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Abstract. The article presents an analysis of  microwave LSI behavior 

under radiation exposure at the functional-logical level of description.  

The analysis is  based on fuzzy digital automaton and topological 

probabilistic models of workability assessment. It is shown that in certain 

cases  both deterministic and non-deterministic failures are typical. Each 

operation threshold in logic elements under radiation influence has a zone 

of uncertainty and can be expressed quantitatively by a fuzzy number.  

This case, the real nature of  microwave LSI  radiation behavior  is 

determined by the specific ratio of radiation-sensitive parameters of its 

elements and by taking into account the influence of their statistical 

scatter. Methods are proposed for simulating failures of  microwave  LSI 

under  radiation exposure  that are based on the model of a fuzzy digital  

Brauer automaton and a probabilistic reliability automaton. 

1 Introduction  

In some cases microwave LSI operation  under  radiation exposure is determined by a 

statistical dispersion of the threshold failure levels  for the same type of samples. Under the 

influence of radiation the model of a digital automaton involving probability theory tools is 

used.  This case  for Boolean reliability networks using models of LSI internal elements in 

the state space, where the Boolean lattice axioms are fulfilled [1]. In case when it is 

necessary to take into account the physical mechanisms of  the LSI failure, design of a 

functional-logical model implies a transition from the  the Boolean lattice axiomatics  to the  

vector lattice axiomatics  with the corresponding replacement of algebraic operations for 

the “minimum”, “maximum” and “complement” operations for each Xx  [2]. Thus, the 

actual nature of  LSI radiation behavior is determined by a specific ratio of  radiation-

sensitive parameters of its elements, taking into account  the spread influence. Note that the 

relation between the probability density distribution function of the of the spread and the 

criterion membership function (CMF) determines ultimately the expediency of using 

functional-logical models of  LSI radiation behavior in each specific case. It should be 

considered that the parameters of the distribution functions characterizing uncontrolled 

statistical  factors are  themselves  dependent  on  radiation. Moreover,  the  nature  of  their  
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changes  during  irradiation depends on many factors,  including the  type of  radiation,   its 

intensity and spectrum, the type of criterion parameter characterizing the radiation 

resistance of the LSI and operation mode of the microcircuits. Therefore, in different ranges 

Moreover, the nature of their changes during irradiation depends on many factors, including 

the type of radiation, its intensity and spectrum, the type of criterion parameter 

characterizing the radiation resistance of the LSI and operation mode of the microcircuits. 

Therefore, in different ranges of levels or intensities of radiation exposure, the LSI model 

can be either fuzzy or probabilistic. 

2 Modeling environment  

Let m branches come out of the node n. Then the multiplicity of a node during normal 

operation is equal  to     m  [1]. When exposed to external factors (radiation, microwave 

radiation, etc.), the thresholds for the triggering of logical elements associated with the 

node under consideration mjlnnj ,...2,1,   begin to degrade. In addition, the amplitude 

levels of logical zero and unity (
10 , UU ), change, which leads to a decrease in the pulse 

nl . Thus, the performance of the curcuit depends on the magnitude of the excess 

mjll n

njnnj ,...,2,1,  . 

In this case, each threshold has a zone of uncertainty, in which the logical element 

begins to switch randomly and the multiplicity of the node becomes uncertain and can be 

quantitatively expressed as a fuzzy number. 

In this paper, as in [2-5], we use triangular RL  numbers, which greatly simplifies the 

estimates. 

The zone of uncertainty, 
n

Пjn ll ,  are random values. Therefore, to simplify the task, the 

further calculations will use the maximum value of the uncertainty zone maxПjq for each 

branch, which is determined experimentally and can be used by default while creating a 

CAD system. In [2, 6], when determine  the fuzzy multiplicity number, the distribution of 

quantities nl  only was considered. In fact, the values 
n

Пjn ll ,  change simultaneously with 

the change in the absorbed dose of radiation. 

Let, maxПjnj q then the mode of a fuzzy number is determined by the probability of 

exceeding  nj  of the number maxПjq , that is  
maxПjnj qP  . The blurring of a fuzzy 

number obviously depends on  
maxПjnj qP  . The laws of the distribution of numbers 

nl  and Пjl denote, respectively,  xFn  and  xG n

j , i.e. 
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Given the specific conditions of  solving the system, we can assume: 
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Graphs of distribution densities described by expression (1) are shown in Fig. 1. 

 

 

Fig. 1. Density distribution of values  nl  и Пjl : Пj - expectation Пjl , 
ln - expectation nl .  

