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ABSTRACT

This thesis studies the physical properties'of GaAsi:xNx /GaAs quantum wells with emphasis
on the experimental determination of the electronic band structure. When N is incorporated
into the GaAs, the PL spectra of GaAs;-xNx /GaAs heterostructures revealed a deep level
emission at ~1.1 eV. This emission displays—a-similar size confinement effect as the
quantum-well emission. Since the addition of N mainly shifts downward the conduction-band
edge, this emission is attributed to a transition involving a Vg, defect level at ~0.2 eV above
the GaAsN valence-band edge. From the observed transition energy between this deep level
and GaAs conduction band (CB), the GaAsN-GaAs band alignment is determined to be
type-11 with valence band offsets of 0.022 eV and 0.003 eV for x=0.6% and x=1.8%,
respectively. As the composition of N increases, the band alignment likely transforms from
type-11 to type-l. The results of annealing support the assignment of Vg, as the deep level.
Annealing at a low temperature is found to increase N composition fluctuation. When the

annealing temperature is increased to 800 “C, the N composition fluctuation is decreased.

Dilute N incorporation lowers the conduction-band edge but has a little affect on the valence
band. Because the band structure of dilute N is impurity like, we use the band anticrossing
(BAC) model to predict the band gap of GaAs1-xNx and the calculated results are found to

close to our experimental data under strain.

Beside the PL analysis, we also investigate the N composition fluctuation of the



GaAs;.xNx/GaAs quantum well by electric measurement. In the samples with a thick
guantum well, the C-V measurement reveals significant carrier depletion near the sample
surface due to EL2 trap whose presence is proved by photocapacitance measurement. This
EL2 trap can deplete carriers in the quantum level. In thick GaAsN layer, DLTS and
admittance measurement reveal two or three trapping signals. One of them is considered as
the emission from the N composition fluctuation. From the temperature dependence of the
emission time, the CB offset is obtained. By comparing with the PL data, the activation
energy observed by the DLTS is very comparable. The N composition fluctuation is observed
both by PL and DLTS measurement.

In summary, the band structure of the GaAs;.xNx/GaAs quantum well is studied. A type-II
alignment is determined by analyzing a deep level emission probably induced by a low
temperature growth. This deep level emission can be removed by high-temperature annealing.
The N composition fluctuation reveals a small emission peak and increases after annealing.
The N composition fluctuation is also,.investigated by electric measurements and the
activation energy is close to PL data«The results-of this work demonstrate the possibility of
utilizing defect states for the experimental .determination of the band structure of
semiconductor nanostructure. The N compaosition fluctuation is also measured by the different

measurement.
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2.1.1 MOCVD = £ GaAsxN,/GaAsE + # & st

Apwme R R FRREFR RIS A RS SR A
7t #% i% (metalorganic chemical vapor deposition, MOCVD)#7= £ » # & & #7i¢ * ok 5
(100)= w n’"-GaAs At & A < X & 04um > + LR R AT A 550 C o £ fE~% it ¥
1 AL & B §_Ga @ * TEGa(triethylgallium) ~ As & * arsine > @ N P| &_i# *
DMHy(dimethylhydrazine) » n%] c4% 32 £_# * Sidg ek & < G F_ & 3x107° cm™~3x10"
em> 2 Lo b it kS K -k 71GaAs/GaAs (N,/GaAsHE - & B3 # i g0 BB
BRgit-3d 40A-60A~120A 175 Am250:A28:295 A » # ¢ i250AﬁﬂJ%.)§i'”$
TRAN1I8%BRAE TV U AREFng kR A WA 1.2%2 1.8% 0 BI[2.1]8 5 AT
FE ek S SR B H 3 R ERIZRIR BlPI A A Bk ] e Sl AV

20 4250 A B T H bk enGaAs 0.2 pmE ek B P 3RE_ A E 0.3 pme iEmhE
P n

et
\\\?{r
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212 % &R
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s w1 * xeray ~ TEM... % £ Rl R B LA P £ ek &
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g R T R R A AP KRS RS F R Bl B3 2 g
WREEriLG FE Sk s A2 R (relax) s § o 7 7 B[2.3a]% B[2.3b] 45 &
295 A sh TEM B17) > % - & Bl[2.3a] E_ i~ chgE Bl 975 B en@)?) > ¥ b - SR @IR A
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213 HE THERS
He VP AMABEENTHRID IR E R ZEENY T X ERPRESL TR
BAETHEREIEHTH APfIF REHES 2 ARSI G AL Al 23 H ARG
(Schottky contact) » 1 * A R H ARG T2 enZ L% > BAPENERHEST F T F
g o ",% TERAKG 2 PAP AT E AR SDT e B (TR 5 (Ohmic contact)4e
AP R ERIE RS BTSN F R - P e 3R B I 3
4T
(1) #i& D.water (2 5 -K)> 93 »& (%545 - HFEE) o I FF PREE o
(2) %% Pz ACE(FmiziR) » » 92324 4 %%\» oo E o
(3) i*ie D.Iwater (4 #+ k) 283 » 4 (fiF ACE)> £% § § vRiz °
(4) 3 » 5 BB HO TR0 15 1) ¢ 0 923 24 (3
25 )
(5) i+ DIwater (2 3+ -K) 53 » 45 (3 fﬁ;‘g’mf&,,z) s X FOF PREC o
FEFRSORS B P REAPATE & SmaskT AP hE BiERG DR <] o
AAREHY YRR A AL D 001767cmT 2 (AL B~ KRN £FE 2 1 3x10°
torr™ o i BA A F A N Al Vb B e APRER Y Ino LAk EaF e
2Bt S BInballisiE B R E K 300 Cerde e > BRS BInballF chT e @ 2

TIE A 10 QF B-H3x % A% EBIndSikdE b o dopt - R 227 APFE R AT

Lok SWE

B

22 BRI ARG

221 ks ¥ % E Bl 5 B(PL)
* E ¥~ #ri¢ * 9 PL (Photoluminescence) £ if] 4 o E W MsEfF Sk 3 9k i H P &
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(1) His 3 Hf(solid-state laser) : & & % 532 nm > & = ﬁia] IFF 5 1.3 mW o § AR

TA A 1.9% PN RMS T332 5 0.7% @ SpdoTin 6 X3 > 5 CW 5> 1

g BT RO R S ko

(2) ¥ Rig* & f(Variable Neutral Density Filter) : 5 7 & 33 £ » 8¢ 5 574 5 o700 4

LA A ek T EN fFBfﬁﬁis?J” e

(3) %7 % (Optical chopper) : #\ ff# #ri¢ * hf_7/5 34418 » FZHFF & 500 Hz

H P eht i @ ok chd 54352 2 L)t .

