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The ModBlock System

Overview

fModBIlocksois the name for a TME standard product line consisting of a modular system of
fiber optic, microwave, high-speed logic, and utility functional blocks (module or ModBlock) and
accessories. The product line is designed for bench-top use in R&D laboratories, implementing
manual and automatic test equipment and test systems, prototyping new products, and for
installations in facilities and vehicles. A special class of coherent receiver and transceiver

ModBlocks is offered for the Photonic Doppler Velocimeter (PDV) i s h o ¢ k  gdmynsnityc s 0

ModBlocks are based upon tried-and-proven, high-complexity, multi-functional, fiber optic,
microwave, and high-speed logic equipment custom made by TME over the last decade. See full

custom catalog at www.tmeplano.com for details. ModBlocks are low cost standard products

because engineering and tooling costs have been spread over the product line due to design
commonalities. Readers are encouraged to suggest other ModBlocks they would like to see made

available by sending an email to ModBlocks@tmeplano.com. TME historically produces full

custom products, so you can buy exactly the PDV system you need. Send an email to

ModBlocks@tmeplano.com for initial inquiries and receive a free quote.

Most ModBlocks implement one active or passive optical or electrical signal processing
function, while some ModBlocks combine two or more single functions into one unit. Each
ModBlock is mechanically and electrically designed for stand-alone use or in combination with one
or more ModBlocks of the same or differentkind. Mod Bl ocks are 1, i, or
%1, 2, or 3 Ub6s hbetgdend 1damdE2. 210 7w ¢ p @ MiddBgks can be
firmly fastened together horizontally and/or vertically in any combination or size to form a variety of

possible desktop or rack-mount configurations.

All active ModBlocks are powered by 12 volts DC (9-15V) via a pair of daisy-chained rear
panel 2-pin connectors. DC power entering one ModBlock can be connected to another ModBlock
i n Adaisnod . Da@mdrie sourced by either by a commercial AC-to-12VDC power
supply (desktop or wall-mount style) or a TME power supply ModBlock. More details on cables,
power supplies, and arrangements are given in the ModBlock Accessories section starting on page
177

All active ModBIlocks contain an embedded controller which manages front panel manual

controls and displays, remote control and display, and internal functional circuitry. Remote
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operation is implemented via a standard 10Base-T Ethernet LAN port on the rear panel. Standard
Cat5 cables, switches, and routers are used as needed with multiple ModBlocks for computer
control. One Ethernet link is required per ModBlock under (optional) remote control. Front panel
bi-color LED indicators are provided to monitor output voltage tolerance of all internal power
supplies, LAN connectivity, and ModBlock control mode. All ModBlocks can be used manually

without using remote communication.

Depending on the function, ModBlock prices range from ~$1K to ~$47K (typically $5K-15K).
Some ModBlocks are stocked and many have a 2-4 week delivery time. Otherwise, delivery time
is the longest lead-time major componentfp aci ng i t e moplus lnwegkrtypicaly 61 i st s)
weeks. Unless otherwise specified, all ModBlocks are warranted for one year. Warranty excludes
excessive electrical or optical input power as applicable, electrostatic discharge (ESD) damage,
optical connector damage (dirt, wrong connector type), and general abuse. See warranty details in

the fiStandard Warrantyosection on page 196.

Other ModBlocks will be added over time and upon user request. Send email requests to

ModBlocks@tmeplano.com. Thedev el opment omingsoondot ModBl a€ks can

influenced by sending an email request to ModBlocks@tmeplano.com to make it sooner!

Fiber Optic ModBlock s

Fiber optic ModBlocks are available for single mode and multimode wavelengths in the 850
nm (SFP), 1310 nm, and 1550 nm bands. Digital data rates for 2.5 and 10 Gb/s regions and
analog bandwidths up to 10 GHz class are provided. Passive fiber optic ModBlocks includes
splitters, couplers, WDMs, circulators, isolators, and filters. Active fiber optic ModBlocks include:

Amplifiers (EDFA, SOA)

Switches (SPDT, transfer, SPAT, SP8T)

Lasers (fixed WDM, CWDM and DWDM, tunable C or L band DWDM)
Modulators (LN, EA, NRZ, RZ)

Transmitters (analog, digital)

Receivers (analog, PDV analog, limiting, digital)
Transceivers (SFP, analog, digital, PDV)

Phase Shifters and Attenuators (analog, digital control)
Filters (tunable, C or L band, DWDM)

Photonic Doppler Velocimeter (PDV) lasers and receivers
Miscellaneous (Super-Luminescent LED)
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Microwave ModBlocks

Microwave ModBlocks are available with 50 impedances from DC to 26.5 GHz (75 ohms on

request). Passive microwave ModBlocks include splitters, couplers, circulators, and fixed filters.

Active microwave ModBlocks include:

Amplifiers (linear, limiting, modulator driver)

Switches (SPDT, transfer, 2P3T, SP4T, SP6T)

Phase Shifters and Attenuators (analog, digital control)

Oscillators (fixed, VCO, sine, square)

Miscellaneous (doublers, mixers, power detectors, phase-frequency comparators, counters)

High-SpeedLogic ModBlocks

High-speed logic ModBlocks are available for speeds up to 13 GHz (25 GHz on request).

Clock-Data Recovery (CDR) ModBlocks are available in three data rate ranges from 10 Mb/s to 13

Gb/s. All inputs and outputs are differential (can be used single-ended) and AC-coupled (0.1 uF or

~35KHz, DC coupling on special request). Active high-speed logic ModBlocks include:

Gates (AND/NAND/OR/NOR, XOR/XNOR)

Fan-outs (1to 2, 1 to 4)

Selectors (2to 1,4to 1)

Pre-scalars (div2, div4, div8, div1l-2-4-8)

Flip-Flops (D, T)

Time Delays (0-120 ps)

Encoders (differential a.k.a. DPSK, NRZ-t0-RZ)

Encoders with Clock Time Delay (differential a.k.a. DPSK, NRZ-to-RZ)

Phase Locked Loops a.k.a. Clock-Data Recovery (9-13 Gb/s, 2.5-10 Gb/s, 10M-2.7Gb/s)

Utility ModBlocks

Utility ModBlocks are available for programmable DC power, digital /0O, and analog 1/O.

