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When fiber optic cables are installed or 
repaired, spl ic ing is by far the most 
common method of joining any two 
fibers together. Whether fusion or me­
chanical spl icing is used, the goal is to 
join the tips of the two fibers together, 
end-to-end, in a permanent manner. 
The most important criteria for a good 
fiber splice is low insertion loss (the 
amount of light lost at the junction, rela­
tive to what wou ld cross if the fiber 
were continuous), back reflection f rom 
any features in the junction, and the 
stability of the splice over an extended 
time at normal ly vary ing ambient tem­
perature. 

The two basic methods of spl ic ing 
are mechanical and fusion. Mechanical 
splices use a support structure, such as 
a precision capil lary, to accept the two 
fibers and support them in lateral al ign­
ment w i th each other. When the fiber 
faces are properly al igned in contact 
w i th each other in the capi l lary, they 

are c lamped or glued in place. This 
method has the advantage of using rela­
t ively low-cost tools. Howeve r , the 
splice modules tend to cost substan­
t ia l ly more than the reinforcements 
used on fusion splices, and both the 
insertion loss and the back reflection 
values tend to be substantially higher. 
Furthermore, mechanical splices tend 
to be much less tolerant of w ide tem­
perature variations and other environ­
mental stresses. They are usual ly used 
where the total number of splices is not 
large and the performance specifica­
tions are relaxed. 

Fus ion spl ic ing is the method pre­
ferred by most installers. This approach 
generally uses an electric arc to soften 
the ends of the two glass fibers, at h igh 
temperature, whi le they are in contact 
w i th each other and are being pushed 
sl ightly together. The two fibers are ac­
tual ly fused together. When a fusion 
splice is proper ly made, the joint is v i r ­
tually indist inguishable f rom an uncut 
fiber. Both the insertion loss and the 
back reflection values are normal ly ex­
tremely low, and the splice, when prop­
erly protected, is very durable under 
environmental stresses. Top-of-the line 
fusion splicers are highly automated, 
incorporating x-y-z al ignment of the 
two fibers, microprocessor control of 
the fusion process, programs opt imized 
for particular fibers, and the automatic 
estimation of the insertion loss after 
the splice is completed. After the fu­
sion splice is completed, a simple pro­
tective reinforcement is usual ly appl ied 
to ease handl ing and storage of the 
spl iced fiber. 

We recently compared the two 
most common methods of automatic 
fiber optic fusion spl ic ing: Loca l Injec­
t ion/Detect ion (LID) and the Prof i le 
A l ignment System (PAS). We studied 
two different automatic arc fusion f i ­

ber opt ic sp l icers. These were the 
Or ion ics /Auro ra Mode l FW310 and the 
Fujikura FSM-20CS. The FW310 is a L ID 
splicer and the FSM-20CS is a P A S 
splicer. 

To begin the study, each instru­
ment was used to splice a Corn ing 1521 
single-mode fiber 75 times. Data for 
each splice were recorded and tabu­
lated. The test setup is described in the 
E IA Standard Interconnection Device 
Inse r t i on L o s s Test (EIA-455-34) 
Method A (see Figs. l a and b). The in­
struments were judged based on their 
performance in achieving and estimat­
ing low-loss splices on single-mode f i­
bers. In addi t ion, certain advantages 
and disadvantages of each instrument 
were noted, mostly in the area of ease 
of use or operator friendliness. 

S E T T I N G A B A S E L I N E 

To assure accuracy of a l l data, the 
baseline was corrected to remove any 
dai ly fluctuations. This was achieved 
by leaving the last splice f rom the pre­
v ious day intact overnight; the new 
day's baseline was determined by us­
ing the previous day's baseline and 
splice loss. This procedure was done 
dai ly and was successful in eliminat­
ing day-to-day fluctuations. 

F I B E R P R E P A R A T I O N 

To sp l ice f iber e f f ic ient ly , i t mus t 
be p r o p e r l y p r e p a r e d . T h i s w a s 
done i n the same manner for each 
ins t rument to e l iminate any poss ib le 
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skew ing of resu l ts . U s i n g bu i l t - i n 
c leavers, the scr ibe and break tech­
n ique was used to prepare the f iber 
for sp l i c i ng . In this techn ique , an 
ex t reme ly sha rp b l a d e ( t y p i c a l l y 

d i a m o n d or carb ide) is used to ve ry 
s l i gh t l y score the f iber , or i nduce a 
s l ight defect. Then the f iber is p u l l e d 
unde r con t ro l l ed cond i t i ons . W i t h 
p roper comb ina t i on of scr ibe and 

tens ion , the f iber w i l l b reak ve r y 
c lean ly at the loca t ion of the defect, 
w i t h a f lat featureless end surface 
v i r t u a l l y p e r p e n d i c u l a r to i ts l ong 
ax is . 