(4) FkiF 4 (Focus Lens) : 1 * R EF NP RFT HELREE A& o

(5) BirEE  FLEERMFEREDRFFE > P ZMF e 7 E
7 ¥z H8(chamber) ~ " £ * B %5 #%(compressor) ¥ # §1 F (mechanical pump) ~ 4

Kk Bure 2 f §7 F (temperature controller) o JAdt g MOF < ) 2 21 Ko I gt 1K

Bk AT L) Tk HEenR g8 B iR de B e BB AR 3 e £ F LA AT

BEARERKER -

(6) % i jg* & (Long-pass filter) i:a% if® #1@ % c-8_695 nm gk * > P chi g

TR WL HENCEERED o

(7) % % tk(monochromator) : 3] %L 2 ARC Spectro-275° H & & & 5 27.5cm p 3% %

FoHE AR SR TE R A R R AR E R A Y s d

Arig * ek 5 600 goove/mm(BLZ=1000 nm) -

(8) k& i /Bl % (photodetector) : & * 1&_ Electro-Optical Systems = & #74 & i

InGaAs & P % > % 300 K pF#7ig * ek £ 5 800 nm ¥| 1800 nm

(9) #Ei =~ E(multi-meter) : H#-k WP B ATHEAT T LB S o

(10) 4 4p *x ~ = (Lock-in Amplifier) : & ¥ 3] 5. % STANDFORD RESEARCH

b

SYSTEM SR850 » # p e ¢ & Bl e i EL o

I

FI* b o R IR E 0 BRE ERAoBI[24]470 0 PL BT L AL R R T AHA R

R E AR R A T AN R R R F gk Y AT 0T SR E R R AT &
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WP - BRE L T AP K B PL AT R P S E BB 56 B 3K 'T A 0.055 & PL
B 0§ F 0 TSR DM G B LT R IER R RDRRAPT
RS R IRY %Lgxﬂa%ﬁiﬁ%ﬂ%ﬁ%Hﬁ%ﬁ’ﬁﬁ%%ﬁ@ﬂﬂﬁgE

B RdRT e

222 T RERI(-V)

Bl s g DR TR AR R ¥ - BHA - R 6 SRR
F B 5o T I VAR R AP RS AT E RGBT R S LD
L ARG AT BN APT U REBEBET I~ B BT 2 T
Fne #475 1* KEITHLEY 236 (*1-Vie (7 £33 > » ¢ § BRI a i mE kT < 94

1420 > aBTm+9a10%mA s 8 33 129 & 100~500 Q -

N

223 RFBEMEHLR(C-VCE-GF)

TS TAPT R A RE G LR TG E R A G P (Fermi level) 2 £ i) %

FAE KT A BT R BRI S BT G B ] Mo F AL CV
Ao * R DCRBRTOTEET UENPI DL viﬁ"‘?;‘}%)}i%@ vl KRR

CET e SRR S ] RS a4 R an #1100 SUR R
FET Y T ERTF AN RE e A CVRERITAPT AR ACILSI S >
3 B RS T HE oA $HEF i mTp {3 & CF e GF £ 1% 27
A% AC IS D 100Hz 7] ISMHz> &7 kg B2 T 7 v d £i8] C-F &2 G-F 473
R e R for o — A 28 P (emission time) 0 A d T 7 A DI 5 chE R
T fEP R EaR L BETE A R PR s REH AL E, 2R ERG H o,

b2 BT R RRT SRR T BT A R e R A PR Y PR E
£ HPA194 FLpUH E AR A 15 RS PR e 71 6 B IR0 R T 2 6 g B Rl

b > transient (A8 ple KA * Lo T RE T o
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2.2.4 %R ¥ % £ Bl(transient)

WETRER TR PREAHE  AA T EA* AFHEADT LR FAPEE P
R b o e b - B DC IRR(—ER S ) i e 6 R) B - B L
R (filling pulse width)2_ {8 » #-DC /R4 Plide * BE > L FZLRH T 0 R A HRE

A IR B AR S  FDCART KPR EF AC S » BB Rl
TERM TR P P AP RRATLFP T B TN LRTRE

¢ =

BEOTR L o dopt —kd F R T FETF AR T AEF LB T R R

F«r

<0 Bl R 2R TS 0 kAot ek R 1R E 4o dislocation... & o R T F B -7
¢ &¢frm transient #-% L HEDRA) 0 F 2 dok TR E € A fo it & 4 AR R IR point
defect it S dp B it o ¥ —= 5 BE R KA F Fid > 7 F #m 5 A4 ik

LR R R EE T L IS

225 FR % T 3 £ RI(DLTS)

>

e

il ARk AR
FA RGP EATETFE

d &R BT 00D F NP E 5 (rate window) o I B RISt R ficr 0§ H R

2Rl B E P S transient hE PR IEARF o 2 3T

s

VHEE OB R L

1

3

P

l“b

M TR EAER

FROBRAEFA LB EEE S R PR R T RS G R Y el A PR
PP O BB RS o Aot — R F U AP L R Y S H R R R
DLTS ¥ 12 & ] 5 #(majority carrier)#? > #(minority carrier)§* + ik 150 o pFH A7 R

o A ERURE i PR T AR 0 ST R Y AL R ik e R -
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Schottky
contact —*}:Al

n-GaAs 0.3
(0.25&0.2)um
550 C

d GaAs N, SQW
T n-GaAs 0.4um

550 C
Ohmi R
conTa:(C:t n'-GaAs
substrate(100)
Si.wafer

OBRETEEETY

221- (23R ERES A RERLEHELR
Sample No. | 19 21 38 39 63 40
d(X=1.8%) | 40A | 60A | 120A | 175A | 250 A | 295 A

222 BR2SOATAE=ZB2 R § EAEDESF S

Sample No. 63 65

66

X(d=250 A) 1.8% 1.2%

0.6%
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Intensity (a.u.)

