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PERFORMANCE EVALUATION OF MONITORING TOOLS OF ELECTRONIC
PRODUCTS BY THE LEVEL OF LOW-FREQUENCY NOISE

In this paper presents the method of estimating the time for which the research of electronic products by the level of
low-frequency noise is being conducted and the operation of technological input and output control being conducted. Based
on these, characteristics were evaluated for performance means direct, relative and spectral control the level of LF noise.

Keywords: input and output control, internal low-frequency noise, monitoring time.

. B. MUXAJIEBCBKHIA, O. C. TOPOJIELIBKA, P. 0. KPACOTA

BiHHMIbKHI HAI[IOHATBHUN TEXHIYHUN YHIBEPCUTET

ONIHIOBAHHS IIBAIKO/Ii 3ACOBIB KOHTPOJIIO BUPOEBIB
EJEKTPOHHOI TEXHIKH 3A PIBHEM HU3bKOYACTOTHOTI'O IIYMY

AHomayis - y daHiti po6omi 3anponoHo8aHO MemoOUKY OYiHKU Yacy 3a sAKUU npo8odumucsi d0CAi0xHceHHsl 8UP06i8 eneKmMpPOHHOT
MexHIKU 3a pieHeM HU3bKOYACMOMHO20 WYMy ma nposooumsCsl onepayis mexHo/a102i4H020 8xidH020 abo suxioHozo konmpou. Ha ocHosi
Yb0o20 6y/10 nposedeHO OYIHKYy Xapakmepucmuk weudkodii 04151 3acobie 6e3nocepedHb020, 8I0HOCHO20 MA CNeKMpa/abHO20 KOHMPOI0 3d
pienem HY wymy.

Koumpoav BET (8upo6ie esnekmpoHHOi mexHiKu) 3a pi@HeM HU3bKOYACMOMHUX WYMI8, NO/s2A€ y NOPIGHSIHHI OCHOBHO20
iHgpopmamueHoz0 napamempa HU3LKOYACMOMHO20 WYMY i3 8CMAHO8AeHUMU 2pAHUYIMU donycKy. Ase 8 makomy eunadky pe3y1bmamom
KOHMPpOJI10 8UCmMynae Jo2ivHe piuleHHs1 npo npudamuicmes abo HenpudamHicms 00CAI0HCY8AHO20 8UPO6Y, WO Jae MoxcAu8icmb npogodumu
SKICHY OyiHKy Xapakmepucmuk HadiliHocmi. OcHo8How 3adauvero, npu po3pobyi Hosux memodie kKoHmposaiwo BET 3a pieHem
HU3bKOYACMOMHO020 WYMYy, € hidguWeHHs 8ip02idHOCMI KOHMPOJIH0 Ma Yacy ompumaHHs pesyasmamy [1]. Ak gidomo, edpekmugHicms mozo
Yu iHWo20 Memody, makoxc 3aexcums 8id mexHiuHoi peasizayii 3aco6ie koHmpoat. Tomy, 00HUM i3 AKMYANbHUX 3a80AHb € HEOOXiIOHICMb
npogedeHHs1 OYiHKU weudkodii KOHMpo Ha ecix emanax. 3 iHWo20 60Ky, 0415 0aH020 8udy KOHMPOJ0 nidsuweHa weudkodis 3aco6y
Modice npuzeodumu 0o 3MeHWeHHs 8ipo2ioHoCMi KOHMPOIO.

lllgudko0ito 3aco6ie KOHMPOAI MONCHA OYIHUMU NPOMINCKOM 4acy tm , AKUll 3a0aemuvcsi MOMEHMoOM noyamky 0ocaidxceHb

supoby do sugedeHHs pezyabmamy “npudamuuil” abo “Henpudamuuil” Ha npucmpiii 8idobpasiceHHs iHpopmayii, npu Yybomy dodamkogux
pezynbmamie Hegpaxosyemo. Takuil 4acoguill NpoOMINCOK MONCHA YMOBHO NOJIAUMU HA: HAC 8UMIPIOBAHHS IHOpMamueHo20 napamempa

1., uac ananisy peyabmamie i BUKOHAHHA KOHMPOIO tK , nepemeopeHHsl ma susedeH s pe3y1bmamie Ha eKpaH tsuseb .

