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Abstract

Inos:GaoarAs/InnsAlsasAs pseudomorphic high electron mobility transistor(P-HEMT) structures
were grown on semi-insulating InP substrates by Molecular Beam Epitaxy method. The Hall effect
measurement was used to measure the electrical properties and the photoluminescence(PL)
measurement for optical property. By the cross—sectional transmission electron microscopy(XTEM)
investigation of the V and X shape defects including slip with angle of 60° and 120° to surface in
the sample, the defects formation mechanism in the InosAlvsAs epilayers on InP substrates could
be explained with the different thermal expansion coefficients between Inps:AlpawAs epilayers and
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i-InGaAs cap layer 300 A

i-InAlAs depletion layer 300 A
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n'-InGaAs cap laver 200 AA
Ai-InAlAs depletion layer 300 A
i-InAlAs spacer laver 30 AA
i-InGaAs channel laver 100 A
i-InAlAs spacer laver 30 A
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i-InAlAs/InGaAs superlattice 2020 A X 25

i-InAlAs/InGaAs superlattice 50/50 AK‘X20

i-InAlAs buffer laver 1000 A

S.1. InP(100) substrate
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Fig. 2. InP based P-HEMT structure with
double channel.
(a) conventional structure, (b) GaAs la-
ver inserted structure between spacer
and channel layer.
oy 2e vledes oy 13 2 ide] P
HEMT7-Zolvt AxZFe] JFell dopings Al:E 3
of o] W olxM HAFEEE <dv] % :hi olF
Hr2 HEMT F&olck 28 29] a) 72&= AAE
e e gake B slskd T
oz ARE ARsdrh Ag e ReEs A



58 FFe A FHEo 2 KET InnuGarAs/InnAlwAs/InP P-HEMTEERS V 4 -

S7E 520°CE 2 sle] Aol ghgd urx] o
A FARIZoH U e e AR 2n

450°C7HA] el HEES AR F o] 2%
o] AEE ARkl 28 29 b) s 24
1% AT E strain EHE o] 83l 93l
AEg 2pel7) oF 4%93] GaAsZE 20A & Aklsly]
ol Z)he) & 520°CE fAlslg o) AEE
] InGaAs#} strain@3E 917)198F GaAsE=S A4
AlE o 450°CE o] Adabalaict

AR P-HEMTT29] A7l EXal Azl
ol5E ¥ AHAEEE Hall effectAx]E o83l =
A slgdon, TR HuZe| olsle] FAHL of
ARee] FA EAHLSPLAYS Bsle] zabsllw,
DXRD(double crystal X-ray diffraction)&3&o =2
FE] AR oluEe AAS selslgdon Ty
o] Age il o)&ale] whakslgich

Uy

i

T

-0

duben Azpabg zlolg o]438F DXRDIHE)
A 71Ee] Axpadael AAEAle] Azpkrl AdxE
745- DXRDZAL a9l peaks vbet Wz gjch
Jeiu AAREAL] Fo| HeriAR oSt s W)
H A 2 el efsle] Tl Azpel] &gk
peako| 9ol FZoll 9J3F peakr} viehbv] 1 AR}
2 ZAAe]l 7Tl wle} peaks] e}t WohE
A viebdel 23 32 23 14189 DXRDAIE A
doixl 2palelel ¥ 39 a)ye AALwr) 540°Cel
Algel FAdela bz 520°Celld AR Algel a4
ofck. o] F FAE wlas] B AR} 520°Cal
Mg 719l 23k peakdt ARl 27 peako)
E7HEA vebdedl wbsl At 540°Ce] Al
o] H4L FFoll °J3F peake] "¢ FahAl viehar
el T2l Agte] EAl3he tAlskw ek

of Al&Ee] A7H BAQl o]Fxe} o] AAlo
AME AARREsE 520°Cal Al ARee] w5 X
10%/cm’®) ¥=9l 9100cm’/V.s8] o]EEE vjehy
L glent 540°C oA Al AlselxE ok 4300
cm’/V.se] F& olEEE vehliz o Mol o4
Tz A3 AskAl sl gk

F3Hx 549l 15K PL &4 dloleldlxe e
27} 520°Cal AlBolMe 23 49} 3bo] oF 0.87eV

TR 5

ofx) FZMe] 2DEGES ol URkS-Bel o3t
peak3} 2F 1.48eVHZel InAlAsel] 93t peako] 1}
Rt glent 540°ColM Al AlgellAE peake)
vhehdx] ool Fzujoll Ajte] HbgE|e] ofxl9-Eo)
HAE A A2E A 4 gk

ol#fgt F-zle] AtE FHalshr] gk HWTE
W ARl AL Lellx Hole A 2o Ao
A2mrl 520°C]  AlBelAE ezl eigkes
540°CRl Algelld vebge) ARl 12 28 172 2
2o i TEMARelcl ZHFES mofo] il 7]
golub #RF 3] o)A} Zht 60°¢} 120°9] e
o]Fo] X&e} VIR xiglo] grt

=

> F oo

HEMT structure grown at 540* C

/

=
L=t

T T Ty T

b) HEMT structure grown at 520 C

InP »

Intensity(arb. units)

T TR TR T T T

-6500 -5500 -4500 -3500 -2500 -1500
Angle(arcsec.)

3% 3. InP based P-HEMT F+%¢] DXRD =4

(@) AL :540°C, (b AAex:
520°C

Fig. 3. DXRD curves of InP based P-HEMT
structure

(a) grown at 540°C, (b) grown at 520°C.
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(a) InAlAs layer on InP substrate. (b)
defects formation by horizontal force during
cooling after growth.
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