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Analysis of reflectometric measurements losses
of spliced single mode telecommunication fibers
with significantly different parameters
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In this paper there have been presented theoretical and basing on experiments analysis of one-way
and two-way reflectometric measurements of spliced single mode telecommunication fibers with
different refractive index profiles, received in various combinations of joints. In the analysis the
dependence of one-way and two-way reflectometric measurements of spliceloss onthe modefield
radii quotient and on the shift of axes of the spliced fibers asafunction of measurement wavel ength
has been taken into account. On the basis of one-way reflectometric measurements a method
explicitly proving the existence of atransient areain the spliced fibers has been presented.
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1. Introduction — losses of connected fibers

The splice (connection) loss is computed in terms of the fraction of incident power
that is coupled from theincident fundamental mode of fiber 1 to the fundamental mode
of fiber 2 —Fig. 1. The power coupling efficiency between two fibers weakly guiding
(telecommunication fibers) is given by [1, 2]:
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where: E;(x, y) and E,(x, y) are transverse components of the modal electric field of
the fiber 1 and 2, respectively (see Fig. 1), 3, and S, are propagation constants of the
fiber 1 and 2, respectively, * — denote conjugate function.

For optical fiberswith circular symmetry (telecommunication fibers) Eq. (1) may
by transformed to cylindrical co-ordinates:
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Fig. 1. Fibers connection with axes shift d.

2
45,5 j‘[zj ElEZrdgonr
172 0\O
> " lom o : )
Prt Fo) J'[ZJ' EZEZrd(p]dr J'{z:“ ElEIrd(p}dr
o\ 0 o0

When two single mode telecommunication fibers with circular symmetry and
weakly guiding are connected co-axialy, then S, = 3, and the transverse components
of the modal electric field are usually well approximated by Gaussian function [1-3]:

2
E(y) = exp[—%(ﬁ ] ©

1
where: W —modefield radius, r = (xz + yz) 2 _ distance from the center of thefiber.
Substituting Eg. (3) into Eqg. (2), we obtain:

15w )
M= 2 2 2.2 (4)
B+ B)" (WS +W5)

In weak guiding regime S, = 3, and we obtain:

2\p,2
WiW
n=4——. ®)

When the same fibers are not concentric, with axis shifted by value d (Fig. 1)
then [1]:
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2 2
E(x,y) = exp[—% (Xﬂj%] (6)

and we obtain [1, 4]:

24,2
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2. Reflectometric measur ements losses of connected fibers

According to [5] the backscattered power detected by OTDR (optical time domain
reflectometer) from a point immediately preceding the splice is given by (the
subscript 1 refers to the input fiber):

P, = Poslexp(_zalLl) (8)

where: P, —theinitial power level [dBm], L —thefiber length [km], or—the attenuation
coefficient [1/km], S — the backscatter coefficient, the latter being given by [6]:

2 (NAY?
s= 2 ©

2
a

where: NA — the numerical aperture, W — the mode field radius, a — the core radius,
V — normalized frequency, n — the core refractive index at the core radius.
The normalized frequency of the fiber is defined as usual [1-3, 7]:

V = kans/24 = kaNA (10)

where: k = 2r/4 (1 —the wavelength), A4 = (n’- nglad)/an.
Substituting Eg. (10) into Eq. (9) we obtain (the subscript 1 refers to the input
fiber) [8]:

2
_ A
S, = o.o38(n1WJ . (11)
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The backscattered power detected by OTDR from a point immediately following
the spliceis given by [5]:

Py = PoSim, 7721exp(—20(1L1) (12)

where: 77;, — the power coupling efficiency from the fiber 1 to the fiber 2, 7,; — the
corresponding quantity in the reverse direction and 7, = 77,, = 7 — see Egs. (5)
and (7), S, — the backscatter coefficient of the fiber behind the spliceis given by:

2
_ A
S, = 0'038(n2w2] . (13)

One-way A, fiber loss from 152 is:

