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A Generalization of Clean Rings

Eaman Al-Khouja! ~ Hamza Hakmi®>  Maryam Hakmi®

Abstract

In the first who studies the problem of lifting idempotent
elements through this study, the concept of the clean element
entered, that is the element which can be written as a sum of two
elements one of them is a unite and the other is idempotent.

After that Chen enters the concept of the clean ring which is
its all elements are cleans. In this paper we study the concept of
quasi-clean ring which is the ring every element of in it is a sum of
two elements one of them is invertible and the other is idempotent.
This concept is considered a generalization of local and clean rings
in the same time. We proved that the ring is local if and only if
quasi-clean and its idempotent elements only O, 1.

In addition to that, we proved the quasi-clean is clean if and only if
its idempotent elements are 0,1 only. Also, we proved that in any

ring the elements of radical Jacobson of this ring are quasi-clean.
Furthermore, we proved that in every ring R the necessary
and sufficient condition in order to be the element x € R is quasi-
clean that the element 1— X is quasi-clean. Finally, we proved that
if R=0 isaring which is idempotent elements are 0,1 only, then

the necessary and sufficient condition in order to be the R is quasi-
clean that satisfies the condition for every element X € R either X
or 1-Xx isinvertible in R.

Key Words: Clean ring, quasi-clean ring, r —clean ring, f —clean
ring, local ring, partially local ring.

2020 Mathematical Subject Classification: 16U99,16E50,16D80,16D40.

! Professor, Department of Mathematics Al-Baath University.
2 Professor, Department of Mathematics Damascus University.
3 Department of Mathematics Al-Baath University.
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The Relationship Between the Time
Resolution FWHM and the Gaussian
Function Used in the Positron
Annihilation

Dr. Abd al hadi Soufan Dr. Emad Badawi Huda Al Droubi
Physics Department - Science College - AL Baath University - Homs - Syria

Abstract

In this paper, the convoluted positron lifetime spectrum has analyzed into
several spectra representing the components and basic information related to the
positron lifetime calculations such as FWHM, Gaussian exponential functions,
background, the positron and positronium lifetimes, and other parameters, and
compared with each other using PALS technology and its programs(PALSfit ,
Scilab and Mathematical2).

The convoluted positron spectrum of Molybdenum has analyzed into several
functions and components. We have found programmatically and analytically
from them the FWHM of Gaussian functions, The relationship between ESG
and FWHM was studied programmatically in order to know the values of
FWHM, in order to obtain information about the radioactive isotope used 2ZNg
and the lifetime of the positron and positronium, we found that their values are
(301.5 ps, 439.9 ps), in addition to the probability of each of them in the
spectrum and we found that Its values are (74.87%, 25.1%).

We have used the previous results to calculate the values of the components
of the positron lifetimes, we have found their values (z; = 103 ps, t, = 234.8 ps,
73 = 674.5ps), and we have found the probability of each component (I; =
100% , I, = 97.45% , I; = 2.54%) and we have calculated the source
positron life time 333.3 ps then we have compared these results with the
theoretical reference values[1] and we have found agreement to a large extent
where the average lifetime was equal to 330 ps in the references [1,2].

Keywords: positron — Molybdenum — positron spectrum — positron lifetime—
exponential Gaussian function — time resolution.
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Ciudal 3, clidall G Alaall DA e 43050 Langly Caddall 138 ity Liad
Oy Laplall Lalall (e b o3, [18] campall copaill Cudally O sl jac
(0.05ns/ch.) sl S & (a3l Laasly 186.47counts/ns Ll 4 2l
el Joadll had ae (bl Glasle anlgi Casala ala) a5 LS, Lina s
52U sl Gy el jobaill jaall Cinla ) A8LSY L Lgie JST Y LaisY g

c sl ) ael) Catlag

[ 4@lsall cNWLaaYNy s T s sinyedls G siysdl sae GlSHe luag alag] o LS
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I Lie) Laays [18]cmasle cpadls dasdsy Siaill Juaill )3 Ciila Chsass o
Judial Cenzl) ila) Al Lgie Ging Al Lulu) clasted) (g3 4 )
= maslill mlall el Jadll clpad ard ol Laagd (sl Gl a5ag
capll e (125.1% , 74.8757%) ¢¥laalg ( 439.9 ps , 301.5 ps)

:(3)@\
Open tse [ Wewsove| B[ B & B[ A] %[ Ao | ol sul wou o ena] B[ 1]

PTFE 5.3 C reference {Mo) 50 psichannel
Analysed between channels 1and 704. Calibration=0.06000 ns/chann.

Total counts=2096269 Bkgr.jsignal=6.23%
Fit's vyariance =1.1081 Date:  08/09/2020 02:09:14,
SAMPLE:
intensities [%] lifetimes [ns] dispersions [ns]
100.0000 0.1030 0.0000
SOURCE :
contribution 36.5492 7]
intansities [Z] lifetimes [ns]
97.4606 0.2348
2.6494 0.6745

ERO CHAN.  1238.19189(0.00076) BACKGROUND 186.90{0.63)[Counts]

RESOLUTION CURVE :

ESG fract. (#) Shift {chnns) FWHM {ns) tau(left) (ns) tau(right) (ns)
74.87%7 0.0000 0.3015 0.0000 0.0000
26.1{14.3)  0.8760(0.0022) 0.4399 0.0000 0.0000

PALSFit galis aloiinls asissalsall FWHM o8 :(3) <l
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dolaidlee 4 alio Lid ah, (I, =869% , [; = 13.1 %) Le¥las)
I; = 571 = 103 ps 45 Lede Ulias 1l dalad) o)Ll Lindiy , sl
T3 = ,T, = 234.8 ps) Gasiisall el (55 aY1 LSl Laagly, 100 %
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A(3) Sl
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5 (] 5 10 15 0 5
tirne [ne]

