
 Open access  Journal Article  DOI:10.1063/1.1321790

Effect of gate leakage current on noise properties of AlGaN/GaN field effect transistors
— Source link 

S. L. Rumyantsev, Nezih Pala, Michael Shur, R. Gaska ...+5 more authors

Institutions: University of South Carolina

Published on: 15 Nov 2000 - Journal of Applied Physics (American Institute of PhysicsAIP)

Topics: Noise (electronics) and Field-effect transistor

Related papers:

 
Two-dimensional electron gases induced by spontaneous and piezoelectric polarization charges in N- and Ga-face
AlGaN/GaN heterostructures

 AlGaN/GaN metal oxide semiconductor heterostructure field effect transistor

 
Two dimensional electron gases induced by spontaneous and piezoelectric polarization in undoped and doped
AlGaN/GaN heterostructures

 
Gate leakage effects and breakdown voltage in metalorganic vapor phase epitaxy AlGaN/GaN heterostructure field-
effect transistors

 Low-frequency noise in AlGaN'GaN heterojunction field effect transistors on SiC and sapphire substrates

Share this paper:    

View more about this paper here: https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-
4j1jliam3a

https://typeset.io/
https://www.doi.org/10.1063/1.1321790
https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-4j1jliam3a
https://typeset.io/authors/s-l-rumyantsev-hi8i49gz87
https://typeset.io/authors/nezih-pala-bvgab0c59w
https://typeset.io/authors/michael-shur-1vy0gheepv
https://typeset.io/authors/r-gaska-285sfi6qb8
https://typeset.io/institutions/university-of-south-carolina-2hzjdv31
https://typeset.io/journals/journal-of-applied-physics-a6hf15ru
https://typeset.io/topics/noise-electronics-q7a3gx8s
https://typeset.io/topics/field-effect-transistor-3i479z0a
https://typeset.io/papers/two-dimensional-electron-gases-induced-by-spontaneous-and-11pht7aexp
https://typeset.io/papers/algan-gan-metal-oxide-semiconductor-heterostructure-field-2ir49zu10l
https://typeset.io/papers/two-dimensional-electron-gases-induced-by-spontaneous-and-2oohn3e6uz
https://typeset.io/papers/gate-leakage-effects-and-breakdown-voltage-in-metalorganic-1iiejqpa8g
https://typeset.io/papers/low-frequency-noise-in-algan-gan-heterojunction-field-effect-1qxmv4j0v4
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-4j1jliam3a
https://twitter.com/intent/tweet?text=Effect%20of%20gate%20leakage%20current%20on%20noise%20properties%20of%20AlGaN/GaN%20field%20effect%20transistors&url=https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-4j1jliam3a
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-4j1jliam3a
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-4j1jliam3a
https://typeset.io/papers/effect-of-gate-leakage-current-on-noise-properties-of-algan-4j1jliam3a


University of South Carolina University of South Carolina 

Scholar Commons Scholar Commons 

Faculty Publications Electrical Engineering, Department of 

12-1-2000 

Effect of Gate Leakage Current on Noise Properties of AlGaN/Effect of Gate Leakage Current on Noise Properties of AlGaN/

GaN Field Effect Transistors GaN Field Effect Transistors 

S. L. Rumyantsev 

N. Pala 

M. S. Shur 

R. Gaska 

M. E. Levinshtein 

See next page for additional authors 

Follow this and additional works at: https://scholarcommons.sc.edu/elct_facpub 

 Part of the Electronic Devices and Semiconductor Manufacturing Commons, and the Other Electrical 

and Computer Engineering Commons 

Publication Info Publication Info 

Published in Journal of Applied Physics, Volume 88, Issue 11, 2000, pages 6726-6730. 

©Journal of Applied Physics 2000, American Institute of Physics (AIP). 

