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All-Fiber Signal Combiner with Flat-Top Beam Output
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Abstract The flat-top beam output is realized through special treatment of the cone area of the optical fiber signal
combiner and output fiber and the torsion treatment of the output fiber. The experimental results show that the beam
intensity distribution of 4 X 1 signal combiners with a 20/130 pm (the core diameter is 20 pm, the cladding diameter
is 130 pm) fiber input and 100/120/360 pm (the core diameter is 100 pm, the cladding diameter is 360 pm, the
diameter of the low refractive index layer between the core and cladding is 120 pm) fiber or 200/220/360 pm fiber
output is not a flat-top distribution; the strength distribution is relatively scattered. More fiber mode will be excited
by twisting the output fiber. Then, a 200/220/360 pum fiber was spliced between the cone area and output fiber.
The intensity distribution of 4 X 1 signal combiner is uniform and has a flat-top distribution, and presents
distribution in a 4. 88 mm range close to the beam waist. The calculation results show that the flatness of the beam in
that range is below 0. 1. It also shows that the signal combiner can handle a signal power of more than 2 kW.
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Fig. 1 Intensity distribution of the 4 X1 fiber signal combiner with the 100/120/360 pm fiber output. (a) Intensity distribution;

(b) intensity distribution in X direction; (c¢) intensity distribution in Y direction
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Fig. 2

Intensity distribution of the 41 signal combiner with the twisted output fiber. (a) Schematic of the fiber twist;

(b) twist angle is 100°; (¢) twist angle is 720°

LRI BE AR SR )5 R I LA R 5 g
FAHBRZS . & 2(b) FIE 2c) 435 2 3G 27 HLA £y
J&£ 28 TOOTH 720°0F (R G oS B 43 A i, 78 T &
HAR 5 e — B G Lr AT I, i Y QBH 5
i AT AN I A QBH AT . M i Y627 5%
J& e oy A kA ARk . SRR H 2 BT Y
JCHBREE S A B R 3 5] 3ok i T A LS IS O
LA, BLNFAEAERL T, JEET IR A
= AR 3 B A A AT A 2 30T T3 A

H T — R R R 2, %R
5 HE DX 5 i Ot £F Z 18] 3 3 — B 200/220/360 pm
JEEF,200/220/360 pm JGEF A NA {EH R 0. 22, 1 3
Ky 1064 nm B (5 VAE 2 260, Ik B T g 32 45 19 %
BB M 250 16900, & 3 /& 20/130 pm JE£F i A |
200/220/360 pm 6 2F iy i 19 4 X 1B EFE 5 & R g
B 6 35 BE v A o M IEL 3 (a) 6 T o BE 4k 43 A A
A2 A O B A A AN 5T G BR 4 A HRR 4y
o & 3(b)FE 3(c) 4Bl K am X HY J7 ) 1Y 't 5
AR IE A R B TR R . X2 T
WOGHE A Z A R 5 W KRB UK 200/220/360 pm

TG EF 1 43 A5 X, ik e X 1) 2B o oK g 2 P T 43
o SR, 5 100/120/360 pm JG2F i 1015 54 H
a AH H DO IR B O 3 i B A A R A, I EE 200/
220/360 pm £ i v 5 2 A B R Bk, T DR
XA F 100/120/360 wm YGLF i, #4578 100/
120/360 pm YGEF P g8k 1 28

BT LR, HIE TOF BOGH 05 AR
o WEWRABRMIE 4 PR, B5E, 448 20/130 pm
AR —BREERERITICHS AR D, 4
W58 U 04 06 27 3 388 8 A JA RN BT 3K B4 Rl
ARSI Bl B ZS# , an [ Aa) B
IR R, FHAI DT AE A i Aor B 5 XU 25 #4 U0 O, 45 5]
WA 4 () fir s B AE D H2 45, 5] 4.(e) s, R X
2 B — Bk 82 91 U1°F 5 19 200/220/360 pm Ot
AT AR — IR R B 3R 5 R o iX —
A T AT B AR I 5 A 5 FE X 200/220/360 pm
FEEF 1 o5 — i £ Bk — BOR B2 5 i AT A i 1
Jei B9 L7 £ 85 AR /N T 100 pm, 48] 4(d) B 5 4
A Ce) s, XF H ot 6 2F JE 47 H1L3% Ab B s B )5,
4D FEoR , %F P4 5 9 200/220/360 pm Y27 541

3500 [
i - 3000 -(b) ~ 3000 &
3000 ° = =
3 3
2500 'Q = 2000 = 2000
{2000 3 =
10 E £ 1000 f £ 1000
1000 £ = i
500 R —
—0.5635 0 0.535 0.6-04-02 0 02 04 06 0.6-04-02 0 02 04 06
X /mm X /mm ¥ /mm

B3 200/220/360 pm W £F i th 9 4 X 145 5 A A8 19 0% A B 0 L (a) D6 A B 43 A0 5 (b) X J7 ) 19 06 o 58 B 0 A
() Y )5 [a] (> SRS 32 43 Fi

Fig. 3

Intensity distribution of the 4X1 signal combiner with the 200/220/360 pm fiber output. (a) Intensity distribution;

(b) intensity distribution in X direction; (c¢) intensity distribution in Y direction
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Fig. 4 Manufacturing process of the flat-top beam output signal combiner. (a) Tapering of the cone area; (b) cut off the cone
area; (c) splicing between the tapered fiber bundle and 200/220/360 pm fiber; (d) tapering of the 200/220/360 um fiber;
(e)twist of the 100/120/360 pm fiber; (f) the finished product; (g) cross section of the tapered fiber bundle
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Fig. 5 Intensity distribution of the flat-top beam output fiber signal combiner. (a) 2D distribution; (b) X direction distribution;
(c¢) Y direction distribution; (d) 3D distribution
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Fig. 6 Experimental results at different planes. (a) Beam radius as a function of the Z axis, the insets show the 2D intensity
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Table 1 Transmission efficiency of each port of the combiner
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