B Jual iy Adally poiiall jasdl las sl st sl (4) J<ad

Ll Sl sacls Jias ally lgale Ulan 3 ddall ubaill 5053 (1) Jsanll Gy
palatl 13 i (1) Jand) Gamg as (AT lahal Miiees Lgalasinl Wiy

Aadgall LYy O fisd) e ad (1) Joaall
Element T(ps) 1%
Na 333.3 13.1
Al 149.9 86.9
pure Mo 103 100
Mo(para Ps) 234.8 97.45
Mo(ortho Ps) 674.5 2.55
FWHM1 301.5 74.87
FWHM?2 439.9 25.1
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Element

1% T(ps) T(ps)

Na 13.1 333.3 338

Al 86.9 149.9 165
pure Mo 100 103 106
Mo(para Ps) 97.45 234.8 237
Mo(ortho Ps) 2.55 674.5 546
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STUDY THE EFFECT OF Co-DOPING ON THE
STRUCTURAL PROPERTIES OF YBa,Cu30,_;
SYSTEM

Rasha Yousef!  Abla Al-Zoubi? Nasser Saad Al-Din?
1 Doctoral student in dense matter at Al-Baath university, Syria.
2Dr. in Optoelectronics-faculty of science at Al-Baath university.
3Pro.Dr. in Solid state electronics-faculty of science at Al-Baath
university.

Abstract:

The YBa,(Cu;_,Co,)0,_s compounds were prepared started of
Y203, BaCOs, CuO and Co;0, with different doping concentration
(x = 2%,4%,6%) by “Solid State method”. The compositional
properties of synthesis compounds were studied by X-ray
diffraction (XRD) technique. Optimum synthesis temperature of
YBa>CusO7.x was determined at 930°C. X-ray diffraction patterns
showed crystalline transformation from orthorhombic to tetragonal
structure at 930°C for the doped samples. The pure compound
belongs to Pmmm space group. The tetragonal compounds belong
to P4/mmm space group. The crystal lattice constants of the Co-
doped compounds were calculated and compared with the crystal
lattice constants of the pure compound. It was observed that in Co -
doped compounds, a = b with values between a = 3.816A° b =
3.875A°, for the orthorhombic structure for all doping.

Key words: Cuprates- High Tc Superconductors - Solid state reaction-
Transition temperature- YBa,Cuz0,_s.
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gl dailiad dulyyy bl

Ly YBa,Cuz07 5 <SHall Bl glilaall 5l days a3 -2
.930°C 4yl aie (Lyall 55kl J3aill

ol sl Jlasnl YBCO 1) dlead dlall Jillad)  jumss -3
(x = dbde LjpeeSonl ¥ iy YBa,(Cuz_,Co,)05_s
clall ¢ bhaal dash il 2%, 4%, 6%)

COA dugndl pailadll e cllbCIL o dlsy) Lab dun -4
. YBa,Cuz;0,_s

D Gagll @hhag Alge - 3
: daddiaall dgally B¢l 1-3

.0.0001gr &8y (ules st e —1
dai e Hha @layy Joaaii 4dj)a Qliigy Gl adal g Gola =2
.1200°C QA

57



el dad Jdeay (Carbolite) 3$)s e cliall opalil s G -3
.1100°C

.10000kg/cm? 2gas al @l (S8 Ao cilisal) Ll €0l Jaia 8131 —4

PW ) X-Ray Powder Diffractometer duwd) d=iY) 7)) Slga =5

gl A =1.78894 dase Jshy Co clusfl (e s 53 (1840

.(PHILIPS) i<
s, (Differential Thermal Analysis) Jalall hall didssll Slea 6
.Shimadzu g
olaill 1Sl <99.9% 4isles V503 asiy) Sl @ 4k A8l dge =7
281 (%995 55in BaCO; aslll <l S €99.3% 4islis  CuO
.99.0% 435las (Extra Pure)osisds <99.8% 35t Co50, b <l
P Gliel) junai 2-3

W oalal ddldly 4all YBCO(123)  wlue sy &
<= Solid State Reaction —lall glka¥l 44 )l YBa, (Cuz_,C0,)0;_s
BaCOs as)lll ciliss K5 Y203 asiiy! 2l (e dpulie il Laliy aalise (S5
Jsall ada 3 L elsgl) (e A€ 33350 €030, <usSH 2sTy CUO Lulaill 20y
LS Adlia) 2 (uilaie Jld o Jgeaal) plaal Gaie (gl ddauly Lehla dalud)
Gilis ia Loy 428y 15 534 5 L) Guilaiall Jalal) dulee (paend Cangy i) (e
Ciiad 23 @) aay . lisall (e A JST 400 e DB Dleall o3 arel ¢5id)
Oe paladll plaal 448 4y 55 100°C phall days ) vy bl Ll

Gyl Caags 2MM ASlawg 1om ks paldl J<6 e Gomnsadl (oS & Ldagh )

58



Ot i 30 e M Ae 3 GiugyLa) 2022 ale 4 2l 44 Alaal) o) daaly Alas

O Jaliall ) 5 Jelal) Al salyy gand) lpme (e delid) Claal)
Syanall il Ahgrine galil (5 -4 ) G g lidal & 5 ¢ Slawal

A&y YBa,Cuz07m5 <S5l dSs 8 aalll sl I les 3
ol e &l JYA (e (2-4-6)% LLsY) s YBa, (Cus_C0o,) 0,

1 1
502 + 51,05 + 2BaC0s + 3Cu0 — YBa;Cus0;_5 +2C0; (1)

1 1
- YBaZ (CUg_xCOx)07_5 + ZCOZ (2)