Rumyantsev, S. L., Pala, N., Shur, M. S., Gaska, R., Levinshtein, M. E., Khan, M. A., Simin, G., Hu, X., & Yang, 

J. (1 December 2000). Effect of Gate Leakage Current on Noise Properties of AlGaN/GaN Field Effect 

Transistors. Journal of Applied Physics, 88 (11), 6726-6730. http://dx.doi.org/10.1063/1.1321790 

This Article is brought to you by the Electrical Engineering, Department of at Scholar Commons. It has been 
accepted for inclusion in Faculty Publications by an authorized administrator of Scholar Commons. For more 
information, please contact digres@mailbox.sc.edu. 

https://scholarcommons.sc.edu/
https://scholarcommons.sc.edu/elct_facpub
https://scholarcommons.sc.edu/elct
https://scholarcommons.sc.edu/elct_facpub?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F84&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/272?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F84&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/278?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F84&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/278?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F84&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.1063/1.1321790%20
mailto:digres@mailbox.sc.edu


Author(s) Author(s) 
S. L. Rumyantsev, N. Pala, M. S. Shur, R. Gaska, M. E. Levinshtein, M. Asif Khan, Grigory Simin, X. Hu, and 
J. Yang 

This article is available at Scholar Commons: https://scholarcommons.sc.edu/elct_facpub/84 

https://scholarcommons.sc.edu/elct_facpub/84


Effect of gate leakage current on noise properties of AlGaN/GaN field effect transistors
S. L. Rumyantsev, N. Pala, M. S. Shur, R. Gaska, M. E. Levinshtein, M. Asif Khan, G. Simin, X. Hu, and J. Yang 
 

Citation: Journal of Applied Physics 88, 6726 (2000); doi: 10.1063/1.1321790 

View online: http://dx.doi.org/10.1063/1.1321790 

View Table of Contents: http://scitation.aip.org/content/aip/journal/jap/88/11?ver=pdfcov 

Published by the AIP Publishing 

 

Articles you may be interested in 
Mechanisms of current collapse and gate leakage currents in AlGaN/GaN heterostructure field effect transistors 
J. Vac. Sci. Technol. B 21, 1844 (2003); 10.1116/1.1589520 
 
Low frequency noise in GaN/AlGaN heterostructure field effect transistors in non-ohmic region 
J. Appl. Phys. 93, 10030 (2003); 10.1063/1.1574599 
 
Delta-doped AlGaN/GaN metal–oxide–semiconductor heterostructure field-effect transistors with high breakdown
voltages 
Appl. Phys. Lett. 81, 4649 (2002); 10.1063/1.1527984 
 
Gate leakage effects and breakdown voltage in metalorganic vapor phase epitaxy AlGaN/GaN heterostructure
field-effect transistors 
Appl. Phys. Lett. 80, 3207 (2002); 10.1063/1.1473701 
 
AlGaN/GaN metal–oxide–semiconductor heterostructure field-effect transistors on SiC substrates 
Appl. Phys. Lett. 77, 1339 (2000); 10.1063/1.1290269 
 

 

 [This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to ] IP:

129.252.69.176 On: Fri, 23 Jan 2015 21:31:11

http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1148290502/x01/AIP-PT/JAP_ArticleDL_0115/AIP-2394_JAP_1640x440_Deputy_editors.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=S.+L.+Rumyantsev&option1=author
http://scitation.aip.org/search?value1=N.+Pala&option1=author
http://scitation.aip.org/search?value1=M.+S.+Shur&option1=author
http://scitation.aip.org/search?value1=R.+Gaska&option1=author
http://scitation.aip.org/search?value1=M.+E.+Levinshtein&option1=author
http://scitation.aip.org/search?value1=M.+Asif+Khan&option1=author
http://scitation.aip.org/search?value1=G.+Simin&option1=author
http://scitation.aip.org/search?value1=X.+Hu&option1=author
http://scitation.aip.org/search?value1=J.+Yang&option1=author
http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://dx.doi.org/10.1063/1.1321790
http://scitation.aip.org/content/aip/journal/jap/88/11?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvstb/21/4/10.1116/1.1589520?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/93/12/10.1063/1.1574599?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/81/24/10.1063/1.1527984?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/81/24/10.1063/1.1527984?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/17/10.1063/1.1473701?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/17/10.1063/1.1473701?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/77/9/10.1063/1.1290269?ver=pdfcov


Effect of gate leakage current on noise properties of AlGaNÕGaN field
effect transistors

S. L. Rumyantsev,a) N. Pala,b) M. S. Shur, and R. Gaska
Department of Electrical, Computer, and Systems Engineering and Center for Integrated Electronics
and Electronics Manufacturing, CII 9017, Rensselaer Polytechnic Institute, Troy, New York 12180-3590

M. E. Levinshtein
Solid State Electronics Division, The Ioffe Physical-Technical Institute of Russian Academy of Sciences,
194021, St. Petersburg, Russia

M. Asif Khan, G. Simin, X. Hu, and J. Yang
Department of Electrical and Computer Engineering, University of South Carolina, Columbia,
South Carolina 29208

~Received 13 June 2000; accepted for publication 7 September 2000!