Active utility ModBlocks include:

Programmable Power Supplies (1W to 20W, low to high voltage or current)
Digital I/0 (3.3V, 5V, buffered)

Analog Output (DAC)

Analog Input (ADC)

ModBlock Accessories

ModBlock accessories are available for 12VDC power supplies, cable assemblies,

adapters, SFP modules, hardware, tools, supplies, and software. ModBlocks accessories include:

Cable Assemblies (2-pin DC power, fiber optic, coax, LAN, AC power, utility)
Adapters (2-pin DC power, fiber optic, coax, LAN, AC power, utility)
AC-t0-12VDC Power Supplies (24W to 120W, desktop, wall-mount)
Networking (switch, router)
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SFP Modules

12VDC Current Sensor

Hardware (horizontal fastener kits, vertical fastener kits, rack-mount kits)
Tools and Supplies (fiber optic, microwave)

Software (GUI)

DCPower Port
All active ModBlocks are powered by 12 volts DC (9-15V) via a pair of rear panel 2-pin

connectors. Either 2-pin connector can be used as the 12 VDC power input to a ModBlock. The
other2-<pi n connector can be used to connect ythaVbhoO pov

fashion using an A100 daisy-chain power jumper cable.

The main limitations to daisy-chain length are the 5 amp rating of the 2-pin connectors and
the available 12 VDC power supply current needed to power a particular string of ModBlocks. If
more total current is needed, then a larger 12 VDC power supply can be used. Alternatively, one
or more additional 12 VDC power supplies can be added to the system to power separate daisy-
chains. In this latter case, it is very important to keep each power supply and their daisy-chains
electrically separate from other power supplies and their daisy-chains. In large ModBlock systems,
the recommended powering method is to use a single large power supply with a DC power fan-out
(such as A340A) and limit the daisy-chains to 5 amps each. A 12VDC current sensor (10 milliohm

resistor and connectors) is provided as a ModBlock accessory.

Various ModBlock Power Arrangements

120/240VAC
to 12VDC
Power Supply
ACIn| 120/240vAC |DC Out ] DC Out
[l to12vDC [] AC In
Power Supply

ACIn| 120/240vAC |DC Out HocHeer il HadHenke

] to12vbc [ 12v_[ v_ Ly, 12v

Power Supply bc L DC

ModBlock ModBlock 2 ModBlock 2 ModBlock 4

12V ] 12V - 12v_[1] 12v

DC :] X DC :‘ X DC :l X X |: DC
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WodBlock A340A
120/240WAC to 12VDC 2000
AC In [ Power Supply with Fanout

LI L U Upeou
{ ] % % [}
ModBlock A1 IJ—L ModBlock B1 il ModBlock C1 il ModBlock D1 l
12V i 12V ] 12V ] 12V ]
DC ] DC ] DC o DC ]
ModBlock A2 E ModBlock B2 E ModBlock C2 E ModBlock D2 E
12V i 12V ] 12V ] 12V ]
DC :l [%] DC :I L‘T—l DC :l [}I DC :I [_‘;]
e’ fa} (2] (o] (2 (8] (2 (8]
fa? fa (8] (8] a o (8] (8]
fa 3 fa) o (2] (2] (8] o (8]
ModBlock An [% ModBlock Bn ‘% ModBlock Cn [% ModBlock Dn %
12V ] 12V ] 12V ] 12V ]

LAN Port

All active ModBlocks have an Ethernet 10Base-T LAN connector (RJ45-8) on the rear
panel. The LAN connector provides a TCP/IP communication link to an external computer, switch,

or router for optional remote control and monitoring of ModBlock functions.

Basic LED Indicators

All active ModBlocks have at least three basic front panel bi-color LED indicators. The
LEDs are used to monitor the output voltage tolerance of all internal power supplies, LAN

connectivity, and ModBlock control mode.

The power monitor LED ( | a b e | e d indicBtes\whe combined status of all internal
power supply output voltages. A green LED color indicates all internal power supplies are within
+10% of their nominal output voltage. A blinking yellow LED color indicates one or more internal
power supplies are above or below 10% of its nominal output voltage. No LED color (i.e., off)
indicates the 12 VDC inlet supply is off (i.e., less than ~3 volts), which also means that all other
internal power supply output voltages are off. Note that a £3V tolerance is used for the 12 VDC

power input instead of +10%.
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TheLAN connecti vity L EDndi¢atestheestatesdf thie TCPARIihkAccah 0 )
external computer, switch, or router. A green LED color indicates a link has been made and a
blinking yellow color indicates communication activity is occurring. No LED color (i.e., off) indicates

there is no remote connection or the connection is not valid.

The control mo d e L E Dind{cates theNModBlockitdheomiotel ®grden
LED color indicates the ModBlock is in remote control mode, but manual control will still operate
the ModBlock and over-ride remote control. A yellow LED color indicates the ModBlock is in
remote control mode and all manual controls wi | | not operabat i oNoOUEDD®) oc al
color (i.e., off) indicates the ModBlock is in manual control mode only (i.e., remote control not

operative).

Part Numbering

ModBlock part numbers begin with a letter followed by three digits and a letter, according to
the following table:

Part Number | ModBlock
Prefix Type
A* Accessories
F* Fiber Optic
L* Logic
M* Microwave
u* Utility

Packaging

All ModBlock enclosures are designed for indoors desktop use and/or1 9 6 -mauut kise
via detachable rack-mount ears. All enclosures are made from aluminum with screw-on covers for
a sealed and thermally conductive design. Enclosure surfaces are black anodized (anti-static) with

white graphics.

Depending upon the ModBlock function, enclosures are either ¥4 or ¥z width in rack-mount
terms dr8.3Bd® r es pec either&U, ¢y, ordlhhighiamagk-mount terms (0. 8
1. 7&8, 50 respectively). Encl dsTudo ei Wledpd hst empange fr

ModBl ocks of any size can be se@Ufathdagscrevesst ened
in both vertical and horizontal directions to form a variety of desktop and rack-mount
configurations. ¥ or ¥z width ModBlocks can be horizontally fastened to become full rack width (or
wider). Y4, Y2, or full width ModBlocks can be vertically fastened into desktop or rack-mount stacks

of various heights. %2 U high ModBlocks use left and right plates to adapt them to 1U or more.
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Other finishes and colors are available on request. Examples are laser engraved graphics
(white) on black anodized aluminum, natural aluminum (silver) with black (or other color) silk-
screened graphics, or painted aluminum with black or color graphics. Customer logos or special

graphics can also be applied.

