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1. Purpose
This document specifies all interfaces for the Fiber Frequency Comb modular system, including those for the Comb Module, the Pump Laser Module, and the FPGA Controller.
References
50-00038-R01 Pump Laser Module.pdf
50-00054-R01 FPGA Controller.pdf
50-00068-R01 Comb Module.pdf
FFC-003 Performance Specifications
Definitions & Abbreviations
	Term
	Definition

	API
	Application Programming Interface

	CW
	Continuous Wave

	fCEO
	Carrier-Envelope Offset Frequency. Detected as the RF signal output from an f-2f interferometer. Typically, this signal is phase-locked to a stable RF reference signal.

	fOPT
	Optical Frequency. Detected as the RF heterodyne beat signal between an input CW reference laser and one of the FFC comb modes. Typically, this signal is phase-locked to a stable RF reference signal.

	fREP
	Repetition Rate. Functions as the RF signal output from an optical clock.

	FFC
	Fiber Frequency Comb

	MCU
	Microprocessor Control Unit

	PM
	Polarization Maintaining

	PZT
	Piezoelectric Transducer

	RF
	Radiofrequency

	SC
	Supercontinuum


System Description
The system provides a fully stabilized FFC capable of performing optical frequency division of an optical clock. Two versions of the system will be provided: (a) one that can divide an input 1556 nm optical clock signal and (b) the other capable of dividing an input 778 nm optical clock signal. The comb system comprises three modules:
Comb Module
Detects fCEO of the FFC via the “f-2f” self-referencing technique.
Detects fREP output of the comb oscillator.
Detects optical heterodyne beat signal fOPT between a (filtered) comb mode and an input CW optical frequency at either 1556 nm or 778 nm.
Provides a PZT transducer for fast tuning of fREP (fOPT), including a built-in high-voltage driver.
Provides precise and stable temperature control of the laser cavity for coarse tuning of fREP (fOPT).
Outputs a portion of the optical output of the mode-locked oscillator.
Outputs a portion of the optical output of the supercontinuum.
Controlled either by I2C, USB, or GPIO (TTL-level logic). The GPIO can be configured for UART communications.
Pump Laser Module
Provides for up to four pump lasers to pump the erbium gain fiber of the FFC. The 1556 nm System requires two pump lasers. The 778 nm System requires three pump lasers.
Allows full control of each pump laser’s injection current and temperature via I2C.
Provides a current modulation input for electronically tuning fCEO.
FPGA Controller
Phase locks an input fCEO signal to a user-specified RF reference frequency. Accepts an input fCEO signal and digitally processes it to generate an output control signal to the Current Modulation port of the Oscillator Pump Laser.
Phase locks an input fOPT signal to a user-specified RF reference frequency. Accepts an input fOPT signal and digitally processes it to generate an output control signal to the PZT Modulation port of the Comb Module.
Controlled via an application program running on an external PC.
Capable of referencing the phase-lock offset frequencies to an external clock.

System Block Diagram

[image: ]
Figure 1: Block diagram of the comb system showing the three Vescent components in blue (Comb Module, Pump Laser Module, and FPGA Controller) and their interconnections with external user system components. Power connections are red; computer control connections are gold; optical fiber connections are green; and analog electrical signals are grey. Numbered labels correspond to IDs referred to in the connector specifications given below for each module.


Comb Module
Connector Specifications (see Figure 2 for panel locations)
	ID
	Function
	Signals
	Module Connector Specification

	1
	PZT Mod Input
	Analog Voltage (0-8 VDC)
GND
	SMA, Female

	2
	Digital Control
	I2C Serial Interface (SDA, SCL)
GPIOx3 (UART capable)
	TE Connectivity 5747844-5
Connector, D-Subminiature, 9 Socket, Rear Panel Mount 90˚ Receptacle, Through Hole

Mating Cable Assembly: 
Conec 15-008163
(Mouser P/N 706-15-008163)
Cable, DSUB, 9 Pin Plug, Unshielded, 22AWG, 4M (Might also consider a shielded cable)


	3
	DC Power Input
	+5 VDC (< 1.5 A)
+5 VDC Return
+15 VDC (< 0.25 A)
-15 VDC (< 0.25 A)
±15 VDC Return
	Conec 43-01211
Connector, M12, 5 Pin, Front Panel Mount 90˚ Receptacle, Through Hole

Mating Cable Assembly: 
TE Connectivity T4161320005-002 (Digi-Key P/N A142281-ND) 
Cable, M12, 5 Socket Plug, Shielded, 22AWG, 1M

