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Effect of Schottky Barrier Alteration on the
Low-Frequency Noise of InP-based HEMT’s

Hans van Meer, Matteo Valenza, Koen van der Zanden, Walter De Raedt,
Eddy Simoen, Dominique Schreumgdember, IEEE,and Leon Kaufmann

Abstract—For the first time the effect of increasing the Schottky
barrier's Al content of InP-based InAlAs—InGaAs HEMT's from

48 to 60% on the low-frequency (LF) drain and gate current noise 7nm 6:10% cm™ Si doped In ;,Ga ,,As
is investigated. It is shown that the LF gate current noiseS;, (f) 20 nm In_ Al As
for the 60% case decreases by almost three decades, while the LF 510 em~? Si 'g_dxo .
drain current noise Si,,<(f) stays at the same level. From small 6 nm In AL gAS
coherence values, it can be concluded that drain and gate noise —————— .
sources can be treated separately which facilitates the LF noise 20 nm 2-DEG In 5,Ga 4;As
modeling of these HEMT's.

250 nm In 5, Al 4As

|. INTRODUCTION S.I substrate InP

P to now, InAlAs/InGaAs high electron mobility tran-
U sistors (HEMT’s) grown on InP substrates have shown
to be the best performing three terminal devices in terms B8- - '”A'z'ﬁsséLr;?ti‘Aslah2tre203_t'“408t;‘/ref;¥‘”S‘trﬁi(;?uorgeld;ﬁé’fﬁ’oggl/g and
noise figures and gain at frequencies up to 100 GHz al,ciyre 1y ylayert = e -
above [1]. However, low-frequency (LF) noise in InP-based

HEMT's has shown to be an important limitation of the

device performance in nonlinear applications such as mixers 10" e et
and oscillators that suffer from noise up-conversion [2], [3]. 1014 :
This results in undesired amplitude and frequency modulation. 10 ﬁ
Therefore, for the design of nonlinear monolithic microwave M 60% Al
integrated circuits (MMIC's) it is desirable to model the g 10
LF noise of the HEMT. To obtain correct noise models, a % 107" A\
detailed noise analysis has been performed on InAIAs-InGaAs 3 10| 3
HEMT’s [4]-[6]. On the other hand, to improve the LF noise ® 10.195 . \ S
behavior of the HEMT, well selected technological parameters 1629 d 48% Al_%
have to be optimized. In this paper, we concentrate on the o : :
influence of the Al content of the Schottky barrier layer while Ry 1(1). : 1(')2 T

the Al content is altered from 48 to 60%. The effect on the LF frequency [Hz]
drain and gate current noise has been examined. Furthermore,

the coherence between drain and gate current noise SOUIGES. Spectral drain current power densities of four HEMT’s with 48% Al
has been investigated. (structure 1), respectively, 60% Al (structure Il) in the Schottky barrier.

InP-based HEMT. The 20-nm §B2Al.4sAS layer (structure
) ) ) I) can be grown lattice-matched on the &doping layer and

In this work, two almost identical heterostructures arg; act as the Schottky barrier for the gate metal. For structure
studied, both grown by MBE on semi-insulating 2-in InRy {he Al content in the Schottky layer is increased to a content

substrates. The growth scheme is depicted in Fig. 1 whighgoos at which a 20-nm pseudomorphig Al ¢oAs layer
represents a conventional InAlAs/InGaAs layer sequence of @iy, pe grown on top of the Si-doping layer. If higher
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Fig. 3. (a)l-V characteristics of Schottky gates with 48% Al (structure 1) and 60% Al (structure Il) in the Schottky barrier layer. The dc measurements
have been carried out on HEMT's &ps = 0 V and (b) spectral gate current power densities at 1 Hz of a HEMT structure with 48% Al (structure
1), respectively, 60% Al (structure Il) in the Schottky barrier @5 = 0 V.

beyond 100 kHz, which follows from the theoretical value of
Srpe(f) = 4kT/R ~ 3.3 - 10722 A?/Hz for the case shown
in Fig. 2.

