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Abstract Laser ignition technology emerges as an advanced combustion method for engine. It can make the engine
reduce waste gas emission and improve the thermal effect. Lean burning improves thermal efficiency and reduces
exhaust emissions by laser ignition. In recent decades, short pulse, high peak power passively Q—switched solid—state
lasers are developed rapidly for their potential applications in laser ignition. Especially the passively @ -switched
lasers using neodymium ion (Nd*) or ytterbium ion (Yb*") doped materials as the laser gain media and Cr*": YAG as
the saturable absorber, make much progress in potential laser ignition applications. We overviewe the mechanism
of laser ignition and progresses in passively @-switched solid—state lasers based on Nd: YAG/Cr" : YAG and Yb: YAG/
Cr'': YAG. And the advantages and disadvantages of these two types passively @-switched lasers used in laser ignition
are discussed systematically. The advantages of Yb: YAG/Cr' : YAG passively @-switched microchip lasers used in
laser ignition are addressed for future application in engine ignition. And the key issues for developing high peak
power Yb: YAG/Cr" : YAG passively @-switched microchip lasers are also addressed.
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Fig.1 Laser-induced ignition using a conical cavity. (a) Optical arrangement; (b) principle of multiple reflection inside

cavity; (c¢) model of break—down channel for numerical calculation
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Fig.2 Schematics of the combustion engines ignited. (a) Spark plug; (b) laser plug; (c) multipoint ignition
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Fig.3 (a) Model of a LD end—pumped passively @-switched microchip laser; (b) optical head including a laser medium

and saturable absorber, cavity length and module size are 8 mm and ¢ 2 cmx5 cm, respectively
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Fig.4 (a) Structure of a micro—laser module; (b) photograph of breakdown in an air by a micro—laser
with pulse energy of 2.7 mJ
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Fig.5 (a) Schematic of a passively @-switched, all-ceramics, composite, Nd: YAG/Cr*: YAG monolithic laser with

three—beam output; (b) photo of the prototype laser showing breakdown in the air
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i FR G DR ICK R G (MOPA) UK, 3545 T bk oh g 5 o0 11 mJ ik o 58 & 4 860 ps W (B TR 4 12.8 MW |
AR A 250 Hz (9 1064 nm 3#O6H H

1

optical r=20- NAYAG/Cr:YAG

fiber : LA 1as LBO 4, p 4,
O0F =] =
! PBS %
l-.____Jl sl 59 filter

6 #iahiH Q& A 4% i M & Nd: YAG/Cr'" - YAG Ut # 7 7 4]
Fig.6 Scheme of a passively Q-switched, composite, all-polycrystalline ceramic Nd: YAG/Cr" : YAG laser
3.2 Yb:YAG/Cr":YAG # 301 Q B ¥ K 28
20 120 90 4E A4 , & St I K #E 900~1100 nm 1) InGaAs J#0O% A 1 H 3048 52080 4 8 A1 7R (Yb -
YAG) R T i (RO AR B BEFE ™ Yb: YAG S R AT A YAG 5B R AR B 0 B A9 4y B0 1 o A A
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Cr' : YAG # 8h I Q Tl 1 G 2% E 16 s, K 40 35k iy by FH B A3E 1 400 25 1 ik 9 245

output coupler

optical coupling
system

940 nm laser
diode

Yd:YAG/Cr*:YAG
composite ceramic

A7 SRATCr' : YAG P A S T4 AR A 930 T @ Yb: YAG B % R RO 7w 2 181
Fig.7 Schematic diagram of passively Q-switched Yb:YAG ceramic miniature laser with Cr*:YAG ceramic
as saturable absorber
T AR T IR R, 2012 4F |, Tsunekane 45 ™R JH W (i 2 3 04 120 WA 1 3% 25 LD A5y il iz 5 xT
Yb: YAG/Cr' : YAG O 25 sifs T #3275 3 04 (5 2 2%y 200 kKW ik ot 58 it 24 0.8 mJ ik #h 56 Ji 4 ns M/ T
L1 B0 i B b O Ik b i o 2SR B AN 8 ik o BT R BY Yb: YAG @RI O 4 mm, YO™ 8 2% 5 750

s HR@1030 nm AR@1030 nm
t t tab: d
empera 1(1)r§ sea ilize: HT@940 n HT@940 PR@1030 nm

| AR@1030

Yb:YAG CrYAG GG | output

10 mm
cavity length

0.6 mm dia.core,
NA 0.22

940 nm fiber coupled QCW LD
(120 W peak power)

