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Abstract: Yb:LuScOj; crystal is a new type of gain medium used in solid-state lasers. The surface pro-
file and surface quality of the Yb:LuScOj; crystal affect the characteristics of the output laser beam sig-
nificantly. Therefore, it is extremely important to explore the processing parameters for its ultrapreci-

sion optical manufacture. In this paper, a systematic study of the processing parameters for the optical
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manufacture of Yb:LuScOj; crystal was reported. To solve issues related to the brittleness of the Yb:
LuScOs crystal and the poor quality of the generated surface, the key technology of stitching and the
use of copper resin pads were proposed. First, the stress due to different protective paddings was sim-
ulated using COMSOL Multiphysics software and the size of abrasive B,C particles was continually de-
creased during the stitching and lapping stages, respectively. Next, copper resin pads were used dur-
ing the stage of rough polishing, and their function was explained. Finally, the output power of the
continuous wave laser was achieved by diode-pumping the finely polished Yb:LuScO; crystal. The re-
sults reveal a final surface roughness of 0. 296 nm (root mean square value) and surface accuracy of
53 nm(peak-to-valley value). An output power of 8.3 W and a slope efficiency of 58% were obtained
using a diode laser pump source at a wavelength of 1 086 nm. This method can be widely used for the
high-precision machining of Yb:LuScOj; crystals.

Key words: optical manufacture; Yb : LuScOy;; surface profile; surface roughness; copper resin pad
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Fig. 1 Stitching of Yb : LuScO; crystal
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Tab.1 Experimental parameters in different stages
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Fig. 2 Framework of setup for laser output experi-

ment
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Tab. 2 Parameters of stress simulation model
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K9 76 0.2 2.54
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Fig. 3 Contour of stress for using two kinds of pro-

tective padding
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(d)Micrograph of sample lapped by 10 pm B, C abrasive
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Fig. 4  Micrographs of sample after lapping using

B,C abrasives with different grain sizes
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Tab.3 Removal depth and surface roughness of samples

lapped using B, C abrasives with different grain sizes
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Tab. 4 Removal depth of samples in rough polishing stage

B Rift/um EBREE /mm LR B/ nm
B.C 40 0.2 442
B,C 20 0.14 309
B,C 10 0.1 130

R B s/ By C BRI AR WFE IS o A 3
T ATS S8 AT AR 22 /I 2% WA 0 M LA 25 63k o HEL 9 32 B
T3 RRITE IR 1R, a3 CeO, IR 2 i
Yo' i < W TIOR3 2 TR A D' 5 L 4 W Ot
A IR LA OC Y . 3% 4 Jy R T B BE A

CeOq LG5 9 6 W /1N IS I B8 A5 i 3 THTIE
UNTELS Ca) BT 7%, il 3 1D HE B DR B JRR A o A MR L
ST MR TR AR A ESE . BER CeO,
P65 B R RE SR FRLAR D 3.0 o Y 465 W A 03
R G TR ' B AT 0O L P /NI S 41 8 3% T i
52 PUIRULZEAE i 2 T ot B R IR, A ] 5. (b)

ekl BAE/ pm EBRIEE /mm
CeOy 10.0 0.02
SR OB 3.0 0. 01
S R OB 3.0 0. 01
[Z499] Surface Map
+0.40331
pm
—0.578 67
PV 981.984 nm
[rms 44.042 nm__ |
Size X 0.50 mm
|Size Y 0.50 mm

(OFEM 3T CeO, R 2R M O HOMLHL 5 19 22 11 B
Il
(a) Micrograph of sample after rough polishing using

CeQ). abrasives and polyurethane

EE=

Surface Map E

I +0.05405

Hm

I —-0.0573

PV 111.380 nm
[rms 12.945 nm___ |
Size X 0.50 mm
Size Y 0.50 mm

(b) B i 2235 4 WA W0Ry 1 3R 2 I L S HORL I )5 9 2%
T B 5
(b) Micrograph of sample after rough polishing using

diamond powder and polyurethane



2412 e K% TR

5 26 &

Surface Map E

I +0.024 98

| um
—0.036 49

PV 61.474 nm
ms 7.641 nm |
Size X 0.50 mm
Size Y 0.50 mm

Co) B i 22 3 4 WA SO0 AR i 40 45 90 ' 2R KL /= 17
gz
(¢) Micrograph of sample after rough polishing using
diamond powder and cooper resin pad
L5 R AL B B i R TR 3
Fig.5 Micrographs of sample in rough polishing
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Fig. 7 Micrographs of sample after fine polishing



5510 1) VLTI 55 Y'h = LuScOs fi PR Y A 25 002 i T b HOG T fe 2413
IE [Z490] Surface/Wavefront Map 9
40,050 39 84 P “
&
g 67 N
wave § 5 oL #
2 41 A
=] i 7
: g 2 e
— ~0.033 94 & 24 ¥
1] A
[PV 0.084  wave | P a
[rms 0.019 wave | 0+~ T T T T T T T
- 0 2 4 6 8§ 10 12 14 16
ize X 35 mm
Size Y 35 mm Incident pump power/W

(a) Hfh 45

o

pul

R4 5 i T E K B2

(a) Surface accuracy of sample after fine polishing

IE

Surface Map

I +0.001 25
um
‘ -0.001 27

[PV, 2.522 nm___|

[rms 0.296 nm___|
Size X 0.50 mm
Size Y 0.50 mm |

(b) B il 2 1L K5 5 1) 22 TH0 AL RS 32
(b) Surface roughness of sample after fine polishing
&1 8 A AT i 14 TH R A TR R R TR
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sample after fine polishing
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