With an increase in the dose of radiation, the function  xg j  shifts to the right and 

 xf n  to the left. In this case, the excess nj decreases and has its own distribution, which 

can be taken as a criterial function, as a fuzzy probability. 

We denote the excess probability distribution density nj   by  xnj .  

Then 

 

   




  dxgfx jnnj
 ,                                    (2) 

Considering the previously imposed restrictions on the functions and, equality (2) takes 

the form: 

   




x

jnnj dxgfx

1

0

 ,                          (3) 

As shown by the experimental data in Fig. 2, 3 distributions nf  and jg are close to the 

normal law [7-10]. 

The analysis of the LSI radiation behavior shows that, in some cases, for failures in 

terms of both functional and electrical parameters, there is a significant statistical variation 

in the threshold of failure levels for similar types of samples. At the same time, a decrease 

in the dispersion of the variation of the failure threshold during irradiation was observed 

with the volume effects of displacement in bipolar structures (Fig. 2), the radiation 

sensitivity of which is determined by the change in the lifetime. 

At the same time, with respect to dose effects in CMOS LSI structures, there is most 

often a reversal of the dependence of the dispersion on the level of radiation (Fig. 3). 
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Therefore, in different ranges of exposure levels, an object model can be both fuzzy and 

probabilistic [11]. 

 
Fig. 2. The distribution of averaged over the plate static current transfer ratio of the base  (BN)  30 

bipolar ADS (advanced low power Schottky) transistors test structure 556PТ7 between 10 plates of 

the same batch with different electron fluence: : 1 – Fе=0, 2 - Fе=1014 е/см2, 3 -  Fе
14 е/см2, 4 - 

Fе=1015 е/см2 (j = 102 A/см2, Sэм 2, Ее = 5 МeV). 
 

 

Fig. 3. Distribution of averaged U0
OUT CMOS chip LSI RAM 1617РУ6 dose of (1), Uthr n-channel 

and p-channel MOS transistors (2, 3), obtained at an electron accelerator with E = 130 keV. 

With reference to the normal distribution law, formula (3) can be rewritten in the form: 
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where n и Пj  - are the dispersions nf  and jg ,  n  and Пj  are shown on figure 1. 
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After the transformations, the resulting expression will take the following form: 
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If we express the integral (4) in terms of integrals of probabilities, we finally get: 
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The function turns out to be monotonously decreasing  while x is changing from “0” to 

“1”.  Then the probability   
maxПjqxP    is 
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   maxmax1 ПjПj qxPqxP 
.
 

Formulas (5) and (6) allow us to find the parameters of the desired fuzzy number n  of a 

node multiplicity: 
nmod  and blur nr . For a normal distribution law, the parameters of a 

fuzzy number are as follows: 
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Each branch emanating from an  n  node generates fuzzy numbers in the corresponding 

nodes of higher rank in the tree. In this case, it is necessary to take into account some 

degradation of the pulse at the output of the corresponding logic element. After such an  

account of the pulse state, the components of formula (7) are summed over all nodes of the 

critical tree, which gives the integral criterion of radiation resistance in the form of the tree 

power spectrum. 

Another approach to estimating stability with fuzzy numbers is possible,  that deals with 

fuzzy numbers for each node branch. In this case, the logic of elements, working with fuzzy 

impulses, becomes fuzzy.  It helps to identify  system failures and bottlenecks, by analogy 

with the Monte Carlo method. 

3 Conclusion 

Ensuring the stability of the LSI under ionizing radiation exposure is determined by the 

specific tree spectrum of the LSI topology and the ratio of radiation-sensitive parameters: the 

multiplicity of nodes, the power of the tree spectrum, the mode of a fuzzy number. In this case, 

the ratio between the distribution function of the spread and the fuzzy number mode 

determines, ultimately, the expediency of using functional logical models of the LSI  behavior 

for each specific case. Such a comparison is a necessary step in the general procedure for 

analyzing the radiation stability of an LSI. It should be noted that in different ranges of levels 

or intensity of exposure, the power estimate of the LSI topology tree spectrum can be both 

fuzzy and probabilistic. At the same time, the fuzzy multiplicity can be specified in n-

dimensional space with preservation of the basic parameters of the model, and the radiation 

effects occurring in the LSI at different radiation levels are evaluated in it by changing the 

same system parameter. Such a model structure is probabilistically fuzzy with probabilistic 

type operators, and the criterion membership function is a superposition of the statistical and 

deterministic criterion-membership function. At the same time, the interrelation of fuzzy 

multiplicity and probabilistic logic was defined, which makes it possible to most accurately 

quality estimates of the LSI functioning under the influence of radiation. 
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