Slagd 0n Jlae (b gl Ll 255 4858 Gl (& Aagimaall (alBY) Cuiny
5 ey el 10 )6 e ey iy (850-930)°C o msbss 8
wyill dee o)+ 1°C/min Jiea 500°C s Ay ) bays clisad) s
Gl (A Agladd) diegSiny) pansY) ds o Jgeanll e o038 (alad)

7 aaall Qi aglsally

ash e Jpanll DA e qastlad) (Kl i 5 delal) elgn) e Juy
SLL d ad 058 ol s g sk IS e YY) o e IS B 2
5 Aagdl Jlbe 8 e %95 e ST 5l lasen diilaia diad) At ALl
G Al AN Culg alady daal )l illaal) ol ~ sl bl Jail dablsal)
ookl e AT s Gl Jaid g Jaghadll (e (e a0 Gl pae Jls

(LaSd) Dlals e skl o pe o Lla Gam

Asdlially i) — 4

59



tBpaanall ClSpall Aial) ¢ lkaY) daje paai— 1 -4

) AasY) 2l Lk Aadiuly Bpiendd) cilisll Lgnd) (ailadll dulp
LgelilaaY Bl plall days aaty Siand) el i e Gaadll Ay
iap & 875°C sl § YBa,Cuz0,o5 <Sall dalill il ey
Ll e Gugall el (gyoka J5a3 Jgean o B3l g o llaadl daulie
Kyl b xie Orthorhombic daildl) dueall 4l ) Tetragonal de bl
dabe (1) JS8 iy 131041930 °C daydl) e Taaaty ef s days )
YBa,Cus0;_5 X5l & IS8 seday Gua YBa,Cuz 0y 5 Xl g sl
Jsail pamd 5 875°C dayall xie allin JaSly 850°C dayall xie JLally Ty
. 930°C 43,0l 2ie (5yeh

60



Cptll M pali 3 ) e M Ale 3 Guga Uiy 2022 ale 4 2l 44 alaall Cal) daals Ao

v CuO
*
Y203

[m]

0 YBa,Cuz0, &

| —— 930°C/6h]

A BaCO3

E
S,
2
‘B
c
9
k=
o
o o N o
v A
A Ax
none
A
x Ay A ARy A* A v
A
1 1 1 L 1 1 1
30 40 50 60 70 80
Pos. [°2Th.]

alajs g dajl s YBa,Cuz07_5 <4l dyisad) dai) i) Gildal (1) Jsal)
A4l By

i Gl ghall ddaill Sles pladaul CKall (ghall @oludl dudys X
Ghaldll (@hall Jdatll iaie (2) JSA Chn Gun osSial) gl (Kl
875°C dxyall sie syl il Jadll Ju . YBa,Cuz0,_5 <Xyl DTA
S 930°C dajall vie bl Zall iy YBa,Cug 0,5 <Sall K e
il (e 875°C dsyall vie Kind) YBCO Ly e Jualall g5kl J3ail)
Gl (e Lo libias ) dasil) e G815 1305 LA Arisedl) Aol ) Lol

61



S el (sl Alale 55580 Jadl 3 5a s ) ALYl XRD sl 228Y) £y
Al e palall )5 A 5Y) S 4 ) sl <Y

! 8?5"'930@ HeatFlow gV

A | 4
/ \ |
|
% -
305°C — |
T osesc
/ Y
A "
/' 115C
/ 5
/
/,.- 18 |
[ ] 100 0 i e o

.YBa;Cuz0;_5 w$all DTA ghall Ll Juatlf Jada :(2) J<il)
cllsSIl Gl ALK al) plilaal Bha Ay ot & dabu) Auhll ol
<& e Al guadly Suianall cliall Ll LY 7 sl Calidal Al 2 cllil

.(5 - 6)h 53 930°C 4 ) xic Liilay al 8l

g€l Al clsall Agis) (atbodl dufa— 3 - 4

Jhai) e Aaill) dball el Gl LYl zhasl Gl (3) il G
glla¥l dayhy spiasdly YBa,; (Cuz_C0,)07_5 ol L)

L Gl Al At el ks g liag alial)

62



Ot i 30 e M Ae 3 GiugyLa) 2022 ale 4 2l 44 Alaal) o) daaly Alas

(103) !W‘
[tetra] (213)
200
(100) (104) (113) @00 _ (220)
(103)
[—— x=0.04]
[tetra] (213)
= (200)
-E- (100) (104) (113) \ (220)
=
@ (103)
2 [—— x=0.02]
[
[tetra] (213)
(100) 104) (113) 299 (220)
x=0
(103)
20 30 40 50 60 70 80
Pos.[2th°.]

Lialally dalide candy callsSly Ailial) cli€yall dyisad) A28 ) Cilidal £(3)J<id)
.930°C sl day ic

dpanyal)l Glilad) aa lgle Joean) @ ) (3) KA b 2 )] calidal 3l

¢ COD-Inorg 2019 <Ll sl 4 (96-100-1433) (96-100-1456)

oo Aasll) dleall Jallaal il Lainy 438 drisna Ay (385 ol ) CK)all 0

oo Baine elll el laai () s 33 (e uladlls sl Jlas)

) 2gxn (Al aadll cliid) sl Gua oJlannl) A Babiy LR el glal)

63



Bl ) ssle sl Ll Byslae aed pe Lealadily oS JS& ) (&l
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:930°C 4s,) xie &kl YBa, (Cus_,Coy)05_g

(2%, 8%, dalida quudy Bydaaal) dbual) Jullaall djyyy 5 20 ¢ JS add (1) Jssad)