X ray diffraction pattern of GaAs___ N

1010 0.982" "0.018
10}
10}
10°F  295A
10}
10}
10° .- 175 A 1
10k 120 A
101 [ 1 L 1 L 1 o iy 1 L 1 L 1 L 1 L 1 ]
32.2 32.4 32.6 32.8 33.0 33.2 33.4 33.6 338
0 (degree)

B 2.2 # F B & ehGaAs | Ny E + 2 x ray S5 ] 7
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M 2.3b 5 & 295 A % 56 TEM W94 ] % F& e
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GPIB Interface

Multi-meter s

i i photodetector
Lock-in Amplifier

I
I
I
b=m=m==mn

1

Ref. Signal |
_rrot
Chopperl Focus lens

Long-pass filter

—l

Vacuum and cooling
system

Bl 2.4 PL £ p| s Fe2e
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Sz % EAARAEREAL Y HEG

3.1 ;&% it F¢ (Deep-Level emission)

311 §3 ¥ B & k% ¥ L LR (thickness dependence of the PL spectra)

B £ 1 * photoluminescence(PL) & iB] & st 417 o & @ % kR ¥ A 1.8% ik &1t &4
AR Ao R A B MOR B0 8 58 & (power dependence) 2 ] g 58 R FCRIE
& (temperature dependence) f&zk & & B » ¥k S ngr L E 3 o 7 A EH- LA R
KR chE S 2 (e R BI[3.1a] - W[3.16]02 2 FI[3.2]4 5l 5 40 AR 30K i jpess 36 &
(low excitation) ~ & 3 5 A (high excitation) 1 & B % g 5 & ™ % it i RPLE7) > % 7
SRB R AT E L BB 60 AGFIB.3a] ~ FI[3.3b]% M[3.4]) 120 A(HI[3.5a] ~
BI[3.5b]% BI[3.6]) ~ 175 A(WI[3.7a].~ H][3. 7015 B [3:8]) ~ 250 A(HI[3.9]) * 295 A(HI[3.10])
22 590 A(FI[3.11])F ¥ 5 i 4Em e Sk iR s e A IR R ER o fiplt

PLAE % ¢ v 12 'F—] Fl- B Ap - R “$ % AL E ehE F ¥ A E(quantum emission)

2 B RN T - A SRR LS L A D Y Y S T g R

FI[7I8I[9] > & B gip s £+ # K 2L4 ka2 - E £ 0.9 eV~0.8 eVER G Hugien
AT AP T P B R A B A B A K p 3 GaAsooaNoois® F F AR 0 F L fk &eeh

BELE- KRS 2

=

oo T - Rk D gk kRS F gl B ’ﬁt"ff K
T E G2 b gpet A 4 MGy £ T A AUR P TR A Rt m?"ﬂ* e
? & (recombination center) » 4-R|[3.12]%77 7 7 & FAF 5 (AR 0 *£ 7 R & ¢band to
band transitionz. “b > 4r% % 4%3iTValence Band(VB) A # - iBacceptor deep-levelp¥if ¢ &
4 band to acceptor transition > & Z_ 32 4r% # 3 iTConduction Band(CB)*tiT & 4 — B
donor shallow-levelif » ¢ & # donor to band transition !} 3 » #14 B AT AT
I e | %{ - BA KRR P ooy &2 2 2 A fAtransition 2 B A FATiE

Btk b R o BT LRI T b R S 2 12 e s
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o f AHBFFRAETLAFT VAP REOFIR > § MEF R RS EUELE 3 2 5L
REMFRTIHIRLEEFT I NG REFHFFRAR R EF F G M La
KA BB e g B k] YRS F e A fl’“i“g{*‘uﬁi%] rekFECGR L PR SRR HASL 2
By s R R+ ¥ o i (ground state) 0 @ 4k FERUBLEE SR 3 4o 5p R T2 il
TR TRRZ SRS o ijﬁ{’&% FERRETESF Y PkFI K FRPL
W F 2 Mg R R TG A EFRAEH 2T MER ST T T HEP B4
P42 L BLaR br B RAR fo o 4 ;j}u{#f Fadt (2 A AR o P s 4 B - e
Bep 2 (6 R IR > B A IR S BRI R i o e E] T R eE s R
¢d B3 F BT E o 3O ARG B R R 0 AR A LR S ¥ g L
d BI[3.13a]% BI[3.13b]A & 5_ 60 A% 6 HE B2 250 AR e 8 sk B e

Rl B F LA A NFA 1255eV T B G b fE i - AR B 2 £ 8

1%
e

F2BBEFET H04um > AT T ek Eal 5o K7 L Ak p 3 g gl o e )
MWE AT FIFAY FFS’)% A MR & £ 7 liquid encapsulated Czochralski (LEC)enGaAs &
# @ % ITI[10]> Chiang et al[11]. and Ohbuetal[12]+ 25 £ RIFIiE B 5L B2 Rk
GaAs * ¥ Vg, e84 Kpoint defect) s . BE42 [ 7 70 & PLAM$ipcs % & cp BE £ R 4P

EHPARL ABFFRAELTFEAM TN EETE o B BRI ¥ BB A

+ g»ﬁ A7 foenfia) IR o % ﬁinjmﬁwf bl XNE T A B L B aE S

2 B4 d W[3.14]¢ 7 0 f P GRPLE RIS R 0 R fReE 0 B3 2 g o

¥ U 'l"ﬁfﬁ;*{ 'ﬁ Il ATt UFE R AR LB 0 F ip- ke &2 ;FK? -'7'?1 3
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ﬁ’gﬂﬁﬁl%ﬁﬁﬁ”‘?4??wmﬁ&%ﬁ%@%ﬁ«,»%§%%%ai
REHHELESEL L Aol - RTIRFAASEE E P L AL A
g

'

PO PEAr S B S Lg dfechnge Bl i xR € " A Bk 3z BFend £aitie - d 25

PR &t g B A PR E R R 2 - Ko R 4 LRP s Bl
REER U E 7 BACIUn A B F 74T 0.055 #rre g 384 enl] ) L% 5 2R

SUEETEREE P 13 SIEES B3 S L NS RN E N SURE S S

=

SR AFY o T AR EERAT §ERIEST LM o BT LA

L

THMERFE SRS AL LN Aot A A IR o AR DERIY AL
BERNEFHE LA - R - A ARANB RS LE AR vgulgrs—a V] %a;g—*{ﬁv
AR FRT A FE PN LR A R B RA L AL 2B A R
PHFEFLIRAFLRILF I NEFF 20 dept - kg0 Bk

%ﬁiﬂﬁﬁ%%ﬁa%’?u%mﬂﬂ%ﬁ&ﬁ%“wﬁﬁiiﬁ{ﬁﬁﬁﬁ’#ﬁ
A F R R e B PR F enie 4 RS H P E LAk siRiTt VB E”FT%LCB g

