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Fig. 2 Metal thin films prepared by PLD. (a) Dense and loose composite structure silver nanoparticle film and its

preparation principle[m;
[37] |

nanocolumn thin film"" ; (e) columnar structure niobium thin film

(b) porous silver nanoparticle film™; (c) silver nanoisland thin film"®; (d) Au

[11]
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Fig. 3 Supersaturated AgCu alloy nanoparticle film

fabricated by PLDY¥ . (a) SEM image of film;

(b) TEM image of supersaturated AgCu alloy

nanoparticles; (c) EDS result of Ag element

distribution; (d) EDS result of Cu element

distribution
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Fig. 4 Carbon films fabricated by PLD. (a) TEM image

of graphene[m ; (b) FESEM image of DLC
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(RP) 45 # # (La, ,Pr, ,Nd, ,Sm, ,Eu, ,),CuO, #
J BT 5 A2 i AR S5 H L N 1B 5 (o) TR . ST
FEYH Biy s Erg o Tis Oy, 1B R, 78 E SR
TR R R0 40 F B R 2908 180 nm
(9 Biy o5 Ery o5 Ti, Oy, (BErT) JE f HE I, 32 38 5 ELAT
R AF G2 A PR RE , I &L 5Ce) TR

—ME LT L AR 4 JE Ak A W vl I Y By RN 4 A
B TR BR, B A Zn A . H T A 0 A SR X
B, MAEE(BP) & H R E R T O 2 R R e B
SRR R R IEAK . BP 7E @il s e 2500 T 1Y & OdE 2
FEH KL X HEBR H T BP ARG R AR LA
Yang % A PLD I il AR K 00 8 35, 72 I8 =
150 °C AY IR BE N B Zh My e B & TR 2 A 8 IR
BP(a-BP) M5, 4 & 5(0O R, 53 4h, Bellus 2
HAE 150 CHRMUFTIRAEEE N 2 nm B a-BP #
R il & B RAFOEBUROL R WS, /a-BP R
JR 2 . AT R A R — Rh - E A AR
Glavin 255 75 KR IR AR T 200 C 89 &4 F 164
AR v | I GO o i T AR = | B i
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C:' La,Pr,Nd,Sm,Eu

. »
I‘.'.
. .Cu OTiOSr

ITO-coated glass
100 nm [§ 20 ney = =

K5 PLD #l & 91L& 90 M B . () GaSe 4K J R 45 H9 3 55 SEM B 427 5 (b) il # SnSe, # 5 TEM K% (o) Af
Ruddlesden-Popper(RP) £ ##9 (La, , Pr, » Nd, , Sm, » Euy » ), CuO, W B 7 T 43 ¥ % HAADF-STEM [B1§ J H 5 7k 45
FEL s () B Fe, O, i HAADF-STEM E%% 5 () BErT E & #ifi SEM B4 5 (f) # w4k 5 BP (a-BP) i i &

4% ¥ TEM R

Fig. 5 Compound films fabricated by PLD. (a) SEM image of GaSe nano lamellar membrane structure’ ; (b) TEM image

of ultra-thin SnSe, film; (c¢) atomic resolution HAADF-STEM image of (La, ,Pr,,Nd,,Sm,, Eu,,),CuO, with

Ruddlesden-Popper (RP) structure and its crystal structure®™'; (d) HAADF-STEM image of single crystal Fe, O,

film" ; (e) SEM image of amorphous BErT thin film™ ; (H) high resolution TEM image of ultra-thin amorphous
BP(a-BP) film™"

2~17 nm AR IE & A AL B Ca-BN) — 4 il i, JF
FRF PLD il 5 8 3% 22 a-BN A9 IG IR 0 T3 % 46
AT — A% ek S R A5 R Gl T AR K
50, Feng 25 R F PLD 5 R M4 thih 4R R B
B %) v 15 W o A AR T 4 K B (BNINS) , J&
ERA 3B 15 ANERTFE . BAEFRE R EAA 42k
ARGt AE L A 0 BN R B A AL, T A
ST B A AR R S A R A A
AT - LAy S M e ok 40 il #0467 il
AT RN R ALRR (CN, O MRS, 5 ) 28 1 38 PLD # R
PETE TR A S R T L S R