. 930°C dayal xie didlally 6%)

x = 0%wt x = 2%wt x = 4%wt x = 6%wt

hkl 20° hkl 20° hkl 20° | hkl 20°

003 26.95 100 26.74 100 | 26.77 | 100 26.8

103 | 38.33 103 38.3 103 | 38.23 | 103 | 38.29

104 45.21 104 4531 104 | 45.29 | 104 45.34

113 47.35 113 47.36 113 | 47.29 | 113 47.32

020 | 5489 | 200 | 5498 | 00 | ceoc | 900 | 5508

200 55.9 | °th°200 55.28

123 | 68.93
213 T eo7e | 213 | 6911 | 213 | 69.07 | 213 | 69.1
026 | 81.45
220 | 8235 | 220 | 8199 | 220 | 8181 | 220 | 81.84

el gdlge i mumgil Anwdl La5Y) bl Fitting sSlas Lilee shal @

LSl ALl L&l (gyshl) J3atl) Jpema die Lia s Lgalijily

Gkl U3l die Taaly s il ) asdl aaY slSladll ddee (4)JSED iy
e oS IS8 il CK5all 20 = 69.09°,69.66° (xiaill Lol Jaadls Cum
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aedll INt% Lol 338l FWHM iansilly 20° asdll gilse (2) Jsaall milasy
e Gana Al 82 z1pes) GLLY Fitting e DA 00 Lhasa &5 3
(20 = 68°,71°) )3

J @il Int% dwdl 33&ly FWHM (aupilly 20° aadl) adlga :(2)Jgel)
BlSlacal) aliys aladinls Fitting

Fitting sample 260° | FWHM | High% | R-square
69.09 | 0.357 | 30.9
YBa,Cu30,_s 0.980
69.66 | 0.52 12.4
YBa,(Cuy95C000,)0,_s5 | 69.16 | 0.51 33.17 0.989
YBa,(Cuy6C0004)0,_5 | 69-12 | 0.426 | 36.09 0.982

YBa,(Ciy 0,C00,05)07_5 | 69-13 | 0.422 | 34.81 | 0.991

Gib bi S s eVl W) e 0 Al clgiedl Gp sl les
Lipd) 2e8Y) dage Jsb A Gus « nA=2dsin€  Ely ol Hasal,
bs @ dush) Al Culsh o8 a5 &5 Gy g b dusly 6 5 (1.78894)
Al dpgg st Slsied) el sy Cua d ad e saliuYL C

(18] 251 Bl A Avisedd) Aidly e Ll Ayl

1 h%2+k2 | 12

3)
—==+=+— (4

(ALl aey 3 Load 21 53 aaa s
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V=abhb.c (5)
o WEhlaeg lial) GlSHall Holall aaag doyslll AS0AN culdh i (3) Jsand) G

- YBa,Cuz0;7_5 Al <Ll dnlual) gl

dlall Jallaally L&) YBCO el Basgll 43 aang ASE culsh ad 1(3)Js2al)
.YBaz(Cug_xCOx)07_5

Sample ad | p@d cd) | VA3
YBa,Cu;0,_s 3.8167 | 3.8813 | 11.6318 | 172.31
YBa,(Cu,93C0002)0,-5 | 3.8667 | 3.8667 | 11.5498 | 172.68
YBa,(Cu,95C0004)07_5 | 3.8636 | 3.8636 | 11.6019 | 173.19
YBa,(Cu,94C0006)07-5 | 3.8609 | 3.8609 | 11.5940 | 172.83
A bl dpiasCand) dadlly @, b AE culd Gn A (5) KA
Jaiid des Jgf xie by @ dpeld) AQall Al 8 alie yud Gisas aadls
S (Golatty Zpasill 038 2ie .0 > T (gyshll Joaill daiis x = 0.02 & jiesSiiad

cbeall Jolaall Zue Ul Al )i Ao 3<0a)

- —h—2 b
— — & A
< 3.86 b A Y
0
© 3.84
3.82
3.8
0 2 4 6 8

LSal) B clligelly ALY Ay Ay shil) ASEY Culgh e 4B 3(5)Jeid)
YBa,(Cu3_,C0,)07_s
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U091 Seherrer’s formula )

092
o BcosO

(6)

Ele gl Ay 0 (1.7889A bl 8 deriiidl dyied) 438Y) dase Jsh

(°) Bragg’s angle

LAYl s dal e clual)l aaal Gguadll Ll 2dll (4) Jsaall i

LAalid L)

oilally YBay Cuz07_s <sal) (b sl S0 by paa Al 2(4)J gaad)

930°C 4a ) xis

Co concentration L (nm)
0 35.96
0.02 30.29
0.04 29.32
0.06 28.26

s ela i)

YBa,Cuz0,_5 <Sall g€l dlially dil) clSall g likal -1

calall g llaiaY) Aoyl A6V alSY g Y1 e B

@hall didatll Slgs Aasiuly Bl gl sla dap ash m -2
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Preparation of germanium thin films with different
thicknesses and study of their structural and optical
properties
Ali Abdullah*, Reiad Al-Abdallah **, Ayman Ksibe **

Abstract

In this research, thin films of germanium were prepared based
on the vacuum thermal evaporation technique (10 mbar).

The structure of the prepared films was confirmed using (XRD)
technique, which showed that the prepared films were of a non-
crystalline type and when heat treated they turn into a face-
centered cubic crystal (FCC), with a network constant of
(5.649 A).

The surface of the prepared films was previewed using atomic
force microscop (AFM) which gives 2D and 3D images of the
surface of the thin films and it was found that the crystal growth
in the crystallized films is upwards. As for the non-crystalline
films, they appeared free of topography and a complete absence
of peaks was observed, and the surface was homogeneous over
the entire length of the films.

The optical properties of the prepared films (tramsmmitance,
refletance) were studied, through which the absorption
coefficient was calculated and the energy gab of the prepared
films with their crystalline and non-crystalline patterns at
different thicknesses was found.

