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Abstract: One of the method of electronic device quality andtate) andfrrs (the characteristic frequency). The last
reliability evaluation is observation of its inhetanoise. Generally, parameter can be estimated from the noise spedruthe

the inherent noise of semlconductor_ device cons)étéaa_ussmn frequency when the plateau comes i1/ £2 and is equal:
(i.e. 1f, shot noise) and non-Gaussian components (i.eloran

telegraph signal, RTS). The RTS phenomena usualigates the 211 1.1 1

: ; frrg=— EF=—U=+—) 1)
presence of large defects in the structure of tlaernal of the om T 27 1 .
device, therefore it can be treated as an indicafarechnology d v ) .
quality. In the paper authors present results of Rivestigations The spectrum of a pure two-level RTS signal is

in reverse polarized Silicon Carbide Schottky diodsvices being Lorentzian and it is given by the following relatif4]:
studied are commercially available diodes with regevoltageUg 2

=600 V. The RTS was observed during device strgsapplying Spe= 40A 2)
high voltage for several minutes and the changesignal RTS 1402 f

parameters were studied. ( ”?TS)

The RTS noise can be caused by a single generation-
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recombination center (two-level RTS noise) or by

1. INTRODUCTION generation-recombination centers (multilevel RTIsap
' A typical time record of two-level RTS noise is geated in
figure 1.

A lot of investigations which were carried out imet
past proved that there is a very strong relatianvéen the
quality of semiconductor devices and the level béirt x{t)
inherent noise at low and very low frequencies.tTavhy ‘
one of the method of electronic devices quality and I

AX

reliability evaluation is observation of its inhatenoise.

It can be defined on the basis of identification tafo

components: the Gaussian one whose instantanetwssva

of low frequency noise have Gaussian distributismortly

named “Gaussian” component (i.e. thermal, shot afid Tap

noise) and non-Gaussian one whose instantaneoussvaf

low frequency noise have non-Gaussian distributstiortly — Fig. 1. Two-level RTS noise

named “non-Gaussian” component (i.e. random tepdgra

signal, RTS) [1, 2, 3]. The RTS noise can be identified in time domain el &s in
The RTS phenomena usually indicates the presencefegquency domain. In the time domain one can olgséne

large defects in the structure of the materialhef tevice, noise signal i.e. using an oscilloscope, estimate t

therefore it can be treated as an indicator of teldgy histogram of instantaneous noise values or apmyNbise

quality. If the device under test generates the RdBe it Scattering Pattern (NSP) method presented in [5].60n

means that this device is a poor quality one astidguld be the other hand in frequency domain the RTS noise bz

eliminated from applications. The RTS noise sigreah be identified by estimating the power spectral density (PSD)

described by parameters such 7, (the impulse duration function of a noise signal or by estimating thedurt of

; _ : . PSD and a frequency. Although, as mentioned ableset
th tate fos =1, 2, ....9), th Ise durat . i ; .
'n the Up state fos S, Ta,p (the impulse duration are many methods which allow to identify the RT$saadn

in the down state fop = 1, 2, ..,P), AX (the pulse semiconductor devices in different ways, during the
amplitude), 7, (the mean time the impulse remains in upresented below Schottky diodes investigations aasth
rqhose NSP method which was applied to analyze Isigna
records. The NSP is very fast and simple methodataws

state), T_d (the mean time the impulse remains in dow
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to identify the RTS signal and its nature. One tf
advantages is that RTS noise can be identifiedgusmall
number of noise samples.

2. DEVICES BEING STUDIED

The devices investigated in this study are comra#yci

i 175°C [10]. Due to its high thermal conductivityiCSis
widely used in power LEDs and other power devices a
a material for substrate.

3. MEASUREMENT SET-UP

During the studies, the DC and noise charactesistic

available silicon carbide Schottky diodes of CRERvere measured. DC characteristics were measurdubtim
(CSD02060, CSD04060) [8] and Infineon (SDT04S6Q) [forward and reverse polarization. Characteristicforward

with forward currently =
Ur=600V.

2 A/ 4 A and reverse voltage polarization were measured using standard oscdjosc

method with a digital oscilloscope with memory ihet

Silicon carbide, SiC, is a novel material for powemeasurement set-up in order to store the measutemen

electronics. It offers higher band gap, higher kdeavn
electric field and higher thermal conductivity iansparison

results for further analysis.
The reverse characteristics were measured point by

to other materials as silicon or gallium arsenidepoint using high voltage supply, voltmeter and arapeter.
The semiconductor devices made of this material as The low frequency noise was observed in the
switching and power and HF devices, can work ahdtig measurement set-ups shown in figure 2.

switching frequencies and higher junction tempegmtup to

a
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Fig. 2. Measurement set-up for noise observatidoriward polarization (a) and in reverse polarizat{b)

The measurement set-up consists of power supplyequireadditional operations for indicating pulses stad and
Up and Ui for device biasing in forward and reversemoments

direction respectively, device under test, DUT, ¢cherent
to voltage converter, voltage amplifier and
components responsible for signal digitising anorest

anti-aliasing filter, analogue-to-digital converteand
computer with LabView software. Moreover, the
measurement  set-up  for  reverse  polarization

measurements is equipped with the voltage adddr tha

replaces RC high-pass filter (represented by compion
“C" in figure 2a commonly used in a typical noise
measurement set-up for a separation of DC compafent
the output noise signal of the current to voltageverter.
Application of RC filter for separation of the DC
component limits the frequency bandwidth of thelgeat
low frequency, which is inadvisable for measuremeafnt
RTS-like signal, as the mean value of the signadlomly
changes in time. The RC filter cause signal diffiéegion
and the shape of the RTS is changed into the ftwows

in figure 3. Such a phenomena is critical especifdl
signals with long duration of pulses. The duratadrthe
pulse that can pass the filter without deformatiepends
on the time constant of the RC filter. The deforioraof
the RTS shown in figure 3 complicates the signalysis,
even the identification of the RTS component idiclift,

the

X(t)

