9 25% 4 T th Wt Vol. A25, No. 7
19984 7H CHINESE JOURNAL OF LASERS July, 1998

SRBOLAE T SR I 5
BT 5
RFE B R RRK

(B TRV AR Fa 210094)

RE  MRIEFOCIPAE B R P A RE B E T R RO — R AT S W B R BOR A iR 7Y
AT A5 BB R Rl AT S A I BE 0 A A4l A T U 3 R R R B AR AL B AT R T ARE A R
FBIE T TR

XEE WOCEEERE TR AR

1 51 &

POE IR LG B R BB SR DRBOETT AL BOEDIH KR H b BEERE0E I TR Ry
PIRENLEE AR E RN L PSR B R AT T3 4 O i AR ]y TR
I REHHT T O BUERRUER BT R TERER it R ROy & % (B P
IR b

ARSCAR L — b iy LAY UL B A3 AT 3 B SR A R B~ B AR A A X — A X
7R A BRI R R ) AT LA 6 S TR T 7 AT ) AR 0 T SR ) th B R
X

2 A AR

TEALBRFOE I B AN E R 5] R O AP T R RN g0 B0 TE B 5E IR 3
P EIRR T R TS5 R R RHE SR EESR (TS s30R ) RS a0 4y 2
SR (e 1308 ) SiRETCR RIEAFRE Ty — L8 B RS B e 6.

NI B BOEATIT IR
2.1 PPSRE AR

BRI 7 AT

T(x,t)= (Tw - To)exp’—%’ (1)

AP T PRI |, To ARIAEIEE W) MIRBIEE X —REES AR 7(0,1) =
Tw,TEo ,t) = Te RN

Wk HEH 5 1997-04-04; WEME R HH#H ¢ 1997-06-09



7 e e A WOCTE R TP AR BDR Y N 1 Bl A b i 5 633

X ,g = (1= R)go, R PRI ARG BEESHET N
J;qsdt:JstClT(x,t)dx (3)

Horb d A0 G 3 A AR S e RN L | (2) AA)7E

Wi = KL= Tl (4
i (3)=A]15

‘W”:adu?—n) (5)
HT (4)F00 ( 5)153) 3R il B 7 A Al S B Y

Tu(t) = To+ ——E—=¢" Wt) = Jl_t
l G dk

b A= 25 4 T(0) = T BERT DR RIEIH: ST

G
(Tm — TO)ZCYd‘ks
2
G

tm =

K T ARG
EARFEEA R SRR RE XS H AR AR REE TR RI R IA AL a0
A. F. Hassanm%fgf@]ﬂ/‘]i%iﬁx%
To(t) = To+ ——E—=(4/3)'"
J G dk;
2.2 MHEFXREFRARIE LS
Syt B R R T A 1 R se A B T SR I E] 51 E—HI R T €(6) (6 <t < 1) KF

fER AL BORES g el '

Je
dLm 7% = ’]bs

A, TR I R EL, L A RIS RIER, 2 = 6B, C(1) = 0,4 1= abif, ()= 1
FH U AS 2 BRE 2% 1 58 46 Rk ) s 1] Sy
dL,.

= tht+ — 6
| ) (6)

23 MRREEEAE EFEZIESES
B AS DX IR 7 AT

Ti(x,t)= (Tw - To)exp’—‘ﬁ‘
[ 25 XA T A B A
Ti(x,t) = (Tn - To)exp| — %14

= W) A1 W (r) 73 7 D S FIE S TRIB IR ES s (¢) N S FIVEZS Y 7 FEIEL o Ty Bke I
R e — PR BRI, 37 5 EASRMR R RGR A WA

—ﬁ‘: Tw — To (7)

Ti(s,t) = (Tw - To)exp



634 Hh " o 254

BAS XIS RE BT R (FERKP S8BO /R PR R R B AR e ] s A R v 24 )

z, gir=| A IT(n0 - T(x,u) lacs J Dl (8)
RS S
Y (9
B (DN (AR ETS
g(t— 0)= dGW(O) [T (6) = Tu 1+ J;A%)dz (10)
H (9%
Tw - To= gW /k (11)
B (TR (100 K EERE
g Ml Dl = Bl (7, — 1) - gW= 1+ G (12)
At = AL CoORBUMIEHL BRI W) = k(T - To) g A (12) sULHTR
W)= A+ k;z(qu? Tl | (13)

