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1. №  

ꜚ ̆ ᴆ IGBT ԋ ̆

1Ȃץ IGBTҹᶛ̆ IGBT Ҭ № ̆ ꜚ

IGBT ῏ Ҭ № Ȃ 

1  №  

 

2.  

ᵣ ῒ ᴪ ΐ̆ᵣ

2- 1 2- 2Ȃ 

 

 

 

 

 

 

 



2- 1 - ᵣ ῏  

 

2- 2  - ῏  

 

3.  

3.1 IGBT VCE(sat) №  



῏ԍ IGBT ̆ ץ1 SEMiX453GB12E4ŝ 450Ã ҹᶛ

Ȃ ’Ҋ̆ Tj ̆ VCE(sat) ̆ ᴆ

ҹ ̂PTC̃ Ȃѿ ̆NPT/Trench IGBT ԍῒ

10- ҉ץ15% ΐ ̆ ѿ ꜛԍ IGBT Ȃ 

 

1 IGBT VCE(sat)  -  SEMiX453GB12E4s 

Ҋ ̆ҽҩᶛ Ҋ VCE(sat) PTC IGBT Ȃ 



 

2   

Ẋ IGBT ᵬ PTC ̔ 

Tj ̆ΐ ᵞ VCE(sat) IGBT ̕ 

IGBT ̆ Tj ̆ ԍ PTC ̆ IGBT 

VCE(sat) ⱴ̕ 

ԍ VCE(sat) ⱴ̆ IGBT ̆ ѿ IGBT

;  

Ὲ I=f(VCE, Tj) ̆Tsink̆Rth̆ IGBT ᴪ ᴆ

̆ Tj VCE(sat) ꜚ ̕ 

PTC ꜛԍ IGBT ꜚ ̆ ᴪ

Ҍ ̆ ΐ PTC IGBT Ȃ 

3.2 ԋ VF №  

ԋ ῒ ΐ ̂NTC̃ ̆ Tj ̆ῒ

VF Ȃ ᴪ Ҍ Ȃ ̆

ԋ ԋ ѿ Ȃ 



3ҹ SEMiX453GB12E4s ԋ Ȃ

ⱴ̆ Ӟᴪ ӊ Ȃ Ҭ ץ ₮̆ 416AץҊ̆ԋ ҹ NTC

̕ 416A ̆҉ץ ҹ PTC Ȃ 

 

3  ԋ VF -  SEMiX453GB12E4s 

3.3  

ᵬ ΐ PTC IGBT ̕ 

 ῏ԍ Ҍ ̆ ץ ѿ ȁ

׆̆ └ Ȃ ᵬ

Ҭ̆ ᾢ׆ ᾢ₮ ↕̕ 

ԋ ҹ Ҭ̆ ץ ԋ VF №

̆ VF └ 150- 200mVӊ Ȃ 

4. ꜚ  

ҕ Ҭ̆ ҹ ᵣ └ ̆ ң

ҩ IGBT ᴆ 100% ῃѿ ȂIGBT ȁ῏ ton toff ̆



ṿ VGE(th)̆ יּ VGE(pl)̆ VGE=f(Qg)̆

IC=f(VGE) Ҍѿ ̆ᴪ IGBT Ҭ ꜚ ֟

Ȃ ׆̆ ̆ ꜚ Һ Ӟᴪ IGBT

ꜚ Ȃᴨ ꜚ Һ ץ

ꜚ Ȃ 

5. IGB T ꜚ  

IGBT ꜚ Һ ң ̆ѿ Ҭ ꜚ ̆ ѿ

ꜚ Ȃ 4 Ȃ Ҭ ѿҩ ꜚ + ꜚ

̕ ꜚ ҩ ῒ ꜚ + Ȃ 

 

(a) Ҭ ꜚ  



 

̂b̃ ꜚ  

4  IGBT ꜚ  

5.1 Ҭ ꜚ  

ҹԅᶏ Ḡ ⱴ ̆ ̂ T̆VS̆ RGĔCGE ̃

IGBT ̆ ⁞ ̆ Ḡ

ꜚ Ȃ ꜚ ȁTVS̆ RGĔ CGE Ḡ ᴆ

ԍ ҉̆ ꜚ ⌠ ҉̆ ̆

5 Ȃ 



 