I:)2
2A;, = -10log—*=. (14)
1

Thus, applying (8), (12) and (7) we obtain:

2
—Z - | 1L , 15
P, [nzwzj Tzll (15)

P>
2A;, = -10log—= =
Py

= 20Iogk+20Iog&+40Iog l&+& +20log| exp d—z .
ny W, 2\W, W Wi+W§
(16)

Hence, one-way apparent splice lossin the direction 1—-2 is:

A, = 10Iogk+10IogM+20Iog i[M+&] +4.34 d—z
2 ny W, 2\W, W, W2 +w3

17

And similarly one-way apparent splice loss from 2—1 is:

A, = 10Iogﬁ+10Iogm+20Iog i[M+&] +4.34 d—z
2 n, W, 2\W, W, W2 +w3

(18)
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Real splicelossisan arithmetic mean of (17) and (18) including signs A, and A,;:

A, +A w, W 2
As = —2—2 = 20log i(—1+—2j +4.34 % . (19)
2 2\W, W, W71+ W5

3. Reflectometric measurements analysis

Reflectometric measurements of optical losses are considered to be less precise than
transmission measurements. However, the analysis of reflectometric measurements of
losses, that is splices loss of fibers, provides a lot of information which cannot be
achieved from transmission measurement analysis. It results from the principle of
reflectomertic analysis based on backscattered power. One-way splice loss contains
information about true splice loss and about the types of spliced fibers. It isimportant
becausein fiber tracks measurement practice we often do not know what type of fibers
wejoin.

Expressions (17) and (18) describe one-way splicelossvalues. Thefirst and second
components in the expressions (17) and (18) result from the measurement rule
(backscattered power), and can assume positive and negative valuesfor splicing fibers
of different n and W. Thethird and fourth componentsinthe Egs. (17) and (18) express
optical coupling between the spliced fibers, and they are always positive.

With the assumptions of concentric splicing of fibers of different types, that isfor
d=0 and W, #W, and n; #n,, one of the reflectometric measurements is aways
negative since if W, # W, and, e.g., W; > W, and n; # n, and, e.g., n; > n, one gets:

— acase of always positive AL

10Iogm>20Iog L m+m : (20)
W, 2\ w, W,
— acase of always negative A(l_z)
w (W, W,
10log—24| > 20log| =| —= + —= |. 21
‘ W, glz(wz W, (21)

The values of components 10log(n,/n,) — positive and 10log(n,/n,) — negative,
although they additionally increase the positive value A,; and the negative value A;,,
respectively, can be neglected. For example, while splicing thefiberswith significantly
different numerical apertures: NA; = 0.16 (dispersion shifted SMF), and NA, = 0.12
(matched cladding SMF), their refractive indices in the cores (with doping GeO,) for
A =1310 nm — calculated from Sellmaier’s principle [4] are respectively n = 1.4557
and n=1.4515. Thus, the values of components 10log(n,/n,) = 0.0125dB and
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10log(n,/n;) =-0.0125dB actualy do not have influence on one-way loss A,
and A,,, and they can be neglected in the analysis.

3.1. Dependence of one-way (apparent) and two-way (true) losses
of splices of measur ement wavelengths

When analyzing the expressions (17), (18) and (19), with the components 10log(n,/n,)
and 10log(n,/n;) neglected, the presented below splicing cases can be distinguished.