{8 1% LD Hihis A Yb: YAG/Cr: YAG #¢ 3hiH Q i i Bt #m Z K
Fig.8 Schematic diagram of a passively @ —switched Yb: YAG/Cr: YAG micro—laser module pumped by the
QCW laser—diode
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A

2

940 nm
laser diode

9 LD#lZ M Yb: YAG/Cr' : YAG & & (A #3198 Q HOL AR/ i A

Fig.9 Schematic diagram of the LD pumped Yb: YAG/Cr" : YAG composite crystal passively @—-switched laser
F 14 TR I SL O T hIE 193 F Nd: YAG/Cr' : YAG il Yb: YAG/Cr' : YAG 1 4% 211 Q [ A 4
JeAs BB UE I  FWHM R 2B 458 . th &l LIA R HINd: YAG/Cr' : YAG & & B & 4 B B OGRS 2
ARAGE o U (T S 3 R Dk i B i O BOG i L (ER O8I B RO B, TR Yb: YAG/Cr' - YAG #4 B L

DG RE 5 1 B AH >4 i 1Y BE B P 0 SR Bk 1 40% , [ B O S 0% 06 1 D AR AR A TR IE B .

1 ELZLDAE YT Nd: YAG/Cr': YAG H1 Yb: YAG/Cr' : YAG 4 8¢ 3l I Q [ fR O &%
Table 1 Passively Q-switched solid—state lasers based on Nd: YAG/Cr": YAG and Yb: YAG/Cr": YAG pumped by CW LD

Pump Output Repetition Peak
Year Laser material Efficiency /% Energy /mJ FWHM /ns Ref.
power /W  power /W rate /kHz power /MW

Nd:YAG/Cr*:YAG
1994 1.2 - - 0.011 6 0.337 0.028 [33]
single crystal

Nd:YAG/Cr':YAG

1997 9.5 1.5 16 0.1 15 36 0.0028 [34]
single crystal

Nd:YAG/Cr*:YAG

2008 3.3 0.592 18 0.0385 16.3 6 0.0065 [37]
composite crystal
Nd:YAG/Cr':YAG

2009 11.8 1.15 9.7 0.0673 17.1 2.05 0.0328 [38]
composite crystal
Yb:YAG/Cr':YAG

2007 1.34 0.25 18.7 0.0513 5 0.335 0.15 [563]

separate ceramic
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£k 1
Pump Output Repetition Peak
Year Laser material Efficiency /% Energy /mJ FWHM /ns Ref.
power /W  power /W rate /kHz power /MW
Yb:YAG/Cr*:YAG
2007 ) ) 2.55 0.48 18.8 0.125 3.8 1.2 0.105 [64]
composite ceramic
Yb:YAG/Cr*:YAG
2007 3.28 0.61 18.6 0.172 3.5 0.237 0.72 [65]
composite ceramic
Yb:YAG/Cr*:YAG
2013 3.5 1.53 44 0.0113 110.5 2.9 0.0039 [568]
single crystal
Yb:YAG/Cr*:YAG
2013 4.8 1.75 36 0.18 5.3 3 0.06 [59]

composite crystal

F2 AT R E SO WA s 0 3E T Nd: YAG/Cr* : YAG 5 Yb: YAG/Cr'" : YAG () % 3 @ [
EOCAS B . B3R 20T LUE Y, B TR HE % S0 06 Z A 17 s A G 1 3OGRRHR #k
N, 48 Na™ B REAG ER BOG R 518 YO bR [ 43506 28 BT 35 45 16 ik o
[F] s PR IR T B G 2 e 4803 6 T /N RUAK AR 1Ak 4 BT Q MO FH T IO s JGR B T R A HE S

22 MAEEL LD fhiz U3 T Nd: YAG/Cr' : YAG 8% Yb: YAG/Cr" : YAG 1 #% 31 18 Q FA& 48

ol =

AE i MG (D) R ARAT 2 T R & 9,

Table 2 Passively @-switched solid—state lasers based on Nd: YAG/Cr*: YAG or Yb: YAG/Cr" : YAG pumped by QCW LD

