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Abstract: Laser chemical vapor deposition (LCVD) technology has its unique advantages in reducing deposition
temperatures, enhancing film purity and directly writing complex thin film patterns compared with conventional
chemical vapor deposition (CVD). This technology has been widely applied in thin film deposition and attracted
growing attention from both research and industries. This review categorizes the LCVD technology into three types
according to the laser-matter interaction mechanisms, including laser pyrolysis, laser photolysis, and laser
resonance excitation sensitization. We illustrate the deposition principles governed by the three different
mechanisms in detail, and briefly introduce the commonly used equipment, and summarize the latest research
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progress of LCVD technology in synthesis and applications of metals, carbon-based materials, oxides and

semiconductors. The detection and analysis methods used in LCVD are specially introduced, and the challenges

and prospects of LCVD in material synthesis are discussed.

Keywords: laser chemical vapor deposition; thin film preparation; laser pyrolysis; laser photolysis; laser resonance

excitation sensitization
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Table 1 Comparison of various CVD techniques
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Table 2 Commonly used laser sources for LCVD

et Stk W k/nm HHFhER eV 2430k
EAI/ 1064 1.2 [42-44]
Nd:YAG S 532 2.3 [45-46)
E2) 351 35 [471
EA/ 10600 0.1 [48-52]
co: EA) 9219 0.1 [27, 53, 54]
Ar’ GRS 5145 2.4 [65-57]
InGaAs 215k 808 1.5 [58]
ArF E2) 193 6.4 [48, 59]
KrCl EZAN 222 55 [60]
KrF EZ) 248 5.0 [61-63]
XeCl EZA 308 4.0 [64]
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Table 3 Recent reports of thin film deposition using pyrolysis LCVD

TURBHL
4 RS 2N JEIR
BIE/(°C) HZ/(um/h)

2021% SmBa,Cu,0,5 LaAIO, K808 nmE A LLHOG R 780 8.76
2020"" HfO, AIN W76 nml IR ELL IO 600~1300 67
20207 BCN Sio, P K:1064 nm Nd:YAGZ LG A% 1100 18.4
2020 ZrCN c Nd:YAGHE L0 ER% 1100~1180 40
2020 SITiO, MgAlLO, P K1064 nm Nd:YAGIE SO 900 20
20207 Y-doped BaZrO, AIN #1064 nm Nd:YAGHEZEHOE 2% 645.1~656.3 2.67
2020 B-Yb,Si,0;, X1/X2-Yb,SiO; AN W1 808 nmf: AR LR 750~1100 114~423 . 353~943
20197 LaPO, AlLO, T 11064 nm Nd:YAGHEZE OGRS 802~847 58.6
20197 SIBCN Graphite P 141064 nm Nd:YAGHEZEBOE & 1210~1410 1620

Sy PP EREE, SRR POEEE SR, K

P T o TIEE, R Rk, B,
WO MRS TRE R FE RS 1 B v I B % o T i
DT B HR O] LA S B AR S — R
SFIRRP IR, W0 R ah- RS (T-T).
PO iR (T-R) . - s %% (R-R). IRah-F
N (V-T/R). IRB-IREHEH (V-V). -3k
R (E-V). P-H TR (E-B) %.

B Tt P 7 R B 2 Fh A BT 285 1) RO A5 1 2o
P, RRHIE R R XCRR I R R, W ¢ RoR . IR
LCVD 1, ARG 32 A5t e 5 R i R 1 s R
BRI DIAH G . SR AR B R sth R ) 1) 222 R A
e TFERE . RRIRE LIRS RIS, 41
Ry FREN AR, ANRIRE R SRR TR E I
B AR R SR P — S ARTE 1000 mbar, 300 K it i
U P B ]

22 ERSMERE

S LCVD W WL SE e A& 2 s, %
AFGHTIRIA SR AL AR . RS . WO HS &5,
NS FER RS @EGIE A3 50 T

1 0—10
R’

iV

WAF). MR LCVD HIIOGHS 2 Gei F i % 22
OGRS, W CO, WOLAS . Nd:YAG FIAROEERS .
g LCVD HE REFHBOCY R AR5 . il .
VBB H DAL RS, WO G AT
s, RAELEANRRIE, 5 R IR X RT3
PG HRUTE A} JES 2 1T 4T 86 % 28 Pl el I R R el 3 — 4
Bl V-G dnffshil, oG HE nT LA IS 2 hi 52
PEX DU, SCIEA G A B R TN 25 Fa I 4 -
AR LCVD R & o f v, R 204 = i
SRR A SR S A I TR, TR AR S 3R

