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The low frequency noise in GaN field effect transistors has been studied as function of drain and
gate biases. The noise dependence on the gate bias points out to the bulk origin of the low frequency
noise. The Hooge parameter is found to be arourd.@ 3 to 3x 10 3. Temperature dependence

of the noise reveals a weak contribution of generation—recombination noise at elevated
temperatures. €2001 American Institute of Physic§DOI: 10.1063/1.1372364

I. INTRODUCTION Prior to the HD-MOSFET fabrication, a 7nm Si®yer was
. . deposited on a part of the heterostructures using plasma en-
A recent report on GaN highly doped metal sem|conducwnanced chemical vapor deposition

; i 1
tﬁr f'e'é’ effect ”a”.s'ﬁtorsr(]HD"\"hESFElTQ Sho""‘;d that The fabricated HD-MESFETs and HD-MOSFETs had
these : evicegespecia 'S ort ¢ anne MESFETkave a the source—drain spacing ofidn and the gate length of 1.5
potential to compete with conventional AlIGaN/GaN hetero- m

structure field effect transistof$iiFETS. One of the most A low-frequency noise was measured in the frequency

important parameters of the microwave transistors is th‘?ange from 1 Hz to 100 kHz with the sources grounded. We
level of the low frequency noise, which determines the de—used the probe station with the tungsten probes otuﬂrb

vice sun_ablhty for microwave apphcatpns. diameter. A controlled pressure on the probes provided the
In this article, we present the experimental results on th%ontacts to the sample pads

bias and temperature dependence of the low frequency noise

in HD-MESFETs and in GaN thin channel highly doped

metal oxide semiconductor field effect transistdisD- lll. RESULTS AND DISCUSSION

MOSFETS. The analysis of the noise gate voltage depen-  The current—voltage characteristics of the HD-

dence allows us to speculate about the noise sources lIoCESFETs and HD-MOSFETs were similar and differed

tion. The experimental results are compared with the noisgn|y in the threshold voltage/y,, which wasVy,=(—4+

data for bulk GaN and for AlGaN/GaN HEFTSs. —5)V andVy,=(—7+—8) V for HD-MESFETs and HD-
MOSFETSs, respectively. Figure 1 shows the current—voltage
characteristic of the HD-MESFET. The gate leakage current
also shown in Fig. 1 did not exceeg=10nA at drain bias

Il. EXPERIMENTAL DETAILS Vy=8V and gate bia¥ ;=5 V for both types of transistors.

The measurements using transmission line madelM)
The structures were grown by low-pressure metal or-

. . . . structures showed that the contact resistadRgavas negli-
ganic chemical vapor deposition d®001) sapphire sub- . ) :
e . : gible compared with the channel resistance.
strates. The deposition of approximately.n of nominally The capacitance voltage measurements on the test struc-
undoped GaN was followed by the growth of a Si-doped P 9

GaN channel. The thickness and doping level of the channet}Jre with a relatively large area of the Schottky contact indi-

) ) cated that the doping profile of the GaN layer was uniform
(extracted from capacitance—voltage characteristigsre with doping density oNy~10!cm™2. The built-in voltage
~60 nm and 18 cm™3, respectively. The measured electron of the Schottky barrier \7vas found to‘ B ~1V
oy . _ |~ .
Hall mobility in the channel was close fo=100 cnf/V's. The noise spectra of drain current fluctuatidgs had
the form of 1f" noise withT" close to unity { =1.0-1.15)
30n leave from the loffe Institute of Russian Academy of Sciences,for both HD-MESFETs and HD-MOSFETs. At low drain

194021 St-Petersburg. P . .
< -
bElectronic mail: palan@rpi.edu biasesV4<1V, the spectral noise densiffy was propor

. . 2
9Also with Sensor Electronic Technology, Inc., 21 Cavalier Way, Latham, tional to the square of the drain voltaggs~Vg, as ex-
New York 12110. pected.
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) 5 FIG. 3. The schematic view of the HD-MESFET. Also shown a simplified
Q equivalent drain-to-source circuRys=Rs+ Ry .
0

