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RALEIGH, N. CAROLINA 

ABSTRACT 

Over the past several years it has been demonstrated that a variety of 
techniques involving pulsed laser irradiation of both single crystal and 
polycrystalline silicon by pulsed lasers can result in the reproducible 
achievement of high efficiency silicon ·solar cells. Pulsed laser annealing 
(PLA) after an ion implantation (II) step results in melting (for a time of 
order 100 nsec) and essentially defect-free liquid phase epitaxial regrowth 
within -0.5lJm of the surface. Complete electrical activation of a number 
of dopant ions, at concentrations exceeding ordinary solubility limits, has 
been demonstrated and crystalline (polycrystalline) silicon solar cell 
efficiencies of 16.6% (12.5%) have been obtained. Other p-n junction and 
solar cell fabrication techniques that have been demonstrated include laser 
induced diffusion of thin dopant films deposited on samples (resulting in 
14% efficient c-Si solar cells), and laser induced epitaxial r,ecrystalliza­
tion of doped amorphous silicon films deposited on single crystal substrates. 
Pulsed l aser processin g has also been demonstrat ed t o have several other 
un ique and benefic i al adva ntages i n po lycrystalline silicon substrates. For 
examp le) grai n bo undaries do not ex i st during laser me lting , while dopant 
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diffusion is taking place; the short melt durations involved further limit 
dopant diffusion; precipitates present after conventional high temperature 
dopant diffusion can be removed; and, certain types of electrically active 
grain boundaries can be made inactive by pulsed laser irradiation.· Finally, 
grain growth in fine-grained polycrystalline silicon films, via pulsed laser 
melting and recrystallization, has been demonstrated. 

Because little is known about the application of similar pulsed laser 
processing techniques to compound semiconductors, particularly in connection 
with the formation of shallow p-n junctions, a part of our program during 
the past year has been devoted to studies of pulsed laser processing of 
GaAs, and to seeking compound semiconductor solar cell fabrication tech­
niques that are compatible with the use of pulsed lasers. Specific areas 
of activity and accomplishments include the following: 

(1) We have identified the parameters needed to optimize pulsed ruby 
laser annealin~ of ion implant~d GaAs, at room temperature and without 
encapsulation. Pulsed ruby laser annealing of high dose Mg and Zn implants 
in GaAs has been shown to yield the highest electrical activation (-80%) 
achieved by any annealing technique to date. It has been established that 
the pulsed ruby laser energy density "window" for this annealing extends 
from 0.4 to 0.8 J/cm2. A laser beam spatial homogeneity - 0.1 J/cm2 is 
required to obtain uniform p-n junction depth; such homogeneity can be 
obtained using a diffusing light pipe. 

(2) Formation of large area, homogeneou·s ohmic contacts, suitable for 
the back surface of a solar cell, has been demonstrated via laser induced 
diffusion of Sn (in n-type GaAs) or Mg (in p-type GaAs). This method of 
contact formation allows one to avoid a thermal processing step, which may 
be a significant advantage in processing polycrystalline GaAs solar cells. 

(3) Initial studies of pulsed laser recrystallization and grain growth, 
in polycrystalline CVD GaAs films deposited on foreign substrates, have been 
carried out with samples held at room temperature and at 500°C during laser 
irradiation. SEM pictures show that laser irradiation produced considerable 
flattening and coalescence of the topographical variations that are charac­
teristic of initial GaAs CVD on foreign substrates. Thus, in situ pulsed 
laser recrystallization may have applications in improving Tnitial film 
morphology prior to later stages of GaAs CVD growth. 

· (4). Significant concentrations of defects are induced in the near­
surface region of GaAs by pulsed laser irradiation at room temperature and 
with no encapsulation. The principal defect is believed to be associated 
with As loss in the near-surface region; the problem is thus unique to com­
pound semiconductors. (No comparable problem has been observed in PLA of 
silicon.) This defect is believed to be responsible for the unsatisfactory 
performance to date of the -0.5 cm2 II/PLA GaAs solar cells that we have 
fabricated. Substrate heating and/or encapsulation during la~er irradiation 
are currently being investigated as possible means of minimizing or solving 
this problem. 

(5) Studies of the interdiffusion of deposited GaAs films and ger­
manium substrates, resulting from pulsed laser irradiation, were also ini­
tiated during the first year of this contract. 



