$26Ek FHoM B BH OB X Vol. A26, No. 9
1999 4£ 5 H CHINESE JOURNAL OF LASERS September, 1999

SRR Ik sh BOETEH TS 606
B PHL R 5
Kol BB RER

(BRETIRFNAYER R 210094)

RE  AEFEPOB ORI L2, TR T BOCRREYSEME PR EHL R, HFRAR
BRENSHBRETE T EAS B RERHER T, KRB AB B 6 F T o 34008
R R, SR BV AN ERT , 0T BRE S T8N, i B B4R e 5 T R
T 7 AP RR AR R T RO% SR SRR TR, SR 095 W38 BE A SRR 38 B ) D AR B e AR
Y G PR TR .

KA BRMRROE- 3 SO AT TR B, SURAREL, B TR

1 5] 7

L EMEHHEERRE - M RERNDELE, RBES Y SRS MR 4 5
RAXR,ESHESVEMR., EFRBCSHBORERSRES, B4 ERESFHT
REBUIHARERUREIHECLIN TR —REB BN R LR SEY ., B
TR R B R A, B R MR EEE R .

AT AR RO &, TR T MOCRERTEE S At P et 2 . 1
ASTHOCRERA R ST, R AERAR R FRBIT T A GE Bk oh BOG 1R B T Rk
FEMEERE BERFHMRLRE, EREVESHAEATREMGRAHEERTFRET
RIS, BFERKFEA S B atE R LR TFRER/LE MEARKSERT, RIENR
ESERTHEERS LA, BEEMEALSB P NEREILEHAE,

2 PHERA SRR

2.1 ¥EZHHERR KL

e S ERbH ) o A AL B R L A A E R TR B R TR U A Z R R
A AE IR T B F o B FIRBOGE FERE B S, A B F- 2708 . EM BRI ¥ it K,
A3k 10°5~10°em™',

BTRAUTELSHWRAETT, EMEBRRN EZAT, CCLHRET . SR E1i

» BREBFBEHLAAEFTUETRES ERARETERTRESHIL S ARBEE S WIS,
WCREE HE - 1998-04-13; IEIE M H A - 1998-06-15



860 a2l 3} ¥ Xt 26 &

R ERAREE T, A Al RO FROTEAE. BT H R TR TF o R R ESE e, T R,

B E U T AT DA 56 B AT A1 638 R 3R R, B TR R B PR E R E L 7
ho>> B, SO T, F R T 4 K RS MR F, B & AT RO S
e B bt U1 2o AR R S TR

B A HR BN R TT SR MR — RN, R E BT R T R AL 2
A A REHRUAER .

22 BT AL 46 v 2 BB MO e B Ze FOR . RS RR A B B e B R E ARE
e, B 2 R U K R O LB 0 2 BB BRI B, — R L T 2 TR vk B B, ALY 0 2 R R
WRBHE /N, A EEBROER T, R RRA R EEY,

AR T LR TR (04 A T UK A S OB TE 2 S b R A 8 AL U3 45 % LR L
FA,

(D) BARE AT RRE N TR SRR R RE, B b < B, 2X%F
SRMBERTRBEN, ESHNNERE E HRRT, EREE T, 66 A B Wy 8 R
W5 BB ESHEER, SHERTENE FRY.

(2) £RE LSEFRRE R SR, ASBORH TR/ T R SRR 6 245
BB b < E,, W ZHTREHRTRBEY, BSHMNH G ARY E 8T, Rk
RERS B BRRFHTERER, FURENBR SR,

(3) BN SRE ST AMLSEAE, TG 8 b 8T ERE, ASOLH S TR
KT RSB, B o > B, B0 R0 3 B AE T, P2 A K R R
F0E H R T RIS 56/, 5RERE—ER N E B8RS , 85T RU
B[R B LA 3 RE T SR A5 4 G

i, X F % Si,Ge T RMATEL T, %A
SHUOEHE T RE R R by > B, S {F6, B 1558
PR RBN SR, B 1R RX R4 R A
BRI e b 2 24 1 0% i o
YeRE 8, 7= A ki (0 3 A BRI T , 78 A 1F R i £ ]
B, X S AT R F A B TR P4 P 8
e || RFHERRA SR, BT Z AN BR

