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Table 1 Typical parameters of 976 nm igniting laser

and 1310 nm detection laser

Specification

Parameter 976 nm 1310 nm
igniting laser detection laser
Output power /W 12 3.5X10°°
Operating current /A 12 15X10°°
Operating voltage /V 1.8 1.0
Fast axis divergence
R 58 45
angle /(°)
Slow axis di J
Slow axis divergence 10.5 25

angle /(%)
Emitter width /pm 94 2

¥ 976 nm Al 1310 nm HLE 2 SR OEE A &
Bl COS 2544 WA I ) A4S OG 28 B 6 =X i
AT 2 A H S B B R E R 0. 55 mm, HTFES
AT 25 1940 6 D b b AR AR TR O U
Ja AR HOELF RS . 1310 nm OB A &
6 X 2% i LA B MRl 22 1R A 6E /I o BRI SR FH B
Ak K 1H M BT AT S B0 P12 b T 1) i X ) o B
976 nm MY R 7 2R PR Al v EBE + 0 v
BB (FACHSAC) 4 A 4544 43 il %P1 il 7 1] 14 38
SEHE AT ol T B 25 aod AR Bk IR AR R T K
SRR B AR N 105 pm B E LR (NA) K
0.22 WIELF ., it Zemax R4 X% 45 ¥y gE 474
PU5 L 25 R an B 1 TR

FEF A KOOGS A7 AR 1Y ) B, 6 BRAT 4544
HEAT THRAL T DR B S i 2 i, B 1)
1310 nm A1 976 nm P A BOGHE P A 4 0t B ek AR
PN R BOC AL B J7 1) b 40 688 1(SH A
16 Al BT LAy 68 2(S,O R D TE A 976 nm/
1310 nm ¥ FERE, BT R =99 5% . 68 2 By C
A 976 nm 435 /1310 nm 2 2 3% B, 38 o 7
St 1 X4 976 nm Ot SEE 45° f 4, i
976 nm PD #f 47 # W 5 45t [\ B, 4y 6 B 2 X
1310 nm H 4T 45° K&, e L2447 50 % 1
JE#E 1310 nm PD B2, &4 1 o A8 i 3R AR B R
HiE ACE

0701002-2



F£49% 57 /2022 £ 4 A/HERHE

F1 WEAS TRy 1 B G B A5 M U5 B A 5 . Cad (RN 5 1) 5 () 12 Jl s 1)

Fig. 1 Simulation results of optical path structure along different directions. (a) Fast axis direction; (b) slow axis direction

6 1310 nm PD

collimating lens S, S fiber
B C,

output laser
=2 =L ~—a

self-focusing
1310 nm LD FAC+SAC |4 D focusing lens lens 1310 nm PD
976 nm LD

976 nm PD

Bl 2 Juisegiis 2R
Fig. 2 Schematic of light path structure
o T 0 AR OE B 2 UM T R 2 i 5K TS SR O A O 2 4 /0 O JEOR B — 2 B S Rl
PEAER IO SR ZHMA A REBE MK 3 GEW T 3RS B 2306 & HUA e e
Bk . 5 I Nt £F O BE R N o metalsleeve mirror
(IR DNV T EST i MBI E S 3= &V & g "

/
[

B /N A 5 0 K 5 B A7 R i PD 3 ’ -
PN o N . § ignition
ATHRI 5 DA i/ IN A6 00 ' 1 422 W B AL e ol 75 4 0 45 agent
R UER, W Zemax BAF 4 XL b S I )
H 1z 5% 0L DL MG i H R A SRR IE S O selffosusing lens
SEFT 0 20 45090075 0 PR 1 UL O 10 % B0 L I3 AT PR M B H O 47 OB
AR5 .5 i O R AR L T OB 4R Fig. 3 Laser ignition window based on grin lens

L 10010 10010 ()

2 90f 2 aof

g 80f g 8o

& 70 & 70[

2 60} @ 60f

g sof g 50f

5 o40f g 40f

© 30 g 30r

2 50l g 20}

£ 10f g 10}

920 -16 -12 -8 7I4 (I) :l 8 12 16 20 0715 -12 -9 -6 -3 0 3 6 9 12 15

X coordinate value X coordinate value
4 AR AT LR LB L B . (0 Al il (b) & H RS BEE S f th
Fig. 4 Divergence angles of optical fiber spot under different output conditions. (a) Free running; (b) by self-focusing
lens collimating
PR A 976 nm S ARG 12 W, B 5 R, BIEE 976 nm PR A RUKEOLE D
1310 nm B R BRI IR DR 3.5 mW, B BRI 2F)5 AR T BLIS 2 9900 DA b B 9 #8 5 &L
BFE ST A OEL R G HUFE A B RO B A R A A A TR B K AR R DL R R G K A T AR

0701002-3



F£49% 57 /2022 £ 4 A/HERHE

Y coordinate value

-0
X coordinate value

(@ 08 ) ) .
Radiance in position space
1.89x10°
1.71x10°
1.52x10°
1.33x10°
0 1.14x10°
. 9.47x10?
7.58%10?
5.68x10?
3.79%x10?
1.89x10?
0
-0.8
.8 0 0.8

