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Ɇɚɬɜɟɟɜ ȼɢɤɬɨɪ Ɇɢɯɚɣɥɨɜɢɱ 

Ʌɢɬɜɢɧɟɧɤɨ Ɋɨɦɚɧ ɋɟɪɝɟɟɜɢɱ 

ɇɉɄ ―Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɟɧɬɪ‖ 

 

Ⱥɧɧɨɬɚɰɢɹ: ɜ ɫɬɚɬɶɟ ɨɩɢɫɚɧɚ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ 3D ɢɧɬɟɝɪɚɰɢɢ, ɤɨɬɨɪɚɹ 
ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 3D ɬɟɯɧɨɥɨɝɢɹɦɢ, 
ɬɚɤɢɯ ɤɚɤ ɫɧɢɠɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɤɢғ ɉɪɟɞɫɬɚɜɥɟɧɚ 
ɤɨɧɫɬɪɭɤɰɢɹ ɦɢɤɪɨɦɨɞɭɥɹ ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 
3D ɢɧɬɟɝɪɚɰɢɢғ Ɍɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɨɛɴɟɞɢɧɹɬɶ ɩɟɱɚɬɧɵɟ ɩɥɚɬɵ ɫ 
ɷɥɟɤɬɪɨɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɜ ɫɬɟɤɢ, ɬɟɦ ɫɚɦɵɦ ɭɦɟɧɶɲɚɹ ɡɚɧɢɦɚɟɦɭɸ 
ɩɥɨɳɚɞɶ ɜ ɪɚɡɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɥɨɫɤɨɫɬɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣғ 
Ɋɚɡɪɚɛɨɬɤɚ ɦɢɤɪɨɦɨɞɭɥɹ ɩɚɦɹɬɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɟɲɟɧɢɹ ɩɨ ɩɨɜɵɲɟɧɢɸ ɟɝɨ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɡɚɳɢɬɚ ɨɬ ɬɢɪɢɫɬɨɪɧɨɝɨ ɷɮɮɟɤɬɚ, 
ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɩɚɦɹɬɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɤɨɦɩɨɧɟɧɬɧɨɣ ɛɚɡɵғ   

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 3D ɢɧɬɟɝɪɚɰɢɹ, ɦɢɤɪɨɫɛɨɪɤɚ, ɷɮɮɟɤɬ ɡɚɳɟɥɤɢɜɚɧɢɹ, 
NAND-flash. 

 

DEVELOPMENT AND MANUFACTURE OF THE MEMORY 

MICROMODULE WITH EXTENDED RADIATION RESISTANCE 

 

R. S. Litvinenko 

V. M. Matveev 

 

Abstract: the article describes the new 3D integration technology, which has a 

lot of advantages in comparison with existing 3D technologies, such as reduced cost 

and development time. The design of the information storage micromodule, made by 

3D integration technology, is presented. The technology allows to combine printed 

circuit boards with electronic components in stacks, thereby reducing the occupied 

area in times in comparison with standard planar technology. The memory 

micromodule development includes solutions to extend its radiation resistance, such 

as latch-up effect protection, memory reservation, the use of radiation tolerant 

electronic component base.   

Key words: 3D integration, microassembly, latch-up effect, NAND-Flash. 

 

ȼɜɟɞɟɧɢɟ 

ɉɪɨɛɥɟɦɚ ɦɢɧɢɚɬɸɪɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹғ ɇɟɫɦɨɬɪɹ ɧɚ ɪɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɨɬɨɜɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜ ɪɚɦɤɚɯ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ SoC (ɫɢɫɬɟɦɵ ɧɚ 
ɤɪɢɫɬɚɥɥɟ), ɷɬɢ ɦɟɬɨɞɵ ɨɫɬɚɸɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ 
ɜɪɟɦɟɧɢ ɢ ɫɪɟɞɫɬɜ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨғ ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɦɢɧɢɚɬɸɪɢɡɚɰɢɹ ɝɨɬɨɜɨɝɨ 
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ɭɫɬɪɨɣɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɟɣɲɢɯ ɦɟɬɨɞɨɜ ɫɛɨɪɤɢ, ɬɚɤɢɯ 
ɤɚɤ PoP (package on package), SiP (system in package) ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɣ қғ5 D 