Drain voltage V, (V)

in the linear regime of operatiofsee Fig. 1 and was 6-7
FIG. 1. Current—voltage characteristics of the MESFET underinvestigation.Orders of magthde smaller than the drain current. Hence,

Crosses show the gate leakage current. the gate leakage current should not contribute much to the
output noise in these devic®<

The noise temperature dependence revealed a weak con-
tribution of one or two local levels. Figure 2 shows the tem—B Contact contribution to noise
perature dependence of noise for one of the HD-MESFETS.”
As seen, the weak noise maxima shifted to higher tempera- In order to determine the contribution of the contact
tures with a frequency increase. This behavior is typical fomoise to the measured noise spectra, the noise measurements
the generation—recombinatiorg€r) noise from a local were performed on the TLM structures. Assuming that the
level 2 However, the contribution aj—r noise was too weak contribution of the contact noise and of the noise from the
compared to the 1/noise in order to extract the local level GaN layer are not correlated and taking into account that the
parameters. contact resistance is much smaller than the resistance of the
Many different noise sources in FETs might be impor-GaN layer, the spectral noise density of the current fluctua-
tant including the contribution of the gate leakage currenttions S, /12 can be expressed as:
contact noise, bulk noise, surface noise, and the fluctuations
of the Schottky barrier space charge regi®CR width, W ﬁ _ Srct Sean 1)
(see Fig. 3. Depending on the device structure, different I RéaN ’
noise mechanisms are responsible for the main contribution ) N
to the overall nois&® Since the observed low frequency Where Src and Sg,y are the spectral noise densities of the
noise was a superposition of theflhnd generation— Contact resistance and.of the G:?\N layer resistance fluctua-
recombination noise, we should analyze the possible locatioOnS: respectivelyRgay is the resistance of the GaN layer
of the noise sources on the basis of both dhdg—r noise between the pads of the TLM structure. In the limiting case
models. when the contact noise dominarg>Sg,n), the spectral
noise densityS, /12, should be proportional thl‘z, where
L, is the distance between the TLM contact pads:
The gate leakage current in the MESFETs and MOS- s s 1
FETs under investigation did not exceed a few nanoamperes ' Re

A. Contribution to noise from gate leakage current

=07 *iz7 )
I RGaN Ll
115 In the opposite limiting case, wheBr < Sgan, the spectral

noise density of the GaN layer resistance fluctuations is pro-

~ 120l 100Hz portional to the reciprocal volume of the GaN laytre bulk

ﬁ 200Hz origin of the noisg or to the reciprocal GaN are@urface

8 st _/,/;\__/S:A 400Hz origin of the nois¢ between the contact pads. In both these
~ 800Hz cases:

o -130} a5 1500Hz

R S g S Sean 1

o 3000Hz = o« — . (3
135} y_//\/ 1277 RZn L1

140 L4 - - n - Figure 4 shows the dependence of the relative spectral
300 §FSO :(t)o eT45?°K) 500 330 noise density of the current fluctuations on the distange
emperature 1, between the pads of the TLM structure. Since this depen-
FIG. 2. Temperature dependence of naél2 for MESFET at different ~ d€nce is _Close to the ll{ law, we ConC_|Ude that contacts do
frequencies of analysis. not contribute much to the overall noise.

S,/




Rumyantsev et al.

312 J. Appl. Phys., Vol. 90, No. 1, 1 July 2001
-120 affect much the noise properties. As seen from Fig. 5, the
) relative spectral noise densiByy /Iﬁ decreases with the drain
< -1 ;\\\ current increase, i.e. with t_he gatezvoltage increase. .
= According to Eq.(4), noiseS,4 /1§ should decrease with
g \“? IE/LI the Rcy, increase, i.e., with the drain current decrease. Since
o, -130F RByo the experimental dependence exhibits the opposite trend, the
- 1/L]2‘ Aﬂaﬁ? measured noise can not be explained by the surface noise.
135 T
Spacing L, pm

D. Fluctuations of the Schottky barrier SCR

FIG. 4. The dependence of the relative spectral noise de8gity on the
distancel, between the pads of TLM structure. Frequency of analysis
=200 Hz.

