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ₐ└⅍⌠⃰₦₮≡└ₐ└⅍⌠⃰₦₮≡└ₐ└⅍⌠⃰₦₮≡└ₐ└⅍⌠⃰₦₮≡└ 

᾿ ‴ ‴’∟╒₿ ‚ῷ΅― Ὸ– ‖᾿⁭⁯₪└←₦⅍‖⁭⁯

” ΅‾”Ό ‼⁮⁵―΅‴ ῀ ‗ ― ‖„ ΅ ᾿ ₪└↨⌐№

€᾿ₔ₈₪└”↔₇└᾿ ║ −└↨’‘᾿‴‍ ←─╒ ₈↨≥₨╒₮≡└‗ 

― ↔₇└᾿−└↨’‘Ό  ⁮⁵‴ ῀ 
ST ∕ₐ₦⌠ₔ⌐₦⅍⌠⅔₦₰„ ⁵⁮” ‚Ῥ‒‍  ΅ ↔₇∙≥ SLLIMMTM-nano

₮≥╒₱(SLLIMMTM-nano: small low-loss intelligent molded module nano)₀  ‴ ‍῀ 
↔₇∙≥„ ₀ ‚₪└←₦⅍‚  ‍℮≈₈⌂ₐ└≤ₐ└” IPM(ₐ└Ω≥

₯ₓ└⅍←─╒∟₯≈╒⌂)‖᾿ ’₡↨₮≡└ ( )‾  ―΅‴ ῀ 
 

SLLIMM-nano ↔₇∙≥„ ’₮≥₪└℅№↨₀ ‹ ₁‖ ⁮‚ 2–” ₐ└ↄ╒

₿↕⌠№₦₀  ―΅‴ ῀

• ←─╒₰Ω╒₯ 
− 6–” IGBT 
− 6”↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ 

• ⅎ≤ₐↄ  
− 3–” ₩╒⅍ⅎ≤ₐↄ 
− 3–”₩╒⅍  
− 3–”↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ 

• ‗₡↨₮≡└  
− ₲└₰ ₡∆₈└↨ 
− ᾿ ₪└←⌐╒₿ 
− ₰∕╒⅍₮∩№⅍⃰ₒ└  
− ℮№ⅎ₿ₐ√᾿ₐ└₿╒⌠№₤└₧  
− ⌠№₦₈ₒ⅍  

 
 ⁵⁮” ‗᾿ ‖ ‚  ⁵‍ SLLIMM-nano ” ←№₨╒₯(NDIP)Ό᾿

₈↨≥₨╒₮≡└‖ ‼⁮⁵⁴⁭⁯  ’ ‹ ―₰∆╒₰‖” ₪└⅍⌠╒⌂₀᾿

⁞ ₀ ’⁸ ‚  ‴ ῀ 
℮₉₰₦≥╒⅍‖  ⁵‍ₐ└ↄ╒₿(←─╒℮ↄₐ₰᾿ⅎ≤ₐↄ᾿ ’‘₀ ›)

‚ ᾿„≤∙₇↔onan-MMILLS᾿―‮ Ό  ⁵ ‹ ‴⁵―΅⁴‍‼᾿

₀⁭⁯ ‚ ᾿ ₀  ᾿ ΅ ₀ ‖Ὼ‴ ῀ 
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₈↨≥₨╒₮≡└⅝╒⅍„᾿ ”  ΅ SLLIMM-nano ↔₇∙≥” ₀  ᾿

SLLIMM-nano↔₇∙≥₀  ⁴∟╒₿ⅎ≤ₐↄ ” ῃ‭᾿ ║ ” ΅ ₀

 ⁴‍‼”₣ₐⅎ≤ₐ└₀  ‴ ῀ 

1 ₐ└ↄ╒₿ₐ└ↄ╒₿ₐ└ↄ╒₿ₐ└ↄ╒₿ ”””” ‗‗‗‗ SLLIMM-nano ₴≥≈╒₮≡└₴≥≈╒₮≡└₴≥≈╒₮≡└₴≥≈╒₮≡└ 

ₐ└ↄ╒₿”₰ₐ№℅└₧‚⁭⁴∞≥№⅍( ᾿ ᾿€ₐ₱᾿₪₰⅍ )„ ῼ”

