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Abstract: As diode laser processing for different processing technologies demands different power den-
sities and spot sizes, this paper researched how to get focus spot outputs with different sizes by adjus-
ting optical path design to meet the requirements of various laser applications. By using ZEMAX to
simulate the diode laser optical path, including beam shaping, collimation, focus, etc. » several kinds
of spot outputs with various sizes was implemented. In the experiment, a 980 nm diode laser stack
with the superposition of 16 bars was used by a threshold current of 6.4 A, the maximum operating
current of 84.8 A, maximum output power of 1 280 W, and the total electrical-optical conversion effi-
ciency of 58.9%. After collimation, the divergence angles for the fast axis and slow axis are less than
4 mrad and 20 mrad, respectively. Finally, the experiments were performed on the diode laser stack
by the beam shaping, collimation and focusing, and a power output of 1 031 W is obtained. Further-
more, the focused spot size has been 1. 2 mm X 1.5 mm and the laser power density is up to 3. 8 X 10"

W/cm?® when the focal length of focusing mirror is 300 nm. Results show that the laser stack can be
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used in remelting, alloying, cladding and thermal conductivity-type welding for metal surfaces.

Key words: laser processing; diode laser; beam shaping; beam quality; rectangular spot
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Fig. 1 Schematic figure of single broad area emitter

S HOEER A E L 2 5 RO A8 B 51 25 4
AYFRRIR PE DR E T 28 S AR B0 A8 18 il 04 O o)
N2, PRl B O R B e AT S AR B L 2
FOER T LB 2% . RO T 5 10 B9 RS
1 pm, 857 8 RS 100 pm, #E ELAT , Dl
) K B AE 90° 22 AT » 2 30T AT S 4 B L 2 b 1) 4 15
FATE 102245, i HL WA 5 ) b2 AR BO6 B 6
AR NEATE R — 0 &, B SHOE R4 A M E B A
WG 4 A AN 3 5] FE I b W RDE G BE . 2
ARV B B 3 3 A At AT TR R 1) 25 8] 4 AR
FEPE . XFOGEE S A0 1R 3 50, (45 2 AR I



3 ]

XA L 45 OGN T2 S O A 9 D't SRUAZ 4 457

N MA AN RFE B Z 5 A REM .
2.2 RRERFEIE

e S PR B ARURRIR (14 G5 4 A AR AR
I 23 R AR e A RE A B SE PR B TR oK . R
75 e CE G RO ) A5 335 X6 S8 6 ok A7 D12 il e
B OGS UI B RS EHE DCHR YR AR

e S AR IO G TR A v L AL TRl o L A0S
T B, 2l A PRl o BB BE R B (Fast Axis
Collimator, FAC) 112 #l 1 15 0 i% 5 1 5] (Slow
Axis Collimator, SAC) 3k SEH 0, ¢ S 48Ot
R EAN G ARG 2E TR S R TE Pl
1] F14) 2 HCAR AR G L 2 ask A [ R T 8 B B o Tk
B G BB TS o (Dl R IO R R S B L
MY,

SR U0 T A R HE S S A R RO e R
6 3 IR A B N B, 6 B 2 i ) A e
ARSI N B A A% B i A L E T HES
T 56 F i Bl %) ' o o o 42 30 29 204k L R G O
A BB RS B O R B M AR R AT
I R A5 A T B MRS R IE SR AW
SR U)EN e HHE AR E 2 R, ARTE LB a
2ot — W ek 2 J5 78 IO BE b, B 40t — WK ie
B IEIEBE ¢

K2 SR dIE e E R B R
Fig.2 Diagram of beam shaping with rotation and

cutting
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cal lens and cylindrical lens

Ay 1) (1 RUSE AT DA o A AT R A
P A2 A 0 R SE 10 mm R E] 30
mm , 4R 5 P8 AR HE 200 mm B9 R AR R AR, 0]
PI5F] 0. 6 mm X 3. 6 mm A B A CHE, 5 S
REB B E IR F] 6. 510" W/em, JEEE I 8 iR,
JBE S RE & 4 A Gn i 9 BR .

$1 1:NSC 30 Layout 1

Updste Zettings Print ‘Window Zoom

LT INDETSITY OF
Lnsee

TEOLEY
norrrure o ErERRING

B8 T B BE R A B T G I R

Fig. 8 Light path of laser after expander lens and

focal lens

80 000 slow axis
270 000 ----_fast axis
£ 60 000
=
E 50 000
E-IU 000
% 30 000
220000

10 000

0

6 4 2 0 2 4
Coordinate value

B9 &P A AR ARSI OGEE KRR R
Fig. 9 Beam shape and energy distribution after ex-

pander lens and focal lens

3.2.3 HEREBEXK

W18 Al R ST Ak SN A 2 By S, — AR ik
FH mini bar, 5 ZF 7 2526 10 mm K (198 Bl
FEIE EHE, AT HF bar [IEE 1. 8 mm MOEEEY]



3 ]

XA L 45 OGN T2 S O A 9 D't SRUAZ 4 459

FIRL 2 Gy BEAT EHE ARG B EATYOAROR AT, AR
i L5 2L 2 AT DRl O B i 22y, DA
T DG B 5 A i Bl O

P HOCTE > 4 By RGP AR R DL
BERSE R 0.6 mmX 1 mm, B 5 A11E B 58 & 1 A
2T AL T G L X SR 30T i BT O3 A L B e e R DR
B 29X 10" W/em . SEBE K BE 40 A7 B A&l 10
i

35 0000 slow axis
--- fast axis

30 0000
25 0000
20 0000
15 0000
10 0000

50 000

Incoherent irradiance

6 -4 20 2 4 6
Coordinate value

F10 A8 SO BE AT 4 BT 1OGEE K e 4 A
Fig. 10 Beam shape and energy distribution after

cutting slow-axis beam into segments

4 EhEHLZR

W | AT, X ZEMAX R UL AR B A
FEBRERIE OL AT T S8, S A oR R 16
A bar A AY 980 nm P K2 RIRBOE B, B
A PG Tl o B TROE BE L h O K R 983, 3 nm,
B bar B iR 80 WL BI{HHEL N 6.4 A, 1E
TAEH A 84. 8 A B it % 1 280 W, 4}
SR 17.29 W/A, MR B HL G 5 R R
58. 2% R By 42 OPHIR 23 B 5 000
WK Uit IR EIHOL 8 I F Ay, B IR 0 B
KRITAERRBEER 80 A TEAHBKT N 80 A B, #
bar %5 IR N1 207 W,

FH = TV 5 0 1) P il ' RS O B A0 B
b2 8 (L F 5200 810 056 016. 9) K 58 G
Y K 16 4 bar 1B FE 15 12 il O w4 F) K 4
1 SR 5 XTAB 5 m HEAT 3 A E LA, w8 2
KW ST 300 mm BRI R A, B
FeBER /N H 1.2 mmX 1.5 mm,

X 28 3 G AR 4 JE ) SO T R R AT I L 1)
R WA 11 BroR . 8 TRk B A S AR
P BERE 10 A W — kT, MK P-1 i

W 12 iR, MEAHBR A 80 A B, Zad B4
B HOGH H B B TR 1 031 WLO-OBRICR
7 85.4% .,

B 11 o R K

Fig. 11 Photo of power test
1200
r ,
1 000 /’
800 /
ma,. [ /
S 600 A
3 I /
o /
400 /r
200
F, /

0 10 20 30 40 50 60 70 80 90
Current/A

12 P-1 i <

Fig. 12 Laser power versus operating current
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