Pum
Pump pulse P Pump pulse Energy / Peak
Year Laser material repetition Efficiency /% FWHM /ns Ref.
energy / mJ duration /us mJ power /MW
rate /Hz
Nd:YAG/Cr":YAG
2007 150 15 500 4 6 1.5 4 [35]
single crystal
Nd:YAG/Cr*:YAG
2007 90 - 400 8.9 8 1 8 [36]
single crystal
Nd:YAG/Cr*:YAG
2008 14.5 100 500 6.7 0.97 0.46 2.1 [39]
single crystal
Nd:YAG/Cr*":YAG
2008 17.5 - 500 23 4 0.6 6.7 [40]
single crystal
Nd:YAG/Cr*:YAG
2011 30 100 300 10 3 0.365 8.2 [42]
single crystal
Nd:YAG/Cr*:YAG
2011 26.2 5 250 9.5 2.5 0.8 3.1 [44]
composite ceramic
Nd:YAG/Cr':YAG
2011 26.7 5 250 8.8 2.37 0.85 2.8 [45]
composite ceramic
Nd:YAG/Cr'":YAG
2012 32 2 250 7.8 2.5 1.3 1.9 [46]
composite ceramic
Yb:YAG/Cr'":YAG
2012 3.2 20 - 25 0.8 4 0.2 [56]
single crystal
Yb:YAG/Cr':YAG
2013 45 20 375 8 3.6 1.3 2.8 [67]
single crystal
Yb:YAG/Cr*:YAG
2014 86 50 900 22 1.6 1.46 1.08 [60]

composite crystal

4 4

%

JLAAFR B ST B AEBOE 55 KHL | 5K ZR G 44 B 0 A 25 T T AS W7 Xt OE sl K b AT 3R R U T

KOEMERE . 7 42 8 BOE S KR GERFRE M, WF5E N BB T [B 5 T2 Jis 295 0 R 22 A 5K Y X

IR

2 ION

[

{E 2 38 EL AT A8 B SOG 88 U5 98 206 s K R G O HE . JOE B iz 0 9l i Q MR BOL & th T 4544
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B8 RO MEAE, 76 SO A5 KO T R A B TG T E LA e B . R Ot s YAG A SRy T AR A0 A B Nd:
YAG BERBOE A, R85 20 0 Nd: YAG/Cr' : YAG & & B & OBHME S TAE Y 52 19 8 3l I8 Q Mot 4% , & it ik
JE2E SR, it koo ) A T S5 R i ik BJK FU R S . RV H TR T Yb: YAG MR Bk 3h 1 @ 3o % 11 i
(BT A KB T8 Nd™ BB 8% 3 8 @ Ot L 18 B & e e WOR R W &1 L B 05 A R AR O 3 19 RE 1 TH
FE X T4 S0F R IR M B AR e 2] B S BB AME T o SR E A& AR 3R =X ARS8 B T 0l R Y
JE 25, BE A% AR A5 37 94 B it G 0 ik b O L R R R T OB RS N EE . R A TE S 80 HE T S0
THCEAE RS Q U O AR B BB TR W] LU RO O TAE Y BT B BN, A #R T YO R I O
ARHE R B U8 Q 1 v Ot 28 rh AR AT e W Ty 6 1 SO Tk o i L Sk O K R I R TR R v 1
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g/ T 5% K F 1.08 MW (14 38506 Jok o i 1, A a0k — 25 00 Ak o 34 22 38006 — W48 Hil32 1 Yb : YAG/Cr' : YAG B 5 i
P 20 I Q Rl IO 7% 2 K e W (L ) R O Hh B T IR S Sl

S NRUAL B A BT Q A SO R TE oG ATt B T JE AR B A SRS s A S B
H R 015 8 14 LK PR 2E A5 SR A R 22 ) AR R R R AR A SE o T Nd: YAG OGRS B 1A /Y B 7 5%
FANE, KIEHET Nd: YAG/Cr'' : YAG #5% 5 ] @ BOG#% B 75 AR E A B ME . i T Yb: YAG/Cr'' : YAG &
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