University of South Carolina

Scholar Commons

Faculty Publications Electrical Engineering, Department of

5-6-1996

Low-Frequency Noise in 4H-Silicon Carbide Junction Field Effect
Transistors

J. W. Palmour
M. E. Levinshtein
S. L. Rumyantsev

Grigory Simin
University of South Carolina - Columbia, simin@engr.sc.edu

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

Cf Part of the Electrical and Electronics Commons, and the Other Electrical and Computer Engineering
Commons

Publication Info

Published in Applied Physics Letters, Volume 68, Issue 19, 1996, pages 2669-2671.

©Applied Physics Letters 1996, American Institute of Physics (AIP).

Palmour, J. W., Levinshtein, M. E., Rumyantseyv, S. L., & Simin, G. S. (6 May 1996). Low-Frequency Noise in
4H-Silicon Carbide Junction Field Effect Transistors. Applied Physics Letters, 68 (19), 2669-2671.
http://dx.doi.org/10.1063/1.116276

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%2F73&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/270?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F73&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/278?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F73&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/278?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F73&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.1063/1.116276
mailto:digres@mailbox.sc.edu

AlP | e ™

Lowfrequency noise in 4H-silicon carbide junction field effect transistors
J. W. Palmour, M. E. Levinshtein, S. L. Rumyantsev, and G. S. Simin

Citation: Applied Physics Letters 68, 2669 (1996); doi: 10.1063/1.116276

View online: http://dx.doi.org/10.1063/1.116276

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/68/19?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
High transconductance heterostructure fieldeffect transistors based on AIGaN/GaN
Appl. Phys. Lett. 69, 794 (1996); 10.1063/1.117894

Low frequency noise in twodimensional metalsemiconductor field effect transistor
Appl. Phys. Lett. 68, 3138 (1996); 10.1063/1.115803

Impact of the substrate quality on the low frequency noise of silicon diodes
AIP Conf. Proc. 371, 96 (1996); 10.1063/1.50892

Electrothermal stress and high electric field effects in CVDGrown 4HSiC PN junction diodes
AIP Conf. Proc. 361, 225 (1996); 10.1063/1.50009

High temperature 4Hsilicon carbide thyristors and power MOSFETs
AIP Conf. Proc. 361, 1321 (1996); 10.1063/1.49902

High-Voltage Amplifiers ENABLING RESEARCH AND
- Voltage Range from 50V to +60kV ot INNOVATION IN DIELECTRICS,
-Current to 25A | ELECTROSTATICS,

Electrostatic Voltmeters
- Contacting & Non-contacting
- Sensitive to 1mV
- Measure to 20kV

MATERIALS, PLASMAS AND PIEZOS

@) www.trekinc.com

TREK, INC. 190 Walnut Street, Lockport, NY 14094 USA « Toll Free in USA 1-800-FOR-TREK * (1):716-438-7555 * (f):716-201-1804 * sales@trekinc.com



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1801869040/x01/AIP-PT/TREK_APLArticleDL_012115/Trek-BannerAd-APLdownloads-01-21-2015.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=J.+W.+Palmour&option1=author
http://scitation.aip.org/search?value1=M.+E.+Levinshtein&option1=author
http://scitation.aip.org/search?value1=S.+L.+Rumyantsev&option1=author
http://scitation.aip.org/search?value1=G.+S.+Simin&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.116276
http://scitation.aip.org/content/aip/journal/apl/68/19?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/69/6/10.1063/1.117894?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/68/22/10.1063/1.115803?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.50892?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.50009?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.49902?ver=pdfcov

Low-frequency noise in 4H-silicon carbide junction field effect transistors

J. W. Palmour
CREE Research Inc., 2810 Meridian Parkway, Durham, North Carolina 27713

M. E. Levinshtein,® S. L. Rumyantsev, and G. S. Simin
Solid State Electronics Division, A. F. loffe Institute of Russian Academy of Science,
194021 Saint Petersburg, Russia

(Received 20 October 1995; accepted for publication 27 February) 1996

Low frequency noise in 4H-silicon carbide junction field effect transist@fSETS has been
investigated. JFETs with a burign n junction gate were manufactured by CREE Research Inc.
Very low noise level has been observed in the JFETs. At 300 K the value of Hooge camssant

as small ase~10° and thea value can be decreased by an appropriate annealing~t@

%1078, It has been shown that even these extremely low noise values are determined not by the
volume noise sources but by the noise at the SiC,%@rface. ©1996 American Institute of
Physics[S0003-6950196)00919-9

