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/ p-i-n

1.17-eV

(250 500 1000 2000 nm)

(0.05 A/cm2) 0.38

0.46 XRD

SiO2/SiN (0.05 A/cm2)

50~70 mV

p-i-n 42 AM1.5G
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Abstract

We study the fabrication and the properties of GaAs/GaAs0.97Sb0.02N0.01

heterjunction diodes deposited on GaAs substrate. The energy gap of the 

GaAs0.97Sb0.02N0.01 layer is 1.17 eV and lattice-matched to GaAs. For 

as-grown samples, the forward voltages at a current density of 0.05 A/cm2

decreases from 0.46 to 0.38 V when the layer thickness of 

GaAs0.97Sb0.02N0.01 increases from 250 to 2000 nm, indicating that the 

increase of the GaAsSbN layer accompanying the defect generation. XRD 

result also shows that the thicker the layer the worse the homogeneity. In 

addition, the current is proportional to the perimeter instead of the area of 

the junction, suggesting that it originates from the recombination on the 

junction surface. From the Arrhenius plot of the saturation current, we 

found that the activation energy of the as-grown sample is close to half the 

energy gap of GaAs0.97Sb0.02N0.01, suggesting that the current is a defect 

recombination current. After thermal annealing, the activation energy 

increases, indicating the suppression of the surface recombination current. 

Coating SiN and SiN/SiO2 passivation layers on the junction surface 

significantly reduces both the reverse and forward currents. The passivated 

GaAs/GaAs0.97Sb0.02N0.01 heterjunction shows an optimum conversion 

efficiency of 6.6% under 42 times of AM1.5G illumination. 
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( III-V-N)

1.1 III-V

:

(N:0.6 )

 (bowing effect) [1]

( 1.2)

GaAsN[2] InGaAsN[3] GaAsSbN[4]

GaAsN ( -GaN :3.2 eV)

(GaAs:1.4 eV)

GaAsN
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GaN GaAs 20 %

GaAsN

III-V-N

(anneal)

[4-5] III-V-N

III-V-N

1.1

III-V-N

InGaAsN GaAs

p-i-n

W. K. Loke [6]

p-GaAs/i-GaInNAsSb/n-GaAs 1.35 m 0.92

eV 0.048% 750 oC 1

2 1×10-3 A/cm2
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0.05 A/cm2 0.2 0.39 eV Naoya Miyashita

[7] p-GaInP/p-GaAs/i-GaInNAs/n-GaInNAs

1.0 eV MgF2 (anti-reflection coating)

(Voc) 0.73 (Jsc)

22.57 mA/cm2  (Fill Factor, FF) 0.68 11.27 

% p-GaInP/ p-GaAs /i-GaInNAs/n-GaAs MgF2

(anti-reflection coating) (Voc)

0.31 (Jsc) 14.16 mA/cm2 (FF) 0.68

2.94 % GaAsSbN S.

Fedderwitz [8] p-GaAs/i-GaAsSbN/n-GaAs

1.3 m 0.9 eV 2

4×10-3 A/cm2 0.05 A/cm2 0.45

GaAsSbN

K. L. Lew [9]

AlGaAs(E)/GaAsSbN(B)/GaAs(C)

40 m×40 m 0.63 A/cm2

GaAs(E)/GaAsNSb(B)/GaAs(C) 0.18
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0.97 0.05 A/cm2

0.8 nc 1.21 8.5 650 oC

1 1.08

0.05 A/cm2 0.92 nc 1.17

20 K. L. Lew [10] 2006

GaAs(E)/GaAsSbN(B)/GaAs(C)

40 m×40 m 0.63 A/cm2

InGaP(E)/GaAs(B)/GaAs(C) 0.19

0.89 0.05 A/cm2

0.81 nc 1.17 3

InGaP HBT (>80) GaAsSbN

GaAsSbN

    GaAsSbN

1999 GaAs [11]

InGaAsN GaAsSbN GaAs

( 1.3)

GaAsSbN

N Sb [12, 13] GaAsSbN HBT
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2.1

VG-V80H

(GSMBE) (100) GaAsSbN

1 m/hr EPI SUMO cell (As2)

Gas K-cell AsH3 Gas cell PBN

1000 C As2 H2

Sb EPI Sb cracker cell base zone Sb4

1050 C Sb Sb2

EPI uni bulb RF plasma cell

600 °C 595 °C GaAs

100 nm

(RHEED patten) GaAs

2×4 RHEED patten

GaAsSbN pyrometer
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contact 600
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20

,

( )

(photolithography)
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. 1000 m×1000 m

.