Keywords: thin films, germanium, thermal evaporation, energy gab.

*) Ms Student, Department of Physics-Faculty of science-Al-baath university Homs-
Syria.

**) professor of Physics, Department of Physics -Faculty of science- Al-baath
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kg LS 5Ly (Ausulalls Zaad )l ladlaall 3 LS iyl e ) Josd
pailadll o slaeYl dicliva cud ginyili g of SSAL sty clguils
sldall U3 e (1947) ale (Ge) asslonll yeaial ABUN Caas
NS ¢ alall xa <[3,4] (J. Bardeen, W. H. Brattain, W. B. Shockley)
Legeailiady (5l Jsand) (e abll agaall ) Glaaiy GsSiliadly asilo ) (1
AalSaall chylally gyl all ~ b e crian 28 0sSall) sale o V) Al
5] S CliaSs Lajilsis Lgadh (ad) e Elldg
Jalsill Caliail aladind e dug 5SSV eyl delia Jlae Al 5)6il) Cign

(Baaedl Slal i e alacYl ellig) LS s g jeall gl ygean
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S Gk A o juast Aila dse oo Hle Lo e 32l D1 oy
G 3 [7,8] (1UM) WgiSlaws 22 Y (Liliia ) salad) <y (e culida 2c
O Baaly 48BN DY) A ey G Gt dlia dlge Ao DY) 038
Caaed LS Jalgill Caloail dlps ol (8 € (<85 Cuaale Al L) aal
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saye Jilg Cilail lgae diide Lbes dge e dadN DY) Copas
sy Lld (IS Uy Jlsall 230 aaf (GE) asuileall aag cdue lall Lgilaladin
(AT iy Gladl 4l el pas e Gl it Jiaie (K

(sl Cagliio Jgia b dadyll desenall (o e saic (GE) pslasall
Laphll aills 3 Cla 585 (32) 53 sa2e (72.61 gr.mol™") (Al a3y,
.(958.5°C) 4a )l ic  yguaing

33k Ll (FCC) osasll 5Saia dasasa duyoly Ay 55kl asilajal) elbiay
4 osasll Shay oSl Gaggly assloall cilyd Jadng (a=5.657 A) deil

5ASH Lgaladid 3 28 o guileall U Lgaass ) dalgll diguall Sailadll §i,
asslenall CadlS ey Cum . lgie Lot Lali diguinl) (ool delivn b
sl 13 JY oY) asdy Lele daal Judall cilas B Gl sl e
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SV e ol abaiall aans syl Y daig iU ) gl 138 il
(0.6 eVs Eg 0.8 eV) dalhall ssadll aje (35S Allall oda ay (Yl
dlac 4 (3 5pilae plb ALY Alae 3 AT £ 18 a5mg Laadls Wil cpn b

[11] 0.8 eV < Egq 8yilie dilla 59ad 2gag N i Laa g8l

Energy Egz 066 ey

E,=12¢ev

E, =080aV
FL,=322ev
AE=0.85 &V
/ £,=0.29 eV

[ ]
E i En [ _
<100> | X FAE En g, <11>
E : Wave vector
r / Heavy holes
Light heles

Split-off band
Mguﬁ\sgéw\w\ 1) LA
rdaal) Gdaa -2
(ilide OlSleww Lysll) s Aol asulasal) DT 0 casdl Giadl Caagy
csaidiall hiall it ghall pagl dus e slacyl
ASlaws Ll iy Bpanall agsilopad) DY ddigually Lgaiall (ailadll (s G

e bl A3ley DY oda (el ad e Ljhall dalladly 5 madll )
LAl Lz yall il
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agilly (o e)aY) -3

taY) juaal 1.3

ialy) A e (99.99%) sslall e asiloall (e 358) Dl Cuus &
DA hall il Loghie plaiiuls (2cmxdem) sled o3 Lils daks
L3 o Al AslL) A (o) sassiall (107 mbar) 5,8 Caide Jaia
DL DA e ey sl (e Aald Ay (B 1) asilajadl (e A g
Aalayl) BION o iy 2l assiboall Tas g UYL Wb Taid Jljes
(12 cm) dile digill (e 225 A
Aoglladll DY) ASLend Tah il 0y cpiall (g asuilojal) LS
Lebigaly cdyslill e 321 aguileall 21 e dians il dilee ol 2ay
Langl Cus 2285 (30) 52 dibide Sha o Wb liallae 5 38 4k )
Jsat Al 3l dayn iy (500 °C) daall s slinadll) b sl Jaiins Lyl
(525 °C) & shiia ali I jslaadlll Hldl) Lasie

tBpanal) YY) Ciuags 2.3
Lilaly) (STOE) 4Syi 1l (e (XRD) Asisadl 2V 2 il Slgs a2dind
Gania Bpanall DU digaidl Gailiadd) Ayl Al dal dis sal aalgial)
Sl Ll 388 DY) slans il dowalls T .20(20°-80°) £l Ly Jlae
Y e dandand) daadall 7l dlle alaY)
LSy Aadganl) auda Ll (Spectrophotometer) ddladll jlga axiiul
Adigall (ailadl) (e cpad dal e ddguall
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1AEBlial)y piliil) -4

:(XRD) 4585 aladialy Bpdaaal) 2 Ligaid) dupal) ~1-4
Lhall dalledll i 22 DU Al 2e2Y) gl Jabade S (S8
Calall )y & duagll )56k 395 (AMMOIPhOUS) 8yskive st WY 038 gass
- Bsliall e dalaill 5355l

Counts
[ a ]
1000
500
o T T T T T T T T
10 20 30 40 50 60 70 80
Position [°2Theta] (Copper (Cu))
Coum%ooT b
600
400
200
T T T T T T T T
10 20 30 40 50 60 70 80