The effect of the gate leakage current fluctuations on noise properties of AlGaN/GaN

heterostructure field effect transistors ~HFETs! has been studied in conventional HFET structures

and in AlGaN/GaN metal-oxide-semiconductor heterostructure field effect transistors

~MOS-HFETs!. The comparison of the noise properties of conventional AlGaN/GaN HFETs and

AlGaN/GaN MOS-HFETs fabricated on the same wafer, allowed us to estimate the contribution of

the gate current noise to the HFET’s output noise. The effect of the gate current fluctuations on

output noise properties of HFETs depends on the level of noise in the AlGaN/GaN HFETs. For the

transistors with a relatively high magnitude of the Hooge parameter a;1023, even a relatively

large leakage current Ig ~Ig /Id;1023 – 1022, where Id is the drain current! does not contribute

much to the output noise. In HFETs with a relatively small values of a (a;1025 – 1024), the

contribution of the leakage current to output noise can be significant even at Ig /Id;1024 – 1023.

For such transistors, a very rapid increase of the 1/f noise with gate bias was observed. The

differences in the noise behavior can be linked to the material quality of the AlGaN and GaN layers

in different types of HFETs. © 2000 American Institute of Physics. @S0021-8979~00!08823-X#

I. INTRODUCTION

AlGaN/GaN heterostructure field effect transistors

~HFETs! have an excellent potential for high power, high

frequency, and low noise applications.

Low frequency noise is one of the most important char-

acteristics of HFETs, and the noise has to be low in the entire

range of the operation gate biases. In several articles, a sub-

stantial increase of the relative spectral noise density of drain

current fluctuations in AlGaN/GaN HFETs with gate voltage

increase has been reported.1–3 One of the possible reasons

for the dependence of low frequency noise on gate bias is the

contribution of the gate leakage current noise to the output

noise.4,5

In this article, the contribution of the gate leakage cur-

rent fluctuations to the output drain current noise of AlGaN/

GaN HFETs was studied by three different methods. First,

we studied the low frequency noise properties of the AlGaN/

GaN HFETs and metal-oxide-semiconductor heterostructure

field effect transistors ~MOS-HFETs! fabricated on the same

wafer under identical conditions. The MOS-HFETs had an

extremely low gate leakage current and the difference in gate

current between HFETs and MOS-HFETs was several orders

of magnitude. Second, the gate current fluctuations were

measured directly in AlGaN/GaN HFETs. The appropriate

analysis of the results also allowed us to calculate the con-

tribution of gate current fluctuations to the output noise.

Third, the correlation between the gate and drain current

fluctuations was measured and analyzed.

II. EXPERIMENTAL DETAILS

AlGaN/GaN heterostructures were grown by low pres-

sure metalorganic chemical vapor deposition at 1000 °C and

76 Torr.

The first set of the structures was grown on insulating

4H–SiC. A 0.4 mm insulating GaN layer and a 50 nm n-GaN

layer with an estimated doping level between 231017 and

531017 cm23 follow a 50 nm AlN buffer. The heterostruc-

tures were capped with a 30 nm Al0.2Ga0.8N barrier layer,

which was doped with silicon approximately to 2

31018 cm23. The measured room temperature Hall mobility

and sheet carrier concentration were 1150 cm2/V s and 1.2

31013 cm22, respectively. Prior to the transistor fabrication,

a 7 nm SiO2 layer was deposited on a part of the heterostruc-

ture using plasma enhanced chemical vapor deposition. The

MOS-HFETs were fabricated on the oxidized part of the wa-

fer. The conventional HFETs were fabricated on the nonoxi-

dized part of the same wafer under identical conditions. The

transistors had a source-drain spacing of 5 mm and a gate

a!On leave from Ioffe Institute of Russian Academy of Sciences, 194021 St.