DOPING AND p-N JUNCTION FORMATION IN SILICON 
USING PULSED LASERS (@ ORNL) 

LASER-INDUCED DIFFUSION <LID> 
0 

• ELEMENTAL FILM (E•G•., ANN-TYPE DOPANT., -100 A THICK) 
EVAPORATED ONTO p-TYPE SILICON SUBSTRATE 

• DRI~E INTO SUBSTRATE (WITH MELTING & RECRYSTALLIZATION) 
WITH A SINGLE LASER PULSE (-_1-2 J/CM 2

.,T ~.15 NS) 

o RESULTS: 

HIGHLY DOPED NEAR-SURFACE. REGION; SUBSTITUTIONAL DOPING; 
CRYSTALLINE STRUCTURE; p-N JUNCTION FORMATION 

• -14% EFFICIENCY c-Sr SOLAR CELLS 

LASER-INDUCED RECRYSTALLIZATION CLIR> 
• DOPED (E·G·., N-TYPE) SILICON FILM (AMORPHOUS OR FINE-GRAINED 

P 0 L Y ., .._ 1 ., 0 0 0 A T H I C K ) EVA P 0 RATED 0 N T.O P 0 L Y- 0 R S I N G L E- CRYSTAL 
.. SILICON SUBSTRATE (E•G•., p-TYPE) 

• EPITAXIALLY REGROW FROM SUBSTRATE WITH SINGLE LASER PULSE 

• RESULTS: EPITAXIAL RECRYSTALLIZATION 
p-N JUNCTION FORMATION 

ION IMPLANTATION/PULSED LASER ANNEALING CII/PLA) 
0 

• USE ION BEAM TO lt1PLANT DOPANT IONS TO DEPTH -1.,000 A 

• REPAIR (ANNEAL) LATTICE DAMAGE AND ACTIVATE IMPLANTED 
CARRIERS WITH A SINGLE LASER PULSE 

e R ES.UL TS: 

HIGHLY DOPED NEAR-SURFACE REGION 
DOPANTS IN SUBSTITUTIONAL SITES 
EPITAXIAL RECRYSTALLIZATION 
p-N JUNCTION ~ORMATION 

•- 16.6% EFFICIENCY c-Sr SOLAR CELLS 
- 12.5% EFFICIENCY POLY-S! (WACKER) SOLAR CELLS 



* E.UlillLL&_S E R P llOll_S__S_lllG 0 f G AA s 

PLANNED AcTIVITIEs 

• IDENTIFY PARAMETERS NEEDED TO OPTIMIZE 
PuLSED RuBY LASER ANNEALING <PRLA) oF IoN 
IMPLANTED (II) c-GAAs: 

ENERGY DENSITY WINDOW FOR HIGH AcTIVATION 
LAsER SPATIAL HoMoGENEITY REQUIREMENTS 
SELECTION OF IMPLANTED IoNs/DosE 

• INITIATE STUDIES OF GRAIN GROWTH/RECRYSTALLIZATION 
IN THIN PoLY-GAAs fiLMS oN Low CosT SussTRATEsJ 
UsiNG fiLMS FROM OTHER SERI CoNTRACTORS· 

8 SEEK fABRICATION TEcHNIQUEs CoMPATIBLE WITH THE 
APPLICATION OF LASER PROCESSING TO POLYCRYSTALLINE 
AND THIN fiLM GAAs SoLAR CELLS: 

LASER INDUCED DIFFUSION (LID) OF DoPANT fiLMS 
(p-N JuNcTIONS; OHMic CoNTAcTs; BSf) 

11/PRLA (p-N JUNCTIONS) 

• INITIATE STUDIEs oF· DIFFUSION FROM Low CosT 
SUBSTRATES DURING PULSED LASER lRRADIATlbN OF 
DEPOSITED GAAS fi.LMS· 

* 

AccoMP u SHMENTs 

CoMPLETED 

DoNE: CVD GAAs 
Mo & GRAPHITE SuBsTRATEs 
20°C & 500°C IRRADIATIONS 

(}) OHMIC (ONTACTS WITHOUT 
THERMAL PROCESSING (LID) 

(2) p-N JUNCTION fORMATION 

(LID AND 11/PRLA) 

