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Low-frequency noise in narrow- and wide-gap
III-V compound semiconductor devices

Suzuki Laboratory s1140211 LE Phuong Son

1 Introduction

III-V compound semiconductors, which have many advantages over silicon, are important materials for electronic
and optical devices. For example, InAs, which has a narrow energy gap E, and a very high electron mobility
1, is a potential material for high-speed device applications. In contrast to InAs, GaN, which has a wide
E, and a moderate p, is a promising material for high-power device applications. Although III-V compound
semiconductor devices have been studied for a long time [1-3], their low-frequency noise (LFN) characterization
still remains many issues.

In this work, we fabricated two-terminal (2T) devices from InAs films obtained by separation-bonding
method on low-k flexible substrates (F'S) (InAs/FS) [4, 5] or by direct growth on GaAs(001) (InAs/GaAs). In
addition, from Algo7Gag 73N/GaN heterostructures, we fabricated GaN devices, ungated 2T devices as well
as heterojunction field-effect transistors (HFETSs), with Schottky structures and metal-insulator-semiconductor
(MIS) structures in which an AIN insulator was sputtering-deposited on the AlGaN [6, 7]. Before the AIN
deposition, two types of the AlGaN surface treatment were used with and without a cleaning by Semicoclean
(an ammonium-based solution, ABS). Using these devices, LEN in InAs and GaN devices were investigated by
using a measurement system with configurations shown in Fig. 1(a) for 2T devices and (b) for HFETs.
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Figure 1: Low-frequency noise measurement system for (a) 2T devices and (b) HFETs.

2 Low-frequency noise in InAs films bonded on low-k flexible sub-
strates or grown on GaAs(001)

Figures 2(a) and (b) show the mobility u as functions of the InAs thickness d and the sheet electron concentration
ng, respectively. The LEN in InAs devices shown in Figs. 2(c) and (d) exhibits that the current noise power
spectrum density Sy satisfies S;/I% ~ K/f with current I and frequency f, where K is a constant.
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Figure 2: The mobility u as functions of (a) the InAs thickness d and (b) the sheet electron concentration ns. Sr/I? as
functions of f for (c) InAs/FS and (d) InAs/GaAs with d ~ 10, 30, 100 nm.

Figures 3(a) and (b) show S;f as functions of I to determine K. Since the device resistance is the sum of
the contact resistance R, = r./W and the InAs channel resistance R, = r<L/W with the contact resistivity
¢, the sheet resistance rg, the channel length L, and the device width W, the factor K is given by

(KW/2) + (a/ng)(rs/2rc)% L

KW = [+ (ro/2r0) L2 ’

(1)



where K is the factor for one contact, o and ng are the Hooge parameter and the sheet electron concentration
of the InAs channel, respectively. Figures 3(c) and (d) show KW as functions of L with fitting lines using
Eq. (1), exhibiting K o 1/LW, which indicates a negligible contribution of the contacts. The LFN is hence
dominated by the channel, and the Hooge parameter can be calculated by « = KN = Kns LW, where N is the
electron number in the InAs channel.
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Figure 3: Sif as functions of I for (a) InAs/FS and (b) InAs/GaAs. The factor KW as functions of L for (c) InAs/FS
and (d) InAs/GaAs.
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Figure 4: Hooge parameter « in InAs films as functions of (a) the InAs thickness d, (b) the product pns, (c) the sheet
electron concentration ns, and (d) the electron mobility u.

Figure 4 shows « as functions of (a) d, (b) uns, (c) ns, and (d) u. The Hooge parameter is given by

a ! <(5u)2 + (6N)2) here fi, and f; are the high and low limits of the 1/f behavior [8]. For
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InAs/FS with d > 20 nm, where u weakly changes as seen in Fig. 2(b), o o ns~! is observed and attributed to

the carrier-number fluctuation ((SN)2 ~ LW DikgT, where the interface state density D; ~ 10'2 cm™2eV~! is
obtained from the data, being consistent with the Coulomb-scattering mobility [5]. For InAs/FS with d < 20 nm
and InAs/GaAs(001), where ng weakly changes as seen in Fig. 2(b), o &< u~! is observed, which can be related
to the mobility fluctuation due to constant fluctuations in the InAs thickness.

3 Low-frequency noise in A1GalN/GaN heterostructure

Figure 5(a) shows the product of the resistance R and the device width W as functions of the electrode spacing
L for ungated 2T GaN devices, exhibiting a significant contribution of the contacts. The LFN spectra shown
in Figs. 5(b)-(d) exhibit that S; satisfies S;/I? ~ K/f, where K is a constant depending on device size.
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Figure 5: (a) The product of the resistance R and the device width W as functions of the electrode spacing L. S;/I*
as functions of f for GaN ungated 2T devices, (b) MIS w ABS, (c) MIS w/o ABS, and (d) Schottky devices.