Another mechanism of a low frequency noise was ana-
lyzed by Lauritzert! He assumed that the fluctuations of the
charge state of the levels inside the depletion regionpfra
junction or of a Schottky barrier result in the fluctuations of
the depletion region width/V, and, consequently, in the fluc-

i ) . . tuations of the channel width and the channel resistance. For

Let us first consider the location of the noise sources ajerq free carrier concentration in the depletion region and for
the surface of GaN in source-gate and drain-gate regiong single time constant process contributing to noise, the ex-
One of the possible mechanisms of the surfgee noise  ession for the equivalent gate voltage fluctuatispg de-
was analyzed in Ref. @the 1f noise originated from the (jyeq in Ref. 11 for the linear mode of operation is given by
surface is often dominant in Si MOSFBETS

For the noise sources located at the surface of regions 1 Syu=A Wer ®)
and 2 in Fig. 3, the relative spectral noise density of the short 9 2.2

1+ w7’
ltz\r:/:il::z]?(r)arlm.current fluctuations can be presented in the fOIK/vhereA is the parameter which does not depend on gate

voltage,w=27f, f is the frequency, and is the fluctuation
Sd  Srds Rﬁs time constant. Theg—r noise of this origin was recently
127 RZ (RastRen)?’ (4)  observed in GaAsFETs(the superposition of noise from

several traps can result in thefdike spectrun).

whereRcy is the channel resistance which depends on the  The spectral noise density of the channel resistance fluc-
gate voltageVy, Rys=Ry+Rs is the resistance of source- tations is given by
gate and drain-gate regioq®gions 1 and 2 in Fig.)3 Sgys 5
is the spectral noise densities of tRg fluctuations. In this @1: Svgd
case, the noise gate voltage dependence is determined by the R%h Iﬁ '
dependence dRc, on V.

N g , hereg is the intrinsic transconductance. In the linear re-
The data points in Fig. 5 correspond to the experimental . . .
. . ime, the transconductance is inversely proportional to the
results for the dependence of noise on the drain current f

HD-MESFETs and HD-MOSFETSs at a constant drain bias.deplgtmn region W|chW. Th_erefore, the dependelnce of the
o ; . . relative spectral noise density of the channel resistance fluc-
Within an experimental error, the noise behavior for both

types of transistors was identical. This indicates thatz‘SiOtuatlons on the channel widW can be expressed as:

C. Surface noise sources

(6)

film deposited in order to fabricate HD-MOSFETs does not  Sgzey, = W
R, v
Ch d
-80 , The spectral noise density of the short circuit drain cur-
g 90 ' rent fluctuations can be presented in the following form:
=) 2
2 100 &: % Reh _ BWRE, ®
110 12 R%, (RgstRen?  (RystRep)?12’
= whereB is the parameter which does not depend on the gate
¥ -120¢ voltage.
130 L . A In order to compare our experimental resulisg. 5)
1x10° 1x10* 1x10” 1x10* with this model, the SCR width), should be expressed as a
Drain Current I, (A) function of the drain current:
FIG. 5. The dependence of the of the relative spectral noise density of the (le—19)Wo
drain current fluctuations on drain current. Drain voltage=0.5V. Fre- = ﬁ’ 9)
fc— 1do

quency of analysi$ =200 Hz. Different symbols show data for MESFETs
and MOSFETSs. Lines 1 and’ fre calculated according to the Lauritzen . . .
where 14, and W, are drain current and depletion region

model (see Ref. 11[Eqg. (10)] for Ry=115Q and Ry=180(), respec- . . ; )
tively. Lines 2 and 2 are calculated according E(L4) for Ru=115Q and  thickness, a¥ =0, respectively|y. is the full channel drain
current.