BT &G WAL 4R LG . PLD i A] D)
H&AHAL S WM. Novotny 55 # A PLD
HORAE s = RS R il # T BGE B (ZnPo)
WIS, X G2 P T | A R R R R 2R ST T
WS FAE . Hussein 2555 i PLD fi R H 4 T
Tk 35 ] (CuPe) R, %8 H W i 3% L O 30Uk 6 A
RS2 EE BRI AT T AR5, &3 CuPe ¥ B 7E %
ol 2 B i R0 O i b LA G 4 1o P
3.5 E5/2BEHRHER

A2 A RE 2 e R R S DL SRR R A T
(L2 AR L A bR A A R B B
AT DUSE B 22 2 o — 2 3 A 5 T R, B RT LU 2

FAS TR 1 Jo ) A ek 3 ok i o 285 4 7 [R] — RS 2 R
BT B s DA SRAT B0 00 TR v kG R S AP RE . B
B b BRI LA AR G 1 25 8 AT e OF HoBe i 25
G ZFR RO 5, BRI B T E B ST A AR
PLD $ A A A Sy JH i) £ v B5E i) AR 22 00 it i 2
GRS A EE TR,

FIH PLD LUK £ 2 8 & I 2R &
LA AR IE . Shin &9 FI ] PLD 764
FESAE FESLI T BaTiO, Al SrRuO, #
JE B K AE 700 C () SrTiO, (001) FEJE A4 K
SrRu0, /BaTiO, /SrRuO, (SRO/BTO/SRO) 5 &
BERE AT VR MR (FE) S 45+, W& 6 ()
FroR, JFIEW T FE i S R REIA ] 3.5 A 1R
JCH SRR . Ko &5 FHRIRE Y 7 ik A K T mE
SrTiO,/SrRuO, (STO/SRO) # i 5 it 45 4, #] H
PLD il & # SrTiO, 72 LA AL (VO) TR, %
g A H b ¥ 7 STO/SRO A8 3 5 5t 45 #4 1Y 2k
BE I X AL AT T f# B . Zhong % £ PLD
DU BaTiO, W F X Fe, O, #EATHEAL IR, 4=
KT IE 6(b) iR E BaTiO, /Fe, O, 545 #) , il
T A A A7 4 1) T R R S M A A A T R AR 4
(4 15 AT 5. Kunturu 2908 #)H PLD # R 78
Si/Cu, O HLAR B 31 1 ] £ 45 21 19 34 4] H & i 5 /Y
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ZnO-TiO, & 45 MR R 010 4 F A% 19 /&5 v Re AR 4
JZ  FfR TR T A A I B ok [

BT 228 AW, PLD $ AR T L % B
A REIREE I AR BE . Dong 455 1 8 4
BB PLD R 7E SrTiO, )8 FAEK H =48 NZFO
(NiZn ferrite) /BTO(BaTiO, ) #1: 44 >k & 4 w5, H
1 BTO 44k H: g NZFO B 3% . W 6 (o) iR, Liu
SR PLD SEEE T — Rl R 9 CuO 4 K 0k:
L ZnO QUK AR A4 K g 6 () s,
IR 7R T K FPRRRR S5 4 1 A5 AL X AP CuO-ZnO
YK ST A IR B AP HL S AL IR

Lee & FIH PLD $i AR7E Si 8E LA T CeO,/
Y, O 8 A% 40 K I A2 A 45 F e, a1 6 Ce) TR,
FEHEIE T CeO,/Y, 0, # % T KB IE WE 2 00 1Y)
AT 5T I & R e B R AR A T R Y
W, Qi SN R AHA TLEL(OAD) £ R 78 PLD
il A TR R S A R AR Li, MnO, (LMO)-
Au gk E A& HE, K 6 (D Frx, 8 i ol 248 Ut R
16 £ 2R K 2 8, AT LAY A 9 A R R L AL R R
S AR A R L A A TR B L A kR R K
JIE 5 R 55 F R IR B, DA S B 9 R O 2% 1k RE Y