Figures 6(a)-(c) show Syf as functions of I to determine K shown in Fig. 6(d). The ungated 2T GaN
devices show K ~ constant for small L, indicating a significant contribution of the electrode contacts. Since
the device resistance is the sum of the contact resistance and the ungated-channel resistance, we also obtained
Eq. (1). Fitting data by Eq. (1), we obtained K.W =~ 1.9 x 1072 c¢m for one contact, which is common for the
MIS and Schottky devices because of the same Ohmic process, and a Hooge parameter of the ungated region



10714 10714 10714 10'1]
(2) MIS w ABS (b) MIS wio ABS (c) Schottky (d) T MiswaBs
. w/o
W =100 ym W =100 pm W'=100 pum
10715 H 10715 " 10715 H K Wi2 * Schottky
L6 L6 L6
=10 =10 =10
@ 5 )
0-17 0-17 0—17
Y
10718 10718 /. 10718
0 107 107" 107° 107 107 1072 107" 107° 107 107 1072
1Al 11A] L[em]

Figure 6: S;f as functions of I for GaN ungated 2T devices, (a) MIS w ABS, (b) MIS w/o ABS, and (c¢) Schottky
devices. (d) The factor KW as functions of L for GaN ungated 2T devices.

Qg ~ 2.2 x 107* for the ungated 2T MIS devices with cleaning by ABS (w ABS), 4.1 x 10~* for MIS devices
w/o ABS, and 5.0 x 107* for Schottky devices. The smaller a,, in the MIS devices can be attributed to the
lower electron mobility due to additional scattering mechanisms caused by the AIN insulator deposition, where
the mobility fluctuation dominates ag according to the Hooge theory [8].
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Figure 7: (a) KextW as functions of RextW for the ungated part of the GaN devices. The factor Kins as functions of the
sheet resistance rs of the gated region of GaN HFETs for (b) MIS w ABS, (c) MIS w/o ABS, and (d) Schottky devices.

The channel-current-dominated LFN in the linear regime of the GaN HFETSs shows Sp, ~ KurprIp? /f with
the drain current Ip and a constant factor Kgrgr depending on the gate-source voltage V. From the ungated-
device characterization, LFN behavior in the intrinsic gated region was extracted for the HFETs. Since the
on-resistance R,, given by the series connection of the intrinsic resistance Rin = rsLg/W with the sheet
resistance 7 of the gated region and the gate length Lq, and the extrinsic resistance Reyt of the ungated part,

2 2
Rint Rext

Kurer = Kint—5 + Kext —5»
ROn

R (2)

where Kj,; is the factor for the intrinsic noise depending on Vg, and Kyt is the factor for the extrinsic noise
independent of V. From the value of the Reyt obtained by DC characterization, we can evaluate Kyt of the
ungated part using the relation given in Fig. 7(a), and consequently Ki,: by Eq. (2), as shown in Figs. 7(b)-(d).
For the small ry below the middle of 10® Q/sq. range, Ky, o 752 for both the MIS- and Schottky-HFETs.
On the other hand, the MIS-HFETSs for 7y > 10° /sq. exhibit Kj,; o 742, while the Schottky-HFETSs for
rs 2 10% Q/sq. exhibit K, o rs. The factor Kiy is given by Ky = a/N = a/nsLgW, where ng is the sheet
electron concentration of the gated region. We obtained ns by integration of the capacitance by measuring
capacitors fabricated simultaneously with the HFETs. As a result, we obtain the Hooge parameter « as

functions of ng, shown in Fig. 8 with the point of a,g for the ungated region.
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Figure 8: The Hooge parameter « as functions of the sheet electron concentration ns of the gated region of GaN HFETs
for (a) MIS w ABS, (b) MIS w/o ABS, and (c) Schottky devices. The point of ayg is for the ungated region.

For the MIS-HFETs with the small ng < 5 x 10' em™2, o o ng™!, also observed for Schottky-HFETSs
with ng < 10'2 cm™2, and is attributed to the carrier-number fluctuation due to electron traps with density



Dy ~ 10* ecm—2eV~! in the AlGaN. On the other hand, for 5 x 10* cm™2 < ng <1 x 10'2 em™2, the MIS-
HFETSs show o o ng ¢ with & ~ 2-3, which is not observed for Schottky-HFETSs, and tentatively attributed to
the mobility fluctuation specific for the MIS-HFETSs. Moreover, o o ng® for both MIS- and Schottky-HFETs
with ng 2> 2 x 1012 cm ™2, can be attributed to the fluctuation in the intrinsic gate voltage, which is enhanced
for large gate voltage and ng by the fluctuation of the voltage across the extrinsic source resistance.

4 Conclusion

LFN in narrow- and wide-gap I1I-V compound semiconductors were systematically investigated for InAs (narrow-
gap) and GaN (wide-gap) devices. We clarified detailed behaviors of the Hooge parameter depending on the
devices.
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