SR EEL ARSI R VE RS R A N

2;1‘670
dF G ARt A o b EA S I8%BA PR FOR IS BRIV UFER
Sl R F 2T - kR S G WS B APLIA & & Az

LA RS K&%}%‘}iﬁjﬁ"“xf PR TR T PR F F AR itk R U g
S e od AR 4 FWGT RS S EFRAA R i B R LE
2T TEcl/l s HY ES R i i LT LR 2 TR R F R R H
N A BT LE[3.16a]F HELEARET X PHF LN EHER TRET ]
MR g PR AR 5 R e 3] 250 AR I eR R T 0 BN 0 9T A 250
Az th el R Ak A 1 4RF 1AL T D GaAsoosNooissCB edge| VB edgeshit £ » 2 Bed
¢ IBI14ISI16][17]7 12 4o 4 e » - BR8:F (dilute nitride)p § % 15 #7°% SCB edgeie
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P VB o) > ATl de » § e BT T s o A & 8 MCB edge 0 et - R
FEFAERM A A2 OPFL BT g AL R R FED WCBA MG i £ 5514 o
2t B W3A5]Y BRI Y - BN AI Y 0 0 B DB T G
Hehg Pl RS B A BB SRR A R B R RS S AT

% BR3I6DIEIL R T ¥ ke R R T LT fEE R AR

%lc LSV

‘ﬂ\r

MELZ B R F T 02 eV v 0 BVB2 F 02 eV 3k
GaAsBhik KaVGaTig &+ i Ig o @ iF K AL U guenf S R & 17 5 e A 5 ¥ ih
CBAET M  FiFamp2 g3 L iEpiET 04 pmi b &7 A 7 i 24 & A4
b hAR & o m RS F TR H P AR R PR A BT S oS B B IELET R AT
AADAE I - BRRES I Fd - a3l 3 2 it 8642 e
PER BB AR B AR TR L ARF R T TRAEAL BA 0 A S r
¥ € @ CB™ i<~ ¥ 300 ~400 meVigd T ¢ $1ackaic e g = - TRy & 25 Gk o
TR D Rk L EL g R R+ d GaASoosNoo1ssPCBE T B PR R A R ELan T
FAARE D NG hopt TR IREEIE I R 5 PR cak KA S - AR

P oo Hag i £ @] L CBahiE iRk s F 2 B enit £ A 8 0 4o %

g oeie B4 B IRA A Rt g 56 AR DI Vg BE4, Fiat VB! 02eV: @
B A R 025 eVE AR 6 Bl ek oL Bk {2 GaAsoonNooisE
+ 27 B4 T 2 E.GaAsgosoNo gt ICBR EiE & ae & A o

B4 250A FIB.9]R (T L B iwendEsd 0 T OUFRINE O AR BB R NG AR
gz ovhgpelx i S BAMEL HY - Bt P AEGE 1319eV ¥ - BANESF X a5
MELLE AR PR PR 1.172eVe ¥ 1.319eV H 2558 B (%33 7 » 3 i3tk

Rl B R ik 2 3t 8 3 2 A g s S B A }_Ej_}i_:hg fé'}é]:_—ﬂ

3
s

e AR P A GaAs e CB IR s FF 2 B eniii o G RRCmEFE 5P HE

—=

FEAB D BB ML IT o A 250 A £07h B R G ¢ B LR B T4 &
A BA R ART F g LEF AL R ey AN 250A 7 g A FiE
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BMEGLDR Flo A ¥ oh— BIELA M EF F EL S K 42 meV i B ELA P AT R
H L e x § o7rig 2 s &k B 20 (N composition fluctuation) & 4 &3 5L F] 5 Ak o
g P (18] HIMF] » FERR S 2% T I B EF 2 E 30 meV it

AR R S LIPS RS 2 R L

312 § kR &5k i r# (N composition dependence of deep-level emission)

THEE AU 20A FLFEFEN AERERATAPIEL I 2B FFER
g+ 2 .,‘%ﬁ HER &~ W E 1.8%12%M % 0.6% ° @ iz= Bk 5 ‘-""f TFERLY L
Bl Bt R 2Apke o B EdRd RRIEE R SR 0T RER AR A sl ¥k

BB fhod 3t 1.8%nBlA, G ¢ S I ILIE ST R A E A0 @ BI[3.17a]~[3.17b]

=l

21 B][3.18a] ~ [3.18b] 4 B H_F ER 5 1.2%1 % 0.6%:1 8 PL :o s % B hE A 0 &
FFRRE PRV UFERew G ApS - KRB E S T 3 EF R AR L EE R H
AR A B SR P AT LR R A BT LA A vz BRA T
R FOERER S 1.8%E MBEE S EL A 0.6%TL RFnE 1.2% g4 FEFEF
ERBRBFE T Y DAL § FRA N KBRS F R TR Aok A G
R

Lo gt — K 0.6% BRI X B o ABI[3.19]H -2 B A kR hGE PL BA5E

i

R EH CBedge 462 128 » LR T2 B B L3 BALEF LY P

b et (G R 18%E R 22 K)o e 18%F Pl £ 3 2 2Rk

AR th AR UL > Bt B3 B 2 3R F P]- BATIRATURE S f
1.2%22 0.6%£1 PL # £t it 5 l4e 1.8%% $ 0 £ 3 2 ;551319 eV - 7 it L75

b 12%PF R 5 2 B iAot - kIt BREEF T GaAs SR A R FE 2 B emUEL

H BB R @ 0.6%H Bk ELErE 1319 eV e E & o Tl B

&S
ks
4

Y %
A BRAT IO RIS g RE R R TR 2 50 ok p ot GaAs BIFEE A PR R £
AH O EAAPPTEEAE A BRSSP PG AL P T FLE B DR FEL

AELE PLARHER Y 2P iy 5] o
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Z BRSO B 3 H B angE b e W 21172 eV (X=1.8%) ~ 1.245 eV
(X=1.2%)%7 1.33 eV (X=0.6%) » #-35 4" 20 5L A 12 & B][3.20]49 7 v $ > (%P B ez g
AL B FE s AR S M T ORTI LB R A PR G R B T AR

B LB PRFENG ERRECALDRFPN - FOFRRDEL % CB

\

edge fp 4ot T § A2 LB DA, > A L F BEFRE LR DB & 8

4

Y
T AT aEL. 2 A A ARt o g AP SR 1.8% AT E 3 F g

m\4

KM ELH F s g d st e A R0 F ER CBedge 4o A g2 402 0 i
(R APL G cnEX UL 250A R peng ERTE g+ & CBedge 2T
£ - BESAREOULS S anE e %0 250 A 2 A FI[3.10]:0295 A & e
SR 2. T4 T g Pl AL R e A )G 5 RS T 205 A B it e MR

