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Abstract: Erbium-ytterbium co-doped phosphate glass planar waveguides have unique advantages in heat
dissipation and nonlinear effect suppression. It can be developed as the gain medium of near-infrared 1.5 pm high
average power solid lasers, which is of great significance. Erbium-ytterbium co-doped phosphate glass planar
waveguides are fabricated by optical contacting and thermal bonding. The effect of pre-bonding step-temperature
on bonding quality is studied. At the same time, the influence of bonding temperature and bonding time on the
thickness of molecular diffusion layer at bonding interface is obtained by electron probe surface analysis (EPMA).
According to Fick's second law, the diffusion mechanism of Yb*" in core glass under one-dimensional
equivalence hypothesis is discussed, and the molecular diffusion model of the solid-solid interface during bonding
process is established. Finally, a high-quality sandwich structure planar waveguide with 100 pm core layer and
bonding strength of 11.63 MPa is obtained by selecting optimal heat treatment temperature curve.

Key words: erbium-ytterbium co-doped phosphate glass;  planar waveguide;  thermal bonding; solid-

solid interface diffusion

WA A #A:2022-04-07;  1&1T A#A: 2022-05-10
E &I H: HEARFIHS (61875216)

YEE BT kA, 2, Wi-AE, BRI RS T2 e .

SIRGEIRAER) BT 4L, B, IERP TR, {4, E2 SRR REBE 5 oY .

20220239-1



ISk A2

% 124 www.irla.cn % 51 %
0 3| = 12.8 W, 8125 KT 23 dB, HEMBE B4 30 km,

ULLTAE 1.5 pm BOG A E AR 2 42 Kot O T
HA MRS, 72 M T2 E | BI7 Wik R’
RO A5 1000 SRR A i 4 1) B 5 1T OB 5Ok
AF AL AR B TR Eh 3 3, CBIE 2 R Ay ]
W 15 pm P BROGM B R 5 S w0t
FOCEF O CHA L, B IR B TR Eh B B OL AR AR
I ARBUN, BA R4 m 0 TR, 7Edaat s
TR R BE S WG, AT ARG | )
R L ARG B R R AT LA T B S R AR 4
A0 R B T e o AR R T A R LA W R A B
Y 1.5 pm BOE AR TR AT D, SRR 2
A B HOETR IR TR

3 1 G A S PR T IS 45 R e L P R 2 R
SR, FHEE I PR R R B B o A R B A
P26 B BT 1T T 2540, T LA pRess 26 A o A
AL A S T3 357 50, i N T S I RO
PERERYSE I, %45 F HA SEEL R R L T R
WU A AUV 2 BT, D—
il 52 2 109 b4 R 35 R R O F R am, RO RS B
FHHT AT R b I A T vk BAGERR G k xt
B A5 BLOROR i HLE TR s A A 7=, H A
P b Tl K 2T B SCH T Tl S A5 0 o 4 A
KUAB Tl 2 o 90 389 O J22 °F T U6 5 B0 A 4 S B T S AR
10 Hz, k% 5.5ns. S Jik o BB & 1.5 mJ, W& D) %
270 kW B% IO, HAR =22 AR EXTL Y IR B
P T 5 N 58 AR A 2 % O TE A P,
R FH 22 S5 I 5 R ST BT TR AR (0O B
FEZEER R, 1.5 pm (9340 76 5 82 0 R 0 4 kHz [+,
W 2K 5.5 kW, Ik BE &k 3.2 ml, F TN

Optical contacting Annealing

Thinning Annealing
-y ) -y ) - Y,

Planar waveguide

SRIMT, X Lefig 1B HOoR 8 — s R LAk e #
RHEES BIH A, IR XA S B s A PR T
LS . BT UL B R, SUh RGEHIAESY T
RALB IR ER B S G SO RO, JTARYE Fick 5
TR, RO T RS AR BT AR R B Y
Yo WO, S T AR A A Y R - [ S 4T
PR, Rl B T A T, ST
A TR TR 11.63 MPa, J6 2R 100 um, | T2
JELEE SR 2 mm 1) = B YA 254 T T 1

1 £ 1§

1.1 LHRBERHE

HEG S i SR H B 3RS 34 R vh B B2 B 1RO
2K 2 WL 58 T B o0 S B8 & [ AT AR G B
EAT14" {y S ER AL 4B 0 R 2R 3% 5 (EYDPG) S AH [F] 5
[RTCB AR BER Eh 9538 (PG) , Horh EYDPG 1 Wit 2
MR PGAE N TIEM B, REEA SR T HY
FLAS IR
1.2 FEHESHH TR

K1 P il &l . K PIEIEF) EYDPG
BEEE TN PG B 5EAIF S M, 75 3 1) Bl 58 4% it 2 ML ARG
&R 2.5 nm, I A /5. FRZTOK LB R, 2E1T
eI . TR JE BB B A AT B2 1R K R AT
PAb P, AL R I AN I, DA N B
T A8 3 By 1k 0y B AR BAS HE HH RS2
A, MO BCA A% IR R 7 1 S A % o

Vo )2 3 3 S AR Sy vl TR0 23 A — 0 P T i
R T R 5 , il (o 3% TR B R T R Tk E)
2.5nm e A/5, JooK S Uk JE TE AN G I PG il
2, 4 b3 0] 15 5] PG-EYDPG-PG(PEP) HEFI Y =

- =]

N

=0

Optical contacting

P 1 ST I S i AR A

Fig.1 Schematic illustrations of the planar waveguide fabrication process
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