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spatial and spectral resolution
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Abstract: This paper extends the spatial-spectral fiber mode measurement method to make it
applicable for the analysis of degenerate modes. By leveraging the characteristic group delay
differences among different modes in optical fibers, the paper theoretically derived the spectral
interference formulas between the fundamental mode and higher-order modes, as well as among
higher-order modes, and conducted corresponding simulation calculations and analyses. Singular
value decomposition (SVD) was utilized to analyze modes with the same effective refractive index,
to determine the existence of degenerate modes in the fiber, and to solve for these degenerate
modes, thereby achieving the measurement of all modes in the fiber. An experimental system was
established to conduct mode measurement on few-mode fibers. The spectral interference signals
were captured using a CCD camera, and the frequency distribution was obtained through Fourier

transform. The lateral distribution of each mode in the fiber was analyzed.
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Fig. 1 The interference results obtained from the simulation of
few-mode fibers

E(x,y,L,lU,t) :[C(l)l .E?l(-xsy)-'—cil ET](X,}’)]
exp(iw-niy - L—iwt) (12)

A B9 (oy) FIES (x,y) 435 LPS, F LPS, 5
KRG, EAHIESS; o Fil s, MR 5
FH mC12)nlmn, Hh I A P A R
LPS, FILPS | (i3 Fm RAL& il — DT B 3
W L B IRIE KN ES, (x,y) FLES, (x.y)
BRI, IR 43 (R RT3 23 Bk 1 S 2P A5
T HSRARIT, ARERFAER 2245 5 R AR w4
AL AR R B SRR FARAL, F)
FHE 1(b) g SRty Lo, Rl LPS, A5
73 T v B R BN

lar1 (e, )l = |as,; (x,y) + a5, (x,y)| (13)

Kb, a9, () g, (o y) 40 B2 LPS, A LPS,
s A S R BT ES (xy) R ES (x,y) H.
HIESE, af,(x,y) Fl S, (x,y) WH N IESE, s
(1) AR Ay



%2

AL, 2 BT S (A RIEE 7 R LT fag HA T ik © 55

|Cl(1)1(x»)’) +a?1(-x’y)|2 : Z I(x’y’w)
w

26%1 i (xy,w) =

2 2
r 1+ laga(x, ) + |aS, (6, 3) + a8, e y)| +[al, (x,y) +aS, (x,y)|

RSO MXH R, H a9, Gey)+
a8 e )| T Janey)| o PR E, BT 2
BIAEIE B, BT LA LPS, A1 LPS | B i 1 1) 428 AH
A, RO, TS BEX P R iR S
TE—if . Hit, Al af, (xy) Flas, (e y) XS
] 7 B R B AR an(xy) o Lt (14) 7]
A, FEF AR AP o3 HE 0 AR &k R
fiesk Hh F PSR B E AR AR SR 1 5 B
Kotg, R 2RI EE GEM. X
PSR A LAY B0 AR s U8 A 1Y
SrHTH .

AR T —FP B b 217 vk At e
41f# (singular value decomposition, SVD)#. E
—feid TR ARRELE . BUGEAR . (55 A B A
B, HO PR R SRR AR G, IO TR
FERIATELRIBN AL, SVD L 3HAE T B etg ™
FEARUE R IR R IEACHE . A SEA S
A IRAE , ARCTE A AT 0 N DT R Ay
A, TR Bl A TH0 AT S7 Bk
o RIS AR EATIHE, XPRE AL
B S5 SRAR B Rl — R AN R B B 1A 7
I RIS B R HES A B 2
it . KA MM a, Al—1E
SR

1.2 M
oM X
1 2 .. .M
X X X

A=| | . . (15)
1 2 M
2 Y2 e

FEFE A BB M) I REAR R, 18O R
FEBOIE . & NHEIME C=Ax AT, K AT 24 FF
A (RS S SRIGE AR C T8 SH 0
R HAFEV =V, Va, -+, V), XN EAE T
E I H N N = (N, N2, Np) o T58F SAE 5 il
JRER, KT SR 7 1 ) e 2 R AR 1
Ui R . TEANTUEE, ARSCHRH T
BAMGE AT ZE W@, WEHTHEA &I
FERFEEF R T

(14

2 SLIGEEE

T2 VRN 23 B Y AP AR 2 2 ik 1)
SEEREE AN 2 FroR . H AT TR OGS
(TSL-550, Santec, 1480~1 630 nm). BR&FiE
fioss . DHEOELE (408 HAR d=18.5 pm, AL
%013, KB L=50 m) . P15 (40%, HEHSfLIE
0.65) . fhi#EH GEYEFLIE =21.5 mm) . CCD
#L ( Bobcat—-640-GE, Xenics, 43 ¥1 3% 640x512)
G W BEETLRE (0.65) KFMILIELF
BEFLAR (0.13) B9 B 20 PR I EET 3 1)
JCRERS B BE AR . ORI A Tk
A UEARRNDBOCL IR, IICER 5 — it 5T
FCMKUGE S YA T HE ELRIOR, &R A
SO IR S 3 —2, BJa i CCD AL
KA DGR . BRI, AR RE
WA 2R . XX IR B AR g BT, SR
fift LR R AL SEER T, SRR
T 193.050 1~193.422 5 THz, i % [6] f& Hy
0.000 7 THz, WHRFEGECH 532 1>, LHEIZM
RG] K (BB ) B RS T AR S T R T
B0 25 AR R RIS i 22, AT 4L v AR o B
25 I (A AR 1

¢=((D

'\/Mﬁﬁ‘f:ﬂ/' D g AL

QIS S
LT ALY
B2 ETZEMMESWNATRXNETTEH LK
EREE
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spatially and spectrally resolved optical fiber pattern
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Fig.3 Interference results measured in the fiber mode

measurement experiment based on spatial and spectral
resolution
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