5  IGBTҍ ꜚ  

IGBT ꜚ 6 ᴨ ꜚ Ȃ ױ

ѿҩ῍ └ ꜚ ̆ ᶏ ┘

Ȃ 

 

6  Ҭ ꜚ ̂ᴨ ꜚ ̃ 

REn ~10% * RGn, ῖ ṿ 0.5ß̕ 

RGn ~ῖ ṿ ů 50% * ̕ 



ԋ DEn ̔ Ū 100V, 1A̕  

CGE_ext ᴪ ֟ ᵬ ̆ ⱴ CGE_ext

ѿ 10%- 50% CGE ṿ̂ ӥ̃̆ ‖

ᶃ ṿȂ 

Ҋ Ҋ № ⱳ ᵬ Ȃ 

1̃IGBT ̆ VGE(th)̂ ̆Tj ̆VGE(th)

ᵞ̃̆ IC = f(VGE)̆ VGE= f(Qg)̆ ῏ ton̆toff

̆ IGBT ѿҩῈ῍ Rg ̂ 7 ̃̆↕ᴪ

Ҋ ̔ 

ԍ ̆ IGBTΐ VGĔ IGBTҌ

῏̕ 

ΐ ᵞ ṿ IGBTᾢ ̆ ᵝ ῒ יּ ̆

ᾢ IGBT ῃ ╠̆ῒז IGBT ῀ ῃ ̕ 

ᾢ IGBT ₃Ӎῃ ∆ ̆ΐ Ȃ 

 

 

7   



2̃ ҩ IGBT ῀ Rgn̆ ᾛ ҩ ҉ (Rgn̆  

1% Ὲ )  

 

8  ᶃ  

3̃ ῀ Ren (Ū 10% Rgn̆ᵖ 0,5 ß)  ̆Һ Ҋᵬץ ̔ 

└ i Ů10A̕  

̕ 

Ren ῀ VRen ̆ ꜚ ̂ ԍ῏ ̆ ᵌ̃ 

9 ̆IGBT T1ᾢ ̆di/dt ҍ ῍ ᵬ ֟

L1*di1/dt, ׆ RE1̆ RE2 L2̆ L1ӊ I12̆

VGE1=VGE- IRG1*RG1- VRE1̆ VGE2=VGE- IRG2*RG2+VRE2̆ᾢ IGBT T1

VGE1Ҋ ̆ ᵞ̕ IGBT T2 VGE2҉ ̆

׆̆ ꜚ Ȃ 

 

9  Ὲ῍ IGBT  



̆ Ӟ Ȃ 

̆ ᴪ Ȃ ᶏ IGBT ῏

̆ᵖӞᴪ ̆ ̕ 

ԍҌ ̆ɒ ὒ1ḻὒ2̆ ᶏ IGBT ῏ ̆

Ҍ ᴪ Ҍ ῏ ̕ 

̆ ᵞ Ȃ҉ IGBT Ҋ IGBT ҹ ̆

AC DC- ΐ Ȃ 

 4̃ ῀ ԋ Denҍ Ren ̆ ’Ҋ̆ ꜛԍ

̆ ᾧ ̂ ԋ  Ū 100V, 1Ã  

5.2 ꜚ  

ꜚ ꜚ № Ҋ̔ 

Ḥ ᴰ  

ꜚ  

 

Ҋ ᶛ ԅ Ҋ Ȃ 

 

10  100ns ῏ ̂ 48% ⱴ- ̃ 



 

11  25ns ꜚ ̂ 12% ⱴ- ̃ 

 

12  ῏ ⱴ 0.7V̂ 52% ⱴ- ̃ 

҉ץ ᶛ ̆ ꜚ ꜚ № Ҥ ᶭ ԍᴰ

ȁ ꜚ ȁ ̆ Ҭ ꜚ ↕Ҍ ≢ ֓ Ȃ 

ԍ ⱳ ̆ ᶏ ȁ

ғҌ ׆̆ Ҍ Ȃ ’Ҋ̆ ץ ₃

ҩ ̆ ҩ ᶏ ѿҩ ꜚ ̆ ῍ 6ҩ SEMiX3p ̆ῒ

Ҭ 3ҩ SEMiX3p̓̀ ѿҩ ꜚ ̆ 13 Ȃ ԍ ῏



Ҍ ̆ ᶏ ᴨ № ̆ ғ Ҍ

ᶭ ԍ Ȃ 

IGBT ꜚ ⱳ └Ӟ Ҍ ̆ Ḡ ꜚ ΐ

ꜚ ⱬȂ 

 