T R A TR s
23 MH
2.3.1 4igE

i P LCVD il #8464 Je v nd TR v LGB
W E \NHER, Uesugi 255 R ArBOE (K
515 nm, JGBEE S 6 um) ## MO(CO), BiIKAA, 7E
B 22 0% 450 1) KA AR i % E L2 il 5 Mo
&R, 2017 4F, Jeong 25U R T KA IREE T A
fift LCVD il W BERIRHSE, RGET T AR
TR WA AE R, A WBERY AR K R R g

1078

A1

\
1(7 \4
R T
108

T o AsiEdAR b R AR A A2 0 R B g
Fig. 1 Different relaxation channels for energy transfer during binary collisions of molecules

10°°
T

79]

2103334


https://doi.org/10.12086/oee.2022.210333

JERHTS, 5. JGHL T, 2022, 49(2): 210333

https://doi.org/10.12086/0ee.2022.210333

NAH L ML RRES =B FEE KA, SR
BB W(CO)s 73 T2 AERO AR T 20, TRk
W Wi e RARE, WS 3 B O
P AE AR BUE RS o 1 3(a), (b) R T W /R

Computer ﬁer
CO, laser Beam expander
P e e P
: » .o
S > |
. EN
1 ‘e"ef o> !

Atteiator I

KATEATE DL . BEEHOEIRM 1.78 WIEZE 3.56 W,
JAZAE W G 1B BTl Ak 0.5 s 4222y 0's,
RO H T TR R R T 4L W(CO), TR 7
TR ) G BB W 5 W B S

@ Objective lens

Lens

Reactant gas

Platform

B2 #MLCVD FAFBREETER
Fig. 2 Commonly used experimental setup for pyrolysis LCVD
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(a) Plot of three regimes for incubation, nucleation and coalescence of W deposited at 2.44 W; (b) Thickness of W films deposited on

glass substrates plotted as a function of deposition time; (c) Surface morphology of deposited W films deposited at different laser power®"
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Fig. 4 SEM images of diamond grown on tungsten surface of (a) poorly and (b) heavily nucleated””
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Fig. 5 (a) XRD patterns of the B-SiC films prepared at different laser power, deposition pressure and deposition temperature;

(b) Effects of laser power and deposition pressure on preferred crystalline orientations of 3-SiC films
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Fig. 6

B R AR EIERG e

and the corresponding (d), (f) cross-sectional SEM images of (c), (d) HfO, films prepared at 1203 K and (e), (f) HfO, films prepared
at 1383 K by pyrolysis CVD, effect of deposition temperature on deposition rate, crystallite size, and morphological
evolution in HfO, films prepared using (g) conventional CVD and (h) pyrolysis CVD""

943 pm/he AT B AR ALO; #HIE B STEL T HAT
BBV A5 . B FCIRANE BORZ5 1) Yb,S105 HEHK
B PR T AR, R BT AR B 258 1000 pm/h, 2002
4, Kimura %" SR K4 1064 nm ) Nd:YAG %
LEWOEAY, 17E ALO; #1IE L I# Zr(dpm), A1 Y(dpm);,,
PAF TR LA E AR, (YSZ) MR, il

I Rk 660 um/h, 2 % AF 58 4 22 R GE 1Y
MOCVD il £ YSZ Wi UTAR ML 1 6 5 DA 1o H:
il =JeE ALY, 3% La-P-0"", Ti-N-O"'', AI-Ti-
0" | Na-Al-O"""| Na-Ta-0"""" Li-AI-0"*, Si-C-
0", sr-c-0'""| Ba-Ti-0"*", Lu-Eu-0""" % =04
A R AT 3 OGR4