ɢ 3D, ɩɨɡɜɨɥɹɸɳɢɯ ɨɛɴɟɞɢɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜ ɦɨɞɭɥɢ 
ДҚЖғ Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɫɟ ɫɨɜɪɟɦɟɧɧɵɟ 
ɦɟɬɨɞɵ ɢɧɬɟɝɪɚɰɢɢ ɜ ɟɞɢɧɨɦ ɞɢɡɚɣɧɟ, ɫɟɝɨɞɧɹ ɨɱɟɧɶ ɜɨɫɬɪɟɛɨɜɚɧɚ ɢ 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɣ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɧɨɣ ɛɚɡɵ (ɗɄȻ) ɢ ɢɡɞɟɥɢɣ ɧɚ ɟɟ ɨɫɧɨɜɟғ  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɬɟɯɧɨɥɨɝɢɹ 3D ɢɧɬɟɝɪɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ (ɦɢɤɪɨɫɯɟɦɵ, ɦɚɬɪɢɰɵ, ɩɚɫɫɢɜɧɵɟ ɷɥɟɦɟɧɬɵ), 
ɨɛɴɟɞɢɧɹɬɶ ɢɯ ɜ ɫɬɟɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɩɥɚɧɚɪɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ 
ɩɟɱɚɬɧɵɯ ɩɥɚɬɚɯ ɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɴɟɞɢɧɹɬɶ ɫɬɟɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚғ 

Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ 

ɇɚ ɩɟɪɜɵɣ ɩɥɚɧ ɜɵɯɨɞɢɬ ɡɚɞɚɱɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɫɯɟɦ (ɂɋ), ɬɚɤ ɤɚɤ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɢɦɟɧɧɨ ɪɚɞɢɚɰɢɨɧɧɵɟ ɨɬɤɚɡɵ ɛɭɞɭɬ 
ɨɩɪɟɞɟɥɹɬɶ ɩɟɪɢɨɞ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɄȺғ Ɋɚɞɢɚɰɢɨɧɧɵɟ ɷɮɮɟɤɬɵ ɜ 
ɷɥɟɤɬɪɨɧɢɤɟ ɱɚɳɟ ɜɫɟɝɨ ɞɟɥɹɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ: ɤɭɦɭɥɹɬɢɜɧɵɟ ɷɮɮɟɤɬɵ ɞɨɡɵ, 
ɢɡɜɟɫɬɧɵɟ ɤɚɤ ɫɭɦɦɚɪɧɚɹ ɢɨɧɢɡɢɪɭɸɳɚɹ ɞɨɡɚ (TID), ɢ ɫɥɭɱɚɣɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ 
(SEE)ғ ɗɮɮɟɤɬ TID ɫɜɹɡɚɧ ɫ ɧɚɤɨɩɥɟɧɢɟɦ ɡɚɪɹɞɚ ɜɧɭɬɪɢ ɤɪɟɦɧɢɟɜɨɣ ɫɬɪɭɤɬɭɪɵ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɞɟɪɠɟɤ ɜɧɭɬɪɢ ɂɋ ɢɥɢ ɢɡɦɟɧɟɧɢɸ ɧɚɩɪɹɠɟɧɢɹ 
ɨɬɫɟɱɤɢ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɥɨɝɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣғ ɉɨɜɵɲɟɧɢɟ ɫɬɨɣɤɨɫɬɢ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ ɤ ɜɨɡɞɟɣɫɬɜɢɸ TID ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ ɢ ɷɤɪɚɧɢɪɨɜɚɧɢɹғ 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɨɬɤɚɡɵ ɜɵɹɜɥɹɸɬɫɹ ɜ ɂɋ ɫɨ ɫɪɟɞɧɟɣ ɢ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ 
ɢɧɬɟɝɪɚɰɢɢ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɄɆɈɉ-ɬɟɯɧɨɥɨɝɢɢ, ɜ ɤɨɬɨɪɵɯ ɥɨɤɚɥɶɧɨɟ 
ɪɚɞɢɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɹɠɟɥɵɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɢ 
ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɦɨɠɟɬ ɪɚɡɜɢɬɶ ɟɞɢɧɢɱɧɵɣ ɷɮɮɟɤɬ 
ɡɚɳɟɥɤɢɜɚɧɢɹ ДқЖғ ɗɮɮɟɤɬ ɡɚɳɟɥɤɢɜɚɧɢɹ ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɨɬɟɤɚɧɢɟɦ 
ɛɨɥɶɲɢɯ ɬɨɤɨɜ ɩɨ ɰɟɩɢ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɚɝɪɟɜɭ ɂɋ ɢ 
ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɦɭ ɨɬɤɚɡɭ (CF)ғ Ɉɛɪɚɬɢɦɨɫɬɶ ɷɮɮɟɤɬɚ ɡɚɳɟɥɤɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɤɥɸɱɟɜɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɂɋ: ɩɪɢ 
ɜɵɤɥɸɱɟɧɢɢ ɩɢɬɚɧɢɹ ɜɵɤɥɸɱɚɟɬɫɹ ɬɢɪɢɫɬɨɪɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɚ ɩɪɢ ɩɨɜɬɨɪɧɨɦ 
ɜɤɥɸɱɟɧɢɢ ɩɢɬɚɧɢɹ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɫɧɢɠɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɤɪɢɫɬɚɥɥɚ ɢ ɨɠɢɞɚɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɨɥɧɨɝɨ ɄɉȾ ɢ ɩɚɪɚɦɟɬɪɨɜ ɂɋ Д3Жғ 

Ɇɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɢɤɪɨɦɨɞɭɥɹ ɯɪɚɧɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɢɨɧɢɡɢɪɭɸɳɢɯ 
ɢɡɥɭɱɟɧɢɣ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɪɢɫғ Қ)ғ Ɉɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ 
ɦɢɤɪɨɦɨɞɭɥɹ ɹɜɥɹɸɬɫɹ: ɞɪɚɣɜɟɪ ɲɢɧɵ ɞɚɧɧɵɯ, NAND-ɮɥɷɲ ɩɚɦɹɬɶ, ɤɚɤ 
ɧɚɢɛɨɥɟɟ ɫɬɨɣɤɚɹ ɤ ɢɡɥɭɱɟɧɢɸ Д4Ж, ɢ ɦɢɤɪɨɫɯɟɦɚ ɬɢɪɢɫɬɨɪɧɨɣ ɡɚɳɢɬɵ 
1469TK035 ɩɪɨɢɡɜɨɞɫɬɜɚ ɇɉɄ "Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɟɧɬɪ", ɪɚɛɨɬɚɸɳɚɹ ɩɨ 
ɩɪɢɧɰɢɩɭ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɬɪɟɛɥɟɧɢɹ ɬɨɤɚ Д5Жғ 
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Ɋɢɫ.1 ɛɥɨɤ-ɫɯɟɦɚ ɦɢɤɪɨɦɨɞɭɥɹ ɩɚɦɹɬɢ 

 

Ɏɨɪɦɢɪɨɜɚɬɟɥɶ ɲɢɧɵ ɞɚɧɧɵɯ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɱɢ ɞɨɫɬɭɩɚ, ɱɬɟɧɢɹ, ɡɚɩɢɫɢ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɦɢɤɪɨɫɯɟɦɵ ɩɚɦɹɬɢғ Ɂɚɞɚɱɟɣ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɲɢɧɵ ɞɚɧɧɵɯ 
ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦɢɤɪɨɦɨɞɭɥɹ ɡɚ ɫɱɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɤɨɞɨɜғ ɉɟɪɜɵɣ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɛɚɡɟ 
ɛɚɡɨɜɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɤɪɢɫɬɚɥɥɚ (ȻɆɄ) ɢɥɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɫɯɟɦɵ (ɉɅɂɋ)ғ  

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ȻɆɄ: 
- ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɬɢɩɨɜɵɯ ɫɯɟɦɧɵɯ 

ɪɟɲɟɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɚ, 
ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɢ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹҲ 

- ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɬɪɚɫɫɢɪɨɜɤɭ ɷɥɟɦɟɧɬɨɜ ɢ ɢɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ 
ɪɚɡɦɟɳɟɧɢɟҲ 

- ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɨɬɨɲɚɛɥɨɧɨɜ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɂɋ (ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɫɯɟɦɵ), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ȻɆɄҲ 

- ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɤɚɤ ɰɢɮɪɨɜɵɯ, ɬɚɤ ɢ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɵɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɨɞɧɨɦ ȻɆɄҲ 

- ɂɋ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɧɚ ɛɚɡɟ ȻɆɄ, ɧɟ ɬɪɟɛɭɸɬ ɩɪɨɜɟɞɟɧɢɹ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ Д6Ж 