Multiple ModBlock Mounting Arrangements
A wide variety of arrangements are possible for fastening multiple ModBlocks together.
Detachable 1U, 2U, 3U, and 4U rack-mount ear kits (A421A through A424A, page 184) are
provided for horizontal mounting into a 190 rack.

through A414A, page 183) are provided for vertical desktop stacking.

Example 1U %-rack 4 ModBlocks et f o r -mdult,dront aanctré&ar views
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Example 1U Y-rack stacked 4 ModBlock set, front and rear views

Example 1U dual PDV transceiver set and 1U quad PDV receiver s et , f-mountl1 90 r ack
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Common ModBIlock Specifications

Unless otherwise specified, the following specifications apply to all ModBlock models.

Common ModBlock Specifications

Parameter

Description

Chassis

e Anodized aluminum enclosure materials, ESD compliant antistatic surfaces
e Black aluminum color with white graphics on front and rear panels

Environment

e For indoor use in office, lab, factory, or vehicle environments. Not for outdoor use.
¢ Operating temperature range: 5°C to 45°C minimum

e Storage temperature range: -20°C to +70°C minimum

¢ Relative humidity range: 10% to 90% minimum, non-condensing, minimum

eShock and vibration range: 2G6s minin
Cooling Conduction and convection (no fans)
Connectors ¢ Front panel: all optical gnd microwave 1/O connectors.
e Rear panel: DC power inlet and RJ45-8 LAN Port (active ModBlocks only)
e Power portviatworearpanel2-pi n AUt il ityo-chmibednect or s
Power e 12 volts DC +3 volts DC (9 to 15 VDC)
(active ModBlocks) eFrontpanelbi-col or APower o status LED, monit
* No power switch (unplug rear panel Utility connector if needed)
¢ 10 Base-T LAN port, internal controller with non-volatile memory, C-program
e Manages all manual controls and displays for local operation
Computer Control ¢ Provides remote computer operation of all manual control and display functions
(active ModBlocks) eFrontpanelbi-c ol or #ALink/ Acto status LED, mo
e Front panelbi-c ol or ARem/ LLOO status LED, mon

status

Safety Ratings

Not required for passive ModBlocks or 12 VDC powered ModBlocks.

AC to DC power supply ModBlocks not safety agency or FCC approved. For
industrial use only by customer and their sub-contractors. Customer assumes liability
for use. However, safety agency approved components (UL, CSA, VDE, etc.) and
safe engineering practices used for grounding, fusing, labeling, flammability,
insulation, wiring, etc., particularly for any primary AC power circuitry. Six-sided
aluminum enclosure, and good engineering practices used for conductive and
radiative EMI/RFI performance.

Simple operating manual includes operating instructions, detailed descriptions, block
diagrams, performance specifications, pictorial views, and software command set.

Documentation Requires user to have basic knowledge of high-speed fiber optics, electronics, and
related test equipment (brief explanations without lengthy tutorials).
Can be shipped via commercial carriers with normal cushioned packing methods.
Shipping Cover all microwave and optical ports with anti-static connector caps and then

enclose unit in an anti-static bag or container prior to packing for shipment.
ModBlocks contain no hazardous materials, liquids, etc.
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Fiber Optic ModBlock s

A variety of Fiber Optic ModBlocks are offered using a variety of active and passive single

mode and multi-mode devices. Such devices include lasers, receivers, modulators, transceivers,

analog and digital transmitters and receivers, switches, amplifiers, phase shifters, attenuators,

filters, passive devices, and other items. Chassisr ear vi ews ar @@msdnown in the
Packaging Datadb s ect i oh86.on PRraigeee and del i DenegiclbA e shown | |

Pricihngb section stl@ting on page

WARNING: Proper fiber optic connector cleaning practices must be used with all fiber
opticModBl ocks to avoid connect (onnedtar damggeishot om i nvi si k
warranted). See the Cleaning Supplies section on page 185 of the fiMlodBlock Accessoriesd

section for recommended fiber optic cleaning supplies( s wabs and .iwi pe boxod)

Common Specifications

Unless otherwise specified, the following key specifications apply to all Fiber Optic
ModBlock models.

Key Specifications

Parameter Value Units Qualifier

Channels 1 - -
Connectors, high-speed electrical SMA female - -
Impedance, high-speed electrical 50 ohms | nominal
I/0O Coupling, high-speed electrical AC, 0.1 uF - high performance capacitor
Low Frequency Cutoff, high-speed electrical 35 KHz | -3 dB point, typical
Connectors, fiber optic FC/UPC - -

' Metal ferrule
Connectors, fiber optic FC_/APC ) PDV receivers F170-F178

' ceramic ferrule PDV transceivers F235-F238

Models with high-speed electrical differential inputs and/or outputs can be used single-
ended or differentially. When used single-ended, unused inputs or outputs should be terminated
with a 50-ohm load (see Signal Adapters starting on page 180). All high-speed electrical inputs
and outputs are AC-coupled with a high performance 0.1 uF capacitor (~35 KHz low frequency

cutoff), which can be ordered DC-coupled if required.
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CW Lasers

Solid-state continuous wave (CW) laser ModBlocks are provided for the 1550 nm band with

output power up to 10 mW (+10 dBm). All models have single mode polarization maintaining (PM)
fiber outputs. Various fixed wavelength and tunable wavelength DWDM ModBlocks are provided
for the C and L bands. The fixed wavelength models shown are selected from the large number of
possible laser component types produced. Users are encouraged to inquire about and request

models not shown by sending an email to ModBlocks@tmeplano.com.

Single mode laser ModBlocks can be used for the coherent laser source in many Photonic
Doppler Velocimeter (PDV) applications not requiring watt-level power. Models are provided with
output power up to 15 mW and typical coherence lengths up to ~40 meters. On request, other
laser types can be used (~500 meters @ 6 mW, ~4000 meters @ 20 mW, ~200 meters @ 50 mW,
etc.). These lasers can be used with the several PDV receiver ModBlocks offered (F170-F173) to
implement a complete PDV front end system, along with the appropriate fiber optic probe and real-

time oscilloscope.