Case I. Centrical splicing, i.e., d = 0 and here:

1. W, =W,

2. W, # W, and when W, > W, then W,/W, decreases along with the wavelength A4,

3. Wy # W, and when W, > W, then W,/W, increases along with the wavelength A4,

4. W, =W, and W,/W, does not change with the wavelength A.

Case Il. Splicing with an axis shift, i.e., d # 0 and here:

1.W;=W,,

2. W, # W, and when W, > W, then W,/W,, decreases along with the wavelength 4,

3. Wy # W, and when W, > W, then W,/W, increases along with the wavelength A4,

4. W, # W, and W,/W, does not change with the wavelength A.

Suitable types of spliced fibers can be assigned to the above presented cases.
Thus, theoretically, cases|.1 and Il.1 concern splicing of the same types of fibers.
Cases 1.2 and11.2 concern splicing of standard fibers (SMF —standard single mode fiber)
— step refractive index profile — Fig. 2, with shifted dispersion fibers (DS SMF —
dispersion shifted single modefiber), and with non-zero dispersion fibers (NZDS SMF
—non-zero dispersion shifted single modefiber) with refractiveindex profile presented
inFig. 2.

In cases|.2 and 11.2 the ratio of mode field radii decreases along with the
wavelength rise — Fig. 3[9].

Ge0,-SiO,

0.6 DS SMF and NZDS SMF

A [%]

0.2+

-10 -5 0 5 10
Radius [um]

Fig. 2. Refractive index profile in fibers DC SMF (G.652), DS SMF (G.653) and NZDS SMF (G.655)
[4, 10].



Analysis of reflectometric measurements losses... 353

12 —

Mode field diameter [um]

Flat dispersion

6 ! |
1200 1400 1600
Wavelength [nm]

Fig. 3. Dependence of the mode field diameters on wavelengths for fibers SMF, NZDS-SMF(DS SMF)
and with flat dispersion characteristics [9].

Cases .3 and I1.3 concern splicing of fiberswith step index and W-type refractive
index profiles[4], i.e., two types of standard fibers: MC SMF (matched cladding single
mode fiber) with DC SMF (depressed cladding single mode fiber), as in this case
the mode field radii ratio increases along with the rise of wavelength [10].

Cases 1.4 and 1.4 concern splicing of fibers of the same type, although differing
with their mode field radii within the accepted value of MFD (mode field diameter)
distribution.

It should also be noted that along with the wavelength rise, i.e., the mode field
increase, theloss resulting only from the lack of concentricity of thejoint (case of 11.1)
decreases and it is of course always positive regardless the measurement direction.

3.2. Reflectometric measurements of spliced fibers of different types—
theoretical analysis and test results

3.2.1. Centrical splicingd=0

Case I1.1. — W; = W,, d = 0. In the expressions (17) and (18) we neglect the first
component (insignificant influence) as well as the fourth one (d = 0):

A, = 10l0g2 1 20l0g| L[ —a , W2 22)
1 Wl 2 W2 Wl ,

w 1w, W,
A, = 10log—= + 20log| —=| — + —=| |. 23
21 W, 920w, T w, (23)

If W, = W, (from the point of view of losses, splicing of identical fibers) A;, = A,q
= Ag = 0 and of course they do not depend on the wavelengths.
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Fig. 4. Loss of 14 splices of joined fibers MC SMF (examples from the used fiber track) for A= 1310 nm
and A = 1550 nm. Reflectometer MW90700B by Anritsu firm was used.
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Fig. 5. Dependence of theloss (reflectometric measurement) of splicesof fibersMC SMF (2W, ‘ I
nm

=9.3+0.5um, 2W1]1550 . =10.5£1 um) with NZDS SMF of thetruenwzatvetype(2W2’1310 E 6.7 um,

2W2|1550 =8.4%£0.6 um) on the splicing current — Ericsson splicer 925RTC. Splicing timet = 2 sec.
nm

In practice most often for splicing of theoretically identical fibers we obtain

O 0 ®) *)
1A 15100 > [AD] 1550 and AL o> A% | o (1310 nm, 1550 nm denote

measurement wavelength), though they do not differ significantly and Ag= 0 (see
Fig. 4) here the splice No. 3 does not comply with the norm, and thisis an example of
a big nonconcentricity of the connection.