B pesyabmami nposedeHux docaidsiceHs 6y/10 8CMAHOBAEHO, WO YAC NPO8edeHHs KOHMPOH0 015 HU3bKUX Yacmom, Halbibule
6yde 3asexcamu 8i0 4acy ycepedHeHHs cepedHbokeadpamu4HuM demekmopom, 8i0 yacmomu dJuckpemusayii, a makoxc 4acy Ha
npogedeHHs onepayili no 06po6yi macugie daHux npu hidsuwjeHHill 8ipozidHocmi KOHMpPoto.

Introduction

Providing high quality and reliability of electronic products (EP) requires broad adoption of physical and
technical methods of nondestructive controlling. For their development it is necessary to establish the dependence of
the main indicators of the reliability of the physical properties and parameters of the devices, from chemical
processes that occur in them, and from physical nature of failures mechanisms.

One of the perspective directions, in the development of efficient and cost-effective methods for assessing
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the quality and reliability of EP, is to investigate the possibility of predicting their failures by low-frequency noise
characteristics.

Control of EP by the level of low-frequency noise is to compare the main informative parameter of low-
frequency noise with the tolerance limit [1]. But in such case the result of control is the logical decision on the
suitability or unsuitability of the investigation product, which makes it possible to conduct a qualitative assessment
of reliability characteristics. The main task in the development of new control methods of EP by the level of low-
frequency noise is to increase the probability of control and time of receipt of the result [1]. It is known that the
effectiveness of a method also depends on the technical implementation of controls. Therefore, one of the urgent
tasks is the need to assess the performance of control at all stages. On the other hand, the increased performance of
this type of control can lead to the decreasing in the probability of control.

The basic part
Performance of the controls can be estimated by the amount of time ¢ o which is set by the moment from

the beginning of the research to the moment when the result "suitable" or "unsuitable" is being displayed, herewith
additional results are not considered. This time interval can be divided into: time of measurement of informative

parameter f, , time of analyzing the results and performance of control 7., converting and display the results
Lyisp [21:
t, =1, t1. +1,-

Consider measuring time spent on converting informative parameter to the appropriate value and shape.
The signal for the analog part time passing of can be written as:

n
by = D2 tiei ¥ty 1, + T,
i=1
where £, .— installation time of integrated circuits, that does not exceed 14 microseconds for operational

.1

amplifiers; op~ installation time for circuit with comparator, that does not exceed 45 ns; T ., — Measurement time;

I, - delay time of bandpass filter; 7 — number of integrated circuit in the measuring channel

In fact, informative parameters in the measurement can be written as root-mean-square noise voltage,
which is written as follows:

=—je (t)dt,
m 0
whnere e — equivalent noise voltage.
h 2(f) - equival ise voltag

Since the noise signal is a random process, the timing of measurement affects the accuracy of the
informative parameter values, and in turn affects the probability of control. This is especially true when converting a
digital signal. Here there are drawbacks such as repeated choice of reference period measurements and the random
nature of the signal. In this case the root-mean—square voltage can be written as:

Unms = N, +N,+..+N ze"’+ze"’+ +Ze’” ’

m i=0

where N — Biayiiku BuGipku nepiojty BUMipioBaHHs.
In this case, the accuracy of the measurement depends on the number of selected samples and the sampling
period, respectively, which is recorded as follows:

I |
" f(N,+N,+..+N,)’

where  f — frequency signal, which is measured

Let's evaluate the time of operation controlling of EP by the level of LF noise. This phase involves
performing logical operations on the measured data array informative parameter. Operation time controlling #_can

be divided into two parts: the processing time for data array informative parameter to perform averaging f, and
time comparisons of averaged data f; . Then
t c =1 a +1 d-

