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Modern high-precision electronic equipment, which is a part of space technology, is expensive to manufacture due 

to the import component base and small series production. The paper examines existing methods of monitoring the 
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quality of the electronics, which provides the performance and durability of the active presence of a spacecraft. The 

effectiveness of the method of acoustic emission for tracking the appearance of defects in solder joints of printed circuit 

boards of the electronics in real time. 

Relevance of the work is necessary for further development of the non-destructive method of detecting defects and 

sites of their localization, and their classification according to the degree of danger to the operation of the module of 

the electronics. 

In operation, a method of specification the defect locating using the method of acoustic emission has been 

developed. The accuracy of the method to localize the defect consists of 1 mm. On the standard case of the microchip in 

1 mm increments probability defective contact is 95 %. 

On the basis of these experiments, a model of damage accumulation of the object (solder terminal connections of the 

chip housing of printed circuit boards of the electronics), which adequately reflects its properties has been constructed. 

The resulting behavior of a model of damage accumulation displays this object is not less than 80 % of the planned 

service life. 

The results of experimental studies of the diagram obtained accumulation of acoustic signals from developing 

defects in the process of deformation of the solder joint, determine the accuracy of the method, the parameters of a 

model of damage accumulation in the solder joint and the inception of the defects in the process of mechanical action. It 

demonstrates the promising applications of the method of acoustic emission for inspection of printed circuit boards. 

Sharing of X-ray tomography  and the method of acoustic emission monitoring, which will be at the stage of 

preliminary processing and the production of  printed circuit boards with high accuracy to predict the duration of their 

reliable operation is substantiated. 

 

Keywords: acoustic emission, X-ray method, inspection, solder joints, reliability, electronic equipment. 

 

.    

     

.       

   , 

     . 

     

       

  – -   

 .  

И  ,   -

    -

  ,  3D-  -

   (ISIS  

Mirtec [1], Symbion S36  ORPROVision [2])  

     (SPEA 

4060 [3]). Э      

    

-     -

,    -

.      -

   ,  -

    -

   .    

   (Phoenix 

nanome|x 180 [4], XT V 160 [5])  « -

»       0,5 , -

       -

  3D-   .  

     -

  .  ,  -

     . 

 Э,    -

  ,     

 .  Э –  -

    ,   

   [6].   -

    , -

     .  

     -

     

    -

   ,   ,   

     -

 [7]. 

     -

   -   -61 

   [8–10].  ,  -

      

   . 

 Э   -

 .    Э  -

     

     

  -61     -

     BGA-    

   Э Micro2 digital 

AE system [11].    

      

   ,  

 ,    -

      -

  .    

    

    ( . 1), 

   ,   

   [12]. 

  . 1  

     3 % -

  
 

 N (x) = A1·(th(A2(x – x0)) + 1),     x = ε1/2, (1) 
 

 N –    ; 
ε – ; А1, А2, 0 –   (  

   А1 = 42,5, А2 = 12,5,  

0 = 0,26442); th –   . 
 . 1 ,     

      . 



 

 
 

 А . 2014.  № 4(56) 
 

 194

     -
    (   -

 D –   ),   
    -

 (    Э)   -
 ),     -

    Э  -
 .  ,  

     -
    (  -

 ,      
 )     . 

 

 
 

 

 
 

 
. 1.  Э-     

 ε1/2       ( ) 
  ( ): 1 –  , 

 

2 –   

      

   BGA.  . 2   

  Э    

    BGA  Э  (  Э  

0,085 × 0,2 ). 

      -

     -

 Э   .   

     1 . 

      1  

    -

  95 %.  ,   

Mistras  Cisco (   -

 )    -

   BGA   5  [13–15].  

    -

    ( ) -

  (    

   Э ),    

  ,   3 %.  

    -

      

      9 %  

       

80 %    . 

.    -

 ,   -  

    -

       

  ,   -

      

     -

,       

 .    

    

   -  -

      , 

   Э     

    -

    . 

 

 

 
 

. 2.    Э: 

● –  (  Э); ■ –  Э 



 

 
 

    
 

 195

 ы  

 

1. 3D-   –  

 Mirtec [Э  ] : -

      

 //    . 

Э . . Э . 2007–2014. URL: 

http://www.elinform.ru/news_6512.htm (  -

: 10.12.2013). 

2.     -

   :   

  [Э  ] // 

Э . . Finestreet. 2011–2014. URL: 

http://www.tech-e.ru/2011_3_44.php (  : 

10.12.2013). 

3.    SPEA 

[Э  ] //    -

   4060 / 

 «  « ». 2011. URL: http://ostec-

electro.ru/katalog/radio/s-probnikami/4/ (  -

: 10.12.2013). 

4.   [Э  ] / 

 «  « ». 2014. URL: http://ostec-

ct.ru/knowledge-base/publication/trekhmernoe-kachestvo/ 

(  : 10.12.2013). 

5. C  XT V 160 Nikon Metrology [Э -

 ] //    /  

 «  ». 1994–2011. URL: http://www. 

sovtest.ru/equipment/xt-v-160-nikon-metrology (  -

: 10.12.2013). 

6.  . .,  . .  -

     . 

 : И -  . , 1989. 172 . 

7.  . .,  . .,  . ., 

 . .    -

    // И -

 . . 2010. № 12/2. . 3–9. 

8.  . .,  . .,  . ., 

 . .  -

    

   // И  . 

. 2012. № 7/2. .3–8. 

9.  -  

   / . .  [  .] // 

И  . . 2013. № 7/3. . 113–115. 

10.    -

     

 / . .  [  .] // И  . . 

2013. № 7/3. . 116–118. 