Position [°2Theta] (Copper (Cu))

Adliae CilSlamsy §_panall g Cpalil) Jd  gila ol 238 (XRD) wibshal (2) Jsid)
(a:400 nm, b:900 nm)
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:(525°C) Za,ll die Ll dallaall SIS (XRD) Cililal (3) IS G Laiy

Counts
[ a

600

(1)

400

(022)

200

Position [°2Theta] (Copper (Cu))

Counts

600

(1)

400

()

200

Position [°2Theta] (Copper (Cu))

AAlise CilSlany 5 puanall g (palil) day a guila ) 2383 (XRD) dilal (3 ) Jsid)
(a:400 nm, b:900 nm)

Glgasill 38y (aeSall) slall Jaw 33y asiloall 52le add (el Hsela LoDl
s [111] 58 3L (g)sll) angalls [111], [022], [131], [133], [242] 45l
(96-901-1051) a8, <13 Ly pall A8l e 432ally 5258k 3 L

e alae Yl doyslll A<l culg luay Liad (XDR) dalas il e slacY s
Ayl Gbgisall g dilually d3)slll ASEN Culgh Aoy Z V) A £l (58
:[12]
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nA=2dsin@
1 h? k2 |I?
d? a’ b’ ¢
a=d+/(h?+k2+12)

A=1.540589 A ¢us

Ailide clSlansy 3 puanall a gaila 2l a3EY (20, DK, d, @) & (1) Jgaal
(400nm, 900nm)

t=400 nm t=900 nm
20 |(hkD)| d a | 0)° |[(hkD| d a
27.357 | 111 | 3.257 |5.642| 27.298 | 111 | 3.264 | 5.654
45.451 | 022 | 1.993 |5.639 | 45.421 | 022 | 1.995 | 5.643
53.777 | 131 | 1.703 |5.648 | 53.815 | 131 | 1.702 | 5.645
72.960 | 133 | 1.296 | 5.647 | 72.896 | 133 | 1.297 | 5.652
83.888 | 242 | 1.152 |5.645| 83.921 | 242 | 1.152 | 5.644

a—5645A a—5648A

DU dshl) AN aay (8) ab Lagie G el il Sl o3 e Jaadl
(a=5680 A) ‘é-ﬁj A:RA‘)AX‘ S\EUa.ﬁ\ gﬁ E.J‘)bl\ ;\A:\ﬂ\ & 'g')m;.d\

[13] et e o alae YU A cilual) aas Ol L el aay

KA

D=— "~
Bewim -€0S(0)
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JL A Taglad  dilaal) Lol Cajpas lly (8) cileDasy) A8bS . SIS
DAkl (889 ualg %ﬂ\ C)Aa.AABJAj

1

5 = F

Uihe s35ms 055 yslll (<5 L8 Lay e a4l e () 304 olgaVl L

adbn 3 385 [13] (Lranadly Londasdly dubadil) dabidall Lgelgils duyold) Cagand) 39y
[14] )l e slaieYh spasall DU

cos(6)

&= Bavum 4

oeliig 828l Caat die Al e foyum 5 ¢(0-94) ey <l (K) Cus

(NM) saalss clysld) sled (D) 5 il

asila_adl aBEY D)4l Sgal) g cileJATY) ABUS g <y bl dlad (e JS add (2 ) Jgand)
dalisde cilSlaw dis 3 pasal)

t=400nm
83.888 | 72.960 | 53.777 | 45.451 | 27.357 20(°)
096 | 1.152 | 0.384 | 0.576 0.24 Brwm ©)
11.62 | 8.957 |24.226 | 15.617 | 35.581 D (nm)
7.406 |12.462 | 1.703 | 4.099 | 0.7898 | &(x10*"° lne/m ?)
3.115 | 4.041 | 1.494 | 2.318 | 1.017 £(x107)
t=900nm
83.921 | 72.896 | 53.815 | 45.421 | 27.298 20(°)
0.958 | 1.148 | 0.379 | 0.569 | 0.237 Bewrm ©)
11.647 | 8.985 | 2455 | 15.807 | 36.027 D (hm)

7.371 |12.386 | 1.659 | 4.001 | 0.7704 | 8(x10*'° line/m 2)

3.108 | 4.029 | 1474 | 2.29 1.005 £(x107)




s el sl Gal, dlae o 2022 ale 4 amdl 44 Al Gad) daaly Al

ST (900nM) 4Skess die sl alall eyl sledl o A2l ) (e Jaadls
I sl et Ao Ju 1385 (400nM) ASLand) die peasal) olall gDl (1
slgaY s cle A 28BS alaas) dale o L Jaag Led A (ganll aliasly Sl
O i Les (Bogonm) e ST (Bagonm) OsS g Gilsn @ eY) L A
s ADle ae (38150 oLl 1389 (Dogonm) (e il (Dgonm)

thpanall agailayal) 238 phaw dijlas —2-4

508l 93 (AFM) 4,2l 55l jgaa aladiasls Spanall DY) sedans Al gula dilas
b pdaie Hlodl) g ¢(3der 3 4 A8 A gl aalgially Sl e ddlad)
ozl leg calian Laadans ASlanss (SXSUM) &l alads dagyll DY e
 panal) Ll

ClSles skl e agiloal) DY A 5ol jgae Bipea g JU <A
tBgea IS palal) Jhadl) adaiall Jaladal Al Adbide

C ) 4.7mm
= 6.4nm
-
e 40
- N
\\\\ [ 64mm 50 -
[' b ..‘SL‘
S0 40 47mm 30
30 = \”.-. 5§
°§ 20 M '\’ _~~ 00mm
o i w7
& 4
"/*‘5“‘“ 10
ySOH;n L -0.0 S

