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ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɮɢɥя ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɦɨɳɧɵɯ ɫɜɟɬɨɢɡɥɭɱɚɸɳɢɯ ɞɢɨɞɨɜ (ɋИД) 
ɬɢɩɚ Cree XPE-HEW. Ɇɟɬɨɞɨɦ ɬɟɩɥɨɜɨɣ ɪɟɥɚɤɫɚɰɢɨɧɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ɌɊДɋ) 
ɨɩɪɟɞɟɥɟɧɵ ɤɨɦɩɨɧɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɢ ɞɪɭɝɢɟ ɬɟɩɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɋИД, ɭɫɬɚɧɨɜɥɟɧɚ ɢɯ 
ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɬɪɭɤɬɭɪɵ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɋИД, ɧɚɣɞɟɧɵ ɚɤɬɢɜɧɚя ɩɥɨɳɚɞɶ ɢ ɟɟ ɢɡɦɟɧɟɧɢɟ ɩɪɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɫɟɱɟɧɢя ɢɡɥɭɱɚɬɟɥɟɣ. Дɥя ɤɨɧɮɢɝɭɪɚɰɢɣ ɞɚɧɧɨɝɨ ɬɢɩɚ 
ɨɛɧɚɪɭɠɟɧɨ яɜɥɟɧɢɟ “ɛɭɬɵɥɨɱɧɨɝɨ ɝɨɪɥɵɲɤɚ”, ɫɭɳɟɫɬɜɭɸɳɟɟ ɜ ɨɛɥɚɫɬɢ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɫɥɨɟɜ ɋИД, ɢ 
ɭɫɬɚɧɨɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɫ ɬɨɤɨɦ ɜɨɡɛɭɠɞɟɧɢя ɞɢɨɞɨɜ.  

Кɥючɟвыɟ ɫɥɨва: ɫɜɟɬɨɞɢɨɞ, ɬɢɩ Cree XPE-HEW, ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɬɟɩɥɨɜɨɟ ɜɪɟɦя 
ɪɟɥɚɤɫɚɰɢɢ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ.  

Ввɟɞɟɧɢɟ  
Ɇɨɳɧɵɟ ɫɜɟɬɨɞɢɨɞɵ (ɋИД) ɢɡɝɨɬɚɜɥɢɜɚɸɬɫя ɪɚɡɥɢɱɧɵɦɢ ɬɟɯɧɨɥɨɝɢяɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɬɢɩɚ thin-film flip-chip (TFFC) – Rebel ɢ vertical thin-flip (VTF) – Cree. Кɚɤ ɩɪɚɜɢɥɨ, ɋИД ɢɦɟɸɬ 
ɤɟɪɚɦɢɱɟɫɤɭɸ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɭɸ ɩɨɞɥɨɠɤɭ ɫɨ ɫɬɪɭɤɬɭɪɨɣ DBC (Direct Bonded Copper), 
ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɨɥɳɢɧɚ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥяɸɬ ɩɨɥɧɨɟ ɜɧɭɬɪɟɧɧɟɟ ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
Rjc ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡɥɭɱɚɬɟɥɟɣ [1—4]. Вɧɟɲɧɢɣ ɜɢɞ ɢ ɫɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɳɧɨɝɨ 
ɋИД ɬɢɩɚ Cree XPE-HEW ɧɚ ɚɥɸɦɢɧɢɟɜɨɣ ɩɟɱɚɬɧɨɣ ɩɥɚɬɟ “ɡɜɟɡɞɚ” ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1.  
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Ɋɢɫ. 1. ɋɯɟɦɚɬɢɱɧɨɟ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɋИД (а) ɧɚ ɩɥɚɬɟ ɆɋPCB ɜ ɤɨɧɮɢɝɭɪɚɰɢɢ “ɡɜɟɡɞɚ” (ɛ). 