0.8 ¢ The dcI;—V; characteristics of the HEMT's &fps = 0 V
I ‘ ; ] are presented in Fig. 3(a). It can be shown that the ideality
o 061~ o o ] factor of the 60% Al containing structure (structure Il) is lower
v%_’a oal ] than the one of structure I. For example, the ideality factor at
= 4 - ]

Vas = 0.25 V is 1.87 for structure Il and 3.28 for structure
I. Low-frequency gate current noise measurements have been
performed on both HEMT'’s from 1 to 100 kHz, while drain
and source contacts were short-circuited. The obtained spectra
contained in first approximation, again, onlyflhoise. The
applied gate voltages lie in the range of 10-270 mV for
structure | and 240-400 mV for structure Il. Fig. 3(b) shows
the spectral gate current power densities at 1 Hz plotted versus
Is. Increasing the Al content to 60% not only decrea&es
considerably, but also reducsg,, (/) by almost a factor 1000
temperature these epitaxial sequences have a similar shggkimilar I;. The former implies that the gate current shot
resistance of 2362/ (structure 1) and 2292/ (structure poise Sr.. = 2ql is also lower for structure 1l (60% Al),
I) because the relevant layers (channel, spaceréathebing) which is especially of importance at higher frequencies where
are kept constant for both structures. After mesa isolatiofys noise is no longer dominant. In both structurés,. (/)
ohmic contacts (Ni-Au-Ge—-Ni—Au) are applied and alloyegs strongly dependent on the operating point [10] and in first
followed by an interconnect metallization. Definition of th%pproximation proportiona| tﬁé for gate currents from 1QA
0.2-um T-shaped gates is done by e-beam exposure in a tWywn to 20 nA. At higher currents, a deviation of tHg
level resist with a high-dose single scan (footprint definitiorjependence is observed for the 48% Al containing structure.
and a low-dose rectangular exposure (top definition). Devigesimilar kind of behavior was observed earlier by Meva'a
processing is described in more detail in [8]. [11]. The I dependence is attributed to the modulation of the
barrier height® 5 arising from fluctuations in the occupancy of
lll. RESULTS AND DISCUSSION traps distributed within the InAIAs layers. For higher currents,
The measured LF drain current noisg, . (f) of both an (Ig)” dependence is observed with< v < 2 and is
structures shows a similar gate voltage dependence as repoeilained by the influence of the Schottky barrier's series
for example in [9]. The spectral drain current power densitiégsistance. Assuming that the LF barrier height fluctuations
of 4 HEMT’s with 48 and 60% Al in the Schottky barrieré®p are caused by trap assisted tunnelling, in analogy with
are depicted in Fig. 2. The gate width (%0n), drain bias the case of thin silicon oxides [12], we interpret this significant
(50 mV) and drain current (1 mA) are the same for botteduction in LF gate current noise as being caused by a strong
structures. From Fig. 2, it is obvious that no significant changeduction of the density (or trap parameters) of the effective
with Al content appears in the LF drain current noise. ltunnelling defects. At the same time, the lower ideality factor
first order, only 1f noise was measured in the accessiblef the 60% Al containing structure in the Schottky layer also
frequency range. The thermal noise will start to dominate weldbntributes to the reduction of the LF gate current noise.

frequency [Hz]

Fig. 4. Coherence measurements at several operation points within
region 50 mV<s Vs £1.5V and 0.1X V; £0.52 wheréV; = Vigs — V.
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However, the total noise reduction cannot be explained bg treated separately, which is in agreement with our noise
the lower ideality factor only [11]. measurements and facilitates the LF noise modeling of these
If we measure the coherence HEMT's.

e 105 (f) = 1816, Ips(HP /1816 (f) - Stos (f)]

whereS;.. 1, (f) is the cross spectrum of the drain and gate LD N LE L 4 U, K. Mishra. “Ultra-hiah g
; . . . . . D. Nguyen, L. E. Larson, and U. K. Mishra, ra-high-spee
current noise, at several gate bias points in the ohmic as Wéﬁ modulation-doped field-effect transistors: A tutorial reviewRtoc.

as in the saturation region between the LF drain and gate |EEE, vol. 80, pp. 494-518, Apr. 1992.

noise sources, we obtain the result of Fig. 4. These coherent H. J. Siweris and B. Schiek, "Analysis of noise upconversion in
f d 48% Al ininad HEMT microwave FET oscillators,lIEEE Trans. Microwave Theory Techgl.
measurements were performed on a 48% Al containing . MTT-33, pp. 233-241, Mar. 1985,

The low value of the measured coherence indicates that th& R. Plana, O. Llopis, J. Verdier, L. Escotte, T. Parra, M. Gayral, A.

effect that the electrons which contribute to the channel current €apPpy. and J. Graffeuil, “Low-frequency noise behavior of InP-based
. . . . HEMT's and its connection with phase noise of microwave oscillators,
can hardly interfere with the electrons contributing to the gate 5 |EEg MTT-S Int. Microwave Symp. Digl996, vol. 2, pp. 943-946.

current due to a good electron confinement in the channél M. S. Thurairaj, M. B. Das, J. M. Ballingall, P. Ho, P. C. Chao, and M.

_ i ; Y. Kao, “Low-frequency noise behavior of 0.16n gate-length lattice-
of the InP-based HEMT. In addition, it can be stated that matched and lattice-mismatched MODFET'’s on INFEEE Electron

the gate and drain are electrically separated. A significant pevice Lett. vol. 12, pp. 410-412, 1991.
consequence that follows from Fig. 4 is that the LF gate noisB] G. Ing Ng, D. Pavlidis, M. Tutt, T. M. Weiss, and P. Marsh, “Low-

: f frequency noise characteristics of lattice-matched £ 0.53) and
sources can be treated separately fr_om th_e_ drain noise SOUICES i vined ¢ > 0.53) Ing saAlo asAs/in. Gay,As HEMT'S,” IEEE
due to this low coherence value. This facilitates the LF noise Trans. Electron Devices/ol. 39, pp. 523-532, Mar. 1992.
modeling considerably. From this we can model the LF noisé] P. Viktorovitch, P. Rojo-Romeo, J. L. Leclercq, X. Letartre, J. Tardy,

. . . . M. Oustric, and M. Gendry, “Low-frequency noise sources in In-
in the HEMT at the drain and the gate side by placmg a AlAs/InGaAs MODFET'’s,” IEEE Trans. Electron Devicespol 43, pp.

spectral current noise source parallel to the intrinsic current 2085-2100, Dec. 1996.

source as well as parallel to the gate and source contacts. THhis P-  Win, Y. Druelle, and ~A. Cappy, “Metamorphic
Ing.3Gay.7As/INg 29Alg.71As layer on GaAs: A new structure

approach is valid as long as the input impedance of the gate for high performance high electron mobility transistor realization,”

remains negligibly small, which is the case in the linear and Appl. Phys. Lett.yol. 61, no. 8, 1992.
saturation regions in which the coherence measurements halfe K- van der Zanden, V. Baeyens, M. Van Hove, D. Schreurs, W. De
. Raedt, and M. Van Rossum, “W-band high-gain amplifier using InP
been carried out. dual-gate HEMT technology,” ifroc. IPRM Conf. 1997, pp. 249-252.
[9] J.-M. Peransin, P. Vignaud, D. Rigaud, and L. K. J. Vandammef “1/
noise in MODFET's at low drain bias[EEE Trans. Electron Devices,
IV. CONCLUSION vol. 37, pp. 22502253, Oct. 1990.
P [10] G. Bertuccio, G. De Geronimo, A. Lognoni, and A. Pullia, “Low-
We have demonStratef(_j ths}DS (f) IS mdependent on the frequency gate current noise in high electron mobility transistors: Ex-
Schottky layer composition. We have also shown that the perimental analysis,[EEE Electron Device Lettyol. 16, pp. 103—105,
spectral gate current power dens8y, (f) is in first approxi- 1] é99|3|- . X, Letartre. P. Roio-R 4 P. Viktorovitch. "L
. . 2 . . evaa, . Letartre, . 0JOo-RrROMeo, an . VIKtorovitcn, ow
mation proportional tC_IG_ for a wide range of gate Currents_ f9r temperature MBE grown AllnAs: Investigation of current voltage and
Schottky layers containing 48—60% Al. The 60% Al containing  low frequency noise behavior of Schottky diodeSglid-State Electron.,
structure has shown to produce almost three decades less %aﬁe\éOLBﬂlgrOs- f}i{ psl?- Eﬁggfeé’ ,%A909n7r-0e B. E. Weir, and A. M. Chang
current noise. Finally, from coherence measurements it can “Tunnelling’currem noise in thin gaté oxides«ppl’. Phys. Lett.yol. '

be concluded that the drain and gate LF noise sources can 69, no. 19, pp. 2885-2887, 1996.

REFERENCES

Authorized licensed use limited to: Eindhoven University of Technology. Downloaded on June 24,2010 at 10:27:59 UTC from IEEE Xplore. Restrictions apply.