Petersburg, Russia.
b!Electronic mail: palan@rpi.edu
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length, L, of 2 mm, and a gate width, W, in the range of

150–250 mm. More details of the structure fabrication can be

found in Ref. 6.

The second set of the structures was grown on conduct-

ing 6H–SiC. The deposition of the 150 nm AlN layer was

followed by the 1 mm undoped GaN layer and 50 nm n-GaN

layer with the same doping level as structures from the first

set. The heterostructures were capped with a 40 nm

Al0.2Ga0.8N barrier layer. The measured room temperature

Hall mobility and sheet carrier concentration were 1400

cm2/V s and 1.531013 cm23, respectively. Just like the tran-

sistors from the first set, these transistors had a source-drain

spacing of 5 mm, a gate length, L, of 2 mm, and a gate width,

W, in the range of 150–250 mm. Helium ion implantation

was used to isolate devices. More details of the structure

fabrication can be found in Ref. 7.

A low frequency noise was measured in the frequency

range from 1 Hz to 100 kHz at small values of the source-

drain bias Vds ~linear, unsaturated regime! with source

grounded. The probe station with the tungsten probes of 10

mm diameter, and controlled pressure on the probes provided

the contacts to the sample pads.

III. RESULTS AND DISCUSSION

Figure 1 shows transfer current voltage characteristics of

the transistors HFETs and MOS-HFETs fabricated on the

same wafer under identical conditions on insulating 4H–SiC.

The dependencies of the absolute value of the gate leakage

current Ig on gate voltage are also shown. In order to analyze

the role of the gate current in noise properties the HFETs

with relatively high current Ig were chosen. It is seen that the

gate leakage current in MOS-HFETs is several orders of

magnitude less than in HFETs. The extremely low current Ig

in MOS-HFETs allows us to obtain more than eight orders of

magnitude dynamical range of the drain current as compared

with three-to-four orders of magnitude for the HFETs. At

subthreshold gate voltages ~Vg<24.5 V for the HFETs and

Vg<210 V for the MOS-HFETs!, the drain current is nearly

equal to the gate current Ig . Hence the contribution of the

gate current noise S Ig to drain current fluctuations is the larg-

est in this voltage regime. The ratio Ig /Id decreases very

rapidly with the gate voltage increase, and the contribution

of the gate current to the drain current should decrease, as

well.

The dependence of the gate leakage current, Ig , on the

gate voltage Vg for the structures of the AlGaN/GaN HFETs

on a conducting 6H–SiC substrate, were presented in Ref. 2.

For the experiments described in this article, we chose the

structures with the Id(Vg) dependencies similar to those

shown in Fig. 1 for HFETs.

In order to determine a possible contribution of the gate

current to the output noise at different gate biases we com-

pared the noise gate voltage dependencies for the MOS-

HFETs and HFETs.

The noise spectra S Id /Id
2 have the form of 1/f G noise

with G close to unity (G51.0– 1.15) for both HFETs and

MOS-HFETs on insulating 4H–SiC substrates, and for the

conducting SiC substrates. At low drain biases, Vd,1 V, the

spectral noise density of drain current fluctuations S Id was

proportional to the square of the drain voltage S Id;Vd
2 ~Fig.

2!. Close to the saturation S Id increases somewhat faster and

saturates at approximately the same drain voltage as the

drain current. In the saturation region, the noise is nearly

independent of the drain bias, see Fig. 2.

Figure 3 shows the dependencies of the relative spectral

noise density S Id /Id
2 on drain current for several HFETs and

MOS-HFETs at constant drain voltage Vd50.5 V. For the

devices from the first set of structures ~on 4H–SiC insulating

substrates! at high drain current (Vg50), the values of

S Id /Id
2 are almost the same for both HFETs and MOS-

HFETs. The noise level corresponded to the Hooge

FIG. 1. Transfer characteristics and gate leakage current in HFETs and

MOS-HFETs on insulating 4H–SiC substrate.