Case 1.2. — W, #W,, d =0 and when W, > W, then W,/W, decreases along with

the wavelength 4, i.e., (W, /W > (W, /W

2) |1310nm 2) |1550nm'
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It isacase of splicing of fibers DS SMF and NZDS SMF with the fibers SMF —
Fig. 2. Taking into consideration (20), (21) and (22), (23) for splicing of the above

; i ive a0 S *) ()
mentioned fibers, wereceive: ‘AlZ‘llenm > ‘A12‘1550nm and Ay 10mm A L550nm”

Values [A| and ASY are big Ag > 0 and As| > A . In Figure 5 the
. . . 1310nm | 1550nm
experimental confirmation of the above presented analysis has been presented.
Case 1.3. — W, #W,, d =0 and when W; > W, then W,/W, rises along with the
wavelength 4, i.e., (Wy/W,)| <(Wy/Wy)| :
L <7 11310nm 1550nm . .
This is the case of splicing of fibers DC SMF with MC SMF. Fibers used in
telecommunications DC SMF and M C SMF do not differ much in respect of their mode
field diameters [10]. Taking into consideration (20), (21) and (22), (23) for splicing

; ; G O *) ()
of the above fibers, we obtain ‘Alz‘monm < ‘Alz ‘ 1550nm and A5/’ w510 A 1550’

A, isnot big (small differences W, and W,) and actually does not decrease along with

both the time and splicing currents increase — Fig. 6 (no influence of optimization),
and Aq| <A which is very characteristic. In Figures6 and 7 the
1310nm 1550nm

experimental confirmation of the above presented analysis has been shown.
Case 1.4~ W, # W,, d =0and W, > Woand (Wi /Wy)| - = (W /Wo)| .

This is the case of splicing fibers of the same type but differing with mode field
radii within the accepted value of MDF (modefield diameter) distribution, e.g., splices
MS SMF-MC SMF with 2W1|1310 = 9.0 um and 2W = 9.3 um.

nm

1] 1310nm

[1.00 dB/div]
o)

[1.00 dB/div]
o

0.08203 km 0.20941 km 0.33679 km 0.07796 km 0.20533 km 0.33271 km

[0.02548 km/div] [0.02548 kmydiv]
e o d

[1.00 dB/div]
[1.00 dB/div]

0.08203 km 0.20941 km 0.33679 km 0.07796 km 0.20533 km 0.33271 km
[0.02548 km/div] [0.02548 km/div]

Fig. 6. Reflectometric measurement (reflectometer Anritsu MW9070B was used) of fiber spliceMC SMF
2W =9.3+05um, 2W =10.5+1um) and DC SMF (2W =8.8+0.7 um,
(2 1|1310nm 0851 K A 1|1550n A K )b A ( A2|1310nm K
=~ 9.8+1 um): a), , ),
2|1550 nm um) 12|1310nm( ) 21|1310nm( ) 12|1550nm( )
splicer 925 RTC was used: splicing current | = 17 mA, splicing timet = 3.5 sec.

d). Ericsson
21|1550nm( )
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Fig. 7. Dependence of the loss (reflectometric measurement) of fiber splices MC SMF

(2W1| =9.3£0.5um, 2W1| =10.5+£1um) and DC SMF (2W2| =8.8£0.7 um,
1310nm 1550 nm . . 1310nm,

=~ 9.8+1 um) on the splicing current — Ericsson splicer 925 RTC, splicing time t = 3.5 sec.

2 1550 rm e
Reflectometer MW90700B of Anritsu firm was used.
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Fig. 8. Dependence of the loss (reflectometric measurement) of fiber splices MC SMF-MC SMF

(2W1| =9.3+0.5um, 2W1| =10.5+1um) on the splicing current — Ericsson splicer
1310nm . . ) 1550 nm . i

925 RTC, splicing time t = 3 sec. Reflectometer MW90700B of Anritsu firm was used.

Taking into consideration (20), (21) and (22), (23) for splices of the above

; ; iva | a0 NG () — AM)
mentioned fibers, we receive: ‘Alz‘ 1310nm = ‘Alz 1550nm: A1 1omm - Al L550nm
and AS|1310nm = AS|1550nm—|n practicefor thistype of splices AS|1310nm >AS|1550nm
—seeFig. 8.