TABLE 1 TABLE 2 
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FIGURE 2 TABLE 3 

AB IL ITY TO A C H I E V E L O W - L O S S 

S P L I C E 

Seventy-five splices were made w i th 
each instrument, and opt ical power 
data were compi led in two tables, one 
for each instrument (see Tables 1 and 
2). F rom the data, each splicer's abil i ty 
to make low loss splices can be deter­
mined. For the purposes of this study, 
the insertion loss is defined as the dif­
ference between the transmitted power 
after the splice and the power before 
the fiber was broken (baseline). This 
value is assumed to be the actual loss 
occurring across the splice and is error-
free. Since many splices were made in 
any one day, the baseline power was 
measured at the beginning of the day, 
using an unbroken fiber. The insertion 
losses achieved by each machine pro­
vide a vi tal measure of its performance, 
relative both to other machines and to 
other methods of spl icing. Tables 1 and 
2 include the calculations of insertion 
loss for al l splices made w i th both ma­
chines. 

The average and standard devia­
t ion of the circuit loss co lumn in each 
table is directly related to the respec­
tive instruments' spl ic ing abil ity. The 
data are further detailed in Figure 2 
and Table 3. Figure 2, a histogram of 
the data in Table 3, plots the number of 
times a given reading occurred for one 
instrument against the reading that oc­
curred. In the graph, the two instru­
ments' spl icing abilities can be v iewed 
reading by reading. This al lows one to 
make a direct comparison immediately 
between the two. A l so on the graph are 
the average loss per splice and the stan­
dard deviation f rom this value w i th the 

l imit of error recorded in parentheses. 
Whi le detailed data are available 

on the results of this phase, it is evident 
that the L ID splicer is more capable of 
making a low-loss splice as compared 
to the P A S splicer. For example, the 
loss per splice averaged 0.017 dB for 
the L ID splicer—about half the aver­
age loss of the P A S splicer at 0.029 dB. 
A l so , the L I D splicer's standard devia­
t ion f rom this average value (0.015 dB) 
is one half the deviat ion for the P A S 
splicer (0.030 dB). Therefore, the L ID 
splicer is better—by a factor of 2—at 
achieving a low-loss splice than the P A S 
splicer. 

E S T I M A T I O N OF S P L I C E L O S S 

Another performance parameter of in ­
terest is each instrument's abil i ty to es­
timate the loss of a given splice. The 
value of this estimation capabil i ty is 
determined by taking the insertion loss 
as determined by the power meter read­
ing minus the baseline (insertion loss 
value) and subtracting f rom it the in ­
strument-estimated loss on a splice-by-
splice basis. This al lows a co lumn of 
estimated error values to be tabulated, 
and the results are shown in Tables 1 and 
2 in the columns titled "estimate error." 

The data for estimate error are fur­
ther accumulated in Figure 3. The L I D 
splicer averaged an estimated error of 
-0.0088 dB, wh ich means that it more 
often overest imates the loss of the 
spl ice. This is opposed to the P A S 
splicer average of +0.0031 dB, wh ich 
means it more often underestimates a 
splice's loss. The magnitude of these 
values demonstrates both instruments' 
abil i ty to accurately estimate a given 

splice. Both instruments' estimations 
deviate on average less than .01 dB from 
the actual splice loss. However , these 
numbers can be deceiving because a 
value of zero as the average could mean 
that the result ing curve is just centered 
about the y-axis. 

Other useful information, such as 
the posit ive moment, can be der ived 
f rom the data. Since underestimation 
of the loss could be detrimental, the 
posit ive moment for each instrument is 
calculated. The larger the posit ive mo­
ment the more often an instrument 
w o u l d underest imate a spl ice loss 
value. Posit ive moment is a statistical 
measure of the tendency of the data to 
deviate f rom a reference value. In this 
case, it is the mean of the deviations of 
the actual losses from the loss estimates. 
Thus, if the data show a posit ive mo­
ment of 0.02, on average the actual loss 
of any splice is typical ly 0.02 dB higher 
than the corresponding estimated made 
by the machine. The larger the posit ive 
moment, the more l ikely it is that a 
splice is more lossy than the machine 
says it is. In some cases, it could mean 
that splices are accepted—based on a 
machine estimate—which are actually 
out of spec. 

For the L I D splicer the posit ive 
moment is 0.01538, whi le for the P A S 
splicer it is 0.03115. The value for the 
L ID splicer is twice as good, and the 
L ID splicer had one half as many un­
derestimations as the P A S splicer. 