DoNE: 
IoN BEAM CoATED GAAs fiLMs/ 
GE SUBSTRATES 

"THE PROPOSED PROGRAM WILL BE CARRIED OUT AT ORNL OVER A TWO OR MORE YEAR PERIOD· AN 
EFFORT WILL .BE MADE TO BEGIN ALL SUBTASKS DURING CALENDAR YEAR }980." (fROM: PROGRAM 
PLAN & TAsK ScHEDULE)· 



PULSED LASER PROCESSING OF GAAs (CoNTINUED) 

PLANNED AcTIVITIEs 

• FABRICATE AND TEsT ·SHALLow HoMoJUNCTION 
SoLAR CELLS MADE BY IoN IMPLANTATioN/ 
PuLSED LAsER ANNEALING· 

NEw AcTIVITIEs 

• STUDY DEFEcTs INDUCED IN GAAs BY PuLsED 
LASER/PULSED ENERGY BEAM IRRADIATION· 

· o PuLSED LASER ANNEALING oF IoN IMPLANTED 
c-GAAs WITH: 

SUBSTRATE HEATING 
ENCAPSULATION 

AccOMPLISHMENTS 

INITIAL FABRICATIONS CARRIED OuT: . 
p+-N CII/PLA)J 0.5 cML 

PERFORMANCE UNSATISFACTORY TO DATE 

IN PROGRESS 
CTEMJ SEMJ ELECTRICAL PROPERTIESJ 

DLTS) 

IN PROGRESS 

PROBLEMS ENCOUNTERED IN MEETING PAST PROGRAM GOALS 

e Low FuNDING LEVEL (~ 1 PY> 

{

LASER. INDUCED DEFECT STUDIES 
B 0 T_T LEN E c K 

CoNTINUED PV CELL FABRICATION 

I 
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PULSED RUBY LASER ANNEALING CPLA) OF ION IMPLANTED CII) GAAs 

-
PREVIOUS INVESTIGATIONS CELECTRON & LASER BEAMS) 

• SEMI-INSULATING CCR-DOPED> GAAs 
• FORMATION OF CONDUCTING REGIONS 
• OHMIC CONTACTS 

THIS WORK 

e SEMICONDUCTING (p- AND N-TYPE)·GAAs 

• !VALUATE AND OPTIMIZE II/PLA TECHNIQUES FOR PRODUCING 
SHALLOW p+-N & N+-p JUNCTIONS 

OPTIMIZATION OF II/PLA PARAMETERS 

. • DETERMINATION OF PULSED LASER ENERGY DENSITY CE 1 ) nWINDOWn 
FOR HIGH ACTIVATION OF IMPLANTED IONS~ WITHOUT SURFACE DAMAGE 
(VAPORIZATION) 

•. DETERMINATION OF SPATIAL HOMOGENEITY REQUIREMENTS 0~ THE 
PULSED LASER BEAM CUNIFORM ANNEALING & JUNCTION DEPTH: LOCAL 
DAMAGE) 

• SELECTI·ON OF IMPLANTED IONS FOR HIGH ELECTRICAL ACTIVATION~ 

CARRIER MOBILITY 

~-



EXPERIMENTAL CONDITIONS · 

I 0 t{ I M P LA IH AT I 0 N • I ZN AND MG (p+) IN N-GAAs 
SI AND SE (N+) IN p-GAAS 

(SUBSTRATE CARRIER ~ON£ENTRATIONS ~i x 1o17/cM3) 
· • ·DOSES:. 1 & 5 x 1015 IONS/cM2 

1 x 1014 IONS/cM2 CS1 ONLY) 

• PROJECTED RANGES CIMPLANT ENERGY): 
0 0 

- 600 A & 350 A 

PULSED RUBY LASER ANNEALING 

• 0 · 3 ~ E ~ ~ 1 • 0 J I o12 ( R o o r1 T H1 P • ) 

Q.1 ~ E1 ~ 0.5 J/cM2 . (500°C SUBSTRATE HEATING) 

TFWHM = 20-25 NSEC 

• BENTJ DIFFUSING LIGHT PIPE FOR LASER BEAM SPATIAL 

H 0 i''l 0 G E tJ I Z AT I 0 N 

• I I~ A I R @ R 0 0 M TEMP . ) 

I I~ N 2 @ 5 0 ~ o C 

ANALYTIC TECHNIQUES 

NO ENCAPSULATION 

.-ELECTRICAL PROPERTIES OF II/PLA LAYERS 

CHALL EFFECT & SHEET RESISTIVITY; VAN DER PAUW TECHNIQUE) 

• CARRIER PROFILES CANODIC STRIPPING) 

• DOPANT REDISTRIBUTION PROFILES CSIMS) 

o RECRYSTALLIZATION THRESHOLD CTEM) 

~ COMP~~ISbNs WITH RESULTS OF THEORETICAL MODEL CALCULATIONS 



PULSED lASER ANNEALING { 

ORNL- OWG B0-18156R, 

ROOM TEMP. 
IN AIR 
NO ENCAPSULATION 

tOO 

1.0 
Et (J/cm2) 

Percent electrical activation vs 
E

1 
for p-type implants. 