F100A-*, CW Laser, Fixed Wavelength, DWDM, SBS Single-mode PM
DWDM fixed wavelength CW laser ModBlocks are provided for the 1550 nm region in the C
and L bands. Laser wavelengths range from 1528.77 nm to 1564.68 nm on 100 GHz (0.8 nm)
channel spacing (43 wavelengths). These lasers are DFB types, optically isolated, thermally
stabilized, and have polarization maintaining single-mode fiber outputs (slow axis aligned to
connector key). Laser wavelengths can be (thermally) adjusted £100 GHz minimum, allowing
wavelengths to be finely tuned or tuned to adjacent 50 GHz channels. Output power is fixed and a
laser enable switch is provided. SBS suppression is provided (canbeusedf or a fAc)hannel [
which is required for long haul spans with optical amplifiers. SBS amplitude and frequency
(channel ID) are adjustable and an enable switch is provided. Aninternaluser-r e pl aceabl e HAcr
cable is provided (laser output) for repair convenience in case of optical connector damage. These
models are normally used as the optical source for a lithium niobate modulator to form a digital

transmitter.

Front panel pushbuttons and a numeric readout provide manual control of the laser
temperature (for fine tuning of the wavelength), SBS amplitude, and SBS frequency (which can
also be operated remotely). The mode pushbutton changes the display and a bi-color mode LED
(along with front panel graphics) indicates the parameter being displayed. Red indicates Laser

Temperature control mode, yellow indicates SBS Frequency control mode, green indicates SBS
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Amplitude control mode, and dark indicates off mode. Pushbuttons with up and down arrows allow

parameter adjustment for the mode indicated by the bi-color LED.

F100A-* front chassis view, graphics layout, and simple block diagram

SBS Amplitude VDC = G
SBS Frequency KHz = Y:
Laser Temperature °C= R

il
PB| Mode
= R/G] Mode
le]
>3 Embedded 188 |
< Controller,
:I: Power, | PB] 4
—_ Display,
E & Monitor PB] Y
Sl R [PE SBS Enable
[0]
]
= LPB] Laser Enable
1U, quarter-r a ¢ k , 8.70 d £ 2—‘
Dé 1 _i R/G] Rem/LLO
SBS Amplitude VDC = G =
T Sy = i
AL T L o
Output SBS Enable Mode @D RemiLLO Laser &
@ @ @ @ Link/Act Module =S E Output
Fggﬁcwp;thd Laser Enable @ R
F100A CW Fixed Wavelength SM DWDM Laser
C-band 100 GHz DWDM laser wavelength choices (see following note)
Part Wavelength Part Wavelength Part Wavelength
Number (nm) Number (nm) Number (nm)
F100A-C61 1528.77 F100A-C45 1541.35 F100A-C29 1554.13
F100A-C60 1529.55 F100A-C44 1542.14 F100A-C28 1554.94
F100A-C59 1530.33 F100A-C43 1542.94 F100A-C27 1555.75
F100A-C58 1531.12 F100A-C42 1543.73 F100A-C26 1556.55
F100A-C57 1531.90 F100A-C41 1544.53 F100A-C25 1557.36
F100A-C56 1532.68 F100A-C40 1545.32 F100A-C24 1558.17
F100A-C55 1533.47 F100A-C39 1546.12 F100A-C23 1558.98
F100A-C54 1534.25 F100A-C38 1546.92 F100A-C22 1559.79
F100A-C53 1535.04 F100A-C37 1547.72 F100A-C21 1560.61
F100A-C52 1535.82 F100A-C36 1548.51 F100A-C20 1561.42
F100A-C51 1536.61 F100A-C35 1549.32 F100A-C19 1562.23
F100A-C50 1537.40 F100A-C34 1550.12 F100A-C18 1563.05
F100A-C49 1538.19 F100A-C33 1550.92 F100A-C17 1563.86
F100A-C48 1538.98 F100A-C32 1551.72 F100A-C16 1564.68
F100A-C47 1539.77 F100A-C31 1552.52
F100A-C46 1540.56 F100A-C30 1553.33
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Note: There are many possible DWDM wavelengths, so only selected popular C-band 100
GHz channels are shown (bold ones preferred). However, any DWDM wavelength can be

supplied on special order. S e e 1(TH EibefOptic Frequencies, Wavelengths, and Channels for

CandLbandsd secti oh89oh Rdegead®@ Datad secti on for the propei

numbert o use to complete the part number fidash endi
number for a 50 GHz channel in the L-band at 1609.62 nm (channel Q62) is F101A-Q62.

Key specifications (also see Common Specifications on page 20)

Parameter Value Units Qualifier
Model Number F100A-* - * = wavelength code
. Single mode Slow axis aligned to
Fiber Type A L -
Polarization maintaining connector key

Laser Type DFB, InGaAsP - -
Power Output 10 and off mW | fixed, typical
Spectral Width @ -3 dB point 2 MHz typlqal

5 maximum
Coherence Length 100 meters ty_pu;al

40 minimum
Side Mode Suppression Ratio 40 dB minimum
Wavelength tuning range (thermal) +100 GHz | minimum
Wavelength Drift vs. Temperature 8'2 pm/°C typ|qal

5 maximum
Relative Intensity Noise -140 dB/Hz | maximum
Optical Isolation 30 dB minimum
SBS Frequency Range 20 to 65 KHz | typical
SBS Frequency Step Size 500 Hz typical
SBS Amplitude Range 0 to 5 and off VDC | typical
SBS Amplitude Step Size 10 mV DC | typical
Dimensions 1.72H x 4.19W x 8.70D | Inches | nominal

F110A, CW Laser, Tunable,G-Band 50 GHz DWDM, Singlemode PM
F111A, CW Laser, Tunable,L-Band 50 GHz DWDM, Singlemode PM

DWDM tunable wavelength CW laser ModBlocks are provided for the 1550 hm region in the
C and L bands. Adjustable laser wavelengths range from 1528.77 nm to 1563.86 nm (F110A) and
1568.77 nm to 1607.47 nm (F110A) on 50 GHz (0.4 nm) channel spacing. These lasers are
DSDBR types, optically isolated, thermally stabilized, and have polarization maintaining single-
mode fiber outputs (slow axis aligned to connector key). The output power level is adjustable up to
10 mW and a laser enable switch is provided. SBS suppression is required for long haul fiber
spans using optical amplifiers and is provided by using laser FM dithering and an SBS enable
switch. Aninternaluser-r e pl aceabl e Acrasho cabl e arsonyemeocei ded
in case of optical connector damage. These models are normally used as the optical source for a

lithium niobate modulator to form a digital transmitter.
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Front panel pushbuttons and a numeric readout provide manual control of the laser
wavelength and power output level. The mode pushbutton changes the display and a bi-color
mode LED (along with front panel graphics) indicates the parameter being displayed. Yellow
indicates Wavelength control mode, green indicates Output Level control mode, and dark indicates
off mode. Pushbuttons with up and down arrows allow parameter adjustment for the mode
indicated by the bi-color LED.