BL A RIT T BRI TR PR S BRELRIERE K o
3.2 GaAsy Nyt ¥ % 33t # (Banddiagram of the GaAs; «Ny)
%gvj om A E R LR R R G- B A 370 BT U < R P21 2T GaAs N E F 2

gk KM AR BEREE Y ANPE Y %%‘E’ Hp ki X2 I A4 7 Fh I

MEL > kT f2GaAS N/GaAsH L & Ssra) S G F o o E % S 0§ 4o 2

- 2.8 § (dilute nitride) P% § + tF "% M CB edge® ¥ VB G # /| 7 T > @
GaAs|«Ny/GaAstH #L & 8 type-I2¢ Htype-Ilte & = 73 L3> A MEAENP T * o 6 o>
B E 2 s o I 250 A% Fk R RS R RI[3.21]  BI[3.22]% RI[3.23]4 4 &
NEBARFERT KR BAY 7 G F S a2 AR IIPLY A7 R P T)
SRR R B L BRIP4 E D ke A &L e Ln g
AfI* MEATEROREL GG E o g AR IIX=18% F1G e BERTF LRI

GaAs CB edg22 iF & s Fe 2 B e i 1.319 eV s #7 i f* i BacfFfR & s 2 €+

TF

20 R R A i FE2 ARE 0 7 145 11GaAsosaNoois/ GaAs R B g 1CB offset + 4 &
0.294 eV - % Pz b F o E B RR G FlEF e AR BT ATA S a0 BERLE S
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H A9 L0042eV #H250 AT L B3 B A SE > A g nE][3.15a]F
B RS e gt S RiTCBedge » Tk 2 MRS 2 Sk i (£ CB
edge » 4oyt — kB F 2 g kit 2 I{ ¥ g & d CBedgef|VB edgesiiz £ 5 1.214eV >
e A e 53 GaAs (Ny/GaAs=CB offsetznic £ £ 8 > #3578 B it £4p e i £
GaAs=CB edgei|GaAs)osaNo o177 VB edge » 4rpt BiZ 7 12 {:ﬁ d drfGaAsit 14 (Band
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WaicFg o % RRE+TBREFTFET € 22 RAIIBHELRD NT 73 E > §d ShaoE R
BR AP AT U T BT e £ GaAs® R Bt E 4 ik o O i B A T}

TOLF R E A AR o RATEBEER G

ARHARRTIOSAE R AAT AP CE AT FTRAY £ 250A 4 bR
B vt g ® PE g RN G AL ) R e Bl o o A P S h iR R 7 DLTS hE
B> BI[4.12a]22 BI[4.12b] E_tedp I BRI T o fe BT G BRI S 33 3t A B )
R LA G R AT R IR I S B R RS T LS Pl B sk st o
POERRM R BT e BB S 250A chEa ¥ 4 — BB ¥ 323177 Ec ehEcl
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R Ea LS BT REEREFHE o Ecl i it £ £ 5 8.0489¢eV>

B R e Bt R i e B B[4.14]28 1 #4-H  Arrhenius B2 250 A & f- 4= 1

IH e

.

250 A pE 7R R B eh Ec 4R § 3T T iR A P 0 i 1T - B AT A ek e
404 A BT 5 PR EL2 0 A P G R &R h DLTS & A [4.13]
RO BB R G 295A R ET & FEIRGEEcl UEL BB G A PR i B
BT GaAs ¥ hEL2> @ 2 A FHE295A T BL2 % i gl e R
B295A e F HURER Bl e 1 g Lo i AP a2 EL2 § BeE i
RS Ee BB T LA BT L T"-{-{r’ﬂ?- A g it g R IREF A
il A RS T RARRE RT3 FL EL2 T LR F S T K
AF T A 9 GaAsN & GaAs i & o PTG £+ B RGFERA Y AR ET
37 2§ i £ B CB offet ehit Fp o e £40E A 4 hft 3 5L 452t 0.4~043
pum @ 2 60 A 9028 um § - KA L F 2 FEARIFERL DR T A 2250 A
2295 A B R HURFT M p B RORF ARUBL ARG § R 32 BAELI AW G Y
WF S B EFE N R - AR MBS S B H G S X PR PULF g AU R
LR i g ARAELEr £ AORE 0 B AL S X T EL2 4 1R SRR T T A

i m B FEP o

42 §F kB ¥# e 3 (The influence on the defect state of N composition)

421 7 % B E B (C-V measurement)

BN AP R R 250AT 0 2 B F F R& 9GaAs NE 2 Bipd iF
Wi A REE T - RO HmAOPREFER A Y S 1.8% ~ 1.2%2% 0.6% o — B4 R
TR BRER 2 ARESFLE SETHTIRERZEAPERI TFTRER D H

BZBARERT R c FAFRAL 18%ME S AT ¢ LA KRBT o HrLigf

I~

BRI TS BER 1.2%2 0.6%F 4 B[415]40ER 5 12% kST F 2 REB £

ek

BTERT AP OFI G FEROR DM TR NRPEEST S T
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TP Aok 18%A 2 2L AT AT

HER 5 0.6% H[4.18a]2 B[4.18b]» W A HE 3 R REP I 4R EAR B AHH @
R - i PR AAME L LFE T UG IESF 2 e 2 4
HAek 1.8%2 1.2%* T8l 3 X LRl - HEF 2 WA/ AR
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S T L g b R 0 A PR R B A T B )
B il BEAMORIRT TG B TS 0 R T o ¥ G
R AL B L BB 0 R AEL2 chy £ R BT 0 4T f 0.6%
ERESE PR RLR LS PRI AR AP L 0 AR S # F LRk
Restdes > 1% PLER LS & BOX R T B2 VBB F 1] > BIE % 94520 0.1 eV
T AR T I R E S AR R B AR T A8 R R
o ke A E BT R B L8%AER 5 250 Ap o §
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Fr'f»:'vﬁ #Ek’m'fﬁ_'h’»—’g é—*&‘ﬁ%\‘i ﬁjzi?piéiﬁﬁ 4./\%901 rn_.,_\gp), {Lbﬁ{—\ ,HLrlj$\—+

A

bd Fent ZARRAAPR R A G A RS .