Splice Time 
The time it takes to splice the fiber ends 
is another important factor i n splicer 
performance. Since the P A S splicer does 

26 OPTICS & PHOTONICS N E W S / F E B R U A R Y 1994 



FIGURE 3 
not display the time necessary for splic­
ing, a separate watch was used to record 
this information. The L ID splicer does 
display the time and its output was 
tabulated. The L ID splicer splices a f i ­
ber in approximately 45 seconds, whi le 
the P A S splicer takes approximately 75 
seconds (see Tables 1 and 2). This time 
difference of 30 seconds is significant. 
After spl icing 120 times, the L ID splicer 
wou ld have saved one hour compared 
wi th the P A S splicer. 

C O N C L U S I O N S 

Some of the operat ing characteristics 
of the P A S spl icer are independent of 
operator control and , thus, cannot be 
enhanced by inherent capab i l i t i es 
present i n the instrument. By contrast, 
the L I D spl icer 's shortcomings can be 
almost completely e l iminated under 
the contro l of an exper ienced opera­
tor. The L I D spl icer produces spl ices 
that are twice as good as the P A S 
splicer. In add i t ion , the L I D spl icer, 
on average, estimates splice loss about 
twice as w e l l as the P A S spl icer. The 
L I D spl icer not only is better at sp l ic ­
ing and est imat ing on average, it also 

has a smal ler s tandard dev ia t ion i n 
this area. Th is shows the greater con­
sistency of the L I D spl icer. In add i ­
t ion to these qual i t ies, the L I D spl icer 
completes its splices approx imate ly 
30 seconds faster than the P A S splicer. 
The L I D spl icer has the added advan­
tages that it can be used to spl ice and 
estimate mul t i -mode fibers. The L I D 

spl icer does not have any qui rks that 
w o u l d int roduce possible erroneous 
spl ices into a system. In general , the 
L I D spl icer is easier to use and more 
efficient than the P A S spl icer. 
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LID vs. P A S SPLICING: A D V A N T A G E S AND DISADVANTAGES 

Results of this study provided many clear distinctions be­
tween the two fusion spl ic ing techniques. 

A D V A N T A G E S O F L I D S P L I C E R 

• Automatic spl icing sequence may be interrupted at any 
time, such as when cleaning are must be fired repeatedly 
to remove all dirt. 

• Fiber al ignment and loss est imation for both single-
mode and mul t i -mode fibers may be achieved using 
core-to-core l ight al ignment of the bui l t - in l ight source 
and detector. 

A D V A N T A G E S OF P A S S P L I C E R 

• Rotating screen permits ease of v iewing in any posit ion. 
• V-groove loading technique speeds and simplifies splicing. 
• Auto-gapping mechanism places fiber ends at preset dis­

tance apart before auto-aligning sequence is initiated. 
• Tensile strength of fiber is automatically tested using in­

line proof procedure. 
• Integral heat shr inking unit is available for splice protec­

tion jackets. 

D I S A D V A N T A G E S O F L I D S P L I C E R 

• Fixed display restricts operator v iewing angle. 
• Fibers must be bent to inject and detect the light necessary 

for alignment. If the fiber is not loaded correctly, it can be 
snipped by the door mechanism, which then requires a 

new spl icing sequence. 

D I S A D V A N T A G E S O F P A S S P L I C E R 

• A noisy fan must run continuously to prevent overheat­
ing. 

• L C D v iew screen is diff icult to see under bright light 
condit ions—especial ly under bright sunlight. 

• Separate cleaver is inconvenient, requir ing too many pieces 
to move in and out of position near the end of the fibers. 

• Mul t i -mode fiber splice loss estimation is not provided; 
for single-mode fiber, estimated losses are not shown be­
low 0.02 dB, even if the actual loss is in this range. 

• Too much unnecessary data is provided for output, caus­
ing required data to be " h i d d e n " and easily missed. 

• Loud beeping sounds dur ing spl ic ing are annoying. 
• Cover l id for the arc and spl ic ing area can pinch the fiber, 

causing it to snap. When the l id is left open, splicer resets 
unti l it is closed; the splicer w i l l not function wi th the 
cover open. 

• Lack of operator control of the cleaning arc can lead to 
dirty fiber ends pr ior t o spl ic ing. Fusion of dust particles 
between fiber ends can create large spl ic ing losses. 

• To further exacerbate inaccurate loss estimations, bubbles 
can appear in the core or c ladding near the core after 
fusing and are not accounted for in the splice loss estima­
tion. Actual loss can be substantially higher than esti­
mated loss, p rov id ing a false sense of splice quality. 
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