& 6 PLD #4004 4 MR, () SRO/BTO/SRO S Fi45# STEM K125 ; (b) BaTiO, /Fe, O, 5 Bi&5# SEM &4 K
SRR Y 5 (0 =4k NZFO/BTO #E49K 2 & M STEM B2 5 (D) CuO-ZnO 44K # 2 4 # B SEM K {2
e Hif CuO-ZnO 44K #E TEM B 5 (e)CeO, /Y, O, 44K R 454 HAADF E{% (7)) .LAADF Bl () LKk
{1 HAADF E% ()2 5 (D & A A4 FE 19 Li, MnO,-Au 40K 5 4 W0 B E TEM PG K 45 # o5 25 1 7
Fig. 6 Composite films fabricated by PLD. (a) STEM image of SRO/BTO/SRO heterostructure™ ; (b) SEM image and

structure diagram of BaTiO,/Fe,; O, heterostructure® ; (¢) STEM image of three-demension NZFO/BTO column

nanocomposite film™“" ; (d) SEM image of CuO-ZnO nanorod composite film and TEM image of single CuO-ZnO
nanorod”” ; (e) HAADF image (left), LAADF image (middle), and the magnified HAADF image (right) of

[96] |

Ce0,/Y, 0, nanobrush structure™ ; (f) cross section TEM image and structure diagram of Li, MnO,-Au

nanocomposite film with inclined gold column

4 PLD R il % i 1 RE W I Y iz ]

biid s

Z5 LR ,PLD HOR B8 il 45 25 AL )iz B Mg
6 S 04 Ty RE VS, AL otk R 32 by FH 2D HL By
REVR LEW) B L B AL AR RS, A
TGS T PLD HOAR ] 8 W R A JLAS E 2 DL K&
I AT R A 24 S5 A B 5 R BRI A RR
B> A0 I B 28 3 AR SR 1 LA SRS T
4.1 BT

TR RN 0 B 6 eV 1 1] AR A B

[97]

— SRR BRI b, BT S8 AT LA AR T I F AR
T VU B P G F I LR AR SR L PLD il £
A RS AE O L U B 5T A R R B R4 Y
N R 5

Lu 29 FH PLD AR $l % 1 5 H T & ok 5
HOGH 1 £ E MoTe,/Si 2D-3D # 1 57 i
gt H A B A B 6.8 X107 Jones BY B
PR 22 LA KT 150 ns B8 PR e Ry 38 32 i 0F 98 0
PEBERE PO e B I 28 19 7 A 2D-3D 5 5 45 1 i £
HiF TIEH . Yao %5706 PLD i 4 B JE K 9w i
it Mo, ; W, oS, B B T i T Ol He #5000 2%, 76
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370~1064 nm {5 [ A AT E (4 6 me 7 o i 7 JBE 7]
iKE] 5.8 A/ W, L BF Rl TF 150 ms, HAL R @M fE
N — AR AL FR I % ) e B B TR, Yao 25V
S — WAE g b A A PLD il & T & M 4
Bi, Te, SnS-Bi, Te, JH M & P04 115 A/W iy #
U N L 4. 1 X 10" Jones MBI XKLL & 370~
808 nm Y FRINE [ L I H A AR 4 1) 25 ity i 1
AR 2 P AR EI N, Yang 510
FIH PLD il £ Hi it 158 2 5 51 5t 1Y — 4 InSe ¥ I
N4 H R T 7 FH T el AR A L g i R T T
AN 3T 2T A B L e RO e R SR B 27 A/ WL TE
AR 1 1R M BE G HL 28 R T & b AT R 1 R
J1. BEMALETY R PLD HARHI & T 85 AL
(GZO) 7 W] T H i B, 2 I EL A o a8 DG R R v
BH . A7 B AR 4 2O T8 Iz R A

