLF1323p1BTR D#Key  775-1019-ND

Avnet FTLF1323PIBTR

Cables

The fiber transceivers use LC connectors and either single-mode or multi-mode LC fiber patch
cables have to be used.

14
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APPENDIX B. Specifications

Module 1/0 type Connector
1PPS IN TTL
Input GPS 3VDC
Master JTAG

1PPS OUT TTL

Output
Tnput JITAG
FanOut
Output 1PPS OUT TTL
Slave Input JTAG

Power Requirement:

Master board: 12 VDC (min 40W)

24 VDC (min 10W)
FanOut board:12 VDC (min 40W)
Slave board: 12 VDC (min 15W)

15
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APPENDIX C. Visual Assembly Procedures.

16




Not
Connected

GND
24 VDC

D-Sub 3w3 Female Connector
(FCI D3W3P36A6GX08LF)

D-Sub 3w3 Female Connector
(FCI D3W3P36A6GX08LF)

Not Connected

12 VDCGND

Step 1. Master board — connect VDC power supplies to the DC 12V (min 40W) and DC
24V (min 10W) connectors on the rear panel, respectively.

D-Sub 3w3 Female Connector
(FCI D3W3P36A6GX08LF)

Not Connected

G
12 VDC

Step 2. FanOut board - connect 12 VDC (min 40 W) power supply to the DC 12V
connector on the rear panel.




BLZ 5.08/2
screw terminal

12 VDC
GND

Step 3. Slave board - connect 12 VDC (min 15 W) power supply to the DC 12V
connector on the rear panel.

BNC Connector
Female

3V GPS Antenna
N Connector l

BNC Connector
Male

_;:‘.;?L@. =
GPS Receiver =—p ;:%""’ Z T
E‘E;\@& . Lightning Arrestor Line Amplifier
| (optional) (optional)

Steps 4. and 5. Master board: connect external 1PPS source, typically GPS receiver, to
IN_1PPS connector. Connect 3V GPS antenna to the GPS connector (optionally
through a GPS Lightning Arrestor and/or GPS Line Amplifiers).




SFP Connector

SFP Transceiver module with
optical 2xLC connector

2xLC Optical Fiber

A

-
Step 6. (a) Connection schematics to the Output connector of ar}b board.

SFP Connector

SFP Transceiver module with
optical 2xLC connector

\ 2xLC Optical Fiber

A

-
Step 6. (b) Connection schematics to the INPUT connector of a Fan(m%rd.




SFP Connector

SFP Transceiver module
with optical 2xLC connector

2xLC Optical Fiber —&

Step 6. (c) Connection schematics to the INPUT connector of a Slave board.

0-5 Hz Master board
" J @ ® Timing @ Master . . oo @
=1 INPUT |
® !\!!I -l mlll mlll —- —- ®
® °ibs ® ®
I |
0.5 Hz 0.5 Hz
FanOut board

0.5 Hz
Slave board

|||||

ON
ON

0.5 Hz

6. (d) Global connection overview: connect the INPUT connector of each FanOut
and Slave board to the Output connector of the appropriate MFO to which the
FanOut or Slave board will be synchronized. LEDs are shown for standard
functioning. The above figure is an example for two connected Slave board. More
FanOut and/or Slave boards can be connected.
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CLOCK._DUOTONE 0
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AGND Header

CLOCKO 1 2
CLOCK1 F
o] 3 4
CLOCE3 = 3
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CLOCKS i
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CLOCK? =
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& Vit 19 20

Header 10X2

Step 7. Connect DAC board I/O to

the appropriate pins of the DuoTone
board.

2l
GND

PR 11ERT R,

DI

— 13 14 GND

GND GND

Headey

DB9 Connector
Female

DB9 Connector
Male

Step 8. OPTIONAL: To load information to a computer
from the Timing system, connect the RS422 connector LS
of the Master board to the Lantronix UDS2100
external device server. Connect the device server to
the Internet via Ethernet connector. Data can be
loaded to a computer via Internet.

<— Ethernet
connector

Internet

l < Ethernet
_ connector
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