F110A and F111A front chassis view, graphics layouts, and simple block diagram

Output Level MW =G
Wavelengthnm =Y

e L
PB | Mode
= R/G| Mode
)
[
= | 2 Embedded 188888
< Controller,
Power, PB]| 4
= Display, .
3 & Monitor PB] ¥
ee T Cieuity LPE] SBS Enable
[0
% —‘ [LPB] Laser Enable
a2 _i RIG] Rem/LLO
= T R/G] Link/Act
. R/G| Power
1U, quarter-r a ¢ k , 6. 70 d Tinakic L
Laser £5—>F] Output
Module

@ FCIUPC, Polarized Output Level MW =G @ @ FCIUPC, Polarized Output Level MW =G @
Clean before use V\bvelength nm=Y Clean before use V\bvelength nm=Y

g( = e g( e i

Mode D RemiLLO Mode D RemiLLO

Enables Enables
1528-1563 nm 1568-1607 nm
<20 mW SBS @D Power <20 MW 358 et @D Power

Laser

F110A Tunable C-Band SM DWDM Laser F111A Tunable L-Band SM DWDM Laser

Key specifications (also see Common Specifications on page 20)

Parameter Value Units Qualifier
Model Number Eﬁgﬁ - (L:BB::((;
Eiber Tvpe Single mode i Slow axis aligned to
yp Polarization maintaining connector key
Laser Type DSDBR - -
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Parameter Value Units Qualifier
Power Output 1t010 mW | Adjustment range
Power Output, laser disabled -30 dBm [ maximum
Power Output Step Size 0.1 mW | typical
Tuning speed, adjacent channels 10 ms maximum
Wavelength Range 1528.77 to 1563.86 am C-band, F110A
1568.77 to 1607.47 L-band, F111A
Wavelength Accuracy 2.5 GHz | maximum
Polarization Extinction Ratio 20 dB minimum
Spectral Width @ -3 dB point 1 MHz typical
SBS = off 5 maximum
Coherence Length 200 meters typical
SBS = off 40 minimum
Spectral Width @ -3 dB point 250 MHz minimum
SBS =on 1000 maximum
Coherence Length 0.9 meters typical
SBS =on 0.2 minimum
Side Mode Suppression Ratio 40 dB minimum
Optical SNR 50 dB minimum
Optical Return Loss 40 dB minimum
Back Reflection Tolerance -8.2 dB minimum
Relative Intensity Noise -145 dB/Hz | maximum
SBS Dither Frequency, SBS = on 25 KHz | typical
SBS Modulation Depth, SBS = on 4 % typical
Dimensions 1.72H x 4.19W x 6.70D | Inches | nominal
Modulators

Lithium niobate (LN) intensity modulators are currently offered, with and without modulator
drivers. A LN intensity modulator is normally used with a fixed or tunable CW laser (such as the
F100A, F110A, or E11A) to form an NRZ fiber optic transmitter. A modulator driver (such as the
M211A, which is built in to the F121A) is required to attain the RF input drive level (~5-6 Vpp)
needed to attain a good extinction ratio (ER>10). An RZ fiber optic transmitter can be implemented
by connecting an L162A or L163A NRZ-to-RZ Encoder ModBlock before the modulator driver. An
RZ fiber optic transmitter can also be implemented by cascading two intensity modulators (with
modulator drivers). In this case, an NRZ signal drives one modulator driver and a sine wave drives
the other modulator driver. Sine wave timing adjustment relative to the NRZ signal is required so

that the sine wave is time-positioned in the middle of the NRZ bit period.

Lithium niobate phase modulators (normally used for optical chirping) and electro-
absorptive (EA) intensity modulators will be offered in the near future. Send an email request to

ModBlocks@tmeplano.com to make it sooner!
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F120A, Lithium Niobate Intensity Modulator, 13 GHz Class

This Lithium Niobate (LN) modulator ModBlock contains a wide bandwidth fiber optic

intensity modulator with DC-coupled RF input. Internaluser-r e pl aceabl e

Afcrashbo

provided (optical input and output) for repair convenience in case of optical connector damage.

Front panel pushbuttons and a numeric readout provide manual control of the modulator DC bias

voltage, which can also be operated remotely. The mode pushbutton turns the display on or off.

Pushbuttons with up and down arrows allow adjustment of the bias voltage when the display is on.

Inherent to LN, the optical output will be inverted from the RF input signal when a positive LN bias

voltage (up to V-pi) is used and will be non-inverted with a negative LN bias voltage (up to V-pi).

F120A front chassis view, graphics layout, and simple block diagram

F120A 13 GHz Class LN Intensity Modulator

LN Bias VDC
l p
+© PB | Mode
O [
oF
= |2 Embedded 8.88.|
% Controller, 55 &
I Power, i
— Display, PE] |
E & Monitor PB] {
% 3 & Circuitry [R/G] Rem/LLO
5 —‘ [R/G] Link/Act
©
R e} ;
1U, quarter-r ack, 10. 70 T 2 _j; | [RIG] Power
FCIUPC, Polarized 5 LN E RF |nput
Clean before use LN Bia& VDC IntenSit 5 El O t I I t
RF y [09) ptical Inpu
Input Optical Modulator &
iy /Y e S5—{F] Optical Output
§§ “" Mode P RemiLLO
38 Optical @ LinkAct
Output (—B Power

Key specifications (also see Common Specifications on page 20)

Parameter Value Units Qualifier

Model Number F120A - -

Fiber Type, Single mode i Slow axis aligned
Input and Output Polarized to connector key
Modulator Type Lithium Niobate, X-cut - -

Bandwidth, electrical to optical 12.5 GHz | minimum

20 typical
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Parameter Value Units Qualifier
Optical Bandwidth 1528-1610 nm C + L bands
Optical Insertion Loss, 4 dB maximum
V-pi = maximum transparency 3 typical
Extinction Ratio 30 dB typical
RF V-pi @ 1 GHz 5 V maximum
Bias V-pi 6 V maximum
Optical Return Loss 40 dB minimum
Alpha Chirp Factor 0 - +0.1
RF Return Loss, 0.1-12 GHz 10 dB minimum
Bias Voltage Adjustment Range -10 to +10 VDC | typical
Bias Voltage Step Size 10 mV DC | typical
Dimensions 1.72H x 4.19W x 10.70D | Inches | nominal

F121A, Lithium Niobate Intens ity Modulator, with Modulator Driver, 13 GHz Class

This Lithium Niobate (LN) modulator ModBlock contains a wide bandwidth fiber optic

intensity modulator along with a non-inverting modulator driver. The RF input is AC-coupled.