4.2.2 i =g 5t FE 3F 31 (Defect and energy level discussion)

b 1.2%:R ¢ o EAE S B T P A B BB T 4 B R C-F 4oBl[4.16]

-

om0 fr 18% AR chA iy T U TRt R AR A, IR 2 d # Arrhenius ]

pau

TR EH BN S 0322V 58 1.8% TR P T Ea p g 41T 0 e i A
4 % Ea'» &®I[4.17]s DLTS £ Rl ¢ k& 1.8%4p F ch& 7 10 5 3] & M8 37 Ea'#
At s 0345 eV ® FiEs N Eco iwf Ec @@ g T E DR R RS - -
B AR 1.2% 0tk & » 7 3 EL2 42 Keaeiy e 330 Ea'# 9 3%- C-F &2 DLTS s 5L
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A g FIRHE L A TE g (AR - B ORIR 0 AT BRE B Arthenius Bl W
SRR S 0.304 oV BB EE Te crBa gk 0 4 T LF TR & A ok
Redrig *enic FE 0 e o PL é0E P CB offset « 4 0.21 eV ¥ £z 8 2RI Fl R+
B o s 2 1.8%4p R d TS A L B s T A A e o e B
WEL AP E G g R e 1.8% TR BT Eb > & T AR R R A7 5yt
TR A2 B FWET UL T Blwh@ Pl £ K% C-F3 (¥ R|F
HEHEFER S 0.6%9% 50 i3 s‘\-i\‘—imz?_—’;imﬂ%l‘?npb}?ﬁ‘ v B B F 2B ST
RS BR ] 0 AT A Bl[4.19a) 22 Bl[4.19b] 4 B F 0 ”’Ff, IEES B R RERLE
Rl RS R POl LG pEE RFEHEOE R ARIFSDRE-25V E AR

LR EIR R A R T S R R e 043 pm i g - 1Y TR

*EH

FHAFEE R o Wa o AP JIF DLTS 2 (F 2R AP AR E R 3 @ik
& 1% 4 F1[4.20a]-1~-1.5 V 12 2 F[420b]-1.5~25.V » fizd B /& e Bl P A w4
FIA B4k Raa i BL IR > 2 1.8%40 e sn A MR 150 K = + 7 3 Ea” £ IR R R

B

M-

230K ch Eb'ia A B 5 St T8% B/ MuR A 1 — & v r i H R iy )
1.8%#7& 3| eis i iy ke > & w2 Ba” % 0.247 eV @ Eb'P|%_0.384 eV iz BiiL
e R d AP H S A BRI iR R A S e ST B EL A
Pt et B g B 1 5 B B AR 0 BI[42118.0 w2 345 R R 3 0.6% 0 5t
LB BERT i F T (rate window) 5 8.6 ms FFen DLTS %1t » £ — B4nenifp /BT £ 102
FAKGT A A DT BRBRT - B4H R Ed Ea” ot ¥ 237 -1.5 V~-2 VEY
AL R AR I 0k h 0 2 EbEF g A AR BB L o @ 2 (S ehiR /R
BT g DI frehd BRAgL o B Bb e g B R3S VAT L B RIhE] i -5
V-2V 2 B E Bsp et 5 0 4o Eb/im i £ a8 F 2 T RGFa FE 0 4 & iR
BEFE DR A FURDRER Y € ERIFIUELEZ R BERE K A ?—* i m
A T GaAsN & GaAs 22 F > e Zi5 7 0 d SRR RE 0.6% ik S H £ 6
RSP I RFRET R A RS RRS RN §F - RRE
MR 8 1.8% R & o RN BRITIT R A G chiEl > ¥ d F][4.22]1] -
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& 7 1R T % 1Y ik & &0 photocapacitance £ B0 &2 1. 8% #F eI % i 0.6% Tk &-iF -
BLeNi R < X2 V-4 V 07 10g 315 EL2 4% e o fe 22 1.8% ik &Ap v il 1
FRIEZRAGLD > P 0.6%F & AIF- BORR A LRI T T g 2 E 0.6%
gk s-? H OEL2 cndd FaB e o dopt AP A C-V AR R P ks 4pee & 0 FlE
EL2 Rk chik iag (L chm It 3 > § BL2 AR RF P X7 2 gt B
BOEA AT o TR PIR R R R e k0 F 28 0.6%7 5 2 e EL2 ik
B MM IHEEI A 0w RGeS it Fp A C-V T g I+ 2 oh
WEL e A s w Ea” 2 EbE 78 oA AR R o A Eb/amug > A+ DLTS
AU R g (Y o B][4.23a]27 B][4.23b] 4 W ES B A i X F 2.15ms ¥ 0.86 ms &
BRI % s hiea BEL fF S5 > Ebamusi ¢ dpfreiiz 4 F Eb Lk f 20— a2k
R 2 AP R R 22 ¥ H 4 P 2 (capture barrier) g % Ebm =

TR G A PR IR 0 TR PR R G Tl B PSR A B8 B RITIA IS
drcst i o B ok 44 0.6% ¢ Ea” A e 17 fransient 444+ H #42 £ 7] > HI[4.24a]
¥7 [§][4.24b] 4 B E_§ p] Ea” 4 Kot bf(emission) 4/ & 4 $i(capture) » § B A& * X 130K
1160 K 177 12 R ) B b endiido fe £ U PR A0 5 P2 B | 1P B dd dR T
A0 B G R EbF Mg % > AkE A T g B Ea” MEEPR R £ e

ERAp RS B A - B e

2T f A B4 0.6% 1 B I B’ SED (r- 3t A BEET B G L

T EA RS RERGRAPLE A LA S AT TR P SEa B gt ia

o

FiT3CB offset > ¥ 0.6%m 7 > #714 feipi#Ea” & &.d & 40 k& sl rig & ahiy i B

3|GaAs CB > 4rf w6 PLATE B3| chde 0.6% k&5 ¢ 0 § chs A s or 4 4 n
FefF+ HACB2 T 5§ 60meVaGaAsCB™ + 1 0.198 eV = + » i& (%4517 Itransient 7 &

B30 0.213 eV Fl 5 £+

feehT + 1w 0.6%T EFRF IHEERF Y # o 2T EbE s
W P 3% 2 B 71 GaAsgomNooe B+ 2 ek ik 0 @ T 2250 AenB B2 TR 3 2 gl i
BAAEMRFa I A P £ 60 A ARSI ¥ 1.8%7 #TE B3] FEbe
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0.6%% Ir | ¥ B8 5]GaAs CB#712i5a B £ B X 98155 0.07 eV > F] 5 & 4 fok
fe#7 A& 4 eh& Jocalized state » B s FF ¥ ac LA 4 - B R F o r E B hiz ¥
PV ERIT - BEFOE ADLTSERIZ T4 A5 Fa A2 FAE g APATE
BIFlenE G R L od AP ot P2 e R ROV RF BT E RS
CB offsets % § k& % it d 0.138 eV(0.6%) ~ 0.209 eV(1.2%)£7 0.294 eV(1.8%) > 4%
£ 4t d DLTS#T & pleniE § (FCBoffsetP| # it € B "EF § 34 T MEBITAPLE B
[4.25]7 125 B3 - & 0k B3 B P enCB offset > W $H s 3 Fik A § f- Az X a5 £0p)
77 e7CB offset?] &% [4.1] > ted @ 7 10 7 » £ 250 AT 1.8%27 1.2% 7 & ip| 3] e 1t
NATH R RpRSTRP I S ESE R T - B BIEE T AR
PO ATA G R 0 F AN R ETETA G T 3 € R H - Bt BRI TR
PP AR AR BREUPEN D § AR - i s BRSSP AT R R
BRI AT RE 4 6 X DA T * MAEL2 ehg £ 0 e b e B sl i
N PER R A ud TR BID bR R A AT T AL i BV R B AR
G AT LG PEE D RERP AP ER B2 BV T FledFd o £ ok
d BI[4.25]91 % Suitiv fFF 0t B g R R CB offset+ % £ A5
Y (CB _offset) =0.05767+0.13X (N _composition X) ineV