.. · 

ORNL- DWG 80:-1926~ 
80 r---.-----~~~~ •• --~~~ 

n- TYPE DOPANT IONS 
.·• 

ol60 Y.eV Se, 5 xl0 15icm2 

60 t>8~ keV Se, 5 xlol5/cm2 
---o8o keVSi, 1 xl015/cm2 

2 ----<>85 keiJSe, 1xl015f~m2 
Q 
1-
<: 
> 40 
1- 0 
u 
~ 

~ . 
20 

0(2) 

~ 
b 

b A 

0 
0 0.4 0.8 

·r~rc~nt electrical activation vs E
1 for n-t"ype i171pl ants. 

0 

o 35keV Mg, 5 x 1015/cm 2 

ol50keV Zn, 5 x 1015/cm2 · 
"80keV Zn, 5 x 1015/cm2 

Hall Mobility vs E
1 

for p-type implants. 

400 

-;:,; 300 
I 
:> 

i;?-
E 
~ 

J: 
::1.. 200 

100 

0 

n-TYPE DOPANT IONS 
0 

1 
o/ 
<> 

0 I b 

I / 

I 0 Azl 
J/ a. 

l> , 
,4 , 

/B 

.·· 

---o160 keV Se, 5x1015/cm2 

to85 keVSe,5x1015/cm2 
----o80 keVSi,l x1017'cm 2. 
--<>85 keV Se,1 x 1015/cm 2 

0.8 1.2 

Hall mobility vs Et for n-type implants. 
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C0t·1PARISON WITH THEORETICAL MODEL CJILCULATIONS 

ORNl-DWG e0-177~5 o.e r----:----....,..-----:----'--..,.----. 

}0.6 
0.7 f 

Q 0.5 .... 
ii'> 
0 
c.. 0.~ 

~ 0.3 [ 

~ 02 ~ 
0.1 

100 

Go As 
TJ = 15 nsec 
R, = 0.35 
Rm =0.60 
kc = kd = 8 x 10~ em"' 

l•l VAPORIZATION 
OF SURFACE 

--- SLUSH ZONE 

150 200 

\ 

250 

Calculated melt-front profiles for GaAs. T~ is the pulse 
duration time (FWHM near-gaussian shape) and t 5 is the 
time for the surface to resolidify for 1.0 J/cm~. 

2 

1017~-L--~-~~~-~-~--J 
0 0.1 0.2 

DEPTH (lJm) 

LSS ion implantation pro­
files typifying the implan­
tation conditions in this 
work. The arrows indicate 

--the maximum depth of melt 
front penetration, as a 
·function of Et, as calcu­
lated for crystalline GaAs 
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z ~ ~ & SE I /'1PLANTS ( RP '\, 600 ~) 

T81 CRoss-SEcTIONS 

' -

200nm 
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DOPANT ION REDISTRIBUTION (SIMS) 

z 
0 
;:: 
<: 
c:: .... 
z 
~ 1020 
z 
0 
u 

2 

0 

• .t.S-!MClt...~t.;T£.0 

( XP. E1 :Jj cr:> 2 1 

0.05 0 .10 0 I~ 

0 .51 

0 .62 
0 .81 

1.03 

0.20 0 .25 

C~ L . 

0. 30 0 .35 

Experimental and calculated profiles of 1-lg 
in GaAs. 

5 

2 

ORNL-DWG BO-i6742R 

85 keV Se in GoAs,5xW
15
/crr? 