210333-8


https://doi.org/10.12086/oee.2022.210333

JERHTS, 5. JGHL T, 2022, 49(2): 210333

https://doi.org/10.12086/0ee.2022.210333

Horb, HARKIL KA Goto BN R MK N
1064 nm [ Nd:YAG #ELL#0OE, 7655 MgALO,"™ |
ol MgO" | A B EE Y RSN AR
WO, ST SITIO, Wi, B4R SrTiO,
[P Ay (I (PP S PV LD N R AN UIY T N
T HZEW Y, 7 RO R R DR
T X BB B B 450 SITiO, WIS . R
s T L SRR A B s . AT RAR B, FEDL
PR BEAIRT 908 K i), JRAE STO Wi I 7] T BEALAE
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YEHE

2.3.4 ZEEEME
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W] T ZFb R 2 )2 DI RE A RHE 45 . 2019 48,
Sun 25" S 1 HUE LCVD 35 4% Ak e v g
() ELAT 2 90 K ZRAARGE R 3C-SiC/AT BB 2 4 i
wmE 8 frn . Hid & 8(a), (b) AUTFHIRIE 1523 K.
DURRSUE 400 Pa ISFTUAR Y &2 5 B AY 51 3C-SiC 4
Kb R AT A, A H AT LUA B, 3C-SiC fhait
FE (11D B AR, SRS S aCalEE 0.252 nm, £ 48
I A A SC I BE RS K, R 0.334 nm. 7E SiC FhATH
2 (11-1) “FHEAMEAERK A S SiC AR I,
mE 8(c) MIFEFRAE TR, IR R oL
5 H, % SiC dAA M ZIVER , ki Si ok i %)
R Si JRFa3 0, Hgy C Rl C-C st 254,
£ SiC A AU AT K Ry A 8805 . 5] 8(e), (DR
3C-SiC/ B4 B2 A W B R 5 A i i % o
100 pA/em’, FEFR 10000 ¥ A4 1E 7 78550 A< JE 30 HE A
AL, Zad 5000 ARG, 3C-SiC/A S K
f L HL 25 DA S5 — YR B I AY 6,350 mF/em” 7% 4k, %)
5.950 mF/em’, HLZEREEHRN 93.7%, 10000 YK AfE R
J&, BN 5.750 mF/em’, HLEMEFFRN 90.5%,

Preheating temperature, T,./K
723 773 823 873 923 973 1023 1073
00 p=r r . . r r . — 500

No cracks in  Cracks in surface
surface | due to large
o - thermal mismatch
400 - at high Ty, 400

(110)-oriented o -

with (111), (200), (211) (310) ¢ %

2

5]

-8
g 300 3 300 4
£ < 3
@ (100) E g
g S @,
S & B
= 200 + (110)-oriented 200 5
[== A P 3

T ;
. (110)
100 : “ 100
Grain shape Grain shape
0 - 0

760 810 860 910 960 1010 1060 1110
Deposition temperature, Ty,/ K

A7 $hEA50W, RARASHE 760K (a, b). 957 K (¢, d) #= 1104 K (e, f) BT 2.5 33535 L 5| &4 SrTiO, E/E
A @AAEA @ SEM B (g) mARREs SITIO, BIREE . SR T. SEHRBBHIRE G HAH")
Fig. 7 Surface and cross - sectional SEM images of the SrTiO; films prepared at 760 K (a, b) , 957 K (c, d) and 1104 K (e, f) with a

laser power of 150 W, respectively; (g) Influences of the deposition temperature on thickness, grains size,
grains shape, and preferred orientation of the SrTiO, films!*"
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By (a), (D) TEM 4 (c) RTFHME,
/D’“ 1&@[136]

Fig. 8 (a), (b) TEM observations and (c) atomic configuration of the nanoforest-like 3C-SiC/graphene composite films
deposited at 1523 K and 400 Pa, (d) schematic illustration and (e) cycling performance of 3C-SiC/graphene

nanoforest composite films with stable framework and continuous electron pathways

BT #Af# LCVD il 5 1 A1 88 065/3C-SiC HL M 1Y R 410
W EPE, 2020 4F, Guo %" R InGaAs 1% 421
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RGROEW, WAE 4. H5IE LCVD AL, 6 AR
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R BB UGS P BE RSB G T ALY, AR IX el
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Fig. 9 Commonly used experimental setup and principle of photolysis LCVD
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Table 4 Reports of thin film deposition using photolysis LCVD recently
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Nd:YAG OG0 =it o
3.3
3.3.1 &R EHEEMHYE