For the applied changes of the current of splicing — Figs. 5-8 the deterioration of
quality of splicesis not noticed [11].
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3.2.2. Noncentrical splicingd#0

Case 1l.1. —W; =W,, d # 0. In the expressions (17) and (18) we neglect the first
component (insignificant influence):

Ay, = 10|og—W2 +20log| = MR Y | P _dt (24)
2 W, 2w, w, T wzew?)
W _1 W, W, q2
A,, = 10log—= + 20log| =| —= + —=| | + 4.34| ——— 25
21 og W, og Z(Wz W, Wi+W2 : (25)

and we receive:

_ _ _ d
A12|1310nm - A21|1310nm - S|1310nm = 434 Wi+W§ : (26)
A = A = = 434 d—2 (27)
12| 1 56000m 21| 15500m s 1550mm ' w2+ w2 '

Equations (26) and (27) obviously are always positive.

Because the mode field rises along with the wavelength AS|1310 S|1550 :
nm

Thus, if one-way reflectometric measurements are aways positive and

A A it means splicing of fibersof th inwhich occurs th
S| 1a10mm > S| 1esony 1t MeANS Splicing of fibers of the same type ch occursthe

fiber axis shift. An example of such aspliceisthe splice No. 3in Fig. 4. Having mode
field diameters, we can calculate the shift d.
Case I1.2. — W, #W,, d # 0, and when W, > W, then W,/W, decreases with the

wavelength 4, i.e., (Wl/W2)|1310 > (W1 /Wy)| :
nm 1550nm
Thisisthe case of splicing of fibers DS SMF and NZDS SMF with fibersMC SMF
and DC SMF - Fig. 3, with asimultaneous occurrence of thespllcedflbers shift. Th%e
fibers significantly differ in mode field diameters. One-way |osses ‘Alz‘ and A12 in
splicesof suchfibersachievevaluesabove 1 dB, whereastheaxisshift d =1 umduring
splicing of such fibers causes a relatively small loss: of the order 0.07 dB for A =
1310 nm, and 0.05 dB for A = 1550 nm.

Asaresult of analysis of Egs. (24) and (25) we receive: ‘A ‘1310nm ‘A(lz.)‘1550nm
for small axis shifts d and A} AY) . Values ‘A(Q)‘ and AY) are big,
1310nm

1310nm 1550nm

5| 1550nm’
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Fig. 9. Loss of 15 splices of joined fibers DC SMF-MC SMF (examples from the used fiber track) for
A =1310 nm and A = 1550 nm. Reflectometer MW90700B by Anritsu firm was used.

In practice if the shift is not very big d <1 um the cases 1.2 and 11.2 cannot be
distinguished.

Case I1.3. — Wy # W,, d # 0 and when W, >W, then W,/W, grows with the
wavelength 4, e.g., (W;/W,) |1310nm < (W /W,) |1550nm.

Thisisthe case of splicing of fibers DC SMF with fibers MC SMF when a shift of
spliced axes occurs. Mode field diameters of fibres used in_tel ecommunlcatlons
DC SMF and MC SMF do not differ much. One-way |losses ‘Alz‘ and A12 of splices
of such fibers reach values equal to 0.10-0.15 dB, whereas the axis shift d =1 um
for splicing of these fibers introduces a relatively big loss: equal to 0.07 dB for
A =1310 nm, and to 0.05 dB for 4 = 1550 nm.

The analysis of Egs. (24) and (25) leads to only one univocal conclusion: thus, if

A(Z? isbig and A, approaches zero or assumes positive values a big axis shift occurs

d (e.g., splice No.6 in Fig.9) which can be calculated basing on one-way

measurements Ay, | and Ag| .
1310nm 1550nm

Case 11.4. —W; #W,, d# 0, W; >W, and (W, /W,) |1310nm = (W /W,) |1550nm.

