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The low-frequency X/ noise characteristics of AIGaN/GaN high-electron-mobility transistors with

gate length scaled down to 150 nm grown on sapphire by metalorganic chemical vapor deposition
have been studied. Certain features of thé ddise have been revealed in these short-gate
transistors. The low-frequency noise spectra show drastically different behavior depending on the
gate voltageVg in the range of low Vg =Vg=<0) and high ¥s<Vg,) biases. The noise
spectra-gate bias dependences allow one to distinguish a spatial redistribution of effective noise
sources in the transistor channel. The Hooge parameter has been deduced separately for the ungated
region,af,=10"3, and for the gated regiom?=2x10"4, of the transistor channel. These values

are as low as those previously observed in nitride heterostructures grown on silicon carbide
substrates. €2002 American Institute of Physic§DOI: 10.1063/1.1463202

The group llI-nitride-based electronic devices are very(33% Al) undoped barrier layer. Transistors were fabricated
attractive for power applications at high frequencies. Nitrideusing Ti/Al/Ti/Au metallization annealed for 40 s at 800 °C
material systems offer great potential for providing muchfor source and drain ohmic contacts and Ni/Au for Schottky
higher output power, operational voltage, and temperatureggate contacts. The surface was covered with 320 ryN Si
Due to a unique combination of high current density, highThe devices had gate length of 0.15, 0.25, 0.30, Qu&%
breakdown electric field, and good thermal conductivity,gate width of 100—40@m, and drain-gate spacing ofgm.
these materials are in the focus of state-of-the-art semicorA source-drain spacing was ofan. A complete direct cur-
ductor research:3 The low-frequency ¥/ noise is one of the rent characterization has been carried out in HEMT devices
important factors that limits the device performance and dewith variety of channel widths and lengths. Hall mobility and
termines its capability for power microwave applications.sheet carrier concentration in ungated structures were ex-
The level of such noise and corresponding value of thdracted from Hall measurements. A room temperature elec-
Hooge parameter may often be significant in AlGaN/GaNtron mobility of 1250 criV's at a sheet carrier density of
structures depending on growth technique and different typd.05x 10** cm™? was measured in the channel.
of substrate$mainly sapphire and silicon carbide are used as ~ The transistor dc characteristics were investigated with a
most suitablg In previous studies, a low-frequency noise HP 4145B semiconductor parameter analyzer operated in
was measured in high_e|ectr0n_mobi|ity transis(efEMT) transistor mode. LOW-frequency noise measurements were
devices with gate length of a micrometer range s¢aléThe  Pperformed at different gate-source voltages in the common
devices with a shorter gate length have smaller characteristgource configuration under open circuit conditidRs>r g,
transit times and provide higher operating frequenciesWhereR, is the load resistance in the drain circuit angdis
Moreover, certain features of carrier transport and noise cafe channel differential resistance. The noise spectra were
manifest themselves with scaling down the device featurén€asured in the frequency range from 1 Hz to 100 kHz at
lengths, which will impact the device performance. In this 300 K with using low-noise preamplifier ITHACO 1201. The
letter, we present the study of low-frequency noise ofdirectly measured noise power densiy(f ) was analyzed
AlGaN/GaN-based HEMTs with gate length scaled down totY HP35670 A Dynamic Signal Analyzer. Then, the noise
deep submicrometer range of 150 nm. spectra of the transistors were obtained IS((f)