®) 08

Incoherent irradiance
0.674
0.607
0.539
0.472
0.404
0.337
0.270
0.202
0.135
0.067
0

0

Y coordinate value

-0.8
-0.8 0 0.8

X coordinate value

B 5 SeREIE LOLA IS R MEOEIIR . (2 976 nm #OL; (b) 1310 nm #0t
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Abstract

Objective Recently, with the rapid development of diode lasers, it has been widely used in industrial processing,
aerospace, military, and other fields, especially in ignition and detonation fields because of its unique advantages,
such as small size, high efficiency, wide wavelength range, and high reliability. The traditional electric ignition
technology generates heat to detonate the gunpowder through the thermal resistance wire. However, this method
has potential risks, such as electrostatic discharge and electromagnetic radiation. Additionally, it is difficult to apply
to the complex environmental changes of the modern battlefield. Laser ignition technology has been proved to be a
proper solution to the above problems. This technology transforms the energy generated by the laser into heat energy
to detonate the gunpowder. It has better antistatic interference and antielectromagnetic interference ability to ensure
the reliability and safety of the explosive device than traditional technologies. Although laser ignition technology has
great application advantages, it has strict requirements for power and power density of laser beams. Additionally,
the ignition light source needs to adopt a series of optical components, such as a collimating lens, focusing lens, and
optical fiber. Once the microlens deforms or the optical fiber bends, it will influence the laser power; thereby,
damaging the equipment. Therefore, the laser ignition system must be equipped with the optical path self-inspection
function, and the operation of self-inspection must be performed before working to ensure the system’s reliability
and stability.

Methods This paper proposes a high-efficiency laser ignition source. First, we design an optical structure of single
fiber and dual-wavelength output. A high-power 976 nm ignition and low-power of 1310 nm detection lasers are
simultaneously coupled into a 105 um/NA 0. 22 optical fiber using space and wavelength combining techniques.
Simulation results of the ZEMAX optical design software verify the feasibility of the solution. Second, the laser beam
divergence angle and beam size are reduced effectively using a self-focusing lens. The laser power density and
ignition efficiency improve significantly under the same distance condition. Additionally, the reduction of the laser
divergence angle effectively avoids the problem that the reflectivity of the laser is random when it is irradiated to the
window mirror of the gunpowder. Thus, the quantitative criterion of the continuity detection of the optical path is
more accurate. Finally, aiming at the critical detection function of the ignition laser system, the optical path self-
inspection and synchronous output power self-inspection of high-power ignition laser can be achieved using
spectroscope coating film and optical path structure. This can meet the application requirements of high efficiency
and reliability of ignition laser source in this field.

Results and Discussions The photo of the diode laser ignition light source is shown in Fig. 5. When the operating
current is set to 12 A, and the operating voltage is 2 V, the free-running output power of the 976 nm ignition laser
is 12.05 W. After the beam shaping and fiber coupling, the output power from the fiber is 10.92 W, and the fiber
coupling efficiency reaches 90.62% . A laser beam is measured at a distance of 80 mm from the luminous surface
before and after self-focusing lens shaping (Fig. 7). After self-focusing lens shaping, the divergence angle of the
laser becomes smaller, and the beam size of the laser transmitted at the same distance also becomes smaller.
Consequently, the optical power density increases significantly at the same power. We measure the power of
1310 nm detection light and PD responsiveness under different operating current conditions. When the operating
current is set to 15 mA, the output power measured after fiber coupling is 1.08 mW, and the voltage is maintained at
1 V, which meets the application requirements of output power from fiber higher than 1 mW. The response
photocurrent of PD through the spectroscope is shown in Fig. 9(b). The response current of PD to 1310 nm laser
increases linearly with good consistency through this beam combination structure. We also measure the photocurrent
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response of 1310 nm laser after fiber coupling. According to the curve., the responsivity is about 0.82, and it has a
good consistency. Combining with the PD response results before coupling, we can judge whether there is a problem
with the optical power of detecting laser and the optical path of the ignition system. The 976 nm laser reflected by
the spectroscope is fed back by PD, and the operating ignition laser power is put into the system. This can be
determined from the corresponding relationship between the photocurrent of PD response and the laser injection
current. The response current of PD to the 976 nm ignition laser increases linearly (Fig. 10).

Conclusions An optical structure with a single fiber dual-wavelength output and self-inspection function is designed
using spatial combining, wavelength beaming, and beam shaping techniques. We obtain a 976 nm ignition laser with
an output power greater than 10 W and a 1310 nm detection laser with an output power greater than 1 mW. The
structure can simultaneously realize the power and optical path self-inspection of 976 nm ignition and 1310 nm
detection laser. The divergence angle and beam size of the laser are effectively reduced using a self-focusing lens.
This can improve laser power density and solve the randomness problem of the PD detector. It is crucial to realize
the quantitative detection of optical detection system feedback and improve the effectiveness of the optical path
continuity testing.

Key words lasers; diode lasers; laser ignition; spatial combining; wavelength combining; optical path self-
inspection
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