This isthe case of splicing fibers of the same types but differing with mode field
radii distribution MDF (mode field diameter) within the accepted value, e.g., splices

MC SMF-MC SMF with 2W1|1310 = 90um and 2W1|1310 = 9.3 um with
nm nm

simultaneous occurrence of the spliced fibers axes shift.

Asaresult of theanalysisof Egs. (24) and (25) wereceive: |A | 51000 < [A12] 1550mm

() () ;
and A A In consequence A > A Having at
21 [1310nm 1 11550nm S|1310nm S|1550nm 9
disposal one-way measurements A, | and Apy| the axis shift d can be
1310nm 1550nm

calculated.
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4. Influence of splicing optimization on reflectometric one-way
and two-way splicesloss of fiberswith significantly
different mode field diameters

Fibers NZDS SMF of the type TrueWave and MC SMF 1528 with parameters given
in Tab. 1 have been used for the tests. Furukaw’s splicer, S-199, was applied. The
splicing process was optimized with changing time of splicing without changing
the current of the main splicing. Splicing parameters have been presented in Tab. 2.

Tabl e 1. Parameters of spliced fibers [10].

Refraction coefficient Manufacture
2W m 2W m
profile 1310 (MM 1550 [HM] technology
MC SMF 9.2+0.4 10.5%£1 OovD
NZDS SMF A/\/\ 6.62[13] 8.4+0.6 MCVD
Tabl e 2. Numbers and parameters of splicing programs.
No. 1 2 3 4 5 6 7 8 9 10 11

Time

[ms] 750 1750 3000 5000 8000 12000 15000 18000 20000 25000 30000
Current

[rel.u] 70 70 70 70 70 70 70 70 70 70 70

Optimization of splicing procedures for fibers with significantly different
parameters involves increasing splicing current or time, or both parameters
simultanously [12], in relation to currents and times of splicing the standard fibers
SMF. The aim of increasing splicing time and current is diffusion of the core dopant
in the spliced fibers so asto equalize the diameters of mode fields 2W, and 2W,, within
the splice [13]. Increasing only the splicing time is, however, safer as increasing the
current causes a fast temperature rise and can lead to melting instead of splicing of
the fibers.

5. Analysisof reflectometric measur ementsof optimized fiber splices
with significantly different mode field diameters—
method of evaluation of process optimization

In Figures 10 and 11 the measurement results of one-way loss A,; and A4, of fibers
NZDF SMFMC SMF splices as a function of splicing time have been presented.



360 M. RATUSZEK

2.200

- 1310 nm
—A— 1550 nm

- 1625 nm
2.000

1.800

o w
e \W

1.200

Agq [dB]

950 3000 8000 15000 20000 30000
t [ms]

Fig. 10. Dependence of one-way loss Ay, (for three measurement wavelengths) of fiber NZDS SMF-
MC SMF splices on the splicing time.
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Fig. 11. Dependence of one-way loss A, (for three measurement wavelengths) of fiber NZDS SMF-
MC SMF splices on the splicing time.

In Fig. 12 true loss Ag has been shown for the same splicing times. The presented
results are the average of at least 10 splicing tests for each point. The measurements
were made with the use of reflectometer MW9076D\D1 produced by Anritsu firm for
three measurement lengths 4 = 1310 nm, 4 = 1550 nm, 4 = 1625 nm. Measurements
for three wavelengths (Figs. 10-12) confirm the theoretical analysis, i.e., |oss decrease
A,q, A, and Ag along with the wave length increase for this type of fibers.

