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Can ChatGPT splice fiber?

Short answer: No, ChatGPT can'’t physically splice fiber optic cable.

Fiber splicing is a hands-on technical task that requires specialized equipment like a fusion splicer, cleaver,

and proper safety tools. It involves precisely aligning and fusing glass fibers together.



I. OBJECTIVES

This lab work focuses on passive fibers used as communication channels in quantum networks and
cryptographic systems. During the exercise, students learn the fundamentals of fiber optics, as well as
various tools and accessories used in the field, including strippers, cleavers, and splicers.

II. PREREQUISITES AND OUTLINE

To successfully complete the lab, students should understand the theoretical foundations of fiber optics.
If you feel gaps in knowledge, read a tutorial at the link https://www.rp-photonics.com/tutorial_
passive_fiber_optics.html), which briefly and succinctly overviews this field.

A. Outline

During this lab, you will learn the basics of fiber optics (including guided modes and loss in optical
fibers), basic fiber-optic tools and instruments, fiber splicing and connecting procedures, as well as testing
specifics related to fibre design.

The work progresses in the following stages.

1. Study the principle of transmission of radiation (information) through optical fiber
. Stripping, cleaving, and splicing optical fibers for integration into optical devices
. Visual inspection and fault location (red test)
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4. Measuring fiber attenuation using the cut-back technique
5. Measuring fusion splicing loss

6

. Measuring loss on connectors

B. Questions for preparation

To check your understanding of the background, try answering the following questions. If you can not
answer them, you need more preparation before you start the lab.

— How can light be guided in a fiber, using some refractive index contrast? Which one has a larger
refractive index, the core or the cladding, and why? How can we describe this in a ray or wave
picture?

— What are fiber modes? What determines the number of guided modes? What are core and cladding
modes, and what are their basic properties?

— How to strip and cleave fiber end faces? How large does the cleave angle have to be to suppress
back-reflections?

— How can fibers be spliced together or mated with connectors? What coupling losses arise from
imperfect alignment?

— What are the origins of propagation losses (attenuation) in optical fibers? Where is the loss
optimum of silica fibers?

III. PRACTICAL NOTES ON OPTICAL FIBRE HANDLING

1. Cleaving the fiber

Before starting, install a splice protection sleeve on the fiber to prevent cleave damage
and ensure proper sealing after splicing.

Strip the fiber using a fiber stripper tool to a length of 30-40 mm. The fiber stripper looks like
a pincer with several cutting holes calibrated to fiber buffer/coating diameters. The largest hole
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strips 2-3 mm jackets, the second strips 900 pwm buffer coatings, and the smallest hole strips 250 pm
acrylate coating down to the bare glass fiber. Nicks or cuts weaken the fiber and can cause long-
term reliability issues. Therefore, it is preferable to remove the 900 um buffer and 250 pm coating
in one step, but sometimes the 900 um buffer must be stripped in small bites. After stripping,
clean the fiber thoroughly using a lint-free wipe with pure isopropyl alcohol. A slight squeak
indicates the fiber is clean. After cleaning, avoid touching the fiber. Immediately place it in
the cleaver holder and cleave the fiber.

To obtain a high quality of fiber end, you need to accurately align the fiber in the cleaver holder.
Pay attention that only the bare glass fiber should contact the smooth black backings.
Any remaining coating will increase the diameter, preventing proper scribing and cleaving. Ensure
that after you secure the fiber using the left cleaver clamp, the fiber is straight and centered on
the pad.

Do not clean the fiber after cleaving. The cleaning will contaminate the cleaved end
with dust. Immediately after cleaving, insert the fiber into the splicer machine holder.
. Fiber fusion splicing

Strip, cleave, and secure each fiber in the splicing machine holders one by one. Never place
a cleaned and cleaved fiber anywhere except the holder. If the fiber end touches anything after
cleaving, repeat the cleaving process. Dust on the fiber end not only prevents proper fusion splicing
but also damages the electrodes when evaporated by the electric arc.

When placing the fiber, gently lower it into the V-grooves so the cleaved end is as close to the
electrodes as possible, with a small offset, providing a gap between fibers.

During splicing, the display will show the process steps: gap adjustment, camera focus, pre-fusing,
fiber end check, field change, core/diameter alignment, arc fusion, and inspection. The splicer will
evaluate splice quality and display the estimated loss in dB and any observed defects.

After splicing, visually inspect the splice. Some visual flaws, such as white or black lines (primarily
occurring in special fibers), do not affect transmission and are acceptable. However, black spots,
lines, large core offsets, bubbles, or bulging require re-splicing Fig. [T} Minor issues may be improved
by repeating the arc step, but more than two times will degrade fusion splice properties, including
increasing fragility and splicing loss.