	4
	fCEO Output
	RF (100 MHz BW, -30 dBm)
GND
	SMA, Female

	5
	fOPT Output
	RF (100 MHz BW, -10 dBm)
GND
	SMA, Female

	6
	fREP Output
	RF (500 MHz, +5 dBm)
GND
	SMA, Female

	7
	Oscillator Pump Input
	PM980 Optical Fiber Input
	LC/APC

	8
	Amplifier 1 Pump Input
	PM980 Optical Fiber Input
	LC/APC

	9
	Amplifier 2 Pump Input
	PM980 Optical Fiber Input
(used for 788 nm version only)
	LC/APC

	10
	CW Laser Input
	PM1550/PM780 Optical Fiber Input
	LC/APC

	11
	Oscillator Light Output
	PM1550 Optical Fiber Output
	LC/APC

	12
	SC Light Output
	PM1550 Optical Fiber Output
	LC/APC

	13
	USB Serial Port
	USB 2.0
	Molex 0548190572
Connector, USB Mini B 2.0, 90˚ Receptacle, SMT


[bookmark: _Ref39652340][image: ]
[bookmark: _Ref79012259]Figure 2: Panel connections for the Comb Module. Top: Front Panel; Bottom: Rear Panel.
Digital Control Connector Pinout (TE Connectivity 5747844-5)
[image: Diagram, engineering drawing
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Dimensions in inches.
	Pin
	Signal
	
	Pin
	Signal

	1
	RESERVED
	
	6
	RESERVED

	2
	GPIO_A
	
	7
	GPIO_C

	3
	GPIO_B
	
	8
	GND

	4
	GND
	
	9
	I2C_SCL

	5
	I2C_SDA
	
	
	


[bookmark: _Ref39652355]DC Power Input Connector Pinout (Conec 43-01211)
[image: Diagram, engineering drawing

Description automatically generated]                      					Dimensions in millimeters.
	Pin
	Signal

	1
	+5V_RTN*

	2
	+5V

	3
	+15V

	4
	-15V

	5
	15V_RTN*


	* Returns are galvanically connected.



Mechanicals
See drawing 50-00068-R01 Comb Module for enclosure dimensions and mounting hole specifications.
GPIO (GPIO_A, GPIO_B, GPIO_C)
All GPIO pins operate with +3.3 V CMOS logic. 
GPIO may be configured for different functionality, including:
System diagnostics (e.g., FAULT, PWR_GOOD, MODE_LOCK_GOOD)
System commands (e.g., RESET, STANDBY)
UART communications (ask Vescent for additional configuration information)
Exact GPIO functions are TBD.
[bookmark: _Ref43798235]Power Sequencing
All power rails (+5 V /+15 V / -15 V) shall be enabled simultaneously.
[bookmark: _Ref43473534]I2C Communications (I2C_SDA, I2C_SCL)
All I2C pins operate with +3.3 V logic.
I2C address is TBD.
The Comb Module is configured to be a Slave I2C device.
The I2C Clock (I2C_SCL) shall operate at a frequency of 400 kHz.
The Comb Module shall provide pull-up resistors to +3.3 V for the I2C lines.
Software Interface
Software may be used to control and configure the temperature controller and the high-voltage amplifier, as well as read certain states of the module. Alternatively, the Comb Module can be configured by software for control by digital logic via the three GPIO pins.
I2C: Complete I2C command list will be provided by Vescent.
USB and UART: Complete text-based API will be provided by Vescent.
Pump Laser Module
Connector Specifications (see Figure 3 for board locations)
	ID
	Function
	Signals
	Board Connector Specification

	1
	Pump 1 Output (Oscillator)
	980 nm optical pump, <300 mW
	PM980 pigtail, >2 m, LC/APC terminated

	2
	Pump 2 Output (Amplifier 1)
	980 nm optical pump, <1000 mW
	PM980 pigtail, >2 m, LC/APC terminated

	3
	Pump 3 Output (Amplifier 2, 778 nm only)
	980 nm optical pump, <1000 mW
	PM980 pigtail, >2 m, LC/APC terminated

	4
	Oscillator Current Modulation Input (fCEO control)
	Analog Voltage (-10 to +10 VDC)
GND
	SMA, Female

	5
	Fan Power Outputs (x2) (Optional Use)
	+5 VDC
+5 VDC Return
	TE Connectivity MTA100 Series
Header, 2 pin, 0.1”
Reference Designator(s): J29, J30

	6
	I2C Serial Interface
	I2C Serial Interface (SDA, SCL)
GND
	TE Connectivity MTA100 Series
Header, 4 pin, 0.1”
Reference Designator(s): J26

	7
	Interlock (Digital Controls)
	Interlock
Power Good (Not used)
Fault (Not used)
System Reset (Not used)
	TE Connectivity MTA100 Series
Header, 6 pin, 0.1”
Reference Designator(s): J27