Ɇɢɤɪɨɦɨɞɭɥɶ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɛɥɨɤɨɜ ɩɟɱɚɬɧɵɯ ɩɥɚɬ (ɪɢɫғ қ,3)ғ 
ɍɩɪɚɜɥɹɸɳɢɣ ɫɬɟɤ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɲɢɧɭ ɞɚɧɧɵɯ 
ɮɨɪɦɢɪɨɜɚɬɟɥɹ (ɜ ɞɚɧɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɉɅɂɋ), ɚ ɬɚɤɠɟ 
ɦɢɤɪɨɫɯɟɦɭ ɡɚɳɢɬɵ ɬɢɪɢɫɬɨɪɚ Қ469TK035. ɋɬɟɤ ɩɚɦɹɬɢ ɜɤɥɸɱɚɟɬ 4 
ɦɢɤɪɨɫɯɟɦɵ NAND-ПХКЬС ɩɚɦɹɬɢғ 
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Ɋɢɫ.2 ɋɬɟɤ ɩɚɦɹɬɢ 

 

Ɋɢɫ.3 ɍɩɪɚɜɥɹɸɳɢɣ ɫɬɟɤ 

 

ɋɬɟɤɢ ɨɛɴɟɞɢɧɟɧɵ ɜ ɦɢɤɪɨɫɛɨɪɤɭ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 3D ɢɧɬɟɝɪɚɰɢɢ ɢ ɡɚɥɢɬɵ 
ɤɨɦɩɚɭɧɞɨɦ ɞɥɹ ɩɪɢɞɚɧɢɹ ɦɢɤɪɨɫɛɨɪɤɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 

 

 

Ɋɢɫ.4 ɨɛɪɚɡɟɰ ɦɢɤɪɨɫɛɨɪɤɢ 

 

Ɋɚɡɦɟɪɵ ɨɛɪɚɡɰɚ ɦɢɤɪɨɦɨɞɭɥɹ ɫɨɫɬɚɜɥɹɸɬ 34 ɯ қ5 ɯ Қ0 ɦɦғ ɇɚɩɪɹɠɟɧɢɟ 
ɩɢɬɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 3,3 ɜ±Қ0%ғ  

Ʉɨɧɫɬɪɭɤɰɢɹ ɦɢɤɪɨɦɨɞɭɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɢɤɪɨɫɛɨɪɤɢғ Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɤɫɬɨɥɢɬɨɜɵɯ ɩɟɱɚɬɧɵɯ ɩɥɚɬ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɩɪɨɜɟɪɟɧɧɵɦ 
ɬɟɯɧɨɥɨɝɢɹɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɫɨɡɞɚɧɢɟ ɫɬɚɧɞɚɪɬɧɵɯ ɦɢɤɪɨɫɛɨɪɨɤғ 

Ɂɚɤɥɸɱɟɧɢɟ 

Ɍɟɯɧɨɥɨɝɢɢ 3D ɢɧɬɟɝɪɚɰɢɢ-ɷɬɨ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɢ ɩɟɪɫɩɟɤɬɢɜɧɚɹ 
ɨɛɥɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɣғ Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ 
ɫɮɟɪɚɯ ɞɟɹɬɟɥɶɧɨɫɬɢ: ɨɬ ɫɦɚɪɬɮɨɧɨɜ ɞɨ ɛɨɪɬɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ 
ɚɩɩɚɪɚɬɨɜғ Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɨɛɳɟɣ 3D ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ 
ɫɬɨɢɦɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢғ Ɍɟɯɧɨɥɨɝɢɹ ɦɢɤɪɨɫɛɨɪɨɤ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɢɛɤɢɟ ɪɟɲɟɧɢɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɤɚɤ ɫɬɚɧɞɚɪɬɧɵɯ ɩɥɨɫɤɨɫɬɧɵɯ, ɬɚɤ ɢ ɞɪɭɝɢɯ 3D ɬɟɯɧɨɥɨɝɢɣғ 
Ʉɨɥɢɱɟɫɬɜɨ ɫɬɟɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɨ ɞɨ Қ0 ɢ ɛɨɥɟɟ, ɪɚɡɦɟɪɵ ɦɢɤɪɨɫɛɨɪɤɢ 
ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟғ ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɩɨɞɯɨɞɹɳɢɟ ɫɨɟɞɢɧɟɧɢɹғ Ⱦɚɥɶɧɟɣɲɚɹ 
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работа будет направлена на миниатюризацию и улучшение электрических 
характеристик. 
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