Troubleshooting common splice issues includes constriction, enlargement, bubbles, inclusions,
matchheads, or incomplete fusion. They are usually caused by incorrect fusion or prefusion cur-
rent, feed rate, pre-fusion time, contaminated electrodes, or poor cleave. If such flaws occur, repeat
the fiber preparing and splicing processes. The following list explains possible reasons to induce
fusion splicing troubleshooting.

Constriction

- Current too high

- Feed rate too slow

- Prefusion time too long

- Prefusion current too high
- Gap too wide

- Contaminated electrodes
Enlargement

- Autofeed too fast

- Incorrect current
Bubble or Inclusion

- Contaminated fiber end faces
- Poor cleave
- Fusion current too high

- Prefusion current or time too low
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FIG. 1: Troubleshooting fiber fusion splicing.

Matchheads

- Contaminated electrodes

- Fusion current much too high

- Prefusion time much too long

- Prefusion current much too high
- Autofeed too small

- Gap too large

Not fused through

- Fusion current too low

- Prefusion time too short

. Fiber fusion splicing

Optical time domain reflectometry (OTDR) is a testing method used to characterise and trou-
bleshoot optical fibers. It works by sending a series of light pulses into the fiber and analysing the
light that is scattered back or reflected due to imperfections, splices, connectors, or the fiber end.
This backscattered and reflected light is measured as a function of time, which is then converted
into distance based on the speed of light in the fiber.

It allows for measuring fiber length, attenuation in fiber, and loss on splices connectors, as well as
to identify and locate faults and assess overall fiber quality.

To measure the length of a fiber spool using an OTDR, you first need a normalised fiber spool. It is
a reference spool with a precisely known length and standardised optical properties, such as attenu-
ation and backscatter coefficient. It is used to calibrate the OTDR, ensuring that measurements are
accurate and consistent by accounting for variations in fiber type, wavelength, and environmental
factors. Before measuring, prepare the OTDR by setting it to the correct wavelength that matches
the fiber type, such as 1310 nm or 1550 nm. Enter the fiber’s refractive index, typically 1.4682 for
single-mode fiber, and the backscatter coefficient if required. Start by connecting the normalised
fiber spool to the OTDR’s output port using a clean, high-quality connector. Run a reference
measurement to calibrate the device, allowing the OTDR to adjust for the known characteristics of
the normalised spool. Next, connect the spool you want to measure to the normalised spool. Make
sure the connector is clean and properly mated to avoid errors. Run the OTDR test. Evaluate
fiber spool characteristics, taking into account the data from the normalised spool to adjust for
any systematic errors. If your OTDR does not have an automatic normalisation feature, manually
enter the normalised spool’s parameters for calibration and follow the manufacturer’s guidelines
for optimal performance.



IV. EQUIPMENT

1. Fiber fusion splicing kit (fusion splicing machine Signal Fire AI-9, stripper, fiber cleaver), mobile
app “Signalfire2”.

2. A 1310/1550-nm laser source with FC connector (Grandway FHS1D02).
3. Free-space optical power meter (Thorlabs PM100D with a sensor S132C).
4. An optical power meter for 700-1700 nm spectral range with FC connector (Grandway FHP2A04).
5. Visual fault locator (VFL, 650 nm).
6. Fiber-optic patchcords SM fiber FC/UPC-FC/UPC 3 pcs, FC/APC-FC/UPC 1 pcs.
7. Fiber-optic pigtail SM fiber FC/UPC 2 pcs, fiber-optic pigtail SM fiber AFC/UPC 1 pcs.
8. OTDR (Basis telecom BZ-OTDR-01).
9. Fiber-optic spool SM fiber (length of 1 km).
10. Normalised fiber-optic spool SM fiber FC/UPC-FC/UPC connectorised (length of 1 km).
11. Fiber-optic inspection microscope and cleaning kit.

12. IR visualisation card 1 pcs.

Operator’s manuals and data sheets for the equipment can be found on the course webpage.

V. WORKFLOW

Read the safety instructions carefully. Perform the lab exercises consistently and record your mea-
surement results on the lab report sheet. Follow equipment manuals to accomplish lab work.

Operating and safety instructions

- Most educational lasers have an output of less than 10 mW and will not harm the skin but are
dangerous for eyes. In the lab work, you will operate with laser sources at 650 and 1310/1550 nm.

- Never look directly into the fiber end or into the laser aperture when the laser is on. Never point
a laser at anyone’s eyes or face, no matter how far away they are.

- Check the fiber with a power meter before inspecting connectors! Microscopes can focus light from
the fiber into the eye, which can burn the cornea of the eye.

- Remove all shiny objects from the area in which you will be working. This includes rings, watches,
metal bands, tools, and glass.