Fig. 3. Deformation of the RTS caused by RC filtering

The DC component at the output of current to valtag
converter is proportional to DC diode current and dircuit
shown in figure 2b it is equal t0opc = Hr'R: . The voltage
adder allows to compensate the DC comporiggy: with
Urts and forUgrs= -Ugpc, the DC component in the amplified
signal at the input of measurement amplifier isa¢da zero.
Thus, using voltage adder allows to offset the @& ponent
without any degradation of the shape of the RT Sqaul

4. RESULTS

First, in order to evaluate devices behaviour

as the histogram and NSP method will give the falsgy conditions specified by the producer in the teéchl data,

results. Also the calculation of the pulses duratiaill

104

the DC characteristics were measured.
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In forward polarization all studied devices showeda b
excellent behavior. The = f (U) characteristics had | "= oo
perfect reproducibility and were fully comparablethw - LI T
producers data. o
In reverse polarization, characteristics of diodes: e
showed a significant dispersion, however all teste¢™ 4
devices met producers data: the highest measuvedsee
current was lower than typical values given in the
technical data [8, 9, 11]. T R
Next, the noise of devices were measured. Some of
the noise measurement results had been presenfed]in
During current noise observation in reverse podatiz
diodes the strong discrete current switching wasenked
in several devices, mainly in high voltage polatiaa
Ur =400 V + 700 V. It means that the random telefgrap
signal (RTS) phenomena occurs in those devices. TWSP
occurrence of the RTS was not correlated with devic
reverse current.
For the RTS study the noise signal was sampled ar}P
stored in text files. Typical noise signal withtilist RTS
is shown in figure 4. R
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Fig. 6. Changes in mean tima (squares) ana (triangles) for (a)

device the RTS remains constant (CSD02060 @ 500V{gnd
RTS parameters changed (CSD02060 @ 700V)

The lack of RTS changes is also visible in histaggand
charts corresponding to the data shown indigar. as is
seen in figure 7:
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The histogram and NSP chart for the data shown in

figure 4 are shown in figure 5. Fig. 7. Histogram and NSP chart for the data ofcteR at the
beginning (a) and after 18 minutes of stress (b)

The device B shows different behaviour. At the
beginning of the test the RTS component was noarlgle
visible in noise signal. The RTS appeared aftezva ihinutes
and changes during the test. Adequhistograms and NSP
charts are shown in figure 8.

After removing stress and biasing diode in forward
direction, the RTS was not visible in reverse cuirref the
diode. This, and the character of changes observeRTS,
leads to the conclusion that, unlike in case ofideW, the
continues stress can cause downgrade of devicétygaald
reliability. For device A, the stress has weak uafice on
In order to establish the character of RTS, fopefects existing in device structure. However nuitglies are

devices the reverse biasing high voltage was apge eduired to be carried out in this subject.
several minutes and the noise signal was obseBugthg

the stress the RTS showed two behaviours: for some CONCLUSIONS

devices it stood almost unchanged, for othersatnged.

To examine changes of the RTS, the mean timeseof th The_ RTS _phenom_ena was ol_Jserved m several
signal up and down states was estimated. Figuie®s commercially available SiC Schottky diodes. Devicgsre

— — reverse polarized with high voltage and the stress applied
values of 7, and 7, for both types of devices during the P g g PP

for several minutes.
stress. The data is for two different devices & same
type, in further called device A, for device withT®
remains unchanged and device B, for the one showing
changes in RTS.

00s o1 o1 07 0z o
I [uA] ~0.05 0 005 01 015 02 025 03
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Fig. 5. Histogram (a) and NSP plot (b) for noiggnsi of the
CSDO04060 diode afigr = 600 V
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Fig. 8. Histogram and NSP chart for the data ofaeB at the
beginning (a) and after 10 minutes of stress (b)

The RTS observation is a part of a device qualit)?'
study. Devices showing a strong RTS phenomena are
treated as devices with poor quality. The more demp
analysis of the device quality with noise techniue
requires taking into account the results of hbise
measurements in conjunction with static paramedeis
characteristics. Also destroying tests are require
(junction breakdown for diodes showing RTS and ¢hosy’
that do not) in order to evaluate the effect oforsty
defects on device quality. Such an analysis will be
proceeded after finishing all planed studies onsehe
devices
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BADANIE SZUMOW RTS W DIODACH SiC
SPOLARYZOWANYCH W KIERUNKU ZAPOROWYM

Stowa kluczowe:szumy RTS, diody Schottkiego.

Streszczenie: Jedrz metod do badania jad@ i niezawodnéci elementdéw elektronicznych jest obserwacja icansaw
witasnych, ktére zawiergjsktadove gaussowsk (szum typu X/ szumsrutowy) oraz sktadow niegaussowsk(szum RTS).
Obecné¢ szumu RTS zazwyczaj wskazuje na defekty w straktumateriatu, z ktérego jest wykonany element, ale
jednoczénie maze by doskonatym wskaikiem jakaci badanego elementu. W artykule autorzy prezentuyniki
pomiaréw w zaporowo spolaryzowanych diodach Schemitk wykonanych z SiC. Badane elementy mowszechnie
dostpnymi oUg = 600 V. Szum RTS byt obserwowany po kilkuminutomvyzytkowaniu badanego elementu w warunkach

wysokiego nagicia.
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