” ‚ ῴ⁮⁵⁴‍‼᾿ ─№⅍Ὸ⁮ ∞₣─№⅍” ” ῼ”∟╒₿ⅎ≤ₐ↕₈↨

≥₨╒₮≡└‖„ₐ└ↄ╒₿‚⁭⁯ ₀  ⁴ ‗Ό ‼⁮⁵―΅‴ ῀ 
Figure1 „∟╒₿ⅎ≤ₐ↕₈↨≥₨╒₮≡└ ‖ ῀IGBT ‗↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ‖
 ⁵⁴←─╒₰Ω╒₯᾿IGBT ”₩╒⅍ⅎ≤ₐↄ ᾿DSP ⁞∕ₐ₪└‖  ⁵⁴

᾿​⁵Ὸ⁮ ”‍‼”₲└€‗ ”‍‼”↔₉╒ⅎↄ№₦ Ὸ⁮  ⁵

‴ ῀ 
 ⁵⁮₀℮₉₰₦≥╒⅍‖  ⁭ῲ‗ ⁴‗ ΅ ‹ ―₪₰⅍Ό  ᾿ ΅ ≥

₰₦ΌῬ⁯᾿ Ό ῴ⁴‍‼ ​”‾”” ‾ ῼ’⁯‴ ῀‴‍᾿ ᾿⌐

ₐ₈ₒ⅍ ‚ῷ΅―‾ ῼ” ₀᾿ ”ₐ└⃰₦₿’‘‾  ―  ⁴ ‗Ό

‚’‒―Ὼ‴ ῀ ‖„ SLLIMM-nano ”⁭ῲ’ IPM ₀  ⁴ ‗‖​⁵⁮” ‗

≥₰₦₀ ‚ ⁮  ‗Ό ‚’⁯‴ ‍῀ 
 

 
Figure 1: ₐ└ↄ╒₿∟╒₿ⅎ≤ₐↄ↕⌠№₦ₐ└ↄ╒₿∟╒₿ⅎ≤ₐↄ↕⌠№₦ₐ└ↄ╒₿∟╒₿ⅎ≤ₐↄ↕⌠№₦ₐ└ↄ╒₿∟╒₿ⅎ≤ₐↄ↕⌠№₦  
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ST ” SLLIMM-nano ↔₇∙≥‖„ ῼ” ₀ –”←№₨╒₯‚ ‹ ₁‖ῷ⁯᾿20
”℮₉₰₦≥╒⅍ ₀ ⁮  ‗Ό ‖ ῀Figure 2„ ST ” SLLIMM-nano↔₇∙≥

₀  ‍ ‗᾿℮₉₰₦≥╒⅍‖ ₀  ‍ ” SLLIMM-nano ”∞≥№⅍₀
 ―΅‴ ῀ 
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ST ” SLLIMM-nano↔₇∙≥₀  ⁴ ‗‖ Ό  ⁵᾿ ‚  ⁵⁴ 

‴ ‴’ Ό ‚’⁯‴ ῀‴‍ ΅ ₀ ‒‍ ”₈↨≥₨╒₮≡└‖᾿ ΅

‗ ΅ Ό ‖Ὼ‴ ῀ 
‖”←─╒₰Ω╒₯‗ⅎ≤ₐↄ℅№↨„  ⁵‍₮≥₪└℅№↨‗ ‖  ⁵

―ῷ⁯᾿  ⁵―΅⁴∑╒ⅎ⌐ₐ₈ₒ⅍‗‗‾‚ ” ᾿⅝ₐ₱ • EMI ” Ό

‗’⁯‴ ‍῀‴‍ ‖” ΅⌐∂⌂” ‾ ‖Ὼ⁴⁭ῲ‚’‒―΅‴ ῀ 
 

 
Figure 2: ℮₉₰₦≥╒℮₉₰₦≥╒℮₉₰₦≥╒℮₉₰₦≥╒⅍⅍⅍⅍ ‗‗‗‗ SLLIMM-nano₴≥≈╒₮≡└₴≥≈╒₮≡└₴≥≈╒₮≡└₴≥≈╒₮≡└””””  

 

 
 

 