True loss of splices Ag decreases with the increase of the splicing time — Fig. 12.
We may assume that the modefields of spliced fibers match (19) because of the dopant
diffusion — Fig. 13. However, the author’s and others’ research [14] concerning
localization of the transient area, with the use of Roentgen microanalysis methods
within the splice, Fig. 13, did not prove explicitly the existence of such an area. An
unguestionable evidence that in the optimization process, with increasing time and
splicing current, the mode field diameters matching 2W, <> 2W, occurs, is the
reproducible of one-way loss A,; and A, asafunction of splicing time—Figs. 10, 11.
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Fig. 12. Dependence of trueloss Ag (for three measurement wavelengths) of fiber NZDS SMF-MC SMF
splices on the splicing time.
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Fig. 13. Rising of atransient area.

Thus, we can notice that A(Z? decreases and A(l_z) increases along with the splicing
time (Figs. 10, 11) and splicing current (Fig. 5). The A;, and A,; are described by the
expressions (17) and (18). In these expressions components: [10log(n,/n;) +
+ 10log(W,/W,)] for A, and [10log(n,/n,) + 10log(W4/W,)] for A,q result from
ameasurement method, i.e., backscattered (15), and are not subject to optimization as
they depend on backscattered power in the fibers used for splicing.

“Optimization” affects only components resulting from optical power coupling

between thesplicedfibers, i.e., 2010g| | L 4 Y2 || o op10g| L[ 21 4 Yol |,
2 , , 2 W2 Wl 2 W2 Wl
+4.34 S in case of the axis shift, both for A}, and for A,;. Thus, if asin

w2+w2
I . . n .
Fig. 11, |A$| rises which means that because 10Iogn—2 + 10IogW2 remains
1 1

. . 1( W, W,
constant negative, the aways positive 20log > W + Wl or
1(W, W, d? . . .2 !

20log| =| — + — | | +4.34| ———— |, in case of axis shift, must decrease.

2w, W, Wi+W§
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Thisin turn means that W1/W2 approaches one — so the mode fields matching occurs.
As aresult of the core dopant diffusion W, approaches W,, but at the same time the

mode field radii within the splice increase — Fig. 13. This fact causes that

2
4.34 % decreases as well (if there is a shift of the spliced fibers axis).
Wi +W,

At the same time the positive A(z? (Fig. 10) decreases and because

Ny W, . " 1(W, W,
10Iogn— + 10IogW remains positive constant, the 20log| — —= 1|, or

— +
2 2 2{(W, W,
1( Wy W, d? . .
20log| =| — + —=| | + 4.34| ————| when the axes of spliced fibers are
2 (W W 2 2
2 1 W1+ W5

shifted, must always decrease. This means that W,/W, approaches one-there occurs
mode fields matching.

The increase in splices loss when the splicing time is exceeded by about
20000 milliseconds for A = 1550 nm and A = 1625 nm, with a constant decrease loss
for A =1310 nm (Fig. 12) is most probably connected with nonhomogeneities which
occur inthe cladding during very long splicing time. Along with increasing A the mode
field grows, and therefore, nonhomogeneities in the cladding cause the increase of
splicing loss for larger measurement wavelengths. It is also the splice quality
evaluation index and a signal to stop increasing splicing time or current.

6. Conclusions

On the basis of reflectometric, one-way measurements of splice damping the types of
spliced fibers can be identified. It is important because most frequently while
measuring the so-called route we do not possess information what types of fibers are
included in this route. Other measurements, for instance transmission ones, do not
provide such possibilities.

Optimized spliced fiber joints with significantly different parameters are
characterized by large negative A(l_z) and positive AZZ one-way losses and at the same
time by asmall, meeting the requirements, true loss Ag. Norms and recommendations,
e.g. [15], concerning small values of one-way losses of spliced joints can only warn
of connecting fibers of different types, but they cannot decide about true loss and the
quality of splices.

Optimization process of fibers with significantly different parameters can be
verified by one-way reflectometric splice loss measurements. Analysis of these
measurements, especially for an extended range of measurement wavelengths, allows
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to define explicitly if there occurs mode fields matching process of the spliced fibers,
and when to stop the optimi zation process, asthere occursthe degradation of the splice.
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