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Potential Profile Measurement of GaAs HEMTs and Heterostructures
Using Kelvin Probe Force Microscopy
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Kelvin probe force microscopy (KFM) was successfully applied 1o the two-dimensional potential profile measura-
ments of the cleaved surface of GaAs HEMTs under bias voltage. A high-field region was cbserved at the drain-side
edge of the gate. By measuring the cleaved surfaces of GaAs/AlAs and InAlAs/InGaAs heterostructures, we have ob-
tained polential profile reflecting the work function difference of the material, The minimum distinguishabie thickness
of the InAlAs/InGaAs heterostructure by the KFM was 40 nm. The present KEM technique combined with device
simulation will provide a powerful (ool for analyzing the electrical properties of the device, not only GaAs devices but

also others.
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Fig. 1 Schematic diagram of the KFM measurement system.

Table1 Measurement condition.
Measurement temperature Room lemperature
Atmosphere Air
Cantilever Au/Cr-coated Si tip
radius 30-40 nm
Spring constant 1.5 N/m
Alternating voltage 1~10V, 8 kHz
wr 21 kHz
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Fig.2 Energy band diagram when the tip is near the

InAlAs/InGaAs surface. (8) Vor=0V and (b} Var™
v,
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Fig.3 Schematic cross-sectional view of the measured
HEMTs,
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Fig. 4 Two-dimensional potential profiles at Ves=—0.3V
for ¥os’s of (a) 0.2 V and (b) 1.5 V. Voltage steps of
cach contour line are 25 mV and 50 mV for (2) and
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Fig. 5 Potential distribution along the AA'line in Fig, 4 at
Vos=1.5 V for Vs's of 0.3, 0, and —0.3 V.
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The GaAs/AlAs MQW structure ased for the mea-
surement.
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Fig. 7 Measured topographic and potential depth profiles of
the GaAs/AlAs MQW structure for Vi of 1, 4, and
TV,

iz TwnadbolEbhs,

ARG & AT A OZEMBEELIT D T, GaAs/AlAs
ZIEES, InAlAs/InGeAs £ BHEEZH W TIM L 2.
HEZTANTT  F—7TH %, Fig 61 Gaas/Alas %
EREOBTERTH D, GaAs/AlAs MOW T AbsGaosAs
BRIAEREERLTHS, EZREMN N6, &
LA LR T Fig 7R LY. V=1V OBE&ICEDL
IR B R E b T3, Ved/hE LaE
HEMBEOEERERY, REJLBEB YL FAD
BARBIC P E S B LSS ENE T R D, Ve
LT 1I~2VAEY TH S, GaAs DEU/NDIED 69.6
am AR TE TV A ORHA S, MM H Tk AlAs

— 11—



iz FEBIE E20E FHi1E

A
(ud-lnGaAs
300 nm—T
—ud-InP 200 nm

200 nm —— | .
200 nm e == 200 nm
200 nm ~_ & - 100 nm
200 nm ~4 80 nm

; .
200 nm ~L = Zg nm
200 nin —— : 0 m
200 am —~ nm

— n-InP Sub.

Fig. 8 InAlAs/InGaAs layered structure used for the mea-

surement.
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Fig. 9 Measured topographic and potential depth profiles of
the [nAlAs/InGaAs layered structure A for Vi of 1,
2,and 5 V.
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Fig. 10 Measured potential depth profile of the InAlAs/
InGaAs layered structure B at Vi of 2 V.
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