A LA B PLD i 5% ) 38 B8 A4 R 76 i 4338 1
R 40Tz . SR, BT PLD il £ 2 W 151 At
(R BIF 58 30 Ak T 2 2 B B L AT A K St B A A
17 R4 B B T B P I 458 PLD AR A
B B 2 A I F AU A ) N Y R R s 1]
4.2 FEEIRGUE

Al VR [ R H A A ST I %) T PR A, A SR
R I KB e VR i AR BRI AR A 7 8. PLD
AR H B A5 i A% BE DR A 14 v BT TR 1) e 1 B T R v
T B ) 92 8 5B i Y 4 38, 4n K BH A G AR L it o
(R EBUR E A RE LA B R R Yt L F b A F A A

Chen Z5M 2 PLD # R #l % T H A 68 %
JEPERERT SrAL O, + Eu® Dy’ (SAED) M, I
LN B 55 R K PH BB F 3t (PSCs) H, SAED i i
MIMASE S T PSCs ga R AP R e KR T
17. 8 % WM B AR D R 4 %2 . T E B0 02, 75O I
MG SAED i JIE (14 4 i ] 5 22 & e il B A K
FH R it 7 5800 3 20 7 AR A B2 4681 K BH A6 H0 Tt B 6 7
SIS AR L O K BH BE F B A T — T Y niz 4
. 2015 4F Kupfer %" ki T PLD YLALH)
Co, O, WY TiO, T8 B 5 0T 25 45 S 6 W i 4 Rt
FE B 42 Ak ) K PR BE G AR H vt R i . Park
SV PLD AR A BT B K 3w AURUT AL
T 38 T8 ) TiO, W85, I K AR ol s il i A T 8
B SRS KPR L AR A3 T 5. 57 % M = fig

Evans 2" PLD 76 (%30 4504 F il 4 19 3k &
% La, ;Sr, ,CoO,, MBI 5 A b5 e A AL 5
P i T LA B P BH AR 42 18 A il vy X 78 1 4 4R A6 )

SR L It (micro-SOFC) W, 3818 T 5 35 200 ~
262 mW/cm’ TR, Ju %7 I H PLD #
ARAE La o Sr, Ga, Mg, , O, Wi B F 6l % 1 i
Sm, ,Ce s O, 5 Hl Smy s Sr s O, 5 k2 AL A HIR Zh
RERLIE 22 (DCFL) ¥ JIBE , I A1 Ay B A 0 T 7E [ 4 48
16 #5 RE L b, 2 T T R Y B R P e
Pfenninger 28" PLD JLALEY Li, Ti, O, WK 5
Lig o5 Aly o5 La, Zr, O, M BFE A IF N A T 21l BH
W, KA T R WG 3, HOA R R
175 mA+heg "AYBLEME. Ni 25U PLD #5 AR
FEARIR F it T GaN-Cu 44 K #5 a b L 1% B e/ N
B R b ) AR B A B B RUE B L IR B T GaN 7E
fifh Al S8R 1 7 ;R i A B Ok R M RE L ST
REEN R, Q%N R PLD %4
# TAE Au B4 H LiNi, s Mn, ,Co, ,O,/Au B4
THEREEAE S B - v Yt 1) PR A R, Sy S 1 L Y Y
e JEE 9P R A T — BT Y R

4.3 £EHEE

B AT, FLA 0 A 4 T B RE S (4 B R A
GG T AT Y 2488 i A e R R
T AR K & 2 BN — B KI5 T ). &)@
MemE Y T 2X Y AR5 NTER
M) 5% )32 07 T 24 4 403 %) 90 5 A bR L TR
1 F AT PLD 3 AR 76 A 49 4506k 1 4 UL 149 97 FH S o
75 ELA PO DA P R AR W AH 2R G 4 R N A JE A Ak
w2,