1.1  

SLLIMM-nano↔₇∙≥„↑╒⅍₮└₦’ ‖ 100W ‴‖” ΅ ”₈↨≥₨╒₮≡└‚

 ⁴⁭ῲ  ⁵―΅‴ ῀₈↨≥₨╒₮≡└ ‗ ― ”⁭ῲ’‾”Ό  ⁮⁵‴ ῀ 
 
• ΅  
• ”₪└↨⌐№€  
• ₔ₈₪└”₪└↨⌐№€  
• ᾿ −└↨ 
• ←─╒ ₈↨≥₨╒₮≡└ 
• ↔₇└᾿−└↨ 
 
 
SLLIMM-nano‚ ‹ ‴⁵―΅⁴ ’ ᾿ „ ” ⁯‖ ῀ 
 

• 600V᾿3A  
• 3 IGBTₐ└ↄ╒₿ 

− 6–” IGBT 
− 6–” ║₴↔⅍≥₢ↄ≥ ↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ 

• 3–”₩╒⅍ⅎ≤ₐↄ IC‗  

SLLIMM 
-
nano 

SLLIMM 
-
nano 

⌐ₐ₈ₒ⅍⌐ₐ₈ₒ⅍⌐ₐ₈ₒ⅍⌐ₐ₈ₒ⅍ 
ΌΌΌΌ  

⅝ₐ₱⅝ₐ₱⅝ₐ₱⅝ₐ₱᾿̓̓̓EMI
””””  

 

 

’’’’ 
 

⅍╒₿⌂₮₰Ω√⅍╒₿⌂₮₰Ω√⅍╒₿⌂₮₰Ω√⅍╒₿⌂₮₰Ω√ 
₪₰⅍₪₰⅍₪₰⅍₪₰⅍”””” 

⃰ₐ₡╒ⅎ  
HV ₩╒⅍ⅎ≤ₐↄ IGBT + FWD 

‖‖‖‖  
₪└←₦⅍₪└←₦⅍₪└←₦⅍₪└←₦⅍ 
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− ₰∕╒⅍₮∩№⅍⃰ₒ└  
− ᾿ ₪└←⌐╒₿ 
− ₲└₰ ₡∆₈└↨ 
− 3–”↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ 
− ₐ└₿╒⌠№₦  
− UV 

• ₲└₰ ”₡╒↨└ₔ∙№₿  
• ‖  ⁵‍ ←№₨╒₯ 
• ₰ₐ№℅└₧₰↓╒ⅎ₀  ⁴₩╒⅍  
• ₩╒⅍ⅎ≤ₐↄ”  ⁵‍ↄₐ₈₰  

 
Figure3„ SLLIMM-nano‖ₐ└ↄ╒₿₀  ‍↕⌠№₦ ‖ ῀ 
 
Figure 3: SLLIMM-nano ↕⌠№₦↕⌠№₦↕⌠№₦↕⌠№₦  

 

 
 

 
IGBT ‗↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ‖  ⁵‍ 3 –”⅞╒↔↕≥№₯„᾿∟╒₿ ₈

↨≥₨╒₮≡└‖ ‚ Ό  ⁴⁭ῲ∟╒₿ ₈↨≥₨╒₮≡└‚ ‚  ⁵

―΅‴ ῀ ” ’ ‚⁭⁯ dV/dt᾿di/dt Ό ῼ’‒―ῷ⁯᾿ ᾿₰ₐ№℅└₧

᾿EMIₔ∙№₮≡└‾  ⁵―΅‴ ῀ 
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Gate driver 
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Gate driver 
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‴‍᾿ ”₩╒⅍ⅎ≤ₐↄ IC„ 2  ⁵―΅‴ ῀ –„ ₀‾‒‍ ↄ

╒₯≡└‖ ₪₰⅍₴≥≈╒₮≡└ ῾‖ ῀‾ῲ –„ Ὼ₡↨₮≡└₀‾‒‍

↔⌂ ↄ╒₯≡└‖ ῀ 
 

‚  ⁵‍ NDIP ←№₨╒₯‖᾿₰∆╒₰” ⁮⁵‍ ‖ ” ₀ ‖Ὼ᾿

‚ ΅ ‗ ΅ ⌐∂⌂₀  ‴ ῀ 
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1.2 ≤ₐ└₈№↨≤ₐ└₈№↨≤ₐ└₈№↨≤ₐ└₈№↨‗‗‗‗⅜╒∙└₧⅜╒∙└₧⅜╒∙└₧⅜╒∙└₧ 

Table 1: SLLIMM-nano ≤ₐ└₈№↨≤ₐ└₈№↨≤ₐ└₈№↨≤ₐ└₈№↨ 

 
Figure 4: SLLIMM-nano ⅜╒∙└₧⅜╒∙└₧⅜╒∙└₧⅜╒∙└₧ 

 