Rgs= 18012, respectively(bulk origin of noise.
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The substitution of Eq(9) into Eq.(8) yields the depen- whereC is a parameter, which does not depend on gate volt-
dence of noise on the drain current at the constant draiage.

voltage: The bulk noise originated from the regions 1 and 2 in
5 Fig. 3 should be of the same nature as the channel bulk
S_Izd: B (|fc_|d)(vd“d_§a3 Wo (10) noise. Therefore the spectral noise den@',i)qisfjS is given
I3 (Ite—140) Vg by
In Fig. 5, lines 1 and 1are calculated using EL0) for Slds: Pcno( Sren (15)
Rys= 1150 andRy=180(), respectivelysee Appendix for Ri. Py | RE, v :O’
9

Rys estimates In order to calculate the dependence of noise _
on the drain current, paramet@was adjusted to fit the noise where ®¢o=(d—Wp)L4Z, is the channel volume av,

value atVy=0. The thickness of the depletion region\gf =0, d is the full channel thicknesg is the channel width,
=0 was taken to beW,=0.03um (extracted from the and®is the volume of GaN layer between source-gate and
capacitance—voltage measuremgnts gate-drain intervalgregions 1 and 2 in Fig.)3We estimated

Figure 5 shows that this noise mechanism predicts a mucfgs as ®gs=(d—Wp)(Lg+Ls)Z for Rys=1800 and ® 4
faster increase of noise compared with that observed experi=d(Lg+Ls)Z for Rg=1150 (see Appendix forRys esti-
mentally. mates.
Curves 2 and 2in Fig. 5 are calculated using E¢L4)
for Rys=115Q and Ry=180(), respectively. As can be
Van der Ziet? assumed that fluctuations of the carrier seen from Fig. 5, the experimental data can be fitted quite
density in the channel are responsible for the noise in FETsvell using the bulk noise model. At a low drain current,
Assuming that a single time constant process contributes tcsld/|§)~|gl. This reflects the fact that the noise depends
noise and neglecting the influence of resistaRgeon noise, on the channel volume asdify, [see Eq.(14)]. This is a
the spectral noise density of drain current fluctuations deterdsual behavior of the bulk f/noise. At high drain currents

E. Bulk location of the noise sources

mined by this mechanisms are given By: and small gate voltages, the dependence of noise on drain
y g
current is close t0%4/13)~142.
,_HaVaQuym (11) Since it appears that the noise sources in the transistors

(1t 0P under investigation are located in the bulk of GaN layer, the
) ) ) - Hooge parameten=(S,/I?)Nf (N is the total number of
whereq is the electronic charge, is the electron mobilityy  carriers in the samplecan be used to characterize the noise

is constantlq is the gate length, and, is the fluctuation |eye| 1% \We estimatedv=(2—3)x 102 for the entire range

time constant. . _ _ of the gate voltages. These valuesaoére at least one order
__For the linear regime of operation, EL1) can be sim-  of magnitude smaller than those reported for bulk &aad
plified: 3-5 orders of magnitude smaller than that recently reported
g 4 for p-type GaN'® The « values for HD-MESFETs and HD-
Sia_ Sren YT (120 MOSFETSs found in the present article are comparable with
e R&h New(l+ow®m)’ values for AIGaN/GaN HFET&920

whereN¢y, is the number of electrons in the channel. A su-
perposition of noise from several traps or from a continuougdV- CONCLUSION

spectrum of levels results in thefliike noise® Equation The measurements of the low frequency noise on GaN
(12) takes into account only the noise sources located insidgp-MESFETs and HD-MOSFETs showed that the noise
the channel. Assuming that the noise sources are not corrgronerties of MESFETs and MOSFETS are identical and that
lated and located both in the channel and in the lateral refe drain and source contacts do not contribute much to the
gions 1 and 2see Fig. 3'"*°the spectral noise density of | frequency noise. The dependence of the noise on gate
the drain current fluctuations can be presented in the followggjtage indicates that the noise originates from the bulk of
ing form: GaN in the channel and in the source to gate and drain to

S St R? S R2 gate region_s. We e_stimated the Hooge parame_te(Z—S)

24 _ZRE R S S (13  x107°. This value is about one order of magnitude smaller
I3 Rgs (RastRen)  Rgy (Rast Ren) than the value ofr reported for bulkn-type GaN. The tem-
perature dependence of noise shows a weak contribution of
g—r noise at elevated temperatures.

In Eq. (12), Ng, is the only parameter which depends on the
gate voltageV, . In the linear regime of operation, the num-

ber of electrons in the channel is inversely proportional to
the channel resistancéNg,~ 1/R.). Hence, the expression ACKNOWLEDGMENTS
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