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ABSTRACT

The possible exploitation of low frequency noisel aon-linearity measurements for thin
film resistor characterisation is presented. Tive fiequency noise spectrum is of thé 1/
type and it is due to two sources: fundamental qunarlf noise and excessfioise. It is
frequently observed that exces$ ridise is related to the microscopic sample stracamd
the manufacturing technology. The non-linearityAe¥ characteristic is proportional to the
distortion of pure harmonic signal applied to theasured sample. Carrier transport in thin
resistive layers is not strictly linear and therdhiharmonic voltage is proportional to the
third power of electric field intensity or curresgnsity.

1. INTRODUCTION

In the last decade flhoise in resistive layers has been extensivelgliedtiu It became
evident that occurrence off Hoise can serve as a measure of the technologgasth We
concentrated our efforts onflioise in metallic films to find correlation betwed¢he
occurrence of f/noise and non-linearity of the U-lI characteristexsd generally the
manufacture technology.

The main problem consists in the identificatiorthad source of this kind of noise. Current
theories of ¥/ noise assume that there are two sourcesfafalge, namely, i) fundamental
guantum H/noise and ii) excessfiioise. According to Hooge [1],fIdoise is due to carrier
mobility fluctuations.

It is frequently observed that exces$ dodise is related to the microscopic sample
structure and the manufacture technology. This kihahoise is particularly sensitive to
surface and interface defects [2]. There are matwfa techniques which give small
dispersion of the mean characteristic values, agalesistance or currents. On the other hand
these devices can exhibit large dispersion of theencharacteristics. So, for example, metal
thin film resistors have lower flhoise than granular film resistors made from ceéntmek
films or carbon resistors.

The resistor noise is proportional to the curréemsity and this property makes it a
valuable characteristic for detection of imperfext and abnormalities in many types of
resistors. The main advantages of noise measursraenthat the tests are less destructive,
faster and more sensitive than DC measurementsaaitelerated life tests.



Third harmonic testing is an in-line screen fretglyeused by manufacturers in the USA
and Europe to detect and eliminate potential infaattal failures in passive components.
The test is fairly rapid and convenient. It is impat that the associated equipment is
relatively inexpensive. Third harmonic testing ged with several different types of thick
and thin film resistors. Such screening is occaalgradvertised, thus, as a general means
of ensuring reliable behaviour of part that pass thst. Main question is included in
correlation between third harmonic test rejectsland-term reliability test rejects.

. NOISE MEASUREMENT TECHNIQUE

2.1. MEASUREMENTS OF NOISE SPECTRAL DENSITY

The block diagram of the basic apparatus is shiowfig. 1. Measuring set-up consists
of noise voltage source, low impedance low noisamplifier, optional passive LP or HP
filter and also with computer which is served foogessing of measured data and in our
case also for controlling preamplifier.
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Fig. 1. Block diagram of the experimental set-up

Noise signal, which is a random physical procésdetched to low noise amplifier
where the extremely low signal is amplified to teeel, which is acceptable for further
processing with A/D card in a computer. Due to lewel of noise signal mentioned above,
we require unique properties of the amplifier, temphasis is laid especially on
amplification (typically 100 dB and more) and also intrinsic noise of the amplifier
(exemplary 18° V%Hz), which must be much lower than level of meadunoise.
Amplifier is also equipped with selective filtersldpe at least 40 dB/decade) to obtain
amplified signal in a selected narrow band and camioation interface for controlling its
functions by computer. Schematic of the noise peisushown in Fig. 2. wherexRs the
measured sample and & the load resistance. Load resistance was(220k measured
resistors.
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Fig. 2: Schematic chart of the noise experimental set-up



It is necessary to keep certain conditions dutimg measurement to obtain correct
interpretation of measured data. The main effettislvmay affect measured data are:

= modification of temperature or field strength of gnatic or electric field during
measurement,

» parasitic signal 50 Hz,
= decrease of power supply voltage.

All technologies give rise to approximately thensabehaviour from the point of view of
the 1f noise.

The general empirical relation for voltage noisecal density is given by:
(1)

wheref = 2, andy= 1, constanC can be expressed using Hooge paranmieand the to-
tal number of particles, taking part in the conducprocess.
a
C=C,=-*H1, 2
0= @)
whereCq is a dimensionless parameter unlike param@teimensioned in general case,
that's whyCq can be used as quality and reliability indicatorthick film resistors.

From (1) and (2) we can express:
a f
C,=—H=5,(f)3. 3
This indicator has been used for resistor quality eeliability evaluation for many years.

2.2. MEASUREMENTS OF THIRD HARMONIC

The measuring method is based on the distortiotheffirst harmonic signal by non-
linearity of resistance [3, 4]. It can be showrgttthe number of harmonics can approxi-
mate any kind of voltage time dependence with dbffié amplitudes superimposed upon
the basic frequency. If an ac voltage is applieé tomponent, where the current paths
consist of perfect elements the corresponding numal exhibit a true picture of the ap-
plied signal. In this case the transmission isdindf the elements on the other hand are
imperfect, the current will be distorted and widtrgerate a voltage inside the component
that will produce a correspondingly distorted sighsle can tell that in passive compo-
nents, like resistors, the non-linearity is conadawith physical anomalies [5].

For the resistor quality evaluation the non-lingaindicator NLI can be used:
NLI =-20logU, /U "), (4)

whereUs; is the third harmonic voltage ahdi is the first harmonic voltage, both in volts
[V]. When the same value of the first harmonic ag# is applied to all samples the value
of the third harmonic voltaggs; can be used as the indicator for the sample gualalua-
tion.



3. RESULTS

Measurements were carried out for two groups afpes denoted as A and B. Ten
samples of SMT chip resistors were in each groine. fesistance of all measured samples
was 22 .

3.1. MEASUREMENTS OF NOISE SPECTRAL DENSITY IN SMT CHIP RESISTORS

The noise spectral density for all samples camldszribed as a superposition of* 1/
noise and thermal noise. The voltage fluctuatioecspl densitys, versus frequency plot
for resistor AO1 is shown in Fig. 3. The plot catsiof two components, namely,-
thermal noise, whose spectral denS§ify = 4kTR, andb - 1f type noise.
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Fig. 3: The voltage noise spectral density of SMT chipstesisample A0l
IndicatorCq calculated for measurement resistors is showmngn4-
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Fig. 4. The normalized noise voltage spectral density-Hat of samples
a) AO1 to A10, b) BO1 to B10

3.2. MEASUREMENTS OF NON-LINEARITY IN SMT CHIP RESISTORS

Non-linearity of thick film resistors is proportial to the distortion of pure harmonic
signal applied to the sample. The measure of tigtorion is the amplitude of third
harmonic signals. The results measured for our samples are showigirb.
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Fig. 5: Non-linearity measurement of samples a) A0116,A) BO1 to B10

4. CONCLUSIONS

The aim of the article was to find the quality amdiability indicators based on the
evaluation of low frequency noise and transportratizristics of thick film resistors.
Noiseless resistors with a very low tdmponent are more stable in the course of stigssi
For reliability prediction noise parameters, sushtt@e noise quality indicatdCqo and the
third harmonic voltag®Js;, can be used. The mean valu€gfandU; of samples A is higher
than samples B. It follows that samples B are lyjgality than samples A.
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