Internaluser-r epl aceradd ko icabl es

convenience in case of optical connector damage.

ar e

provi

ded

F121A front chassis view, graphics layout, and simple block diagram
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Front panel pushbuttons and a numeric readout provide manual control of the modulator
DC bias voltage, modulator RF voltage drive level, and optical output crossover point (which can
also be operated remotely). The mode pushbutton changes the display and a bi-color mode LED
(along with front panel graphics) indicates the parameter being displayed. Red indicates DC Bias
control mode, yellow indicates Output Crossover control mode, green indicates Drive Level control
mode, and dark indicates off mode. Pushbuttons with up and down arrows allow parameter
adjustment for the mode indicated by the bi-color LED. Inherent to LN, the optical output will be
inverted from the RF input signal when a positive LN bias voltage (up to V-pi) is used and will be
non-inverted with a negative LN bias voltage (up to V-pi).

Key specifications (also see Common Specifications on page 20)

Parameter Value Units Qualifier
Model Number F121A - -
Fiber Type, Single mode Slow axis aligned
Input and Output Polarized ) to connector key
Modulator Type Lithium Niobate, X-cut - -
Bandwidth, electrical to optical 12:5 GHz minimum
20 typical
Optical Bandwidth 1528-1610 nm C + L bands
Optical Insertion Loss, 4 dB maximum
V-pi = maximum transparency 3 typical
Optical Return Loss 40 dB minimum
Alpha Chirp Factor 0 - +0.1
Extinction Ratio, modulator only 30 dB typical
Extinction Ratio, NRZ, 10 dB minimum
after adjustment 15 typical
RF Input Voltage Range 250 mVpp 'V"”'T““m
1000 Maximum
RF Input Voltage, absolute maximum 15 Vpp Damage threshold
RF Input Return Loss 11 dB Typical @ 12 GHz
Bias V-pi 6 V maximum
Bias Voltage Adjustment Range 0to 10V VDC | typical
Bias Voltage Step Size 10 mV DC | typical
Output Crossover Adjustment Range 3510 70 % Typical
Output Crossover Step Size 1 % Typical
Additive Jitter 5 ps p-p | Typical @ 500 mVpp input
Additive Jitter 2 ps RMS | Maximum
Dimensions 1.72H x 4.19W x 10.70D | Inches | nominal
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F122A, Lithium Niobate Phase Modulator, 13 GHz Class
F123A, Lithium Niobate P hase Modulator, with Modulator Driver, 13 GHz Class
F124A, Electro-Absorptive (EA) Modulator, 10 Gb/s Class

F124A, Electro-Absorptive (EA) Modulator, with Modulator Driver, 10 Gh/s Class

Coming soon! Send an email request to ModBlocks@tmeplano.com to make it sooner!

Analog Transmitters

Fiber optic analog transmitter ModBlocks are provided for the 1310 nm and 1550 nm bands
with output power up to 10 mW (+10 dBm). Models made with single mode (SM), 50 micron
multimode (MM50), or 62.5 multimode (MM62.5 or MM62) fiber types are offered. Various fixed
wavelength CWDM ModBlocks are offered for the 1310 and 1550 nm bands. Analog transmitter
ModBlocks can be directly modulated (radio, analog, or digital) up to ~3 GHz or used CW. The
models shown are selected from the large number of possible laser component types produced.
Users are encouraged to inquire about models not shown by sending an email to

ModBlocks@tmeplano.com.

Single mode analog transmitter ModBlocks used CW can be used for the coherent laser
source in many Photonic Doppler Velocimeter (PDV) applications not requiring watt-level power.
Models are provided with output power up to 2 mW and typical coherence lengths up to ~100
meters. On request, other laser types can be used (~500 meters @ 6 mW, ~4000 meters @ 20
mW, ~200 meters @ 63 mW, etc.). These lasers can be used with the several PDV receiver
ModBlocks offered (F170-F173) to implement a complete PDV front end system, along with the

appropriate fiber optic probe and real-time oscilloscope.

F101A-*, Analog Transmitter , DWDM, Singlemode, 2 GHz Class

DWDM fixed wavelength analog transmitter ModBlocks are provided for the 1550 nm region
in the C and L bands. Laser wavelengths range from 1528.77 nm to 1562.23 nm on 100 GHz (0.8
nm) channel spacing (43 wavelengths). These transmitters are directly modulated DFB types,
highly linear, optically isolated, thermally stabilized, and supplied with non-polarized single-mode
fiber outputs. Laser wavelength can be (thermally) adjusted £100 GHz minimum, allowing
wavelengths to be finely tuned or tuned to adjacent 50 GHz channels. Output power is fixed and a
laser enable switch is provided. The analog modulation input is AC-coupled (0.1 uF, ~35 KHz),
has ~2 GHz bandwidth, and can accept radio, analog, or digital signals. It can be used as a CW

laser source by terminating the analog input. Aninternaluser-r e pl aceabl e Acrashod cal
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provided (optical output) for repair convenience in case of optical connector damage. These

models are normally used with a 2.5 GHz class analog receiver (such as F166A-F168A) to form an

inter-facility radio signal link or for CATV use.

F101A-* front chassis view, graphics layout, and simple block diagram
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Front panel pushbuttons and a numeric readout provide manual control of the laser
temperature (for fine tuning of the wavelength), which can also be operated remotely. The mode
pushbutton turns the display on or off. Pushbuttons with up and down arrows allow adjustment of
the laser temperature when the display is on.