AN B g TR - P RARE - A G- BF A § A2 150 meV
Z + e CBoffset » @ igif4rdk 7 4 g & §Es 3 = 5 130 meV > #71Y AT T e
NI A A RFAV R AKp 3 AR ERYH 73 VBagE oA TN
RHME 3 CB iy » VAR plamgisd 8 F AP » #rrigd 1 € A2 4 9 30~60

meV H3EE o
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% 4.1 #1222 p¥r1E 72 kR 0 CB offset

L8 PLEBIV) | THEERI(Y)
0.6% 0.138 0.213
1.2% 0.209 0.304
1.8% 0.294 0.344

Bois APz kA3 kR R RIS & FI[4.26] Arthenius Bl B 0 #-0rF £ R

From 4

HEC S A E B S
Rl R A
Brigpg o d e T MAri Az BEAT
H2 T ETPR PR R EEIE R RTNES AT
e B
R dFlt o gd -
- A AR

Ebdx pnd KR P & Fr T H ¥ e AR o (e ¥R T GaAsenghak finH

b BEREP &L FAFG § S Lo e s LR

W > #

» Rl T

44 [4.2]

T oo A

it 22 GaAs A ) LS et

=

N ‘F”fi*p % 40~60 meVen= 23 fgae frE £ 3

1,_7‘#\ j\??@/#‘”fg

e B R EAEERDE R AP

RATHELS il fe3h 9 G A 1 B R A ¢ -

B4 ? ¥ 15 P& A P EacEa 2 2 Ba ih

e UIEAN AR 3 § U
’ 7% _p El: 1 S
BRER- IS = P

i sl AN S sy Nl R MR 2 5}

3042 BT L LR SRR IEE AR HER G H

& ha| EitiEeV) | HFES R H(em?)

250 A | GaAsN63(N=1.8%) | Ea | 0.344~0.404 1.355%10™
Eb 0.447 5.937*10°"

Ec 0.753 5.084*107!

GaAsN65(N=1.2%) | Ea’ | 0.322~0.345 1.679%107"°
GaAsN66(N=0.6%) | Ea” | 0.213~0.247 8.376%107"

Eb’ 0.384 1.411*¥107"

295 A | GaAsN40(N=1.8%) | Ecl 0.489 2.89%107%
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GaAsN21 60 A N=1.8%
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Ol — | . \
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GaAsN19 40 A X=1.8% 100k Hz

T T T T T T T T T T T T T
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T
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700 -
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T
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T

500
400

300 .

Bl 4.2a E & 40 A k78 1.8%#EZ4100K Hz %8 C-V B2

GaAsN19 40 A X=1.8% 100k Hz

T ¥, T T T

N (cm®)

Bl 4.2b B & 40 A kB 1.8%4F % 100K Hz % § 47 B2
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GaAsN21 60 A X=1.8% 1M Hz

1000 i
900l 120 K ]
. 160 K
800 |- 200 K |
- 240 K
L 700F 280 K .
Q_ L
S ol 320 K ]
O .
500 |- i
400 i
300 1 1 1 1 1 1 1 1

6 5 4 3 2 4 0
V (V)

Bl 4.3a BB 60 A B 1.8%#3 IMHz «n% 8 C-V B7

GaAsN21 60 A X=1.8% 1M Hz

T T 1 T T

10"} f=1M Hz —— 120K
i ----160K ]
—--= 200 K ]
c?/\
e
)
- 10" 1
0.10 015 020 0.25 030 0.35 040
X (um)
Bl 4.3b B & 60 A kR 1.8%%F % IM Hz %8 47 B2
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GaAsN63 250 A X=1.8% 500k Hz
750 —— 71—

1 n 1

30 25 20 15 10 05 00
V. (V)

Bl 4.4a 5 & 250 A k& 1.8%% 3 500k Hz <8 ;8 £ <8 C-V B7

- GaAsN63 250 A X=1.8% 500k Hz
10 T T T v T T T T

0.30 0.35 0.40 0.45 0.50
X (nm)

Bl 4.4b BB 250 A kR 1.8%4F & 500 Hz c13% i§ £ #E 47 B2
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GaAsNG3 250 A X=1.8% 5M Hz

1200 —— 7
1000 | 320K 4
- 340 K |
900 - 360 K |l
= 700
o
600 - .
500 - .
400 | 1
5 4 3 2 1 0
V. (V)

Bl 4.5a 5 & 250 Ak & 1.8%% % SMHz (%8 C-V B~

GaAsN63 250 A X=1.8% 5M Hz

10" ———— — . .
(")A

= —— 300K
S ----320K
—~ - 340 K
————— 360 K
———e 380 K

1016 | i

0.20 0.25 0.30 0.35 040 045
X (nm)

Bl 4.5b BB 250 A kB 1.8%4F & SM Hz «n% § $SF B2
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GaAsNG63 250 A X=1.8% 500k Hz

T T T T T T T T T T T

(P
N
3

400 -

300 1 " 1 " 1 " 1 " 1 " 1

V.(V)

B 4.6a 5B 250 Ak B 1.8%% 3500 Hz 1% ;& C-V B2

- GaAsN63 250 A X=1.8% 500k Hz
M0V 71

0.30 035 040 045 050 0.55 0.60
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Bl 4.6b & & 250 A k& 1.8%%E & 500 Hz 1% ;8 C-V B35
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GaAsN40 295 A X=1.8% 100k Hz
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o
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400 | ]
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V.(V)

Bl 4.7a 5 B 295 A kB 1.8%# % 100k Hz %% C-V §l*;

GaAsN40 295 A X=1.8% 100k Hz

1016_ 1 L 1 L 1 L 1 .'Vl‘ L 1 L 1 L [
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Bl 4.70 BB 295 A kR 1.8%4F & 100k Hz % § 4 F B4
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GaAsN21 60A X=1.8%

10 I T T T T T T T T T ]
ol ]
— 10+t s
L I
o 20f .
<
=0T Bias : -2.5/-4,5V |
40k rate window(t):
| 4.3 ms ]
-50 | 4
50 100 150 200 250 300 350

T.(K)
B 4.8 B & 60A KR 1.8%k&-2.5V/-4.5V »DLTS 87
GaAsN63 250 A X=1.8%

Bias:-0.8 V

550

310K
300 K
290K
280 K
270K

10° 10° 10* 10° 10°
f (Hz)

B 49 B & 250A ER 1.8%i%/%-0.8V 1% 8 C-F B*;
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GaAsNG63 250 A X=1.8%
0.2 .

