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K B BOEFT br (Laser Marking) £ R ] AFE A =K LR LBl m i B R ITHR, H 9T B
WHEHZESR EHE s, HRIMOEITHIMEAMEREETERFUT =M, —FEEEE K
YAG ¥Ea% (1. 06 um) , FE W H FE BB T VIR 588, FHES FRRAEHHET
BARPHEILEE ; — 2 10. 6 um ZEALBRMNEEE R T &MY R RBIMNZM A BREES T
ZFEERL B AR A ITAR . X MBOETER E B SRR A R AR B LR E,
FR ) S e PR B R A N A S B R T 45 RO AR 4B B B B O 20 %5 s B = PR SR B 4 3K
HXBMAHED THOCES, WA T L X B BSOS A BREE MES T HOCEH M B B A
193 nm (ArF),248 nm (KrF).308 nm (XeCl),351 nm (XeF), B F# 5t % 7 m Rk, 3
X BRER R A EEMBHRRE W THS TR A REN I EE , EXtHHE
YRR R AR R B 8 5 B WOt SR PR R “ R OB TR . B FT LUR S BOE X pHE N R R E 1R
FI DX J B ) A4 D R AR b A O . B A TR E R BN SR RS
BAEESTHHEERESEM MM T.

RXEGEH T —RBEGHHN BT HVEHES FROLITRRRE, FET T AERRE
THRALEE, ZERRMCEREE FAGREE R ERANEL. At EEER FTAGRE
HRE T ERHITIRRE, BRSNS SR AR R E R E U E¥OEER
FTAGREEERGEE, MAEREU FTUHERAEAZE. BEITERH,BOCEREHE/E AR
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A(z,t) = (1 — R)Iy()aexp(— az) (2)

HA R OGP TR, 1o (e) g BRET7E A2 T 9 JE K v 5 B, o D9 AL X B Y "R R &L
B T LB X¥ S8R E S H IR B, R hkh #OE ) 3 200 B (8] $3 44 (Lo = atexp(—
b, HE o FI b HBOLRRFEACEE ) W) KRN EXKEF B, ABEZS KRBT
BERENRZE2M.

THEX TR RSt RS BN KX R GE 10°C BEER
X L8 2 B X IR B A SURO R RIOERIR E o' /DT RAE R B (2D) V(KA D R4
BUER,D = K/C,p,t, AROLIKM TR W EBOCAE A B8 ) IRUC R BE B (1 — R Tot, 2 R INER
JEE N 20" fy—RERE . F X BN 57— MR Uy 77K X — B A
BEAEAL aT A%

pCy(T)

+ A(z,t) (1)

AT = (1 — R)Iot,/C,p(2Dt,)"* (3
MFAFERE HE 1 FHSE
Table 1
R a(em™1) K (W/em+ C) C,(J/g+ C) p (g/em*)
0.3 4. 87X 10° 0.803 0. 452 8. 02

AT T
= 0.22 cm?/s, C,p=3.627/cm? « C
(2Dt,)"* = 1.33 X 10 *cm
a'=2.05X 10"%cm
Bl o= < (2Dt ", B AR 1 2 AL S .

AEFEMIE S48 1500 C T ~ 1500 C), LA R EAE MM ICBEREF £, = 1. 037/
em’, X—{H5EEFAE 600 mJ/em*(F S IFE) AT EH X2 i FHIEHKHE —E 8 et
SrATTIAE R B AT . M QORXEE LB IE

AT = 2(1 — R)Iot,/C,p(aDt,)"? (4)
B E 55?%%%“%%%‘1&% E, = 640 mJ/cm*, 53L35{H 600 mJ/cm® FF 584, X—fH
YERITHRBE .

B (4) 338 7] LU S SO X AN 85 8K B I A4 A1 2. X B R #8 A8 [a] ‘iﬂﬂ*ﬂﬂ‘f!ﬁ]ﬁ]

H 6, F ERAFRMERGYT BEKE
AT/t, = 2(1 — R)1,/Cop(aDt,)V? = 2.2 X 10" C /s (5)
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BMOEITTIR ARG R ENE 1, FEIBIEE XeCl HE FHOE4F (308 nm) X A F H P17 K
Hio BOLHKFEER Y 300 mI/pulse, BXFE 35~40 ns, ki B A 1~60 Hz, Hith LR
HOF/ERNCERBERS T LERY Y. 28RBS EE /I IRRE L. RREHE
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HaH, Fig. | Layout of the excimer laser-marking system
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4Fe + 30, = 2Fe,0s (ZL41f8,)
_ 3Fe + 20, = Fe;O, (¥ B )

MEERIE EFRAEABRETERGLANERE. ROONERZVHEAERS . A
LEEHETTLUER L AERFERE /T 600 ml/cm’® B, F M8 BE K T S48 =B 1500 C. 4 ¥
YA B B B BOCRT (3>600 mI/em?) , AR R BLE TR A R MBI HE —E R bk
ERTRELRFBHEN. EHEAUMAETHAERELBR(BETERETER R K
By EIERMSS®R M, BSRR T RAYA SR ES R HIES T BOCTE BN R8T
IEREMBUCERERGHERD.
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Fig. 2 SEM micrographs of a transition surface zone exposed to

(a) 2 and (b) 30 laser pulses with a laser fluence of 1.2 J/cm?
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Fig. 3 SEM micrographs of a laser induced surface zone exposed to
(a) 2 and (b) 30 laser pulses with a laser fluence of 1. 2 J/cm?

Kt E s, HEREEGCRFAR BAARHEREESFREREDMDRESKN
M, RTAAE R FAMEIRIE. TRPERRMCHERFREEN 1.2 J/cm?, B ¥h 30,38
PR ® /DT 0. 1 mm, Ha[#KB/ik 0. 2X 0. 3 mm? #RiC .

HOXITHEBH, ERERE TABRRAARHERR 2. 2X10° C/s, ML RER
REEET AU BEELRIBFREFEAMBRZELS. MXERRH, HAK
B X HETHRRERL, ZRREALEAMBHELS, MARERSHERTURERSE
AR, A B R e . X 4]P S FEREMARRNAETHE . B CBHE
Ak 34 at-% . MK -SSR —FMEBEEHLHIERMREN TGS, 7T LUETKRPOB X
BFHERARB FE 12~30at-%) . FIEROBAFBBRE . WR R SEE, BRHIREE
MHERBAGNIERRD HRERCHIALE L.
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Marking of Stainless Steel by an Excimer Laser

Ye Zhenhuan Dong Jingxing Lou Qihong Ning Dong
(Shanghai Institute of Optics and Fine Mechanics, Academia Sinica, Shanghai 201800)
Abstract With a computer controlled excimer laser marking system, we studied marking
processes of stainless steel. On the conditions of different laser fluences, the laser irradiated
surface of stainless steel appears different. The marking threshold ( the laser fluence
corresponding to the melting point of iron) can be concluded by calculating the laser induced
surface temperature. As the laser fluence exceeds the threshold a mirror surface appears,
otherwise, an oxide layer will be formed. The calculation shows that the rates of surface
temperature variation (heating rates or cooling rates) of 10'° C /s can be obtained, which
means a noncrystalline layer should be formed on steel.

Key words excimer laser, laser marking, stainless steel