FIG. 2. Dependencies of the drain current Id and the drain current spectral

noise density S Id for the HFETs. (Vg522 V).
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parameter8 a5(S Id /Id
2)N f '1023 ~here N is the total num-

ber of carriers in the channel between the drain and source!.
With a current decrease ~i.e., at more negative gate voltages,

Vg!, the spectral noise density increased fairly rapidly for

both the HFETs and MOS-HFETs. The difference in noise

level between these two types of transistors increased with a

decrease of the drain current and reached 7–8 dB at Id'2

31023 A. However, this difference cannot be explained by

the contribution of the gate leakage current to the noise in

HFETs. Indeed, the ratio Ig /Id increases with a decreasing

gate bias. Hence, the lower the drain current, the higher the

difference between noise in HFETs and MOS-HFETs should

be. However at Id,1023 A, this difference becomes smaller,

and at Id;1024 A, the noise is practically the same for the

HFETs and MOS-HFETs. So, one can conclude that gate

leakage current does not contribute to the output noise in the

devices with the relatively high level of 1/f noise (a
51023).

Structures from the second set ~conducting 6H–SiC sub-

strate! were characterized by a low level of 1/f noise, which

corresponded to the Hooge parameter a51024. For these

structures, spectral noise density S Id /Id
2 sharply increased

with a drain current decrease ~see the dashed line in Fig. 3!.
When the drain current decreased by a factor of less than 2,

the noise spectral density S I /Id
2 increased by 20 dB for these

devices. At the same time, for the high noise level devices,

the noise increased by only 12 dB when the current changed

from 231022 to 1022 A.

A rapid increase in noise was accompanied by a gate

leakage current Ig .2 Hence, one can assume that in these

HFETs, the gate current fluctuations contribute to the output

noise.

At small drain current Id,0.002 A ~large negative gate

voltage!, the transistors from the second set demonstrated

unstable noise spectra which were not reproducible. Such a

behavior can be considered as an additional evidence that the

gate leakage current fluctuations contribute to the output

noise.

To confirm these conclusions, the direct measurements

of the gate current fluctuations have been performed.

The gate current is divided between drain and source in

proportion, which depends on the gate-source and gate-drain

biases and source and drain series resistances. The part of the

gate current flowing to the drain gives an additive contribu-

tion to the output noise. The part of the gate current flowing

to the source produces voltage fluctuations, which are ampli-

fied by the transistor.

In order to measure the gate current fluctuations, a small

resistor Rg should be connected in series with the gate. If the

entire gate current flows to the drain, the relative spectral

noise density of drain current fluctuations due to the gate

current fluctuations is given by

S Id

Id
2 5

SVg

Rg
2Id

2 , ~1!

where SVg is spectral noise density of gate voltage fluctua-

tions.

If the entire gate current flows to the source, it produces

the voltage fluctuations across source series contact resis-

tance Rc and across a fraction of the channel resistance, Rch .

This resistance is on the order of Rc1bRch , where b is a

parameter that depends on the gate current and is on the

order of 0.2–0.5. In the linear regime, this resistance is close

to half of the output resistance r5Vd /Id . Hence, the fluc-

tuations of the drain current due to this mechanism can be

estimated as

S Id

Id
2 5

SVg

Rg
2Id

2

r2

4
g2, ~2!

where g is the external transconductance in the linear region.

Figure 4 illustrates the possible contribution of gate cur-

rent fluctuations to the output noise of the structures with a

relatively high level of 1/f noise ~4H–SiC insulating sub-

strate! and structures with low 1/f noise ~6H–SiC conducting

substrate!. Curves labeled 1 in Figs. 4~a! and 4~b! show the

measured dependencies of the drain current fluctuations

S Id /Id
2 on the drain current. Symbols on curves 2 and 3 rep-

resent the contribution of the gate current fluctuations to the

output noise for this structure calculated according to Eqs.

~1! and ~2!, respectively, using the experimental values of

SVg , r, and g.

Eqs. ~1! and ~2! represent the upper bound for these two

mechanisms of the gate leakage current contribution to noise.

Therefore Fig. 4~a! shows that in the HFETs with a relatively

high level of 1/f noise, the gate leakage current fluctuations

do not contribute much to the output noise.

As shown in Fig. 4~b!, fluctuations of gate current can

cause the output noise in the low noise devices ~on conduct-

ing 6H–SiC structures!. The transistors on both insulating

and conducting SiC had the gate leakage current of the same

order of magnitude. However, the value of Hooge constant a
for these devices differed by approximately one order of

magnitude.