Mihailescu 25" Fil SOG4 4 PLD 45 T
BAEFTRE R 2% ~7% JRFE 050 IR B 4= 5
T L i RS EL A R G R B M R A AR A L AT
Tl &% a8 M & B ARE., Dykas 55
BRI A PLD B AR #E N7 T 4 Jm 4l Ak 4 T %8,
T 1 35 A= 2 RS o) 2 T, DA AN O R v
TG AR W B AT B, iZ B 98 UE T PLD W T AE 9
0 31 A R ) 7 2k LA R Ty A i B
(BG) & —Fh i A T B M G I FH A 4 KE, Rau 25
SR FH B A ) T R B S AR O PLD SR HE L il & T B
A U T R AR SNME W iE M Cu-BG W, I H g
% 15 T 2 B o3 Ak A B R A G TR 2 Y A
WA K. Popescu-Pelin & F i PLD i 4 7
A BB K A1 (BHA) L #F & W A1 (CLIN) Fi 48 46 55
(AL Oy 4RI 5 A R, A7 0 4H b 25 B A 40 il
A= YR R RE O B O R A A A S

PLD £ ARTE A Wy 80U B 1 il 45 Bt 18 1k 2 41 L ik
FE A W W v AT T R A . Kim &N R PLD
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OBV AL B s v vl JE O AR 1 — b vag 2R 08 6 T
W (SAW) & 8 T W ) 4y o 39 A 4 B A= 1 A
Jo e 4 TR A ) T A K B R AT 0 T 4k
BEARMG A T4 A SR P 53 K 0 N i B
4.4 B2

SR £ R PLD $ R f & R A B
Aoy EER MR . A 1987 4F D /R S5 %= F
PLD $ A il 2 B A7 & i 8 5 5 M 19 Y-Ba-Cu-O
(YBCO) i, PLD £ R A JF 0 52 2| 01 Jf Z= 8 &
JRU I, PLD 16 88 S b kL £ 45 sk HL A K K
DT s B 0T 2, AT T4 KA.

YBCO 58 2 — Ffr s 70 HAFF 5% 48 R 20 1) v
TR L, sk AR I A PLD 7 CeO,/
YSZ/Y,0,/NiW ik _E il & 7 @ i 19 YBCO #
S, AR AR IR Ol 88, 2 K Il S H I A
Alik 1.3 MA/cm’, Porokhov Z5M I H PLD 4%
AREARER FAK T HEABSRFERN YBCO #
i, A AR R B 0N 85 KL Il B T E A R
10" A/cm?, Ivanov ZMS ZE STO #IK FAK T
YBCO/LCMO/YBCO & A # B, 508l 1 # 51k /2
TG A /B AR (SES) 2544 1 1 8 L i 245 W 76 S L
SR T B R A N . Lin S0
KHAFFEHEAYS PLD # AR &8 7 Xl & T
B 500 (W iy & 4 %0 BaHIO, (BHO)
Y, ;:Gd, sBa,Cu, O, ; (YGBCO) # i, 5 JC ff 1 )2
1) 5% BHO #:24% YGBCO T JEAH 1L . I L H 7 255
BET 35,5587 3.76 MA/cm”,

Gontad 2" HRE T PLD J5 2 il % 4 48 i 5
RS R T S AR b g B R TR AE 9. 3 KR
TH B S5, Den %Y H PLD #EH % T
La,CuO, Ml La, ,Sr,CuO, XLJZ M, %3 5 2 A7
L LU S . Feng V%R H PLD 7€ 12 Fh
AN TR] Y R 5 b By Ml ) A% T R ) FeSe HL i
R 3 Sk R Y B Fe/Se 1 LG SEEE T X
P I i AL IR BE 1 45 O3 Ah AR R B FeSe vl i
(R R I 5 R Y A A SR O FeSe B %
TR A R T L A R A TE A R
4.5 BFHETE

FIH PLD 452 A il £ 40 K 25 1) %€ b kL2 B il
JUARAE L F B RGN . A L TAE ST
REFER K PLD HR BB 65 il 25 A & A HL W 19 40 K
URL RS, A B AR 2 — A AR T R A AR R
O W 2k MR HE AT I