AlGaN/GaN HEMTs under investigation were grown by =[Svm(f )/GZ_S\/b(f )I/k(t), whereS, (f) is the back-
metalorganic chemical vapor deposition on sapphire subground noise of the low-noise preamplifi&,andk(f ) are
strates. A 40 nm AlGaN16% Al) nucleation layer grown on the gain of the preamplifier and a correction factor to a non-
the substrate was followed by the deposition of a Arh  uniformity of the gainG frequency behavio(normalized

nominally undoped GaN buffer layer and a 23 nmAlGaN ~ amplitude—frequency characterigticespectively. We used a
set of wire load resistor&®, which did not contribute an

additional excess noise. The observed peculiarities fn 1/

30n leave from the Institute of Semiconductor Physics of National Acad-

emy of Science of the Ukraine, 03028, Kiev, Ukraine. noise spectra have been exhibited most distinctly in short-
YElectronic mail: s.vitusevich@fz-juelich.de gate devices. Next, we concentrate on results obtained for the
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FIG. 1. The dcl -V characteristics of the transistor measured for different i, —o—-3.5
gate voltageVg from 0 to —5 V with stepAVg=—1V. 3 10" —x—-4.0H
—v—-4.5
device with 0.15um gate length and 40Q@m gate width. B T
The set of the transistor dc current—voltage V) char- Drain Current, I, (mA)

acteristics at different gate biases is presented in Fig. 1. It is _ _ _
seen that thd =V curves can be divided into two groups FIG. 3. Dependences of current-noise s_pectral densn_y on the drain current
. L . _|p measured at frequendy=10 Hz and different gate bias&g; from 0 to

ghmh a;evmsfcrm\]/mats/d by adthfres\?o'd\\;alue_ror: thfe gate biag’ .5V, the dotted curve shows the quadratic dependen&g @ |, .
ct=—3V, for Vg=Vg,; and for Vg<Vg;. The former,

corresponding to the low gate voltage measurements, is char- i

acterized by very weak deviation from linear behavieven <-3V “““’?S 3 and } Within each group of curves, th_e

at a relatively high drain-source voltage \¢~2 V) and a gate voltage is the same whereas the drain current is differ-

weak dependence on the gate bias. On the contrary, the latt8 t'll T.r;e. spﬁctra ‘Zhapti (tjr(])es ntot ggperlld Othh]? dtram currefnt,

corresponds to the transistor operation practically in subsatY"'e 1t 1S changed wi € gateé bias. or the hirst group o

ration regime at such gate biases, so that only initial part Opqeel\)surement..:,k,] an mcrtia;set;]n t?? dn0|se dspectr?ltk;]ﬁy(/éb
thel -V curves ¥p=150 mV) is linear. Therebys=Vg; is observedwith respect to the ependengeat the very

is the threshold gate bias which distinguishes different relqW frequencies, as .Wel.l as somewhat elevated values of
gimes of the transistor operation with weak and strong Conhlgh-frequency contributions. In the spectra of the second
trol of the channel resistance group, the low-frequency growth is not observed and there is

The voltage-noise spectral densiy(f) was obtained a maximum at frequencies of 3—10 kHz dependent on the
for different gate voltages in the range of €5 V and for source-drain voltage. These peculiarities in the noise spectra

drain currents in the range of 1.03-25.9 mA. The spectré“ay be due to the occurrence of local levels with distinct
show frequency dependence of.the tybe deiWith the characteristic time constants which need further investiga-

exponenty being very close to unityl/f nois@. The back- tion. . . I

ground noise of preamplifier became apparent only for rela- . For the analysis of main contributions o the observe_d
tively small noise levels at the very high frequencies used iflolse, we stu_dy the dependegces of the_dram current-noise
the experiment, which will be beyond our considerations.spectral denS|t)‘B_|(f )=Sy(f)/rgon Fhe drain currenty for

The gate voltage of about3 V has been found to discrimi- d|fferent gate biases and for a given frequerfey 10 Hz .
nate the noise spectra behavior for both the frequency depeﬁf'g' 3. It IS remarkable that the same ya]ue of the g.ate plas,
dence and the drain-source current dependence at a givé/r?t’ obtained fpr the dé—v charagterlsncs, Qeterm|nes n
frequency of the analysis. In Fig. 2, we show two groups o 9. 3 two regions where the noise level is weakly and

the normalized spectra of the drain-source voltage noise acttrongly controlled with the gate voltage. The studies of the