Time for processing the measured values of the array depends on the characteristics of analog-to-digital
converter and CPU speed, and can be written as:

t, =t +t,+1, +21, +1
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where f, — startup time of ADC; ¢ o~ time of setting up the parameters of ADC; [, — time of reading the

information or time sampling ADC; £, — time of recording data to memory; 7, — time of executing the program

processing of data read off.
In turn, the sampling time is defined as:

where F; — upper limit of the investigated frequency range.

Time of executing the program can be written as:
m
te = Tt z k i
i=1

where ki — number of cycles in a command; 7 — number of commands in the program; Tt — period of the clock

frequency of the microprocessor.
For random noise signal averaging operation is used for number of measurements N, therefore, to the
timing of the control must be taken into account the time of each operation. So:

t, = N(ts g, +1, 22, +te)+tao,

where 7, - time of arithmetic operation averaging.

The amount of time needed to perform the comparison is:

td = ts.l + 2trec + tl’

where 7, —time select for the limit of control; #,— executive time of logical controlling operation;

The control results displays after the operation controlling, so the value of this time period ? disp will
depend on the speed of hardware and the reaction speed of information display.

Let's analyze the performance of the developed controls: direct, relative and spectral, proposed in [1,3,4].

For the means of direct control, time of receive the results of control of the investigated electronic product
by the level of LF noise, based on the above analysis, is:

n m
tya = D tiei iy gy + T, + (g +t, +1, + 20, + T, k)N 1., +1, + 2, +1, +14,.
i=1 i=1
For the means of relative control as controlling device used comparator with an analog-digital converter.
Control signal is fed directly to a microprocessor port. This program includes the analysis of much smaller teams.
As a result, the device performance mainly depends on the time of converting quadratic detector. In this case, can be
written as:

n m
tp.r = ztic.i + tf + tcp + Tm +thki + 2trec +tdisp :
i=1 i=1
Tool spectral control uses the same digital components for pre-amplification. Basic signal processing is
performed in software using digital filtering algorithm, so the time of output controlling result for this method can
be written as follows:
n m
tye = Dt ¥ (g H b, 1, 420, + T,k 1y IN 1oy +1, 420 T8, + 4,
i=l i=1

where [, ;- time signal processing of digital filter.

Control of EP by the level of LF noise is carried out in the entire range of manifestations of noise.
Therefore, for low-frequency the controlling time will depend on the time averaging root-mean-square detector and
the sampling frequency. Graphs of dependence of the output result controlling time to the frequency at which the
noise parameter is measured is shown in Fig. 1.

As can be seen from the graphics, most time of the results controlling is a means for direct control and at
lower bandwidth is about 30 seconds. For means of relative control the time of the operation controlling is two
orders smaller and at lower bandwidth is about 1 second. For the means for spectral control processing results are
up to 5 s for the smallest possible frequency sampling and for measurements on the same frequency band.

Conclusion

Thus, the feature of analysis in this paper is to determine the time controlling, which is set by the moment
from the beginning of the research to the moment when the result "suitable" or "unsuitable" is being displayed. It is
granted pre-defined control limits or limits which are based on mathematical models. If borders are unknown to the
party products, then the definition of controlling increases in proportion to the studied sample.
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It has also been evaluated for time-consuming operations control for three types of funds. As a result of the
research it was found that the time of control for low frequencies, most will be affected by time averaging the rms
detector especially for the frequency range below 40 Hz, where the modern products observed their main
manifestation of LF noise , the sampling frequency and time of operations for processing data sets , the amount of
which depends on the probability of establishing the required value control.
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Fig. 1. Dependence of the controlling time to the noise frequency and the period of the measurement for: a) for means of direct control;
b) for means of relative control; c¢) for means of spectral control; d) in general
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