Wang % FIH PLD £ R #H# T — M A& H
HLAD Y B 40 K 25 F B (SNF) . T SiC B/ 5
DBC B % 3EM 1Y 3% #2 . SNEF | 0K 22 19 “ B 207 i
7 RN 4 K G B BURE” R 2H A B A AR G A1 IR 3
FPEVERE  BEAETE 180 CHYIR B T HF 17 ¥ 2 i i 2 1R
JEAR T Rl AR R IR, YRR AR E T A E
250 CH, #2319 F- 3P0 57 538 B 75 8 40 MPa, Feng
SUVRIH PLD HAR & T —F R &4 B BT K
WIEAF B XUZ 40 K 25 #9 (CBLDN) 41 3 st , B i #¢
25 CHE IR T AR S IR B34 , 1 )23 o b v I
B A S AR T BE 0 L 45 B T RE % 52 B 4
fi4E . CBLDN M0k B HRE R KBS T KEZH
[R5, © ) T 4% Bl 2% 10 4 0, F 436 4R 3k
LED. SiC Hy #8808 (14 35f 25 LN -4 i B . Zubir
SFUURIA PLD A il 4 T R gl ok ORI B 2h
FE 250 CHIRE N CH T AR+ 100 mm® K
T AL 4, HE 4 2 T A s BRI A 2
PRI TR WL 00 32 1 bR A R TR 3 42 vh B A
P, Jia HUY IR T — R TR A T B
AgCu B 4 9 oK OB 5, 12 B FH 1 T R 48 10 1Y)
SR
4.6 H s

BT ER AR E A LA SR AL L PLD i) £ i 3 s
M AE LA (4 1 22 40030 T R S 0 R A AR R A
b 2 TG SR AT 2 WU A5, T T TR 0 51 2% 5 43
f1h) — S B 137 ]

TEJEE 5 24 45 8 L Panda 25 5% Al PLD J5 ¥ i
BT —FE A Au B2 2 & RIA 9Kk 5 HE,
A 0. 05 11088 IR R 458 22 ORI v T 5, G A V9 48 2
WaGE T v IR Y BE R 2R Mk gE. 7E A% R A, Feng
AR PLD 45 89 Cu-FeO, 44K 52 4 Wik:
BT T — i R TH B A RSB B 04 B4 A A oK 4
FA 5 3 ol 25 ) T 4 3 1k R T A R L TR
Jk . Atanasova 25" FE KSR F A PLD A i
# 7 ZnO.TiO,.Sn0O, Hl MoO, %4 J& ALY £
FLAH K 25 K I L X 2 4 8 E AL AR 5 A R
BECREE T N T SR IR AR . A L ST
Misra %7 R PLD A §i % T 7 810 W58 45 Bl 4k
W TiO,-Au 0K E A W 1% W B0 Au 94 K 5
FL¥ 51t A B TiO, FER v, B RAF i s i 1k s
PE G AL ST 25 R 4P i N FH AT 5. 76 T 1Y
58 37 2 4B 08K, Khan 2657 R PLD 8RR H14 T
FLAT SERS #UV 1 Ag 94 K UKL B L I 2F 47 #4R
KALBE 25 LWL AE 400 Cas SR kW Ag 9K
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Research progress on fabrication and applications of high-performance
films by pulsed laser deposition
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Abstract

Objective With the rapid development and low cost of pulsed lasers, the preparation of high-performance films by
pulsed laser deposition (PLD) has become a research hotspot recently. Compared with other film preparation
technologies, PLD has many advantages. First, PLD can fabricate most film materials, such as metal films, alloy
films, carbon films, compound films, and composite films, due to the high energy density of laser. The crystal
structure, micromorphology, and particle dimension of films are controllable and designable by regulating the
processing parameters such as laser energy density, background gas pressure, background gas type, substrate
material, substrate temperature, and deposition tilt angle. The multicomponent films with desired stoichiometric
ratio can be easily obtained by PLD, which contributes to the preparation of multicomponent compound and alloy
films. Owing to the high velocity and energy of plasma plume from the laser ablation, the substrate temperature
required for film growth is relatively low, even at room temperature. In addition, PLD possesses a high deposition
rate, which can attain more than 10 pm/min. Therefore, PLD has become one of the best film deposition
technologies. In the past decade, the mechanism of PLD was revealed, and the most cutting-edge research in this
field was mainly focused on the preparation and application of film materials. The applications cover many relevant
fields such as optoelectronics, sensing, biology, superconductivity, new energy, tribology, catalysis, and electronic
packaging. The material forms include zero-dimensional quantum dot doping, one-dimensional nanowires (rods),
two-dimensional thin films, and three-dimensional thick films. Current studies show that the film materials prepared
by PLD technology possess a very large material system. Therefore, the research status of high-performance films
by PLD recently is reviewed systematically from the perspective of material systems, and the application fields are
summarized.