Мɟɬɨɞɢɤа ɢ ɩаɪаɦɟɬɪы СИД  

Дɟɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɬɟɩɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɋИД ɜɵɩɨɥɧɟɧɵ ɦɟɬɨɞɨɦ ɬɟɩɥɨɜɨɣ 
ɪɟɥɚɤɫɚɰɢɨɧɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ɌɊДɋ), ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɦ ɫɟɛя 
ɩɪɢ ɚɧɚɥɢɡɟ ɬɟɩɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɦɟɧɬɨɜ ɝɟɬɟɪɨɥɚɡɟɪɨɜ, ɋИД ɢ ɬɪɚɧɡɢɫɬɨɪɨɜ 
[5]. Иɡ ɜɪɟɦɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɯɨɞɚ ɩɪɢ ɧɚɝɪɟɜɟ ɩɪяɦɵɦ ɬɨɤɨɦ ɧɚɯɨɞяɬɫя 
ɞɢɫɤɪɟɬɧɵɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɫɩɟɤɬɪɵ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя Rth ɩɪɢɛɨɪɨɜ, ɬɟɩɥɨɜɚя  
ɟɦɤɨɫɬɶ Cth ɢ ɩɨɫɬɨяɧɧɚя ɜɪɟɦɟɧɢ ɬɟɩɥɨɜɨɣ ɪɟɥɚɤɫɚɰɢɢ . Дɥя ɭɬɨɱɧɟɧɢя ɨɰɟɧɨɤ Rjc 
ɢɫɩɨɥɶɡɨɜɚɧ ɬɚɤɠɟ ɦɟɬɨɞ ɫɬɪɭɤɬɭɪɧɵɯ ɮɭɧɤɰɢɣ ɫɨɝɥɚɫɧɨ ɬɪɚɧɡɢɫɬɨɪɧɨɦɭ ɫɬɚɧɞɚɪɬɭ JESD51-
14. Кɪɨɦɟ ɬɨɝɨ, ɢɡɦɟɪɟɧɢя ɬɟɩɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɋИД ɩɪɨɜɟɞɟɧɵ ɫ ɩɨɦɨɳɶɸ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ T3Ster-ɨɛɨɪɭɞɨɜɚɧɢя [6].  

ɋИД Cree XPE-HEW ɢɡɝɨɬɨɜɥɟɧɵ ɧɚ ɫɟɪɢɢ ɤɪɢɫɬɚɥɥɨɜ DA1000 ɫ ɨɪɢɝɢɧɚɥɶɧɨɣ 
ɬɟɯɧɨɥɨɝɢɟɣ ɩɪяɦɨɣ ɩɨɫɚɞɤɢ (Direct Attach) ɤɪɢɫɬɚɥɥɚ ɧɚ AlN DBC [7]. Ɍɚɤɢɟ ɢɡɥɭɱɚɬɟɥɢ 
ɨɫɧɚɳɟɧɵ ɜɟɪɯɧɢɦ ɫɥɨɟɦ SiC ɢ ɢɦɟɸɬ ɬɢɩɢɱɧɨ ɩɥɨɳɚɞɶ ɱɢɩɚ Sch = 1 ɦɦ2 (ɪɢɫ. 2).  

ɉɚɪɚɦɟɬɪɵ ɫɥɨɟɜ ɫɬɪɭɤɬɭɪɵ ɋИД ɬɢɩɚ Cree XPE-HEW ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. Уɝɨɥ 
ɪɚɫɬɟɤɚɧɢя ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɫɲɢɪɟɧɢɟ ɫɟɱɟɧɢя ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɪɟɥɚɤɫɚɰɢɢ ɬɟɩɥɨɬɵ ɩɨ 
ɫɬɪɭɤɬɭɪɟ ɫɜɟɬɨɞɢɨɞɨɜ. Дɥя ɫɪɚɜɧɟɧɢя ɩɚɪɚɦɟɬɪɵ ɜ ɬɚɛɥ. 2 ɭɤɚɡɚɧɵ ɞɥя ɋИД ɬɢɩɚ Rebel ES.  
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 Аɧɨɞ(+)  
94575 ɦɤɦ 
Gap 75 ɦɤɦ 
Кɚɬɨɞ (–) 
945795 ɦɤɦ

t = 335 ɦɤɦ

 

Ɋɢɫ. 2. Иɡɨɛɪɚɠɟɧɢɟ ɤɪɢɫɬɚɥɥɚ ɋИД ɬɢɩɚ Cree XPE-HEW ɛɟɡ ɥɢɧɡɵ ɢ ɥɸɦɢɧɨɮɨɪɚ ɜ 
ɫɨɛɫɬɜɟɧɧɵɯ ɥɭɱɚɯ ɢ ɤɨɧɮɢɝɭɪɚɰɢя ɤɪɢɫɬɚɥɥɚ ɫɟɪɢɢ Direct Attach DA1000.  