ST G IP iiizz w vvv x

IGBT

IPM
SLLIMM� & SLLIMM�-nano

Package
N = NDIP-26L molded (SLLIMM-nano)
S = SDIP-25L molded (SLLIMM)
L = SDIP-38L molded (SLLIMM)

Nominal current
IC current at TC=25°C

Technology
H = Very fast
K = Short circuit rugged
W = Ultra fast

VCES voltage divided by 10

Option
A = Basic version
�

 
 

Features 
ↄ╒₯≡└ↄ╒₯≡└ↄ╒₯≡└ↄ╒₯≡└ ↔⌂↔⌂↔⌂↔⌂ ↄ╒₯≡└ↄ╒₯≡└ↄ╒₯≡└ↄ╒₯≡└ 

STGIPN3H60A STGIPN3H60 

Voltage (V) 600 600 

Current @ TC = 25 °C (A) 3 3 

Rth(j-a) max (°C/W) 50 50 

Package type NDIP-26L NDIP-26L 

Package size (mm) X, Y, Z 29.5x12.5x3.1 29.5x12.5x3.1 

Integrated bootstrap diode Yes Yes 

SD function No Yes 

Comparator for fault protection No Yes (1 pin) 

Smart shutdown function No Yes 

Op amp for advanced current sensing No Yes 

Interlocking function Yes Yes 

Undervoltage lockout Yes Yes 

Open emitter configuration Yes (3 pins) Yes (3 pins) 

3.3 / 5 V input interface compatibility Yes Yes 

High-side IGBT input signal Active high Active high 

Low-side IGBT input signal Active high Active low 
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1.3  

Figure 5: STGIPN3H60A  
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Figure 6: STGIPN3H60  
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1.4  

„ ”℮ↄₐ₰” ₀  ᾿ „ ” ‗ ―  ⁵‴

 ῀ ” „ ᾿ ᾿ ” ‼ ”Ω₰⅍ ‚  ⁴‍‼᾿

‚  ⁴₈↨≥₨╒₮≡└” ‖ ⁸‒― ‴ῲ ‗‚ Ό ‖ ῀ 
‗ ― Table 2‚ SLLIMM-nano STGIPN3H60” ₀  ‴ ῀ ⁵„℮╒₿₮╒⅍‚

ΌῬ⁯‴ ”‖᾿ ‚–΅―„​⁵‌⁵℮╒₿₮╒⅍Ὸ⁮ ‖ ῀ 
 

Table 2: ₐ└ↄ╒₿ₐ└ↄ╒₿ₐ└ↄ╒₿ₐ└ↄ╒₿  

(1) HINU, HINV, HINW; LINU , LINV , LINW  ‗ GND  

(2) (1)” ‚⁭⁴ 
(3) ←⌂₰ „ ₯∩└₦₮≡└ ”  
 

))T(IT(@VR

TT
)T(I

CCmax,j)(max)sat(CE)cj(th

Cmaxj
CC ⋅

−
=

−
 (1) 

• VCES: ₪⌐₦₿-ₔ∙№₿  
 

SLIMM-nano „ VCES 600V ‖᾿←─╒₰Ω╒₯„ IGBT( •↔≥╒∏ₐ≥└₧⃰ₐ

₡╒ⅎ)Ὸ⁮  ⁵―΅‴ ῀ ’ P-N ” €╒₯ VPN(surge)„ ” VCES

‖ ῀ 
᾿Figure 7 ‚  ⁭ῲ‚ ‚ IPM ” ₐ└⃰₦₿└₰„€╒₯ ₀

  ‴ ῀‴‍᾿℮ↄₐ₰‗ ” DC ≥└₦₪└℮└€ ” ₐ└⃰₦₿└₰‾€

╒₯ ₀   ‴ ῀ ⁵⁮₀  ( ‖”) P-N ‚  ⁵⁴

VPN(surge)„ VCES ‖’῾⁵‟’⁯‴ ₁῀SLLIMM-nano„ ←№₨╒₯‖ 100W
‴‖Ό ‗’⁯‴ Ό᾿⁭⁯ Ὼ’←─╒₀ ‗ ⁴ IPM ‚ ‟⁵‮ ₐ└⃰

₦₿└₰” „ ’΅‗΅ῴ‴ ῀ 
 

 
 
 
 