Progress Five types of film materials by PLD—metal films, alloy films, carbon films, compound films, and
composite films—are summarized. Notably, metal films are one of the simplest film materials. Researchers
commonly employ metals to study the effect of deposition parameters on film structure and morphology. Metal films
are easily oxidized in the deposition process with high energy input. Therefore, most metal film materials were
prepared under a high vacuum or in an inert atmosphere. At present, metal materials by PLD mainly include inert
metals such as gold, silver, and copper along with active metals such as niobium, aluminum, and iron (Fig. 2).
Compared with metal films, alloy films can exploit the advantages and characteristics of various metals to obtain
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better performance or new properties. Therefore, alloy films have significant research and application value. PLD
can prepare not only simple binary system alloy films such as AgCu (Fig. 3), AuAg, and PtAg but also complex
multisystem alloy films such as Heusler alloy and high-entropy alloys. Recently, PLD has become a significant
method for preparing carbon films, including graphene, diamond-like carbon films, and nanostructured porous carbon
films (Fig. 4). Compound film is currently one of the most common and widely used material types. Because PLD
has the characteristic of keeping the composition of the target and film consistent, the film composition can be
controlled by the target to fabricate oxide, nitride, sulfide, and compound films with more complex compositions.
Sometimes composition control is also performed by reaction with background gas during the PLD process. Compared
with elemental metal films, the mechanism of preparing compound films is more complicated, and the requirements
for composition and crystal structure control are more stringent. Therefore, the richness of the material system is
far greater than that of elemental metal films. At present, compound films mainly include metallic and nonmetallic
compound films (Fig. 5). In addition, there are a few reports on the preparation of phthalocyanine organic compound
films by PLD recently. Composite films prepared by PLD possess good design flexibility, which can combine the
advantages of multiple materials by structural and material designs (Fig. 6). Composite films have become a hotspot.

The application of the films by PLD in optoelectronics, new energy, biology, superconductivity, and electronic
packaging fields has attracted much attention. In the optoelectronics field, two-dimensional compound thin films are
mainly used to acquire excellent photoelectric detection performance. In the new energy field, high-performance
functional films are mainly applied as photoluminescent materials and electrodes in photovoltaic cells, fuel cells, and
lithium batteries. In the biology field, the film prepared by PLD is mainly used as a bacteriostatic coating. In the
superconductivity field, high-temperature superconducting films such as Y-Ba-Cu-O ( YBCO) films and low-
temperature superconducting films such as niobium films are fabricated and their superconducting properties are
explored and controlled. In the electronic packaging field, organic-free nanostructure films are prepared for
interconnecting SiC power dies and substrates.

Conclusion and Prospect High-performance films by PLD are becoming a hot research direction due to the
advantages of PLD, and they have been applied in many relevant fields. However, there are some technical and
engineering problems, such as large particle splash and the bottleneck of large-area uniform deposition. From the
perspective of process, the development of PLD particle control technology can immensely improve the surface
problems due to the large particle splash. In addition, large-area deposition technology is continuously developing and
an 8-inch large-area uniform deposition in the literature has been achieved. From the perspective of technology, with
the continuous progress of laser technology, the type of laser used in PLD will develop from long pulse nanosecond
laser to picosecond and femtosecond laser. Therefore, PLD preparation of high-performance film materials has
potentials for industrial application.
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