. n+ GaAs 

2.1 2.2

:

1.

DPR-i7000

(spinner) 300 rpm

10 3000 rpm

30 7000 Å
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8000 Å

2. (soft-bake)

75 %

(Hot-plate) 130 ºC

1

(Mask Alignment)

3. (Mask Alignment) (Exposure)

Karl Suss MJB3

365-nm

DPR-i7000

12

4. (Development)

DPD-100K
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( NaOH) 1:7

20~28

2

5. (Hot-bake)

130 ºC 10

6.

-step 500

7. (Isolation)

2000 Å

GaAs/GaAsSbN/GaAs

H2O2: H3PO4: H2O 1:1:5

10 ºC 60 Å/sec H2O2
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-step 500
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(SiN)  280 ºC SiH4: 710 sccm NH3:66

sccm  950 mTorr (SiN)  2 

( )

( )

 N

(BOE)

 (HF)  SiO2 H2SiF6

( ) N

p-i-n

P N

Au/Ge  350 Å (Ge 12

%) Au 2300 Å Ge donor

Au
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( ) (Lift-off)

( ) P (P-contact)

Au/Be 1200 Å (Be

1 %) Au 1300 Å Be

Au

( ) (rapid thermal annealing, RTA) 

RTA I-V

Schottky contact ohmic contact GaAs

AG Associates,Inc.

Heatpluse 610 system



17

20 10 ºC 380 ºC 180

70 ºC

2.3

2.3.1 GaAsSbN X-ray diffraction (HRXRD)

PANalytical X’Pert PRO XRD

high resolution four crystal XRD (HRXRD) 2.3 XRD

-2  scan GaAsSbN

(4 0 0) rocking curve XRD spectrum X’Pert Epitaxy

XRD spectrum simulation GaAsSbN

lattice match

2.3.2 GaAsSbN -

HP-4194A - GaAsSbN

(Wd) (DC bias)

profile (Nd) (DC bias) profile

Cs-Rs (mode)

(frequency) 1MHz OSC level 0.03 average time 32

(start) -0.4V (stop) +2V

(step) +0.1V
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2

2 1
1/ /

Nd
q d C dV

2.3.3 GaAsSbN -

HP(Agilent)-4155B

( semiconductor paramrter anaiyzer) GaAsSbN

- (I-V curve) (Leakage current) 25

105 -

2.2.4 GaAsSbN

WACOM (Super Solar Simulator)

( 2.4) AM1.5G 100 mV/cm2

300 nm 1800 nm one

sun multi sun

(1) (short circuit current, Isc)

(Isc) V =0 ph scI I I

Isc

 I-V Y (V=0) Isc
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(2) (open circuit voltage, Voc)

(Voc) Rs

= 0 Rsh = I=0 Voc

0
ln 1sc

oc
nkT IV
q I

 I-V X (I=0)

Voc

(3) (Fill Factor, FF)

(FF)

Pmax Voc Isc

max max maxP I V

FF

max max max

sc oc sc oc

P I VFF
I V I V

FF

(4) (Power Conversion Efficiency, PCE)

( ) (PCE)

Pin

max sc oc

in in

P FF I V
P P

Voc Isc FF Pin
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2.3 X’Pert PRO XRD
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2.4
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p-i-n

i 1 % 2 %

n-GaAs/p-GaAsSbN

3.1 p-i-n

GaAsSbN p-i-n i

(250 500 100 2000 nm) 3.1

high resolution x-ray diffraction (HRXRD)

0.21 % 3.1 GaAsSbN

fringing 100-nm n

GaAs fringing 3.1

GaAsSbN 1.17 eV

C-V p-i-n 230~250 nm

1×1017 cm3
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3.2

GaAsSbN

3.2.1

GaAsSbN

3.2(a) 2

(7.2×10-6 A/cm2 5.5×10-7 A/cm2) 3.2(b)

(0.05 A/cm2) GaAsSbN

(0.38 V 0.46 V) GaAsSbN 2000 nm 

(C2536) 1000 nm(C2537) 500 nm(C2538) 250 nm(C2539) 

1.30 1.22 1.26 1.20

(diffusion current)  2 

3.2(b)

InGaP(E)/GaAs(B)/GaAs(C)

( 3.2(b) GaAs_Ic )

0.05 A/cm2 0.54 V GaAs

p/n n-GaAs/i-GaAsSbN

GaAsSbN GaAs 0.25 eV

)
kT
E

-exp(n g
i GaAs_Ic
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1.17 eV 1.17 eV p/n

3.2(b) simulation

0.05 A/cm2 0.8 0.05

A/cm2 0.38~0.46

0.25 V GaAsSbN

2000 1000 500 250 nm

0.25V 11:5:2:1 GaAsSbN

(surface recombination 

current) GaAsSbN

2000 nm 0.25V 250 nm

11

3.2.2

3.3 GaAsSbN MBE

MBE 600 oC 5

30 60 120 300 0.05 A/cm2

GaAsSbN 2000 nm(C2536)

(0.38 V 0.42 V) 1000 nm(C2537)
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(0.41 V 0.38 V) 500 nm(C2538)

(0.44 V 0.40 V) 250 nm(C2539)

(0.46 V 0.40 V)

0 V

(recombination current in forward bias)

P/N recombination center

GaAsSbN

 (gallium vacancy, VGa) (acceptor-like)

GaAsSbN 0.25 V

2000(C2536) 1000(C2537) 500(C2538)

250-nm(C2539) 5 0.53:0.55:0.62:1

30 2.41:0.87:1.67:1 60

0.77:0.94:0.95:1 120

0.45:0.85:0.23:1 300 2.18:6.13:2.93:1

GaAs/GaAsSbN

GaAsSbN

GaAsSbN
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(300 )

GaAsSbN MBE 60

1×10-2 cm2 4×10-4 cm2

( 25:1, 5:1) 3.4

2

2 3.5 GaAsSbN

0.35 V

3.7 2000 nm, C2536 5.5(1000 nm, C2537) 3.9(500 nm, C2538)

5.9(250 nm, C2539)

3.2.3

(saturation current density, Js) GaAsSbN

(Js) (kT-1) 3.6
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kT
E

)Jln( d
s Js  Ed

kT 3.6

1/2

3.2 3.2

3.2.4

GaAsSbN 250 nm(C2539)

305-nm

SiN 305-nm SiN/ 400-nm SiO2 3.7(a)

A B

2 1~2

3.7(b)

(0.05 A/cm2) 50~70 mV

3.3

3.2.3

1 6 42

1 100 mW/cm2 C2539
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3.8

68.8 mA/cm2

]J)R-J(+[V
ssc

sscDeJ=J-J=J

Rs

VD+(Jsc- J)Rs Jsc- J Jsc

J 68.8 mA/cm2 VD p/n

C2539

Rs 10

C2539 305-nm SiN C2539

305-nm SiN/ 405-nm SiO2

3.9 3.10

14 16 305-nm SiN/ 400-nm SiO2

42

AM1.5G 6.6 %

3.3
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3.1 GaAsSbN p-i-n
 C2536 C2537 C2538 C2539 

N+ GaAs    
Contact layer 100 nm 100 nm 100 nm 100 nm 

Undoped
GaAs0.97Sb0.02N0.01

2000 nm 1000 nm 500 nm 250 nm 

P+ GaAs 100 nm 100 nm 100 nm 100 nm
P+ GaAs(100) substrate 

3.2 GaAsSbN MBE
eV

 As grown 5 min 30 min 60 min 120 min 300 min
C2536 0.45   0.46 0.49  0.54 0.55  0.60 
C2537  0.55  0.60 0.61  0.62 0.63  0.64 
C2538  0.62  0.64 0.65  0.66 0.72  0.73 

C2539  0.44  0.58 0.60  0.61 0.64  
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3.3 C2539

Sample 
ID sun Voc  

(V)
Jsc  

(mA/cm2)
Pm  

(mW/cm2) FF Eff 
(%)

series
resistance

(ohm) 

1 0.38 -12.8 3.2 0.66 3.2 

6 0.45 -77.9 24.7 0.70 4.1 as
grown

42 0.50 -546.3 194.0 0.71 4.6 

10

1 0.43 -17.4 4.6 0.61 4.6 

6 0.51 -99.4 34.6 0.68 5.8 305-nm
SiN

42 0.55 -671.9 254.4 0.69 6.1 

14

1 0.46 -16.9 4.9 0.63 4.9 

6 0.53 -106.5 38.3 0.68 6.4 

305-nm
SiN/

400-nm 
SiO2

42 0.58 -713.1 278.7 0.67 6.6 

16
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