TEBOEIE K KT 375 nm iF, KEZ84 8 A HLAT
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Z LI kg £ 2006 4F, Park SR EE TR
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0.468 mW. 0.607 mW B} 'S5 W ZERIESIK . ATk
P, FEBOCIIER 021 mW I, I EREE R AL, B
LMIFEZN 1 mm; 7ETI3N 0.249 mW B, §E20
FMDCIEPERE SIS 2L & AED Rk — 04
JEt (0.468 mW A1 0.607 mW), AL W £k H BRI
JEA, VARERIE AT g i T OGA G RO AR FE
SRR RO TR A ] o 1] 10(e) il i 95
NG R iER O R SR F U S I WK ) ) B v
0.3 mW~ 0.6 mW I}, JUF W LA BRIV 1 Q/um,
BEE O REARE 0.3 mW LU TSI 0.6 mW,
L BHR SRR &1 10() il e f# LCVD 7R 35S
LU W & JE i CR E AT LU TR S A -
T it 30073 T W ) PR B TC BB A2 o R P B B A IS

Deposited
tungsten line

Laser power/mW

10 FREBESFE T W EE SEM R F F248 52 69 3D B4,

(@) 0.21 mW; (b) 0.249 mW; (c) 0.468 mW; (d) 0.607 mW; (e) ITAR4h 44 & [ R . oh & &AL ;
(f) LCVD A7 W i 42 & 8 F 5 SR8 - i B 7 w5845 5 = 49"

Fig. 10 SEM photographs and corresponding 3D images of the deposited tungsten patterns for various laser power.

(a) 0.21 mW; (b) 0.249 mW; (c) 0.468 mW; (d) 0.607 mW; (e) Variation of electrical resistivity of the deposit tungsten with respect to
laser power; (f) Example of the tungsten interconnect deposited by LCVD for thin film transistor-liquid crystal display circuit repair"*”
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Fig. 11 (a) Surface and cross-sectional SEM images of diamond films prepared at different laser energy densities;

(b) The reaction process diagram of active species in the combustion flame under the ultraviolet light irradiation
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Fig. 12 Surface image surface and cross-sectional SEM images of TiN, films prepared at T,,. = 423 K with varied laser power.
(a) P.=50 W; (b) P. =100 W; (c) P_ =150 W; (d) P_ =200 W, effects of T, and P_on

(e) the deposition rate and (f) the deposition temperature of TiN, films
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(a) Precursor gas ratio and (b) RF power with different laser photolysis condition

FEFRRII ARG R EPIRE, MEHER T REL
HEfFr 7~ 1) NH,:SiH, FUEZR 1.5, S22k 1000 W
1) T2 50 B ALlE LAPECVD JUAR AL 4512 .
] 13(b) YIS LR R T8 LCVD T2l AL
FEVE IR A 22 B 3, Br LR A AR R 0 TS B R
300 nm ZE A7, £ 550 nm P K P T HOEAE
R, ORI FMT, BALrER R E R &
T 96%.
4 FHHHEIRHEEE

WA CVD H AR R e A& =8 G 5t
WL O L R AR X RN AR BEATRE AL . JCRE R
HuEEARTEAL, EISAb A R N R = RS s, FEDT
TR 2 A 2 A R =), AFAERE i A R AIK
ISR T et 22 A P, O R R T R A B R LT AN
JERE O B Ve o TR, SR BE E ARG
AR N I 3 42 . o BERR 385 1 i RE L 2T A MROKG
PHHIHOGE R, S b2 SN 507 i 1 P RS
SIRADCIC, AL R RIMOR i B AR A, AR R
DR R IR o W B M2 R, AN
X TSR AA (O AR BT P A I RN ) P S A, A
BHARKAMXTZE

4.1 SEHIRH LS

EPROEME LCVD 2 il i i 5 5 1l oL Ik,
H— R Z RO RS B O RSP,
T AHOEE T RE Rl i L RE E 7 R R E N e
B, E MG T TR E, aTRIA
et SO > AL BT AR, AT IR B LA 1A

[176]