DWDM Analog Laser Models

Part Wavelength Part Wavelength Part Wavelength
Number (nm) Number (nm) Number (nm)
F101A-C61 1528.77 F101A-C46 1540.56 F101A-C32 1551.72
F101A-C60 1529.55 F101A-C45 1541.35 F101A-C31 1552.52
F101A-C59 1530.33 F101A-C44 1542.14 F101A-C30 1553.33
F101A-C58 1531.12 F101A-C43 1542.94 F101A-C29 1554.13
F101A-C57 1531.90 F101A-C42 1543.73 F101A-C28 1554.94
F101A-C56 1532.68 F101A-C41 1544.53 F101A-C27 1555.75
F101A-C55 1533.47 F101A-C40 1545.32 F101A-C26 1556.55
F101A-C54 1534.25 F101A-C39 1546.12 F101A-C25 1557.36
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Part Wavelength Part Wavelength Part Wavelength
Number (nm) Number (nm) Number (nm)
F101A-C53 1535.04 F101A-C38 1546.92 F101A-C24 1558.17
F101A-C52 1535.82 F101A-C37 1547.72 F101A-C23 1558.98
F101A-C51 1536.61 F101A-C36 1548.51 F101A-C22 1559.79
F101A-C50 1537.40 F101A-C35 1549.32 F101A-C21 1560.61
F101A-C49 1538.19 F101A-C34 1550.12 F101A-C20 1561.42
F101A-C48 1538.98 F101A-C33 1550.92 F101A-C19 1562.23
F101A-C47 1539.77
Key specifications (also see Common Specifications on page 20)
Parameter Value Units Qualifier

Model Number F101A-* - * = wavelength code

Fiber Type Single mode - -

Laser Type DFB - -

Power Output 10 and off mw fixed, typical

Side Mode Suppression Ratio 30 dB minimum

Wavelength tuning range (thermal) + 100 GHz minimum

Relative Intensity Noise -155 dB/Hz maximum

Optical Isolation 30 dB minimum

External Direct Modulation Input Yes - -

Analog Bandwidth 35 KHz to 2 GHz - typical

Linear frequency range 5 to 1000 MHz +0.5 dB maximum

IMD, second order -50 dBc maximum

IMD, third order -60 dBc maximum

Carrier to noise ratio 50 dB minimum

Dynamic range 25 dB minimum

External Input Sensitivity 20 mApp/Vpp | typical, laser modulation current

Laser Bias Current 120 mA maximum

Laser Threshold Current 20 mA maximum

Dimensions 1.72H x 4.19W x 8.70D Inches nominal

F102A-*, Analog Transmitter , CWDM, Singlemode, 2 GHz Class

CWDM fixed wavelength analog laser ModBlocks are offered for the 1310 nm region and

the 1550 nm region in the C and L bands. Wavelengths range from 1270 to 1610 nm in 10 nm

steps. These lasers are directly modulated DFB types, highly linear, optically isolated, not

thermally stabilized, and supplied with non-polarized single-mode fiber outputs. Output power is

fixed and a laser enable switch is provided. The analog modulation input is AC-coupled (0.1 uF,

~35 KHz), has ~2 GHz bandwidth, and can accept radio, analog, or digital signals. It can be used

as a CW laser source by terminating the analog input.
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F102A front chassis view, graphics layout, and simple block diagram
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CWDM Laser Models

Part Wavelength Part Wavelength Part Wavelength
Number (nm) Number (nm) Number (nm)
F102A-127 1270 F102A-139 1390 F102A-151 1510
F102A-129 1290 F102A-141 1410 F102A-153 1530
F102A-131 1310 F102A-143 1430 F102A-155 1550
F102A-133 1330 F102A-145 1450 F102A-157 1570
F102A-135 1350 F102A-147 1470 F102A-159 1590
F102A-137 1370 F102A-149 1490 F102A-161 1610
Key specifications (also see Common Specifications on page 20)
Parameter Value Units Qualifier
Model Number F102A-* - * = wavelength code
Fiber Type Single mode - -
Laser Type DFB - -
Power Output 2 mW | fixed, typical
Side Mode Suppression Ratio 30 dB minimum
Wavelength temperature coefficient 0.1 nm/°C | typical
Relative Intensity Noise -145 dB/Hz | typical
Optical Isolation 30 dB minimum
External Direct Modulation Input Yes - -
Analog Bandwidth 35 KHz to 2 GHz - typical
Linear frequency range 5 to 200 MHz | £1 dB maximum
IMD, second order -40 dBc | maximum
IMD, third order -50 dBc | maximum
Carrier to noise ratio 40 dB minimum
External Input Sensitivity 20 mA/V | typical, laser modulation current
Laser Bias Current 50 mA | maximum
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Parameter Value Units Qualifier
Laser Threshold Current 20 mA maximum
Dimensions 1.72H x 4.19W x 6.70D | Inches | nominal

F103A-*, Analog Transmitter , WDM, 50 micron Multimod e, 2 GHz Class
F104A-*, Analog Transmit ter, WDM, 62.5 micron Multimode , 2 GHz Class
WDM fixed wavelength analog transmitter ModBlocks are provided for 1310 nm and 1550

nm (10 nm). These transmitters are directly modulated DFB types, fairly linear, optically isolated,

not thermally stabilized, and supplied with non-polarized single-mode fiber outputs. Output power

is fixed and a laser enable switch is provided. The analog modulation input is AC-coupled (0.1 uF,

~35 KHz), has ~2 GHz bandwidth, and can accept analog or digital signals. It can be used as a

CW laser source by terminating the analog input.

F103A and F104A front chassis view, graphics layouts, and simple block diagram

£+ ke

g|Q LPB] Enable

Z |2 Embedded

! Controller, [R/G] Rem/LLO
Power, .

& I Display, [RIG] Link/Act

‘© & Monitor RIG| Power

é 2 © Circuitry _;l

@ (1

a

= —I 0.1 uF

@ ? _i Laser [ 1S Analog Input

>

£ Medule [F] Optical Output

5T

1U, quarter-r ack, 6. 70 d
Class lllb Laser Class lllb Laser @
. 1270-1610 nm . 1270-1610 nm
Optical <3mw Optical <3mw
Qutput & Output &
FC/UPC' an jore use aser ES PCY an ore:use r
Non-Polarized — le beft ELna:Ie @ Rem/LLO Non-F{glanzed P — Gleanbeh EL:::le (_B Rem/LLO
Ar;ra::)ou% ESD sensitive port @ Link/Act Arllra\'ljou% ESD sensitive port @ Link/Act
) @D Power N> @D Power
F103AWDM 2 GHz Class MM50 Analog Transmitter F104AWDM 2 GHz Class MM62 Analog Transmitter
WDM Laser Models
Part Wavelength Part Wavelength
Number (nm) Number (nm)
F103A-131 1310 F104A-131 1310
F103A-155 1550 F104A-155 1550
Key specifications (also see Common Specifications on page 20)
| Parameter Value | Units | Qualifier |
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Parameter Value Units Qualifier
Model Number F103A-*, F104A-* - * = wavelength code
Fiber Type 50 mic;ron multimode ) F103A-*

62.5 micron multimode F104A-*

Laser Type DFB - -
Power Output 1 mW | fixed, typical
Side Mode Suppression Ratio 30 dB minimum
Optical Isolation 30 dB minimum
External Direct Modulation Input Yes - -
External Input Bandwidth 35 KHz to 2 GHz - typical
Output Transition Time 200 ps typical
External Input Sensitivity 20 mA/V | typical, laser modulation current
Laser Bias Current 50 mA maximum
Laser Threshold Current 20 mA maximum
Dimensions 1.72H x 4.19W x 6.70D | Inches | nominal

Digital Transmitters

These ModBlocks convert an electrical digital input signal into a fiber optic digital output
signal. Fixed and tunable wavelength DWDM transmitters using LN modulators are offered for 13
Gb/s class NRZ operation. Fixed wavelength CWDM (SM) and WDM (MM50 and MM62)
transmitters using direct modulation are offered for 2.7 Gb/s class NRZ operation. Fixed and
tunable wavelength DWDM RZ and DPSK digital transmitters using LN modulators will be offered

in the near future. Send an email request to ModBlocks@tmeplano.com to make it sooner!