Bias:0 ~-1.25V

0.0

AC (pF)
S

| rate window:(t
4.3 ms

1 2.15 ms Ea Ec

0.86 ms
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T (K)

B 4.10 5 & 250 A kB 1.8% % /&-0 V/-1.25V 5 DLTS B4

GaAsN63 250 A:X=1:8% 100 K

T = T

522

520 . 1 T L] P | . 1
468.0 u T v T T v T Tl v T v T

467.6 | ]
4672 Bias: -1V ]
o I .

nght on =] Bias: -2 V

P -3 T R —

4200 o Tightor e ]
4256 - : Bias: -3V 7
3696 i A SRR TP TP SR st |Bia.s: -|4 V. ]
349.6_— . . . . . ,Bias-,SV 7
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Time (s)

B 4.11 BB 250 A k& 1.8% 8 & #% /& ™ photocapacitance 7
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GaAsN40 295 A X=1.8%
0.008 [~ . .

T T

Bias : -0.5/-2.5V

0.006

T

0.004

T

0.002
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0.000

T
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-0.002
rate window(x):
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T

-0.008 -
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B 4.12a 5 & 295 A kB .8%iKHE0.5V/-2.5V g 284 0 DLTS B2
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GaAsN X=1.8% different thickness

i 60 A4.3ms |
X0.1
L Eb i
Ea 250 A
Ec
295 A
EI_\ L
2
o rate window(z):
<1 4.3 ms
2.15ms
B 0.86 ms 7
Ec1

50 100 150 200 250 300 350 400 450 500
T (K)

B 4.13 % I GaAsposoNpois® + 2 [%-}i eDLTS B2 vt a8
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0.982" "0.018

GaAs_ .. N different thickness Arrhenius plot
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GaAsNG5 250 A X=1.2%
480 RAALY

Bias :-1.7 V 290K
300 K
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320 K
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440 2 — 3 4 6
10 10 10 10° 10
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Bl 4.16 B & 250 AsER 12%iH/E-1:7 V (7% 8 C-F B*;
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01 ———T——r7——

- Bias: -1/-2V
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GaAsN66 250 A X=0.6% 100k Hz
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GaAsN66 250 A X=0.6%
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GaAsNG66 250 A X=0.6%

0.2 T T T T
Bias : -1/-1.5 V flling pulse 10 ms
L o00f -
e
o
< ®)]
0.2 - .
215 ms
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GaAsN66 250 A X=0.6% rate window 8.6 ms
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GaAsN66 250 A X=0.6% 105 K
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GaAsN66 250 A X=0.6% emission
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1. TRPL
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GaAsN39 175 A annealing 600 3min
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GaAsN66 250 A X=0.6% Back side
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2. Raman
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BAC model computer code :
1. N concentration

EGaAs=1.512;

T=30;

k=1;

alfa=5.408*10"-4;

beta=204;

a0=5.6533; %% GaAs lattice constant

al=4.5; %% GaN lattice constant

a 0=-8.33; %% GaAs hydrostatic potential

a 1=-74; %% GaN hydrostatic potential

b 0=-1.7; %% GaAs shear deformation potential
b 1=-2; %% GaN shear deformation potential
cll 0=118.79; %% GaAs elastic constant

cll 1=293;

cl2 0=53.67;

cl2 1=159;

%% constant about GaAsN %%
for x=0.005:0.00001:0.023
ax=(1-x)*a0+x*al

a x=(1-x)*a O+x*a 1

b x=(1-x)*b_0+x*b 1

cll _x=(1-x)*c11_O+x*cll 1
cl2 x=(1-x)*c12 0+x*cl12 1
f=(a0-ax)/a0

%% band gap calculation %%

dE=2*a x*(1-(c12_x/c11_x))*f+b x*(1+2*(c12 x/cll_x))*f
En=1.69

Cmn=2.45

Em(k)=EGaAs-((alfa*(T"2))/(beta+T))
Eg(k)=0.5*(Em(k)+En-(((Em(k)-En)"2+4*x*Cmn”"2)"0.5))
Eg x(k)=Eg(k)+dE

k=k+1

end

con=0.005:0.00001:0.023
plot(con,Eg_x)
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Eg xx=Eg x;

conn=con'

All=[conn Eg_xx]
save('d:\myworks\Egcon2.txt','All','-ascii')

2. T dependence

EGaAs=1.512;

k=1

alfa=5.408*10"-4;

beta=204;

a0=5.6533; %% GaAs lattice constant

al=4.5; %% GaN lattice constant

a 0=-8.33; %% GaAs hydrostatic potential

a 1=-74; %% GaN hydrostatic potential

b 0=-1.7; %% GaAs shear deformation potential
b 1=-2; %% GaN shear deformation potential
cll 0=118.79; %% GaAs elastic constant

cll 1=293;

cl2 0=53.67;

cl2 1=159;

%% constant about GaAsN %%
x=0.018;

ax=(1-x)*a0+x*al

a x=(1-x)*a O+x*a 1

b x=(1-x)*b_0+x*b 1

cll _x=(1-x)*c11_O+x*cll 1
cl2 x=(1-x)*c12 0+x*cl12 1
f=(a0-ax)/a0

%% band gap calculation %%

for T=30:300

dE=2*a x*(1-(c12_x/c11_x))*f+b x*(1+2*(c12 x/cll_x))*f
En=1.69

Cmn=2.45

Em(k)=EGaAs-((alfa*(T"2))/(beta+T))
Eg(k)=0.5*(Em(k)+En-(((Em(k)-En)"2+4*x*Cmn”"2)"0.5))
Eg x(k)=Eg(k)+dE

k=k+1
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end

Tem=30:300
plot(Tem,Eg x, Tem,Eg)
Eg xx=Eg x';

Eg uns=Eg'

Temm=Tem'

All=[Temm Eg_xx Eg_uns]
save('c:\Eg.txt','All','-ascii")
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