13  6ҩ SEMiX3p  

5.3 Ҭ ꜚ  vs ꜚ  

ꜚ ̆ ῏ Ȃ ԍ  ̆ Ҭ ꜚ

֓̆Ҍ ᴰ ȁ ꜚ ȁ ̆

ꜛԍꜚ Ȃ ԍ ⱳ ̆ ᶏ

ȁ ғҌ ׆̆ Ҍ ̆ ̆ ⱳ

ᶏ ꜚ Ȃ ԍ ꜚ ̆ ⁞ ꜚ

ᴰ ȁ ꜚ ̆ ҉ ȁ

Ӟ ̆ Ҍᶏ ֜ ȁ ץ ̕

Ҍ ԍ ̆ ꜚ ̆

ᵖ ᴪ Ҍ ̂ ׃῏ ̃Ȃ 

6.  

ҹԅ № ̆ ῤ ⱳ └

⁞ Ҥ Ȃ ԍ Ҍֽ̆ ⌠



Ὲ῍֜ ̂№ ̃̆ ғ ׆ ᵣ⌠

̂ ̃ Ӟ Ȃ ҩ ̆

ғḠ Ȃ Ḡ ̆ ҹ ᴪᶏ ῏ Ҭ

ꜚ ᵝ Ȃ 

6.1  

14 ҹ ֜ ȁҌ № ̕

14 ҹҌ ֜ ȁ № Ȃ 

 

14  Ҍ  

6.2  

15ҹ 4ҩ IGBT ̆ ‖ Ҍ ֜ ᵝ

̆Ҋ Ҭ 20% Ȃ 



 

15   

6.3  

֜ ₮ ҍ AC ̆↕

ҍ֜ ӊ ̆ 16Ȃ 

 



 

16   

6.4  

̆ Ḡץ Ȃ֜

└ ᶛ ҊȂ 

 

17  ֜  

 



18  ꜚ  

7.  

ᾢױ ѿҩ ᶛ ԅ Ҋ IGBT ꜚ ꜚ

⌠ Ȃ 

7.1 L1/L2 ꜚ №  

t0 ╠ץ┴  D̆3 D4 ̆ Ὕ1ᾢ ̂t0  ┴ ̃̆Ὕ2 ̂t1

┴ ̃ 

Ὅ1 (ὸ) ȁὍ2 (ὸ) ṿҹ L̂L1̆ L2̃  

Ὅ'1  (ὸ)ȁὍ'2  (ὸ) ṿҹ 3.3*L  

Ὅ~1 (ὸ)ȁ Ὅ~2 (ὸ) ṿҹ 67*L 

 

19  ңҩ IGBT  

 

20  Ҍ L1̆ L2 ꜚ №  



҉ ᶛ ̆L ̆ꜚ Ȃ 

7.2 L1/L2 ׆ꜚ ⌠ №  

ң IGBTῃ ̂t1  ┴ ̃̆ Ҭ̆IGBT ᴪ

№ ̆ῒ№ ҍ L1̆ L2῏ 21 Ȃ 

Ὅ1(ὸ) ȁὍ2(ὸ) ̆ ṿҹ L̂L1̆  L2̃  

Ὅ'1( ὸ)ȁὍ'2( ὸ) ṿҹ 3.3*L  

Ὅ~1(ὸ)ȁ Ὅ~2(ὸ) ṿҹ 67*L 

 

21  IGBTῃ № ̂ Ҍ L1̆ L2̃  

Ὅ1(ὸ) ȁὍ2(ὸ) ‗Ҋ Ҋ ̔ 

 

L1+L2 ⱴ̆ ò ⱴ̆ I1(t) ̆I2(t) Ҋ ̆

Ӈ I1(t) Ĭ2(t) ⌠ Iac(t)/2 ‗ԍҊѿҩ ῏℗ ȁ

Iac(t) ṿȂẊ IGBT Ĭ1(t) Ĭ2(t) ⌠

Iac(t)/2 ̆ Ӈ Ҋѿҩ ῏ ᵬ ̆ ҩẒ ᴪ ⱴ⌠Ҍ

Ҭ̆ 22Ȃ 