different gate biases/s>—3V (curves 1 and Rand Vg origin of the Iow-frequ_ency noise in flgld-effect tran_S|stors
are performed usually in the linear regime of operation. We

analyze the results of the noise measurements relevant to this

10° " o r(_agin_]e[—4.5 V=Vg=<O0V andVp= 15_0 mV(Fig. 1)]., con-
W’“W sidering the two groups of curves distinguished in Figs. 1
10T and 3.
> WWWW Mhiay + Concerning the first group of measurements 3(V
» 10"z ' <Vs=0V), it is to be noted that differential resistance of
ol W‘VMW Ly ol the channel is varied only weakly;4=20Q for Vp
10"2% ' <150 mV (Fig. 1), and the noise level practically is not
W changed with the gate voltagEig. 3). The dependence &,
10" on |y is strictly quadratic. This proves that the measured

0 1 3 a4 5
10 10 1¢ 10 10 10 b .
noise is not a contact one but caused by fluctuations of the
Frequency (Hz ) . . . .

channel resistance. It is usually characterized by the dimen-

FIG. 2. Normalized frequency spectra of the voltage noise at certain gatsionless Hooge parameter, ,12
biases below(curves 1 and Rand above(curves 3 and ¥the threshold

voltageVg,: 1-Vg=0V, I5=5.65mA, Vp=111mV; 2-Vs=0V, Ip Sl(f)
=15.4mA, Vp=303mV; 3-Vg=—45V, Ip=1.24mA, Vp=92mV, ay=—>—"FN, (1)
4-Vg=—45V, 1p=11.7 mA, andVp=635mV. 15
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whereN is the total number of the conduction electrons inHere, we have assumed the electron mobility to be the same
the noise region. With simple manipulations, we get fromall over the passive and active regions. From B, the

Eq. (1) the expression value of the Hooge parameter has been extractédV )
=2x10"% It is found for the investigated transistors that
S(f) ., 2 /estl
ay=——>—(fL2R/qu,), (2)  ay is independent on the gate bias in the range-df5 V
Vg <Vg=-3V.
whereL is the channel lengtiR=L?/(qu,N) is the channel In conclusion, the ¥/ noise of AlGaN/GaN HEMTs

(ohmig resistancepu, is the electron mobility, and is the ~ grown on sapphire with the gate length scaled down to na-
electron charge. Using the data of Figs. 1 and 3, the Hooggometer range has been studied. Contributions to the noise
parameter calculated by E(R) at V=0, Vp=100 mV, |5 from different regions of the transistor channel has been re-
=5mA, and L=0.15um is as low asap=2.7x10"°, vealed. A Hooge parameter has been extracted separately for
which is an incredibly small quantity. Such a discrepancy carpassive(ungated and active(gated regions of the channel
be eliminated if we take that the device noise for the considbeing af;=10"% and a?=2x10"% respectively. These
ered range of gate biasés the linear regime of operatiopn prove a good noise quality of the active region of the tran-
is determined by the noise sources located in pas@ime Sistor channe(comparable with that for the devices grown
gated regions adjacent to the drain and source contacts. len SiQ. We suggest that optimization of the transistor design
this regime, the resistance of the actiigated region is a  via reduction of the passive regions will considerably im-
small part of the total resistance of the transistor channgbrove the 1f-noise figures of nanoscale-gate-length AlGaN/
between the drain and source contacts. Indeed, if we use i@aN HEMTs grown on sapphire substrates.
Eq. (2) the distancd.=3 um, then we obtainy,=10 3.
This value ofay, is comparable to the standard magnittfde
of ay=2x10"3, as well as to that previously obtained for
nitride heterostructures grown on sapphire substretés.

The second group of curves in Fig. ¥4<—-3V) is
characterized by a lower slope of the depende§dép),
with the slope being decreased with increasing the gate biad
Moreover, the noise spectral levg| for this group of mea-
surements exceeds the respective value§,dr the first
group of curves discussed herein.
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