I A R RERAN G, $EE b RN RCE, AT
AR IAE T F i i OV ¥l . 5 5 AR
LCVD R[Fl, &4 LCVD 38 R FH LM K 3
IR, IR AR (IRBAIEE 3l M%)
AFELLAME B . WOGILIRIE R 5 B B 530 Ot e
K, OBt 5 T IR SR A IR,
WOCRE A RER SN 73R8 . 588D GIEAN ],
FIHBOCH e rT DIER R e 801, SEl
I ARIES

LOANBOCIIRECR T, AN LA RE R I /N T
£ UA5 i A1 0D s A1 A B w4 N A S €A RS L RN
SIS R H X LA IR B A0 R B IR, PRI utE
ST BURT W R AR NS5 o a7 o i 3 A= S N | TR ) 8132
KR 2 R3O R ARG R, A
BRI, AT RE AR AR MR, SR
MERZCTFRREE, 20U, Kk, 758
SREZLAMEY (>10° Wem®) fEHT, W £r4h 2061
f# B2 (IR-MPD, infrared multiphoton dissociation),
W RN AR, AR A 2E RN

AR\ 7 i o (3-SR 1 LI e AN L& |
KL, IR =B B— D BOE s e
LLANBOCRIR T, el b By, KA TESDE
YER R ARMEAR AL MBRIT, JEHEA B — RIS BOR
AR “YEELR; B A BORA TR EAAN
gl LR EIL O, A
B 1 I CRE R T AT R (A 2R =
B B R R & e T e A s R

M FARETEIR S BESOE SF RIBER, J3Fnl
I AR M S A A TR B £ A6 T 38 B A 25 TR

210333-16


https://doi.org/10.12086/oee.2022.210333

SRR, 25, JtH TR, 2022, 49(2): 210333

https://doi.org/10.12086/0ee.2022.210333

SR, 450 TR TEIRSIRE SO T A AR BN,
TAKIHBERGE DO @R B0 DL T, 5 AH
O I B RER X HEATLL AN Tl . FRTA =FEEiS
HLEDR AR — PG . 23— P R A IRl S ]
I e AR R BRIT, IRBh AR RN A T 5 R A RES
2En] LU S I s S eab i 55 —MEZ T
TR RAMM AR, R IREE LT TR
Coriolis 7328 5 5% = MR T I REMALHO LAY 55
LN RIS

42 BREMEEE

E 14 fos, BOGHARECE LCVD E2ME0E
ar . HATUREE . [z 25 . RENERS .

oty . UURAEHI RGH . TR AT, TR

JEZ IR S s i A B . ORI 2 N BCA AT A
PIFERIES o TEREER LA BA SRR E RS
%, DU A RTIR AR AR A B = A e A
1 EJ5 o WOWCHGEM B 1, LROPAT TARE R
BIAS I ARG ADCREE F . 8 A IO,
S HAR SR sF B N REBLSIIURAR DL AC , ROt
St e BN G T i, SO R e
Kegihil, S LCVD HER A8 o
4.3 R
4.3.1 BREME

Bk 4 K ¥ (Carbon Nano-Onions, CNOs) J& —
Rl 2 R E AV ik, SRl 2RO A s s
B 2 RS, RS R AR . YR
7% T 4 KV A VR N R RK A R AE S 2011 4F L Gao