 

Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ ɫɥɨɟɜ ɫɬɪɭɤɬɭɪɵ ɋИД ɬɢɩɚ Cree XPE-HEW.  

ɋɥɨɣ  Ɇɚɬɟɪɢɚɥ Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ  
(Вɬ/ɫɦ · К) 

Ɍɨɥɳɢɧɚ 
(ɦɤɦ) 

Уɝɨɥ ɪɚɫɬɟɤɚɧɢя, 
ɝɪɚɞ 

ɉɨɞɫɬɚɜɤɚ  SiC 3.50 330 45 
Чɢɩ ɋИД  GaN 1.30 3.5 45 
Эɜɬɟɤɬɢɤɚ  Au-20Sn 0.57 50 0 
 Cu 3.98 75 60 
DBC ɩɨɞɥɨɠɤɚ  AlN 1.00—2.00 500 0 
 Cu 3.98 75 60 
ɉɪɢɩɨɣ  SnAgCu 0.58 75 0 
ɉɪɨɫɥɨɣɤɚ  Cu 3.98 70 0 
PCB ɞɢɷɥɟɤɬɪɢɤ   2.2 100 0 
Al ɩɥɚɫɬɢɧɚ  Al 1.20—2.40 1588 60 

Ɍɚɛɥɢɰɚ 2. ɉɚɪɚɦɟɬɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɋИД ɬɢɩɚ Cree XPE-HEW ɢ Rebel ES. 

ɋИД  I, ɦА  U, В  КɉД, %  Popt, Вɬ 
ɋɜɟɬɨɨɬɞɚɱɚ, 

ɥɦ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ , 

ɥɦ/Вɬ 
Cree XPE-HEW 350 3.058 33.55 0.359 120.4 112.47 

Rebel ES 350 2.819 33.24 0.328 114 115.54 

 

Рɟɡɭɥɶɬаɬы  

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɦɟɬɨɞɨɦ ɬɟɩɥɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ ɋИД ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫ. 3. В ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɌɊДɋ ɷɥɟɤɬɪɨɬɟɩɥɨɜɵɟ ɦɨɞɟɥɢ Кɚɭɷɪɚ ɢ Фɨɫɬɟɪɚ ɨɝɪɚɧɢɱɟɧɵ ɩяɬɶɸ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɟɲɟɧɢɟɦ ɦɟɬɨɞɚ T3Ster. В 
ɨɛɥɚɫɬяɯ R2 ɢ R4 ɨɛɧɚɪɭɠɟɧ ɷɮɮɟɤɬ ɬɟɩɥɨɜɨɝɨ «ɛɭɬɵɥɨɱɧɨɝɨ ɝɨɪɥɵɲɤɚ», ɤɨɬɨɪɵɣ ɨɛɭɫɥɨɜɥɟɧ 
ɩɟɪɟɯɨɞɧɵɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢяɦɢ ɫɥɨя ɩɨɫɚɞɤɢ GaInN-ɱɢɩɚ ɧɚ ɩɨɞɥɨɠɤɭ DBC ɢ ɢɧɬɟɪɮɟɣɫɧɨɣ 
ɨɛɥɚɫɬɢ ɩɨɞɥɨɠɤɚ DBC–Al ɩɥɚɬɚ. Аɧɚɥɨɝɢɱɧɨɟ яɜɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɨ ɢ ɞɥя ɞɪɭɝɢɯ ɬɢɩɨɜ ɢ 
ɤɨɧɮɢɝɭɪɚɰɢɣ ɋИД [6]. В ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ Cree 1 ɢ Cree 2 ɧɚɢɛɨɥɶɲɢɣ ɪɚɡɛɪɨɫ 
ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɜɵяɜɥɟɧ ɜ ɨɛɥɚɫɬɢ R4.  