B (13U (LA BPRI I AR S
g (t- 86)+ klz(Tm - To)2 /6752 G

7:(0,¢) = To+ I (14)
4 Ti(0,¢t) = T, T. IEPRIASSACTR S AN _EUS 2 BRE R 38 24 Br i /Y s [a]
= q]%\/ (T - T = (Tu- T 1+ 1 (15)
] 25 XA RE ESTE  FE N
J- - dt:J dC [T (x,0) = T(x.0) ldx (16
KA e 1S
V\é(t): (Xt+ C1)'? (17)
Mit= oW B To= (Tw - To)exp| ~ ~/7\_t JEN (15) 5
W)= (Dt - Aty)'"? (18)
R TR
&(1) IT (x.,t) I (x,t) _ k(Twn- T k(Tw- To)
L= = k=g | - kT ‘— W - w19
B[ % T 1) A 4 S )
(T — To) ki ks
0= WG T W (20

B W (2) W (1) B9 ZRIR RN EATFARIERI LG 26 s(0) = 0, AT A3 S 10 37 B BR8] 19 221

% (T = To) Ty .
st1) = 2l Tas T \/7\1(t—tl)+ kl(qu To) _kl(Tq To)| _




7 e e S WOCTER TS BB IS5 4 R AT 1 350 635

k\' ( IM - TO )
dza,

e 2 - Al (21)

3 HHESH

Hoxt LR M T AR
YE—i3E RIS N 15 ns, KN 1. 06 m, & 1600
BN o= 1.9 10° W /om’ B980T P i 1 21 10 TN
PRI TR 38 S 40 PRI T 3Tk (7], % h000) [N
FINF 1 FREEREE 300 K oot P
B b Ash i T O LR B ISR 40
ik [5 HEE 6055 AL BRI — IR H R T o
ATHEPE  BPELREITE 4. 9 ns /e s SIAKLE FE 6.2 |
nsZEAERASAL L M 2T LR AR
BT ] Py BB A TP T 16 ERHEREZY 84 nm 705, S
WFEL 3TTEATE HY A T ) et | RIS R AR AR A
ol RO R O W R IO R o en e materi]
B A DX o R T 5 B0 3 ik :
Y Tl T 1 SR 7 e T A o 2 1/

Temperatut

90 1.6X10¢

80T 1. 4X10°F

70t T
E 3y ax10f
=S 680 g E
£ &3 1.0X 10
4 g8
ac40 E§8.0X10"’
= 3
g% 236010
© 9 6, -
s 20} = §0.0X

10 4. 0X10°F

0 1 1 i 1 E 2. OX 103 1 1 1 ) ) M

4.985.18 5.38 5.58 5.78 5.98 6.18 4.85.0 5.2 5.4 5.6 5.8 6.06.2

Time/ns Time/ns
Bl 2 Kb o A A% B 3 ks w5 DAY A% Bk B
Fig. 2 MeltHfront movement vs time Fig. 3 Movement speed of the melt—front
& 1 BEMHNYESE
Table 1 The physical parameters of silicon
d /ge em® di/gm em® G /g K G /Jg K k /Wilm® K k /W/em® K R

2.33 2.53 0. 95 0. 97 1. 4 0.6 0. 52
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Fig. 4 Temperature rise in a material after melting occurs. (@) liquid state zone; (b) solid state zone
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An Analytical Solution to the Problem of Laser-induced Heating and
Melting of Semiconductors

Shen Zhonghua Lu Jian Ni Xiaowu
(Department of Applied Physics, Nanjing University of Science & Technology, Nanjing 210094)

Abstract An analytical method for treating the problem of the laser heating and
melting is developed by suggesting a simple and reasonable temperature profile
form. Temperature distribution in a material before melting as well as after melting
is given and the movement of the phase interface is also obtained. As an illustrative
example, computations are carried out on a silicon material and the results are in
good agreement with those obtained by other authors.
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