Reactant gas m

| |

Pyrometer /

—

IR laser

AU ) P AT B9 CO, OGRS, 7E 10.532 pm 4
S RAEHT, RSk CH, KA T CH,
FEAEIRBIBK, AR T B[R] C B 9 K I 28 A K
Ko 5 BURSGE CVD IEAHLLES, il 45 1) CNOs 44
K Z5 RG5O OR 3R o A R Sy ol A v
CNOs $2HE T —Fh I . SR KA ERK T2
mE 15 frs, #HEE CVD HI 45 CNOs Bl 203t
R TEM Wi Eh, AR a i AnES:, HExz
SRR, UEBH BTl 45 CNOs 45 fhad Bz 31—
WSS, S T A BRI R RS . SR
BRE KA IO G K 10,333 pum B3O R 4 B8
K, KEBKIEHE R B, BTl & CNOs i
43 PE% TEM S SRR 2% 0B S i SO 25 4 A5 £k
EJ2, B0 K IEHIE] 10.532 um, BB JHE Tk
BHR CH, MHZDE KO A R EL R, S8 E
NS, TERO R BRI B— W 52 Y DL ik e
Xk, FEiZI K R Hl4/ CNOs 1Y TEM i &% b
KIL, CNOs W24 ZES:, Hoc)2 M 23
(RO S5 R, A Bash fh i & . CNOs =45 i
J A TT LA LR 2 i A BB TE, nl&l 15(g) fT
7, EREOEHE T, CNOs D, G. 2D, 2G P4
FRIFIEY 2 SE A0S, AR, DA LAS Tk
WA, SAMBOGEAAERKER 1.3 gh I, HAE
KHRA L 2.1 g/h, LCVD Y CNOs A K E R T
U 2 A5 TR, il £ Y CNOs LRI AL S
FCPRIEVERE , 7 10.532 um BOGE R TR R 41
TR CNOs FGBRIE B {E 435128 52 mI/em’® Fl 80
ml/em®, RPASHEHI I8/ 50%, R 10.532 um

A 14 BOLEIRMA LCVD ¥R ELHEE

Fig. 14 Commonly used experimental setup for laser resonant excitation LCVD
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Fig. 15 The influence of laser resonant excitation on CVD of carbon nano-onions.
(a)~(c) Photographs of ethylene—oxygen flames; (d)~(f) High-resolution TEM images of CNOs,

showing their atomic-level microstructure; (g), (h) Raman spectra and its fitting curve of CNOs
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Fig. 16 BDD prepared using resonant excitation LCVD method and their electrochemical performance in glucose tests.

(a) SEM images of BDD films prepared at different laser power; (b) Schematic illustration of glucose detection setup;
(c) CV scans; (d) Ampere scanning; (e) Potential window; (f) Nyquist plots'*”
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Commonly used experimental setup for laser resonant excitation LCVD

Overview: Laser chemical vapor deposition (LCVD) is a promising method for selective deposition of solid materials
via localized chemical vapor reaction driven by a laser beam. It has several advantages over traditional CVD processes
including decreased deposition temperature, increased deposition rate, higher crystallization quality, superior spatial
resolution, site-selective deposition characteristics and the ability to produce a wide range of complex 3D micro- and
nanostructures. In this review, LCVD is divided into three types based on the interaction mechanisms of laser and
gaseous precursor, ie., pyrolytic LCVD, photolytic LCVD and vibrational excitation LCVD. In pyrolytic LCVD
processes, a focused laser beam triggered by a continues CO2 laser or Nd:YAG laser is used to locally heat the surface of
the substrate and material deposition occurs when the temperature near the irradiated area reaches the decomposition
threshold of the gaseous precursor. This approach is often used to deposit small regions of 2D films with complex and
fine patterns. Photolytic LCVD processes use photons from focused laser beams (typically generated by short-
wavelength ultraviolet laser light source, such as excimer laser and high frequency output of Nd:YAG laser) to reactant
gases, resulting in precise deposition of solid material in either 2D films or 3D structures. Photolytic LCVD processes
rely on the photochemical action of the laser beam and the chemical reactants. The precursor gas molecules are directly
dissociated by the high-energy photons and subsequently form a solid deposit on the surface of the substrate through
recombination/re-decomposition. Photolytic LCVD typically utilizes pulsed lasers as their high peak power levels more
effectively to drive the chemical reactions. This method is suitable for large-area film formation. Vibrational excitation
LCVD often uses laser sources with adjustable wavelengths, such as infrared CO2 lasers and OPO lasers. By precisely
modulating the laser wavelength, the laser energy is directionally coupled to selected gas molecules to induce efficient
dissociation of key reaction molecules, resulting in deposition of solid material in a low ambient temperature.
Vibrational excitation LCVD typically offers a higher deposition rate and a better film quality compared to the
photolysis of the precursors with a UV laser. In this article, we first introduce the deposition principles and commonly
used equipment of the three LCVD processes, and then a comprehensive survey of recent material deposition
applications using this three LCVD approaches is presented. Finally, the challenges and opportunities in the application
of LCVD for material preparation are summarized, and the development prospects of this technology are prospected.
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