If the gate current fluctuations cause the HFETs output

noise, drain and gate current fluctuations should be corre-

lated.

FIG. 3. Dependencies of the relative spectral noise density of drain current

fluctuations S Id /Id
2 on drain current at constant drain voltage Vd50.5 V for

the structures with high ~a51023, 4H–SiC insulating substrates! and low

(a51024, 6H–SiC conducting substrates! 1/f noise. Frequency of analysis

f 5200 Hz.
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In order to measure the cross spectrum of gate and drain

current fluctuations, the signals from the drain and gate re-

sistors were fed to the two inputs of a differential amplifier,

which produced either the sum dVsum5(dVg1dVd) or the

difference dVdiff5(dVg2dVd) of these signals. The spectral

noise densities Ssum and Sdiff were then measured using the

SR 770 Network Analyzer. The cross spectrum Sgd and the

correlation function g can be found as

Sgd5

Ssum2Sdiff

4
, ~3!

g5

Sgd

ASVd3ASVg

. ~4!

The external gate resistor, Rg , ~connected in series with

the gate! causes an additional correlation between gate and

source current fluctuations, since the gate current fluctuations

are transferred to the gate voltage fluctuations and, therefore,

are amplified by the transistor

SVd5S IgS Rdr

Rd1r
D

2

Rg
2g2, ~5!

where Rd is the resistance connected in series with the drain.

If resistance Rg is high enough, the noise signals from

the gate and drain should be fully correlated (g51). Figure

5 shows the dependencies of g vs Rg for two samples from

‘‘low’’ ~conducting 6H–SiC substrate! and ‘‘high’’ ~4H–SiC

insulating substrate! noise HFETs ~triangles and circles, re-

spectively!.
For the ‘‘high noise’’ HFETs, the correlation function g

is close to unity at Rg5104 V and goes to zero with the

decrease of resistance Rg . This proves once again that fluc-

tuations of the gate current in these transistors do not con-

tribute to the drain current fluctuations.

In principle, the low frequency noise in these transistors

might be dominated by the contributions from the contacts,

surface, and device channel. However, the increase of the

relative spectral noise density S Id /Id
2 with drain current de-

crease indicates that the contacts and source-gate, gate-drain

lateral regions do not contribute much to the noise. The

dominant noise sources should be located in the device

channel.9,10

In contrast, for ‘‘low noise’’ HFETs, g remains fairly

high (g50.4– 0.8) even as Rg approaches zero. We note that

the dispersion between experimental points for these HFETs

is quite large. One of the possible reasons for this phenom-

enon is a nonstationary behavior of the gate current, demon-

strated for Si metal-oxide-semiconductor field effect

transistors.11 Hence, we conclude that in these HFETs, the

fluctuations of the gate leakage current do significantly con-

tribute to the output noise.

The difference in the noise behavior of two types of

HFETs can be explained by the difference in the structural

perfection of the AlGaN and GaN layers in different types of

HFETs.12

IV. CONCLUSIONS

Our results show that in the GaN-based HFETs with a

low 1/f noise, the gate current fluctuations can significantly

contribute to the output noise. In the devices with a relatively

FIG. 4. Dependencies of the relative spectral noise density of drain current

fluctuations S Id /Id
2 on drain current at constant drain voltage Vd50.5 V.

Frequency of analysis f 5200 Hz. ~a! High noise HFETs, ~b! low noise

HFETs. Curves marked with 1 represent the experimental results. Symbols

on the curves 2 and 3 represent the contribution of the gate current fluctua-

tions to the output noise calculated according to Eqs. ~1! and ~2!, respec-

tively.

FIG. 5. Dependencies of the correlation function g on the external gate

series resistance Rg for HFETs from two different sets of wafers. Circles

represent data for high noise HFETs, triangles represent data for low noise

HFETs. Frequency of analysis f 5200 Hz. Vg524 V.
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high level of the 1/f noise, the contribution of the gate leak-

age current to the low frequency noise of drain current is

fully masked by other noise mechanisms. Hence, we con-

clude that GaN MOS-HFETs with a high degree of structural

perfection might potentially lead to the development of the

transistors with ultralow 1/f noise, since in these devices, the

gate leakage current is suppressed by many orders of mag-

nitude.
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