AS IMPLANTED 
0.41 J/cm2 
0.53 J/cm2 
0.65 J/cm 2 

0.81 J/cm 2 

1.01 J/cm 2 

,dsL_ __ L_ __ L_ __ ~ __ L_ __ L_~~~~~ 

0 0.1 0.2 ,....., 0.4 

DEPTH (I.Jm) 

-. - , 
::J 

I 

I Zn- IMPL A!>;TED Gc:.• 
• AS-It.'?Lt.!~iEC 

EX?. E.liJ/cm2) Ct.L. J 
0 .62 
0 .81 

1.03 
== J 

k;= 1.0 ..... D.L = 3.0 x ,a-~ cmZ/s~c ! 
I 
J 
J 

10
<9 L _ _.!_ __ ..!_ _ _l __ ..L_~~-.!--~ 

0 0.05 0 .10 0 .1 5 0.20 0.25 0.30 0. 3~ 

DEPTH (I'm) 

Ex perimental and calculated profiles of Zn 
in GaAs . 

Dopant redistribution resulting 
from pulsed ruby laser annealing 
of Se ion implants, 



0Hf·1IC CONTACTS 01-J L0\4 CARR IER DDJS ITY GAAs VIA 

DIFFUSI ON OF DOPANT Fl ll1S 

PROB LEM: WANT To Avo i D 

GOAL: 

IoN I MPLANTATioN 

THERr1AL PRocEssiNG STEP (FLEXIBILITY; PoLY-GAP.s) 
3-lAYER METALLIZATIONS 

SPATIAL VARI ATioNs I N SPECIFic CoNTACT RESISTANCE 

SI MPLE, Low CosT 
CoNTACTI NG METHOD CE·G·, FOR TH E 

LAR GE .~R EA 
BAcK SuRFACE oF GAAs SoLAR CELLS) 

HI GH LY HoMoGE NEous 

~.PPROACH : FoRt1ATI ON OF A HIGHLY D.OPED N+ OR p+ NEAR-SURFACE REGION, BY LASER INDUCED 

DI FFUSION OF A THirJ (-150A ) EVAPORATED t1ETALLIC N-OR p-TYPE DOP AIH FlU~ · 

( C.-e. J BE FOLLOWED, I F DESI RED, BY REr10VAL OF EXCESS S 1~ (oR MG) AND APPLicA­

TI ON OF S I ~~ P LE f~ETALLIZATION DI RECTLY TO N+ OR p+ REGION·) 

RESULTS: 

0 

r I U1 TH I C KI~ E SS - 150- 450 A 

E £ - 0 . 50 J/c ~~2 (PU LSED RUBY LASER, F\~Hf•] = 20 NS) 
0 

(~ 0 .3 J/cM2 FOR 150 A) · 

MAGNES r u ~~ C p+) 
0 

FILM THICKN ESS ~ 200 A 
Et- o.4o J/cM2 . CPuLsED RUBY LAsER, FWHM = 20 Ns) 

SPECIFIC CoNTACT RESISTANCE 1x10-4 ~ -u12, 

OVER -CM
2 

AREAS (AFTER CORRECTION FOR PROBE 

RESISTANCE AND SPREADING RESISTANCE) 

ScALE: 

50 MVIDIV· 

50 ~1A/DIV · 



(f) 

~ 
H 
(f) 

ORNL-DWG 81-7387 

Sn PROFILES IN Go As 

' ' 

PULSED Nd : YAG L1 D 
0 

---150 A Sn 
0 

---450A Sn 

0.49 J /cm 2 

~0.30J/cm2 

0.1 0.2 
DEPTH ( J.Lm) 

0.3 



SOLAR CELL FABRICATION USING II/PLA GAAs 

1. ENERGY DENSITY WINDOW FOR HIGH ACTIVATION OF IMPLANTED IONS: 

0.4 ~ E~ ~ 0.8 J/cM2 (RUBY LASERJ TFWHM -20 Ns.) 

2. HIGH (2 80%) ACTIVATION FOR HIGH DOSE p-TYPE IMPLANTS 

LoWER (~ 40%) ACTIVATION FOR N-TYPE IMPLANTS· 

3. P-N JUNCTION DEPTH: 2J500-4J000 ~ 

(VARYING WITH E1 AND IMPLANTED ION TYPE) 

4. E1 INHOMOGENEITY IS NOT A LIMITING FACTOR IN FORMING PLANAR 

JUNCTIONS AT WELL-DEFINED DEPTHS· FROM SIMS: 

E1 INHOMOGENEITY -0.1 J/cM2 (DIFFUSING LIGHT PIPE) RESULTS 
0 

IN DEPTH VARIATION < 300 A (< 25% OF DEPLETION REGION WIDTH 

@ BASE REGION CARRIER DENSITY -1017/cM3 ). 