	8
	DC Power Input
	+5 VDC (< 1.5 A)
+5 VDC Return
+15 VDC (< 0.15 A)
-15 VDC (< 0.15 A)
±15 VDC Return
	TE Connectivity MTA100 Series
Header, 7 pin, 0.1”
Reference Designator(s): J28
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[bookmark: _Ref79016874]Figure 3: Board connections to the Pump Laser Module.
[image: A picture containing text, electronics

Description automatically generated]Fan Power Connector Pinouts (J29, J30)

	Pin
	Signal

	1
	V+ (+5 VDC)

	2
	V- (+5 VDC Return)




[image: A picture containing text, sign

Description automatically generated]I2C Connector Pinouts (J26)
	Pin
	Signal

	1
	I2C_SDA

	2
	GND

	3
	I2C_SCL

	4
	GND






Digital Interface Connector Pinouts (J27)
[image: Graphical user interface, text, application
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	Pin
	Signal

	1
	PWR_GOOD

	2
	FAULT

	3
	SYS_RESET

	4
	GND

	5
	INTERLOCK_EN

	6
	GND


Power Connector Pinouts (J28)
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Description automatically generated with medium confidence]
	Pin
	Signal

	1
	+5V

	2
	+5V

	3
	+5V_RTN*

	4
	+5V_RTN*

	5
	+15V

	6
	15V_RTN*

	7
	-15V


* These returns are galvanically connected.
0. Mechanicals
0. See drawing 50-00038-R01 Pump Laser Module for board dimensions and mounting hole specifications.
0. Forced Air Cooling
1. The Pump Laser Module requires about 17 cfm of forced air directed across the module’s cooling fins to convectively cool the electronics and lasers. 
1. Two on-board +5 VDC power connectors (J29 and J30) are available to power external fans. +5 V power is enabled when ±15 V power rails are applied to the Pump Laser Module.
0. Power Sequencing
2. All power rails (+5 V /+15 V / -15 V) shall be enabled simultaneously.
Laser Interlock (INTERLOCK_EN)
A safety interlock is provided by the INTERLOCK_EN pin of the Digital Controls Connector (J27).
No current will flow to any of the pump laser diodes when INTERLOCK_EN is low.
The INTERLOCK signal operates with +3.3 V CMOS levels.
Digital Status Signals (PWR_GOOD, FAULT, SYS_RESET)
Not usable in this implementation.
These pins can be left floating.
I2C Communications (SDA, SCL)
All I2C pins operate with +3.3 V logic.
I2C address is TBD.
The Pump Laser Module is configured to be a Slave I2C device.
The I2C Clock (I2C_SCL) shall operate at a frequency of 400 kHz.
The Comb Module shall provide pull-up resistors to 3.3 V for the I2C lines.
Software Interface
The temperature and injection current of each pump laser can be fully controlled via an I2C command set to be provided by Vescent.
FPGA Controller
Connector Specifications (see Figure 4 for panel locations)
	ID
	Function
	Signals
	Panel Connector Specification

	1
	fCEO Input
	RF (50 MHz BW, -30 to +10 dBm)
GND
	SMA, Female

	2
	Current Modulation Output (fCEO control)
	Analog Voltage (0-8 VDC)
GND
	SMA, Female

	3
	fOPT Input
	RF (50 MHz BW, -30 to +10 dBm)
GND
	SMA, Female

	4
	PZT Modulation Output (fOPT control)
	Analog Voltage (0-8 VDC)
GND
	SMA, Female

	5
	Reference Clock Input
	RF (200 MHz, +10 dBm)
GND
	SMA, Female

	6
	USB Serial Port
	USB 2.0
	USB Standard Type B

	7
	AC Wallplug Power Input
	120 VAC / 60 Hz
	IEC C14 Inlet
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[bookmark: _Ref79017835]Figure 4: Panel connections to the FPGA Controller. Left: Front Panel; Right: Rear Panel.
Mechanicals
See drawing 50-00054-R01 FPGA Controller for enclosure dimensions.
Reference Clock Input
The FPGA Controller can be synchronized to an external reference clock that is input to Connection #5 SMA located on the Rear Panel.
The reference clock input must be 200 MHz at +10 dBm.
It should be possible to condition the second harmonic of the Comb Module repetition rate output at 100 MHz as an input reference clock signal. Consult Vescent if there is interest in doing this.
Software Interface
Operation of the FPGA Controller requires a software application running on a PC Windows computer via the USB 2.0 interface. The software is open-source and will be provided by Vescent.
The FPGA open-source software provides a graphical user interface for:
Controlling the PIID loop filter parameters for the phase locks. (Vescent will recommend operating values in a provided Certificate of Conformance.)
Enabling the phase locks.
Setting digital input filtering and lock frequencies.
Examining phase-lock diagnostics, including phase noise measurements.


Change History
	Release Date
	Revision
	Description of Changes

	08-06-2021
	01
	Initial Release
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