F140A-*, Digital Transmitt er, Fixed Wavelength DWDM, Lithium Niobate, 13 Gb/s Class

DWDM fixed wavelength digital transmitter ModBlocks are provided for the 1550 nm region
in the C and L bands. Laser wavelengths range from 1528.77 nm to 1564.68 nm on 100 GHz (0.8
nm) channel spacing (43 wavelengths). These transmitters contain fixed wavelength DFB type
lasers and adjustable LN modulators with non-inverting modulator drivers. They are optically
isolated, thermally stabilized, and have polarization maintaining single-mode fiber outputs (slow
axis aligned to connector key). Laser wavelength can be (thermally) adjusted £100 GHz minimum,
allowing wavelengths to be finely tuned or tuned to adjacent 50 GHz channels. Output power is
fixed and a laser enable switch is provided. SBS suppression is provided (can be used for a
Afchannel 1 D0), which is required for |l ong haul spa
frequency (channel ID) are adjustable and an enable switch is provided. The digital modulation
input is AC-coupled (0.1 uF, ~35 KHz) and normally accepts an NRZ digital signal, but can accept
analog or other digital signals within its bandwidth. These transmitters can be used as a variable
power CW laser source by terminating the digital input and adjusting the LN bias voltage. An

internaluser-r e pl aceabl e ficrashd cable is provided (optic
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optical connector damage. These models are normally used with a 13 Gb/s class analog receiver
(such as F160A or F161A), limiting receiver (such as F180A or F181A), or digital receiver (such as
F200A or F201A) to form an inter-facility fiber optic data link up to ~100KM, fiber optic digital test
systems, or general lab and development use. These models are also available with full front
panel connector access to the internal laser, modulator, and modulator driver on special order if

required.

F140A front chassis view, graphics layout, and simple block diagram

LN Drive Level VDC =G
Output Xover % = Y-
LN Bias¥DC =R

SBS Amplitude VDC =G
SBS Frequency KHz = Y- —
Laser Temperature °C =R
—1
R/G| Mode
_/"
5 R/G| Mode
Q|8
Z | Embedded PB | Mode
5 Controller,
_l '
Power, m/
= Display, N
« & Monitor PB "
; o Circuitr .
s : PE] {
o
= LPE| SBS
s 2 Enahles
Sl LPE| Laser
=
57 - RIG] RemiLLO
1U, half k 8.706 d IRIG] Link/Act
e e st Lo dae Fixed
Wavelength _R_I?] Power
Laser
i
1 .., LN o .
Modulater % —E] Optical Output
: 0.1-uF
M odulator sl
Driver ——{—S] RF Input

Page35 of 205 2AM1CAQ0906A



Third Millennium Engineering

ModBlocks Catalog
www.tmeplano.com

GD 8>

Modular Fiber Optic, Microwave, High-Speed Logic, and Utility Functional Blocks and Accessories

Front panel pushbuttons and a numeric readout provide manual control of the laser
temperature (for fine tuning of the wavelength), SBS amplitude, SBS frequency, LN bias voltage,
output crossover point, and LN drive level (which can also be operated remotely). The mode
pushbutton changes the display and two bi-color mode LEDs (along with front panel graphics)
indicate the parameter being displayed. For the lower LED, red indicates Laser Temperature
control mode, yellow indicates SBS Frequency control mode, green indicates SBS Amplitude
control mode, and dark indicates off mode. For the upper LED, red indicates LN Bias control
mode, yellow indicates Output Crossover control mode, green indicates LN Drive Level control
mode, and dark indicates off mode. Pushbuttons with up and down arrows allow parameter
adjustment for the mode indicated by the bi-color LEDs. Inherent to LN, the optical output will be
inverted from the RF input signal when a positive LN bias voltage (up to V-pi) is used and will be

non-inverted with a negative LN bias voltage (up to V-pi).

C-band 100 GHz DWDM laser wavelength choices (see following note)

Part Wavelength Part Wavelength Part Wavelength
Number (nm) Number (nm) Number (nm)
F140A-C61 1528.77 F140A-C45 1541.35 F140A-C29 1554.13
F140A-C60 1529.55 F140A-C44 1542.14 F140A-C28 1554.94
F140A-C59 1530.33 F140A-C43 1542.94 F140A-C27 1555.75
F140A-C58 1531.12 F140A-C42 1543.73 F140A-C26 1556.55
F140A-C57 1531.90 F140A-C41 1544.53 F140A-C25 1557.36
F140A-C56 1532.68 F140A-C40 1545.32 F140A-C24 1558.17
F140A-C55 1533.47 F140A-C39 1546.12 F140A-C23 1558.98
F140A-C54 1534.25 F140A-C38 1546.92 F140A-C22 1559.79
F140A-C53 1535.04 F140A-C37 1547.72 F140A-C21 1560.61
F140A-C52 1535.82 F140A-C36 1548.51 F140A-C20 1561.42
F140A-C51 1536.61 F140A-C35 1549.32 F140A-C19 1562.23
F140A-C50 1537.40 F140A-C34 1550.12 F140A-C18 1563.05
F140A-C49 1538.19 F140A-C33 1550.92 F140A-C17 1563.86
F140A-C48 1538.98 F140A-C32 1551.72 F140A-C16 1564.68
F140A-C47 1539.77 F140A-C31 1552.52
F140A-C46 1540.56 F140A-C30 1553.33

Note: There are many possible DWDM wavelengths, so only selected popular C-band 100

GHz channels are shown (bold ones preferred). However, any DWDM wavelength can be
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