Symbol Parameter Value Unit 

VCES ₪⌐₦₿ₔ∙№₿  (VIN
(1) = 0) 600 V 

–IC
(2) IGBT” (TC = 25 °C) 3 A 

–IC
(3) IGBT”  10 A 

PTOT IGBT”⅍╒₿⌂ (TC = 25 °C) 7.5 W 



SLLIMM�-nano small low-loss intelligent molded modu le 

 

10/62 Doc ID 022726_JA Rev 1  

Figure 7: ←─╒₰Ω╒₯←─╒₰Ω╒₯←─╒₰Ω╒₯←─╒₰Ω╒₯”””” ₐ└⃰₦₿ₐ└⃰₦₿ₐ└⃰₦₿ₐ└⃰₦₿ 
 

 
 

• –IC: IGBT ”₪⌐₦₿  
’₪⌐₦₿ DC (TC = 25 °C) ῀Ic„ 1( ∆╒₯)Ὸ⁮  ⁵‴ ῀ 

 
Table 3: STGIPN3H60””””  

 
• VCC:  

Symbol Parameter Value Unit 

VOUT OUTU,OUTV,OUTW, ‗ GND (VCC=15 V) ”  Vboot -21 to Vboot +0.3 V 

VCC  -0.3 to 21 V 

VCIN ₪└←⌐╒₿  -0.3 to VCC +0.3 V 

VOP+ ₡∆₈└↨  -0.3 to VCC +0.3 V 

VOP ₡∆₈└↨  -0.3 to VCC +0.3 V 

Vboot ↕╒₰⅍₰⅍≤№↨  -0.3 to 620 V 

VIN HIN, LIN  ‗GND ᾿⌠₯№₦  -0.3 to 15 V 

V SD  / OD ₡╒↨└ⅎ⌐ₐ└  -0.3 to 15 V 

dVOUT/dt  ⁵⁴ ”₰⌂╒⌐╒⅍ 50 V/ns 

ₐ└⃰₦₿└₰ 
PCB⌐ₐ₈ₒ⅍‚  ⁴

P 

N

U, V, W
HVIC 

SLLIMM - nano 

to motor Vbus 
+ 

Vbus 
+ 

SLLIMM-nano ⌐ₐ₈ₒ⅍‚ 

IGBT” „  
  ‚’⁯ῲ⁴ 

di/dt‗ ₐ└⃰₦₿└₰” 
‖₰←ₐ₦ Ό SLIMM↓└ -

Ὸ⁮  ⁵⁴ 
V PN(surge )

΅ 
di/dt 

’ 
V PN 

V PN

C

 ⁴ ₐ└⃰₦₿└₰ 
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Vcc „ ” ‖ ῀SLLIMM-nano ”⅝ₐ₱ ₀ ‼⁴‍‼ ‖”↔₉⌂

₿≥└₧Ό  ⁵‴ ῀ ᾿ ‖Ὼ’΅ ESR ₀‾– Ὼ’ ₪└℮└€‗᾿

nF₡╒⃰╒”₲≤∙№₦₪└℮└€₀​⁵‌⁵ –  ―  ⁵‴ ῀ 
SLLIMM-nano₀ ‚  ⁴‍‼” Vcc ‚–΅―„ Table 4₀ ῼ‎ ΅῀ 

 
Table 4: ‗‗‗‗℮ↄₐ₰℮ↄₐ₰℮ↄₐ₰℮ↄₐ₰  

 
Table 5: ₮₰Ω√₮₰Ω√₮₰Ω√₮₰Ω√  

 

2 ‗‗‗‗  

‖„←─╒₰Ω╒₯” ’ ‗᾿SLLIMM-nano” ”―‮ ” ₀Ῥ⁸ ―

 ‴ ῀ 
 

2.1 IGBT 

SLLIMM-nano„᾿​” ₁‎ PowerMESHTM↨⌠₲₰‖  ⁵‍ IGBT₀  ᾿ₐ└ↄ

╒₿ ” ₀  ‴ ‍῀ ”←─╒℮ↄₐ₰„ ’₰ₐ№℅└₧ ₀

 ⁴∟╒₿ ῾‚  ⁵―ῷ⁯᾿VCE(sat) ⅎ⌠№↨‗₰ₐ№℅└₧ (tfall)” ⁵

‍ↄ≤└₰₀  ‴ ῀ •₰ₐ№℅└₧ ” Ό  ⁵⁴ ᾿ ” ