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% B  AP-MOCVD ¥hHe® AR GaAs/undoped AlxGa,—.As/n-type GaAs °]FFx2] deep level electron
trap Deep Level Transient Spectroscopy (DLTS) Weo2 ZAsiglc). 27 wbHAA GaAs 713 $o] TMGa, AsH,,
TMA], SiH, 7}&8 AH2-8te] 650 Colj4] AP-MOCVD o ® F o|FFxE Faslgon, n-type GaAs AXE 33 (con-
duction layer) 2 Sie] ¢F 2X 10" cm~ 3] ¥|&E doping3lg 2, undoped AlxGai-As & Al &= xE 2} 05, FAE S 10
~40 nm7tx} c}2A Ste§ A|ME Azsdct. F o|FTFE AVH FHARAE A3 F o]FTE A $lol Schottky diode
array & lift-off 333} Al& A% thermal evaporation ¥ o2 FAslgct. DLTS &4 45 n-type GaAs &1t ZA3=
Alge] 7f-eli= 0.787 eV EL2 level & <A™ 4 Sler], AkGai-.As 39 F77} 10~40 nm<! A|He] A9+ 0.
742~0.777 eV 2 0.359~0.680 eV 2] deep level electron trapS2% F<stgch. o] o4 0.742~0.777 eV 2] deep level
electron trapE-& °o}9l% EL2 level®} MOCVD 34 Foll #318 AF 429 dgko)zta Azt=o], 0.8359~0.680 eV <] trap
E2 Al-0 SHE} AF Sig) 9% AzbElcl. 53] n-type GaAs A= H'339) Si doping $57} 713l @2t electron
trap Y& =3 F7}5= Ao 2 Hol, o]7lo] Schottky diode?] C-V A4 #3 % hysteresis ¥4} Wo] g Aoz B
Q).

Abstract The deep level electron traps in AP-MOCVD GaAs/undoped AlxGai-.As/n-type GaAs heterostructures
have been investigated by means of Deep Level Transient Spectroscopy (DLTS). In terms of the experimental proce-
dure, GaAs/undoped AlxGa,-.As/n-type GaAs heterostructures were deposited on 2” undoped semi-insulating GaAs
wafers by the AP-MOCVD method at 650 T with TMGa, AsH3, TMAI, and SiH4 gases. The n-type GaAs conduc-
tion layers were doped with Si to the target concentration of about 2% 10" cm™*. The Al content was targeted to x=0.
5, and the thicknesses of AlxGa,-.As layers were targeted from 0 to 40 nm. In order to investigate the electrical charac-
teristics, an array of Schottky diodes was built on the heterostructures by the lift-off process and Al thermal evapora-
tion. Among the key results of this experiment, the deep level electron traps at 0.742~0.777 eV and 0.359~0.680 eV
were observed in the heterostructures; however, only a 0.787 eV level was detected in n-type GaAs samples without
the AlxGa,_.As overlayer. It may be concluded that the 0.787 eV level is an EL2 level and that the 0.742~0.777 eV
levels are related to EL2 levels and residual oxygen impurities which are usually found in MOCVD GaAs and AlxGai-.
As materials grown at 630~660 C. The 0.359~0.680 eV levels may be due to the defects related with the Al-O com-
plex and residual Si impurities which are also usually known to exist in the MOCVD materials. Particularly, as the Si
doping concentration in the n-type GaAs layer increased, the electron trap concentrations in the heterostructure mate-
rials and the magnitude of the C-V hysteresis in the Schottky diodes also increased, indicating that they all are inti-
mately related.

2 AlGa,As o]5993} GaAs B35S FAj} £ F

&3} ¢35t HMESFET (Heterojunction Metal-Semi-

GaAs 7] $lol AP-MOCVD (Atmospheric Pres- conductor Field-Effect Transistor) 9] gate® =93t
sure Metalorganic Chemical Vapor Deposition) ¥#e  Schottky diodeE ¥As+g-E o, 7]=9 MESFET djA}
2 ¥4 GaAs buffer layerS ARAIZIZ, 2 o) A AF A=FTAHL A9 2R FA5HA AlGai-As9)
=92 A" n-type GaAs 58 4 F =R ¢¢  EL band gapo. & 27} barrier height (@) &} 718 2

.M 8

— 460 —



o] 4 A -3 3 4 :DLTS Wl A% GaAs/ALGa-,As/GaAs olEF 2 EEH #AF dF 461

€ T AT A FAF v} QUL o}&E) o] B9 F7)
£ el3ld GaAs/AlGai-.As/GaAs o|FTFZ $ld A
¥ Schottky barrier gate?} &4 719 $ld Y=
Schottky barrier gateol] H)#] B} =2 gate AYE
4313 gate-sourceZt FAARI) & A E 44 5
itk A9 AlGai-.As$] F771 10~40 nmal A)H
7 AlxGai-AsEe] gl A3 C-V A A% AlLGai-«
As3 9 FA7} 27VETE AC ge] F7b8k= C-V 4
2] hysteresis ¥HE VEFE ¢ Ao, olHF
hysteresis AN AlxGai-.As 0] ¢ ©F GaAs 7]
I ¢ell FA= Schottky diodedll:= Ho V&5 A 9=
Ao B Ro}, o]Fx A =& AlGa-As 3 W9
electron trapEl <3t o2 474 4 9o},

2434y

LEC (Liquid Encapsulated Czochralski) GaAs o]
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Table 1. Key parameter values of the AP-MOCVD proc-
ess used in fabrication of the GaAs/AlxGai-.As/GaAs
heterostructure specimens.”

Parameter Value
Substrate Temperature 650 C
Ambient Pressure 775 torr
H. Sweep 1.5 slm
H. Carrier 14 sccm
(CH,):Ga 6.1 socm
(CHa):Al 14.1 sccm
AsH; 19.1 sccm
SiH., 3 sccm
Growth Rate 16.3 nm - min™'

GaAs Cap (20 nm)

Alx Gax As (10 -40 nm)

n - type GaAs (100 nm)

GaAs Buffer (800 nm)

Undoped S.1. GaAs substrate

Fig. 1. The Cross-section view of a HMESFET GaAs/AkLGai-«
As/n-type GaAs heterostructure fabricated by an AP-
MOCVD method: the Al content x is about 0.5.” On top of the
GaAs cap layer lie Al contacts forming the Schottky diodes.
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Fig. 2. A schematic diagram of the DL TS system used in the
experiment: it consists of four main components of a capaci-
tance meter (HP4280A) and pulse generator (HP8112A), cryo-
stat and sample stage, temperature controller, and HP comput-
er.
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Fig. 3. The C-V measurement results of the GaAs/AlxGa,-.As/n-type GaAs heterostructure specimens: {(a) a specimen (AGAOQ)
without the AlxGa,-.As layer, (b) a specimen (AGA400) with a 40 nm thick AlkGa.-.As layer showing a strong hysteresis (AC),
and (c) AC vs. AlxGa,—.As layer thickness: showing that thicker the AlxGa,-.As, larger the hysteresis.
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Table 2. Activation energy (E+), capture cross-section (6.), and concentration (N+) of the deep level electron traps found

FFASTHA M9 As5E (1999

in various GaAs/AlxGai-.As/n-type GaAs heterostructure specimens.

Specimen Deep Level Activation Energy Capture Cross-Section | Trap Concentration
pecim P (Es, eV) (6., cm™) (N, cm™)
AGAQ" AGA00 0.787 £0.024 34x10~" 6.933x 10¢

AGA1007 AGAI10 0.777 £0.050 19x10~" 3.186 % 10'¢

AGAll 0.465+0.036 37x10"'® 7.889 x 10
AGA20 0.755+0.034 9.6x10~" 3.364x 10"
3
AGA200 AGA21 0.467£0.033 48x10°'* 1.035x 10"
AGA30 0.746£0.076 1.3x10~" 9452 x 10'¢
0
AGA300 AGA31 0.680+0.032 95x10~" 2.133x 10"
AGA40 0.742+0.142 14x107 5427 x 10"
51
AGA400 AGAA41 0.359+0.028 9.6x10"%® ?
1] AlxGa,-.As/GaAs = 0/100 nm, 2] AlLGai-.As/GaAs = 10/100 nm
3] AkGa,-:As/GaAs = 20/100 nm, 4] AlxGai-.As/GaAs = 30/100 nm
5] AlxGai-.As/GaAs = 40/100 nm
1E19 : . . . . . 6.0x10"7 r . T r r
: —~a&— mean values
: soxto”] U target value i
118 L : i
\ o~ 40x10"7 3
PN E
e 1E17L Y | T:’
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00 01 02 03 04 05 06 07 08 .
Depth (um) Al Ga,  As/GaAs Thicknesses (nm)

Fig. 4. The Si dopant concentration (No) profile as a function of
the depth for an AP-MOCVD specimen (AGA400) with GaAs
/ AlxGai-.As/n-type GaAs = 20 nm/40 nm/100 nm.
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Fig. 5. Si dopant concentration (N») for various specimens: the
increase in Np with respect to the AlxGa.-.As thickness is not
intended. Rather, it represents the irreproducibility of the AP-
MOCVD process used in the fabrication of the specimens.
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Fig. 6. The DLTS spectra of various specimens: a peak near T
= 330 °K is observed in all specimens, and at least one other
peak is present in all specimens containing the AlxGai-.As
layer.
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Fig. 7. The deep level electron trap concentrations (N+) calcu-
lated from the DLTS data of various specimens: The trap con-
centrations seem to increase as a function of the AlkGa,-<As
layer, indicating possibly that the capacitance hysteresis (AC in
Fig. 3) is related to the trap concentration.
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