In recent years 4H—silicon carbiddH—SiC polytypé acterized by the dimensionless Hooge parameter
has received much attention because of its ability to be used
for high power microwave devicés® The electron mobility
in 4H-SiC is about twice as high as that of 6H—silicon car-
bide (6H-SiO. Additionally, 4H-SiC is practically iso- whereN is the total number of conduction electrons in the
tropic, and the activation energy of the donor dopants issamplef is the frequency of analysis.
lower than in 6H-SiC. For microwave devices the level of  The real thickness of the channel at the gate voltage
low frequency noise is one of the important parameterd/gs=0 V estimated from the threshold voltaye=2.5V, is
which determines the applicability of the device for micro- equal toh=0.06 um. Then the total number of carriers in the
wave communication systems. In this letter the low fre-channel isN=ng-L-W-h=3x10" and the value of Hooge
guency noise in 4H-SIC field effect transistdFEET9 has
been investigated.

In this research 4H-SiC FETs with a burigg’n -120

junction gate manufactured by Cree Research Inc. were used.

The design of the devices is basically the same as that re- I
ported previously for 6H—SiC junction field effect transistors -130f
(JFET$.° On thep* gate side the channel is bounded by | "
the space-charge region ofpd n junction. On the opposite

side the channel is bounded by an oxide layer. It will be -140 iy
shown that the oxide is usually negatively charged and
on the oxide side the channel is also bounded by a space-

S
a=17-1N, 1)

1

charge region. Hence, the real thickness of the channel is -150r

h=h°—d,,—do,> whereh? is the geometrical thickness of
the channeld,, is the thickness of the space-charge region
near the gat@ ™ n junction,d, is the thickness of the space-
charge region near the oxide. The gate lengthis um,
the gate width iswW= 1 mm, the doping concentration is
Ng—N,=10'" cm 3,

Figure Xa) shows the temperature dependencies of the
spectral density fluctuationS, /12 in the temperature range
300-600 K. Unlike 6H—SiC reported previou$lihere are
no pronounced maxima o8-T dependencies. For all the
frequencies of the analysis the noise increases monotonically
with the increase of temperature. Figur@)lshows the fre-
quency dependencies §f/12. It is clear that for all tempera-
tures the dependen&/12~1/f1®is valid. This kind of fre-
guency dependence is rather typical for GaAs, SiC, and Si
FETs®®
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The noise level in different materials is frequently char-FIG. 1. The temperaturé) and the frequencyb) dependencies of spectral
density fluctuationsS, /12. Vgs=0 V. (a) Frequency(Hz): 1-20; 2—40;
3-80; 4-160; 5-320; 6—640; 7—-1300h) Temperature(K): 1'-300;
2'-400; 3-500; 4-595.
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FIG. 2. The dependencies & /12 vs low-field channel resistand@ for FIG. 3. Frequency dependencies §f/1° for the device befordcurve J

different frequencies of analysi§=300 K. Ohmic regime. The minimal ~and after(curves 2 and Bannealing in different regime§:=300 K. (2) the
valueR=77 () corresponds t&/gs=+2 V. The maximal valuR=414  annealing at 600 K durgr2 h ati5s=0; (3) the annealing at 600 K during
corresponds &= — 1.5 V. FrequencyHz): 1-20; 2—40; 3-80; 4-160; 2 h in saturation regimeVgs=0; Vps=8 V.

5-320.

The noise value and the frequency dependence of the
parameter isa=S,/1%f-N at 300 K is equal toa=3 noise may be changed considerably by appropriate anneal-
X 107° atf=20 Hz anda=5x10"% atf=1300 Hz. Accord- ing. The noise properties of the samples are stable up to 500
ing to the criteria established for conventional Si and GaAX. For T>500 K| the noise parameters depend on the regime
FETs, such a low value aof indicates a very high degree of Of the annealing. The annealing of the sampleR at550—
structural quality for the channel material and a rather smalf00 K for several hours in lineafOhmic) regime or at
contribution of the contacts in the total noise of the device.lps=0 decreases the noise level to a great exté. 3,