B paaall Ay gLl 1 a gula jad) a3 4y 300 858 e g (4 ) JSE)
<900 NM 4Staw :¢ <400 NM AStaw 2is hal) Bt 5, :b 400 NM AStew :a
900 NM 4Slaws e dl) Jitbg il 2
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copbmil e i Lol Aogiae Byglaall e DAY o Galadl U0 (e Jaad
bl aliaall ciliaie 58T L 1305 L ldl) mhans Aabie IS e L sala dilaiag
Ll Ja 138y . (6 NM) Lagd dad el g 1)) Sglaty ol G (ppunad) cpaaldl) SIS
(XRD) aguiad) dulyall 58l oY) Baame lalad) (3hg (5yshy sal dgmg are o

A .
M (_“JM\ (m 4.14) UA) ‘_,,_.1‘9_\4” c«}w‘ﬁ\ UA‘L\.DS ).wuséj Mﬁuh)d\ e)a).\

/1 500
——=5nm \

5)90m ds_J salal) L*,,_1953\ dsuﬁﬂ i L)

34.2nm
~30.0
25.0
200
15.0

35nm
10.0

35.2nm

8 _panal) Ay olall a gaila o) aDEY 440 5 g8l g jgua (5) JSAN
<900 Nm 4Slew :¢ <400 NM AStaw die Al Jildg ) :b <400 nm 4Slew :a
900 NM 4Sbews dis i) Jitbg i :d
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b (<8 e (400 nM) deldl DY) mhas )ses (@,0) (slad) IS (pe LoDl
g lin)) el Dl Cun Ll JalS o sy galina (b dusilatia je (uliadg
e UG S aadll o2 o A8l (14 nM) sl Llag ) Jaie (385 aaeill
J<a (900 NM) ASlaws sie §panall DU Ay Ll crland) JalS e (uilaia
s S Laf 5ia a5 (35 nM) s deal addll g L)) 2bay) Bl (c,d)
.C_L“.J\ Jel€ e uilana

skl sai e Ja (900 NM) ASLew sie dujslll DUEYI 3 addll o)) 2L
g dagiill odag DY) ASLaws 8Ly daiiy (gyshill amall aliajly saaas cilalad) i
casslayall SEY gl iy DA e 4l llhas L

paill (alidily ¢ 1Y dilia) Spanall D mlandl L83 a8 G Jsoal) Cp
il e jadlly
‘_,k-yﬁu‘uﬁ\u'al.iﬁbg&:ﬂh’ub&S}M\eﬁm@d\ajﬁseﬁ@)ﬁ\
)

Crys Amo Crys Amo
400nm | 400nm 900nm 900nm

2.2644 | 0.3897 3.744 0.4783 (nm) 4 g&ad)

1.4143 | 02713 | 2.8516 | 0.3563 | (nm) 4 gil) b gia

14.7813 | 4.7406 | 35.2406 | 6.3875 | (nm) 4ad gliiyl e

125162 | 2.4791 | 143564 | 3.1110 | (nm) & paliss Ao
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GlSlay Spanal) agsilayadl Y dygdll palladll (o Guas —3-4
:.nlun

s lSaiy g dudlall) Caldal Ay —1-3-4

(T) ddsidl Callal A ufpy e 5y andll DU Ay wall (il oadll &) a5
dalae ol (K4 Gun (AbS) dalaaiadl] ALl ddgall (R) dulKasyl
[(2-3-4) Bl b (g LS (@) palasia)

ASlew S die L) Dl das)l g symaddl DY) aae o I 5LEY) jani Liag
(st e AVls yolita Lasasl

Sypanal)l U A guial) LouslSai¥ )y ApMail) iliaie ) JKEN oy

70
== R% ammo 400nm

—&— T% ammo 400nm

R,T (%)

600 800 1000 1200 1400 1600 1800 2000 2200

-10
Wavelength [nm]
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100
—>¢—R% 400nm Crys b

80 | —&—T% 400nm Crys

600 800 1000 1200 1400 1600 1800 2000 2200
Wavelength (nm)

—>—R% 900nm amo C

=—&—T% 900nm amo
60

600 800 1000 1200 1400 1600 1800 2000 2200
Wavelength (nm)

=—>=—R% 900nm Crys d
70 —— 1% 900nm Crys

(R,T%)

600 800 1000 1200 1400 1600 1800 2000 2200
Wavelength (nm)

3 panall o gaila sl aMEY (R) dpailsai¥) g (T) A guall 4381 ikl (6 ) Jsd)
2 pl ic ((400nM) ASlemss 5 sk alh :b ¢(400NM) ASlanss 5 o5k i ol8 12
(900NM) ASlawz (5 5k ald :d <(900NM) ASLasss 55k

107




i gdall g o g1ial) Lguanilad lany (pgns g Alin CSLacay gl sad) (pa Agh ) oD jpudans

LaaDlig Al g A3l ol (Slat ale (g Aluad) CLLY) poen (e Jaadly
M3y Adliie (gpaay alie Cililgd g yedan 5 Ll Tag coliaidll sda f Lad
aaie Jalall ) claaY) sda sag dgng ASLaud) BaL lgiaa dlafig laaxe

eyl dalal) fes cilulSesy)

Laad g o7) UKD e Juass ddad) clSlaad) 3 DY) G A jlae shalsy
JIskYl sai daliia (900NM) V) aSlawd) cld DY) 3 digual) A3k
(400nM) diaiiiall ASlandl <3 DB A3kl e Ji 5as cldg SV Langal
Sty DY) 8 (e pgall paliaial 33031 (ga55 ASlawd) 53L5 b iy iy