5. EAS Y OHMIC CONTACT FORMATION WITHOUT THERMAL PROCESSING: 

FRON T SURFACE: HIGH DoPING LEVELS ( -1020 /cM3 ) 

CEvAPORATIONJ ELECTROPLATINGJ····) 

BAcK SuRFAcE: LASER INDUCED DIFFUSION oF DoPANT FILMS 

5. HIGH OPTICAL ABSORPTION a- 1 -2J000 ~ 

HI~H SURFACE RECOMBINATION VELOCITY COMBINED 

I I I p LA J u N c T I 0 N D E p T H - 2 J 5 0 0 - 4 J 0 0 0 ~ 

SoME THINNING (ANODIC OXIDATION) OF II/PLA REGION IS NEEDEDJ 
0 

TO BRING p-N JUNCTION WITHIN ~ 1J000 A OF SURFACEJ FOR A 

HIGH EFFICIE NCY HOMOJUNCTION SOLAR CELL· 

7. LIMITING FACTOR AT PRES ENT TIM E: 

LASER INDUCED DEFECTS 
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PURPO SE 

SAMPLES 

PULSED LASER RECRYSTALLIZATION/GRAIN GROWTH OF POLY-GAAs 

FILMS ON LOW COST SUBSTRATES 

1 . . G R A I t J G R 0 WT H (THE 0 RET I cAL M 0 DELI N G : MAX H1 u M MELT DEpTH 

~ 1 ~ 1-1· ) 

2· REMOVAL OF PINHOLES AND SURFACE TOPOGRAPHY VARIATIONS AT 

AN EARLY STAGE OF CVD FILM DEPOSITION (T ~ 1 ~M)J USING 

lH-SITU IRRADIATION 

GAAs/Mo L YBDENUM (PRoF· S • K • GHANDH I) 

~ 1 ~M GRAIN SIZE 

GAA s/GRAPHITE CPROF· SHIRLEY CHu) 

- 5 ~M GRAI N SIZE 

II ITIAL APPRO ACH 

SE M/TE M/ SI MS CHARACTERIZATION OF PULSED LASER IRRADIATED FILMS 

C 0 I C L U S I 01~ S 

PINHOLE REMOVAL AND FLATTENING oF INITIALLY NoNUNIFORM FILMS 

IS PossiB LE PRI OR To FuRTHER CVD GROWTH) VIA PuLsED LASER 

IRRADIATION 

PossiBLE PROBLEM: GA-RICH RESIDUE MAY INTERFERE WITH LATER CVD 

GROWTH 

IN-SITU CVD GROWTH EXPERIMENTS Now NEEDED 



1 

P_lLL S __ (_J)_ __ L A S E R R_I__LR Y S T A L_L_Ll__.A T LO_ N 0 F C V D P 0 L Y__:_fLA/1.. 3 

~ l~M GRAIN SIZE 

T SUB - 200( 

E = 0 Q. 

= Q. 5 J/cr? 



P U L S E D L A S E R R E C R Y S T A L L I Z A T I 0 N 
0 F C V D P 0 L Y - G A A s 

E = 0 1 
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PLANti~D ACTIVITIES 

(CONTINGENT ON ADDITIONAL FUNDING FOR GAAs RESEARCH) 

SOLAR CELL ·FABRICATION 

}. EXPLORE ~10-CVD F I U1 GROWTH 

2. FoRr1 THIN FILM GAAs SOLAR CELLS BY CVD oN LATTicE-~1ATCHED LASER-·· 

PROCESSED SUBSTRATE.S. (FOCUS LASER PROCESSING ON SUBSTRATE PREPA­

RATION Aim RECRYST.A.LLIZATION). 

BASIC STUDIES 

3. PuLSED LASER ANNEALli'JG oF roN II'·1PLANTED GAAs 

I ENCAPSULATION 
ExPLORE coNSEQUENCEs oF . 

SUBSTRATE HEATING 

4. ELECTRICAL/OPTICAL PROPERTIES OF LASER INDUCED DEFECTS 

c I -v, c -v; DLTS; ELu Pso~1ETRv) 

5. COHPARISON OF PULSED AI'JD CW LASER ANNEALING OF GAAS· 