One can show however that even this small noise valu€urve 2. The frequency dependence $ftakes the formS
is determined not by the volume noise sources in the 4H=1/f (flicker noisg. As this takes place, the Hoogevalue is
SiC channel but by the fluctuations on SiC—giidterface.  as small agr=5X 10" 8. This low noise level is retained for
Figure 2 shows the dependencies®f1? on the channel T<500 K.
resistanceR. The resistance has been controlled by the gate  The annealing of the samplesTat-550—600 K for sev-

voltageVgg. All the measurements were made in the lineareral hours at saturation regime makes quite a different effect
(Ohmio) regime. It is seen that for all frequencies tB¢1? on the noise. In this case the noise level increases consider-

value is proportional tdR?. ably (Fig. 3, curve 3. The frequency dependence $again
If the volume noise was dominant the dependencdakes the forms~1f. _ _
S, /12 versus resistance valiRwould beS, /1?~R. Indeed, During the annealing ak ~550-600 K in the saturation

in the linear regime the channel resistarRés inversely —regime the noise level gradually increases. At the same time
proportional to the total number of electrons in the channethe current-voltage characteristic of the deviggVps) is

N. Hence, according to Eq1), the relationS, /1>~R should ~ also affected. The drain currer increaes monotonically at
be valid for the volume noise. constantVg value. The measurements show that during the

On the other hand the depender§dI?’~R? may be annealing in the saturation regime the thickness of the chan-
easily explained if one assumes that the volume noise of theel increases monotonically. At high temperature a current
channel is very small and that the source of the noise obflow of hot electrons near the channel-oxide interface re-
served is a surface resistanBg>R on the channel-oxide charges the oxide. The thickness of the space-charge region
interface®® In this case the source of noise can be describe@lo decreases and the thickness of the chahngtows. As
by an equivalent circuit in which a “noisy” surface resis- this takes place, the distance between the channel and the
tanceR; is connected in parallel with a noise-free volume oxide—4H-SiC interfacéwhich is the main source of the
resistanceR. The R value and the fluctuation amplitude Noise decreases and the noise increa$eg. 3, curve 3.

5R do not depend on the gate voltaggs. Then it is easy The annealing of the samples in the liné@hmic) re-
to see that gime again decreases the noise level to values comparable
with the curves 1 or 2 in Fig. 3.
(81)2 R? 5R§ In summary, a very low noise level has been observed in
7 TR R 2 4H-SIiC FETSs. At 300 K the value of Hooge constaris as
s s small asa~10° and thea value can be decreased by an

appropriate annealing ta~2x 106,
From Eq.(2) it is obvious that in this cas8, /1°~R?. pprop g

This dependence is explained by the current redistributionlM V. Anikin. P A | VP R NS, Savkina. A L. Svii
: : . M. Anikin, P. A. lvanov, V. P. Rastegaev, N. S. Savkina, A. L. Syrin,
betweenR and R resistances when the channel resistaRce and V. E. Chelnokov, Semiconductc3, 53 (1093,

increases due to the gate voltage change. The greater the e weitzel, 3. W. Palmour, C. H. Carter, Jr., and K. J. Nordquist, IEEE
value ofR, the weaker it shunts the “noise” resistanBg. Electron Device Lett15, 406 (1994.

2670 Appl. Phys. Lett., Vol. 68, No. 19, 6 May 1996 Palmour et al.



3J. W. Palmour, V. F. Tsvetkov, L. A. Lipkin, and C. H. Carter, Jr., 21st 8J. R. Hellum and L. M. Rucker, Solid State Electr@8, 549 (1985.
International Symposium on Compound Semiconductors, San Diego, CAN. V. Dyakonova, M. E. Levinshtein, J. W. Palmour, and S. I. Rumyant-

1994, Abstract, p. 17. sev, Semicond. Sci. Techndto be publishef
4W. J. Schaffer, G. H. Negley, K. G. Irvin, and J. W. Palmouriamond, 8R. A. Spaulding, Proc. IEEE6, 886 (1968.
Silicon Carbide and Nitride Wide Bandgap Semiconductedited by C.
H. Carter, Jr., G. Gildenblat, S. Nakamura, and R. Nemanich, Mater. Res.
Soc. Symp. Proc. Vol. 338VIRS, Pittsburgh, 1994 p. 595. L Phys.44, 479(1981. _
5M. E. Levinshtein, J. W. Palmour, and S. L. Rumyantsev, Semicond. Sci. M. E. Levinshtein and S. L. Rumyantsev, Sov. Phys. Semicbidl167
Technol.9, 2080(1994). (1983.

9F. N. Hooge, T. G. M. Kleinpenning, and L. K. J. Vandamme, Rep. Prog.

Published without author corrections

Appl. Phys. Lett., Vol. 68, No. 19, 6 May 1996 Palmour et al. 2671



	Low-Frequency Noise in 4H-Silicon Carbide Junction Field Effect Transistors
	Publication Info

	tmp.1422053449.pdf.Ja1EB