11. Acoustic Emission Systems [Э   

] // Physical acoustics corporation / MISTRAS 

Group, Inc. 2010. URL: http://www.pacndt.com/index. 

aspx?go=products&focus=Multichannel.htm (  -

: 10.12.2013). 

12. . 2298785  ,   

G 01 N 29/14.    -

      

    /  . .,  

 . И. 15.12.2004, . № 13. 6 . 

13. A New Approach for Early Detection of PCB 

Pad Cratering Failures [Э  ] / Anurag 

Bansal [et al.] ; Cisco Systems, Inc. 2011. 12 . Э -

.  . . URL: http://www.ipcoutlook. 

org/mart/51663.shtml (  : 01.11.2011). 

14. Investigation of Pad Cratering in Large Flip-Chip 

BGA using Acoustic Emission [Э  ] / 

Anurag Bansal [et al.] ; Cisco Systems, Inc. 2011. 12 . 

Э .  . . URL: http://www. 

ipcoutlook.org/pdf/investigation_pad_cratering_ipc.pdf 

(  : 01.11.2011). 

15. Assessment of PCB Pad Cratering Resistance by 

Join Level Testing [Э  ] / Brian 

Roggerman [et al.] // Electronic Component Technology 

Conference. 2008. 9 . Э .  . . 

URL: http://www.researchgate.net/publication/224319157_ 

Assessment _of_PCB_pad_cratering_resistance_by_joint_ 

level_testing (  : 01.11.2011). 

 

References 

 

1. 3D opticheskaja inspektsija – revoljutsionnye 

tekhnologii Mirtec [3D optical inspection – the 

revolutionary technology Mirtec]. (In Russ.). Available at: 

http://www.elinform.ru/news_6512.htm (accessed 10.12. 

2013). 

2. Sovremennoe sostojanie razvitija sistem 

avtomaticheskoj opticheskoj inspektsii [Current state of 

development of automatic optical inspection]. (In Russ.). 

Available at: http://www.tech-e.ru/2011_3_44.php 

(accessed 10.12.2013). 

3. Ustanovka funktsional'nogo kontrolja SPEA 

[Installing of the functional control SPEA]. (In Russ.). 

Available at: http://ostec-electro.ru/katalog/radio/s-

probnikami/4/ (accessed 10.12.2013). 

4. Trekhmernoe kachestvo [Three-dimensional 

quality]. (In Russ.). Available at: http://ostec-

ct.ru/knowledge-base/publication/trekhmernoe-kachestvo/ 

(accessed 10.12.2013). 

5. Sistema XT V 160 Nikon Metrology [System XT V 

160 Nikon Metrology]. (In Russ.). Available at: 

http://www.sovtest.ru/equipment/xt-v-160-nikon-

metrology (accessed 10.12.2013). 

6. Andrejkiv A. E., Lysak N. V. Metod akusticheskoj 

jemissii v issledovanii protsessov razrushenija [The 

method of acoustic emission in the study of fracture 

processes]. Kiev, Nauk. Dumka Publ., 1989, 172 p. 

7. Azin A. V., Marickij N. N., Ponomarev S. A., Po-

nomarev S. V. [Review of methods for the detection of 

mechanical defects of electronic modules]. Izvestija 

vuzov. Fizika. 2010, no.12/2, p. 3–9 (In Russ.). 

8. Azin A. V., Marickij N. N., Ponomarev S. A., 

Ponomarev S. V. [Development of experimental and 

theoretical method for predicting fracture of materials for 

electronics]. Izvestija vuzov. Fizika. 2012, no.7/2, p. 3–8 

(In Russ.). 

9. Azin A. V., Marickij N. N., Ponomarev S. A., 

Ponomarev S. V., Suncov S. B. [Simulation of 

deformation and strength properties of solder joints]. 

Izvestija vuzov. Fizika. 2013, no.7/3, p. 113–115 (In 

Russ.). 

10. Azin A. V., Marickij N. N., Ponomarev S. A., 

Ponomarev S. V., Suncov S. B. [Justification of methods 



 

 
 

 А . 2014.  № 4(56) 
 

 196

for determining the material damage using acoustic 

emission]. Izvestija vuzov. Fizika. 2013, no. 7/3, p. 116–

118 (In Russ.). 

11. Acoustic Emission Systems. Available at:  

http://www.pacndt.com/index.aspx?go=products&focus=

Multichannel.htm (accessed 10.12.2013). 

12. Berezin A. V., Kozinkina A. I. Sposob 

izmerenija kontsentratsii defektov pri plasticheskom 

deformirovanii materialov v protsesse silovogo 

vozdejstvija [A method for measuring the concentration of 

defects during plastic deformation of materials during 

power impact]. Patent RF, no. 2298785, 2004.   

13. Anurag Bansal. A New Approach for Early 

Detection of PCB Pad Cratering Failures. Available at: 

http://www.ipcoutlook.org/mart/51663.shtml (accessed 

01.11.2011). 

14. Anurag Bansal. Investigation of Pad Cratering in 

Large Flip-Chip BGA using Acoustic Emission. 

Available at: http://www.ipcoutlook.org/pdf/ 

investigation_pad_cratering_ipc.pdf (accessed 01.11.2011). 

15. Brian Roggerman. Assessment of PCB Pad 

Cratering Resistance by Join Level Testing. Electronic 

Component Technology Conference. Available at: 

http://www.researchgate.net/publication/ 224319157_ 

Assessment _of_PCB_pad_cratering_resistance_by_joint_ 

level_testing (accessed 01.11.2011). 

 

©  . .,  . .,  . .,  

 . .,  . ., 2014 
 


	4_56_-англ
	Внуков
	Азин