Вɧɭɬɪɟɧɧɟɟ ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɋИД ɤ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɩɨɞɥɨɠɤɢ DBC ɞɥя ɨɛɪɚɡɰɚ 
Cree 1 ɫɨɫɬɚɜɥяɟɬ 5.1 К/Вɬ, ɚ ɞɥя Cree 2 — 5.2 К/Вɬ, ɱɬɨ ɜ ɩɪɟɞɟɥɟ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ – 6 К/Вɬ. 
ɉɨɥɧɨɟ ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R1 – R5 ɫɢɫɬɟɦɵ ɋИД–ɩɥɚɬɚ MCPCB ɫɨɫɬɚɜɥяɟɬ 14.1 ɢ 
16.3 К/Вɬ ɞɥя ɨɛɪɚɡɰɨɜ Cree 1 ɢ Cree 2. ɉɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ T3Ster ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ R1 

– R5 ɞɥя ɨɛɪɚɡɰɚ Cree 1 ɫɨɫɬɚɜɥяɟɬ 13.9 ɢ ɞɥя Cree 2 — 15 К/Вɬ. Иɡ ɪɢɫ. 3, а ɢ ɛ ɜɢɞɧɨ, ɱɬɨ 
ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɥɨя R4 (ɢɧɬɟɪɮɟɣɫ ɦɟɠɞɭ ɩɥɚɬɚɦɢ DBC ɢ MCPCB) ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɪɟɜɵɲɚɟɬ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɋИД R1 – R3. В ɫɬɪɭɤɬɭɪɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɩɪɟɢɦɭɳɟɫɬɜɚ, 
ɩɨɥɭɱɚɟɦɵɟ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢя ɧɢɬɪɢɞɧɵɯ DBC ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɬɟɪяɸɬɫя ɢɡ-
ɡɚ ɩɥɨɯɨɝɨ ɬɟɩɥɨɜɨɝɨ ɫɨɝɥɚɫɨɜɚɧɢя ɩɥɚɬ DBC-MCPCB, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢя ɫɜɟɬɨɞɢɨɞɨɜ ɜ ɰɟɥɨɦ.  
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Ɋɢɫ. 3. Зɚɜɢɫɢɦɨɫɬɢ ɌɊДɋ: ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɫɩɟɤɬɪ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя (а), ɫɜяɡɶ ɤɨɦɩɨɧɟɧɬɨɜ 
ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɢ ɬɟɩɥɨɜɨɣ ɟɦɤɨɫɬɢ (ɛ), ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚя ɫɬɪɭɤɬɭɪɧɚя ɮɭɧɤɰɢя ɩɨ ɦɟɬɨɞɭ 

T3Ster (в), ɢɦɩɭɥɶɫɧɚя ВАХ ɢ ɫɪɚɜɧɟɧɢɟ ɫ Rebel ES (г).  

Заɤɥючɟɧɢɟ  
Ɇɟɬɨɞɚɦɢ ɌɊДɋ ɢ T3Ster ɨɩɪɟɞɟɥɟɧɵ ɬɟɩɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɳɧɵɯ ɋИД ɬɢɩɚ  

Cree XPE-HEW. ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɫɬɪɭɤɬɭɪɵ ɋИД ɢ ɫɜяɡɚɬɶ ɤɨɦɩɨɧɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɫ 
ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɢɡɥɭɱɚɬɟɥɟɣ.  
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Parameters and Characteristics of Powerful Light-Emitting Diodes  

Types Cree XPE-HEW  

A. S. Vaskou a, V. K. Kononenko b, V. S. Niss b, A. L. Zakgeim c, A. E. Chernyakovc  
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The analysis of the profile of thermal resistance of powerful light-emitting diodes (LEDs) type Cree XPE-
HEW is approved. Thermal relaxation method of differential spectrometry (TRDS) is used for identifications of 
LED components of thermal resistance and other thermal parameters of LEDs, their dependence on the structure 
and configuration of the LED is obtained, the active area and its modification at redistribution of heat flow along 
the section of the emitters is found. For this type of LED configuration the phenomenon of "bottleneck" occurs, 
which exists within the boundaries of layers of the LED, and the change of the thermal resistance with current 
excitation of the diodes is examined.  

Keywords: light-emitting diode, type Cree XPE-HEW, thermal resistance, thermal time relaxation, 
efficiency.  
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