- Never leave a laser unattended while it is turned on—and always unplug it when it’s not actually
being used.

- Always switch off laser sources before connecting or disconnecting fiber cables with each other.
- Handle fiber ends with care to avoid injury. Avoid fibre fragments sticking into the skin!
- Wear protective glasses when stripping and cleaving fibers.

- Never leave scraps anywhere. Immediately after fiber cleaving, dispose of fiber scraps ( Fig. )
carefully in a black closable bin of fiber cleaver. If you see dropped scraps on the floor, table, chair
or anywhere else, immediately pick them with tape ( Fig. )

- No eating or drinking, or smoking either.



FIG. 2: Fiber scraps: after cleaving (a) and picked with a tape (b). (The photos are provided by
Sergey Levashov.)

Laboratory Exercises

Exercise 1: Measure the length of a ~1-km fiber spool
- Perform a fusion splice between the fiber spool and UPC/PC pigtail using a fusion
splicer. Cleave the free end of the fibre spool.

- Connect it to a normalised fiber spool and measure the length of the fibre spool and
its attenuation at 1310 and 1550 nm.

- Report measurement results on the lab report blank.
Exercise 2: Visual inspection and fault location (red test)

- Connect a red laser source (VFL) to one end of a fiber spool.

- Observe the fiber for visible red light, indicating the presence of macrobends or breaks.

- Explain why the red light is visible at a short distance along the beginning of the spool
but not along the whole fiber spool length.

Exercise 3: Measuring fiber attenuation using the cut-back technique

- Connect the spool using the fiber pigtail to the laser source.

- Cleave the free end of the fibre spool and secure it against the power measurement
detector.

- Switch on the laser source and check using the IR visualisation card that the laser
beam falls on the centre of the detector and illuminates it evenly.

- Measure the output power at 1310 and 1550 nm.

- Cut back the fiber to a short length (~15 cm from the fusion splicing joint), cleave
the fiber, and measure the output power again.

- Calculate the attenuation coefficient as

10 Pout short)
a=—Ilo - dB/km],
L E10 ( Pout,long [ / ]

where L is the length of the cut fiber spool, the difference between the initial fiber
spool length and length of a short piece.

Exercise 4: Measuring fusion splicing loss



- Measure the reference power through a UPC/UPC fiber.

- Cut the fiber, perform a fusion splice, and measure the output power again.

- Calculate the splicing loss. Repeat for at least three splices to obtain an average value.
- Report measurement results on the lab report blank.

- Note: Do not use heat-shrink tubing for protection in this exercise.
Exercise 5: Measuring loss on connectors

- Evaluate loss induced by fiber intrinsic loss in UPC/UPC fiber patch cord.

- Measure the reference power through a UPC/UPC fiber.

- Connect a second UPC/UPC connector and measure the output power.

- Connect a third UPC/UPC connector and measure the output power.

- Connect an APC connector to a UPC connector and measure the output power.
- Compare the losses and discuss the effect of connector polish (UPC vs. APC).

- Splice a UPC pigtail to a UPC pigtail and measure the power, then splice a UPC
pigtail to an APC pigtail and measure again. Evaluate and explain the difference.



LABORATORY LOG

Exercise 1 & 3: Fiber Length and Attenuation Measurements

Parameter OTDR

Cut-Back Technique|Theoretical value

Length of fiber spool (km)
Length of cut fiber (L) —
Output power @1310 nm (dBm) at long/short fiber| —
Output power @1550 nm (dBm) at long/short fiber| —
Attenuation @1310 nm (dB/km
Attenuation @1550 nm (dB/km

)
)

Exercise 2: Visual inspection and fault location (red test)

- Red light observed at the beginning of the spool:

- Explanation for visibility of red light only at a short distance:

(Yes/No)

Exercise 4: Measuring fusion splicing loss

- Evaluated loss induced by fiber intrinsic loss in UPC/UPC fiber patch cord: dB

Measurement Point Power

at 1310 nm|Power at 1550 nm

Reference power (UPC/UPC fiber) (dBm)
After splice 1 (dBm)
After splice 2 (dBm)
After splice 3 (dBm)

- Average splicing loss per splice:

dB

Exercise 5: Measuring loss on connectors

Measurement Point

At 1310 nm

At 1550 nm

Reference power (UPC/UPC fiber) (dBm)

Power with second UPC/UPC connector (dBm)
Power with third UPC/UPC connector (dBm)

Power with APC connector to UPC connector (dBm)
Loss at UPC/UPC connection (dB)

Loss at UPC/APC connection (dB)

- Power after UPC/UPC spliced pigtails:

dBm

- Power after UPC/APC spliced pigtails:

dBm

- Discussion on connector polish effect (UPC vs. APC):