LU gl 5ad i

an 2L ) e JolaY) damsall sl sad dSLand) 50l DU (T) # Ll ()
osbaall Jadl Gaje (mliail b @) a1 JBY) il g jalaicy]

Sl abinyl
50 —8—T% 400nm amo a
70 T% 900nm amo
60
50
§4O p /
30 \
: ,
10 /
0
600 800 1000 12Waveléﬁg9h (nn%%OO 1800 2000 2200
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90

—@—T% 400nm Crys b
—&—T% 900nm Crys

80
70
60
50

(T%)

40
30
20
10

0

600 800 1000 12%ave|e1ﬁ(g)9h (nr%?OO 1800 2000 2200

4dlida CilSLansy §_paaall o gaila yadl aDEY 4 gudal) 43 odil) Ciuda 45 )8 (7 ) JS)
YT PR PRTNIIS TR REIPA IY PP PYEN P LT

sl galaia) —2-3-4
B dakaie (e Gty AN YY) dais A8 DY) 3 pguiall (aliaial Ciany
LAl dalaie )

058 DA (e dpnaleaially (R) AplSals (T) dudsidll palls Bl e s

L AL die yyeall Z5Ual) Lol

lo=1g +1; +1,

5ad (1) coSaial) egml 5ad (1) il o Balull sguall a3 (1)) us

s (1) e Ll a8
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Io I0 Io
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DA e Bl alaial Jalaes (1) ASLendl 3 Aisall (p0 3L pouall 505 Jasiig

:115] V= 0ysila

_ —at
. =1g

Bl Cus) diall A o) o cllSe) 580 lae) g 3230
([16] Lddy Al (3aY) A8Dall 2ot Jumty lulaiY) aaaie Jaail

I, =1-R)I g™

Osisall Al ANy 43y g Byanall DI aliaia¥) dalee lusy Lad ale
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: \
5 ~@®— Abs 900nm am

== Abs 900nm Crys

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
hv(eV)

ASlad) il dis Ay gll) & 9 A gLl g gaila o) ASEY aluaia¥) Jalaa (8 ) JSAd)
OSlandl alai¥) Jalaa (pajed alaic¥) Ao aSladl 58l ddaadldy

:(9) J<al (b Oysliiall (400nm, 900nm)

1.4
—@— Abs 400nm Crys

== Abs 900nm Crys

0.6 0.65 0.7 0.75

0.8 0.85 0.9 0.95 1
hv(eV)

dalida cilSlaw die 4 ) gl a gaila jad) 23EY Lalaial) Jalaa (9 ) JSA)
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Ja lee e aSled) die ST (6 paliaia¥) dalas o) (9) IS (e LDl
Lgcg 5\:1)5.\.\5\ g}:\d\ ‘:g oaleay) (»Jﬂ‘ ASlaws Ed\f_}g Lualiaial) SJ\:\_} ‘_A.:;

gl Adgal) ik Ay die Gla oliaimind Le 1aag [17] (el 2l

:Eq 43Ual) 5928 (i —3-3-4

Gahie ) galsal) dabaia (pe (pg SV QY Aa3Y 48l 8 Ll d8Ual Bead e
labuad dylail) = 3laill (e daal) s jlg paliaial) as asgha (3l 13ga9 Aul8L)
:[18] el Jaxal) (Mott and Davis, 1971) z3sas leaal (s

ahv=B(hv-E )"

lual ?Mj 2\:1.\:1);3 AD=ll s2a i leas LA\_g ¢8alal) &5.\]@'.'\:\ culs B WITEN
a5 diial) dal) Jon el oed s iy (Eopt) dutguall 48Ul 59adl) (ia e
e Wty Byolia ¥ sl 8ysliia DY) (55 Blal) dayng aaaill agyds dasiy

(AY) Jalgal)

tifigall Y EY] Al e acies Lam aab

agend) Balall Y EN) dal e m=1/2 -
asesdl e 5yl N EN) Jal e m=3/2 -
agana) il e VY Jal e m=2 -
Aagawdl e sibal e cVEY) Jaf e m=3 -
iy il YY) dgng ) ad asilajall dung SSIYI Aal) o 083 juaal) (e

posilonll alaial) Cala vy Ll 2a8)gal) LUl Bgadll (i je Glualy (8l



s el sl Gal, dlae o 2022 ale 4 amdl 44 Al Gad) daaly Al

e SV (Eg) Liman s Al 45 S VY] el (yidilse yitlaia
LA (pe B 85l

ahv=B(hv-E )’
DAY dal e clldg (hv) ogsdll dila AN (athv)Y? i) cilyrs au Glld
0o (Egi) ey (400nm, 900nm) (yndliae (iSlaw dies Bskiall g 5)liall
[(8Y) 2 530 (V) 3ne po pfiesal) il d30s alalis
(Al e ) Bilaall VDU (Egg) daaty Liad Agslie Linylasg

ahv = B(hu—Eg)”2
S dal (e cllig (hv) osisill 48l AN (athv)? laiall cilas auy @l
Ll (Ega) Lues (400nm, 900nM) ymibiae (,5Slas dic g Bylisall st s 8)sliall
(8V) 2 530 (V) j3ne go psiesdl) gial) ddas palis (0
Lyshll agaiboyall DY 5pilaal) e g 8yl 48Ul Sondll dad (10) JSN yela
-(400 nM) ASlews dic Bpasall gkl ye g

0.8 a
Eg Indir 400nm amo

0.7
0.6 .
0.5 /7

04 o
03 s

{cthv)1/2

0.2
0.1 7 :
*

0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74
(hv)
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0.8

—a—Eg dir 400nm am b
0.7
0.6

0.5

{ahv)2

0.4

0.3

0.2

0.1

0.86 0.88 0.9 0.92 0.94 0.96 0.98 1
hv
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