- RS HAER . BT R T A AR R AR (B

| B EFEROMEKECE L+ AP E L+

M1 BOBRERE S S IRPOR A ICROLE  pe oo g ) o 30 (TRT LU A T8 HUA 0 2000 T35 3 B
Fig. 1 Schcmaticz\;jc@of the laser energy TRSERI AL . BRTFEREAH MR,
3 b EHE P B BT, B i s RS M

RALL S, 08 SRS BT LT, Pk S AL &

laset carrier

uorsnip \

Fuijdnod

transmission in a semiconductor material

HIHE,
2.2 MWiB#EHE
R _ETE 43 4138, BT AR 4048 S 1R BE A 0 T35 B 1 SRR A Sl B b5 5 7
IN _ anld a( aNJ_ N

A" By T\ P m T (1)



9 3 WiE % AR EOC 1 A TS E A E IR LB R 861

Xl N [  I[E IN| o
— =& . + &r[ D arJ y(T. — T:) + S(a) (2)
HCT) 9, I . m

B —&h&}+ﬂn T.) (3)
g = (alm + al?c,a\)f (4)
dz
mﬂ=(r—mﬁ%i1ﬁ%+mmf (5)

(1) R TR AALHTE , R B I TRE R, DTS BRI, 7 IR A AL
(2) RA (@) RAFIRERIT RIEMHE R AR RF 5@ KW, HHHTFIHA
SHICH 8 5 R TR s B0 TS R A0 F R SRR RS i (5) R .0, = 3NKs,
TR G = o0, T 5 BUR BB T R 405 LRI B BEA B RS AL B N 18

B,y HARNLT-S5 SRR A R TTLAT ALy = 200, 3 o R 45 b 4B L4

B 2,k S SRR 2 R AR TE 1Y BN R B e F1 aren 53 BIAEAIE RN B BT T
e, H BB TR 5 R TR B A X . K 8 Boltzmann ¥ ¥1.

3 HRERSITR

A SOX VR AN BT AR RK s O 2 AAE T BUEARIUBT R, B BA M WOCHI BN 1. 06 pm, B
BEEN 0. 11 J/em?, /NTEEPDEHIAREIRE .. Bob B8 AR 572045 , BR324 51 25 ns 70 25
ps, HBOERKHTE A 2 Bin. #E &SR E XR7,8]. 51 F & 1.

5000
(a) (&)

Ll (/%] . o
MW cm
w
[~4
(=}
[=]

P /MW.em™?
P/
[y
(=]
k=4
=3
T

i} P S N 0l N S S
—10 0 10 20 30 40 50 60 —100 10 20 30 40 50 60
¢ /ns t/ps
B 2 BkrhiiE
() GBRK; (0) EERPBKHh
Fig. 2 The wave form of laser pulses

(a) a nanosecond laser pulse; (b) a picosecond laser pulse
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Table 1 The parameters for crystalline silicon
Gy /em ™! D, /em?/s Ta /DS 7. /ps p/g/cm® C,/I/g+ K
500 2 6 1 2.33 0. 88
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Fig. 3 Carrier density changes vs time

(a) a nanosecond laser pulse; (b) a picosecond laser pulse
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Fig. 4 Reflectivity vs delay time in the case of

picosecond pulsed laser irradiation
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{a) a nanosecond laser pulse;
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Study of the Heating Mechanism of a Semiconductor Irradiated by

Picosecond and Nanosecond Laser Pulses

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

Abstract Based on the absorption mechanism of the semiconductor, the laser energy
transition process in the semiconductor has been studied and a double-temperature model has
been adopted to calculate the heating process in silicon irradiated by picosecond and
nanosecond laser pulses respectively with the same energy density. A conclusion can been
drawn from the calculated results that the carrier effect can be neglected and the heating
process can be simulated through a single thermal conduction in the case of nanosecond pulse
laser irradiation while the carrier effect must be take into consideration and a double-
temperature model can be adopted in the case of picosecond pulsed laser irradiation.

Key words laser-semiconductor interaction, double-temperature model, carrier effect



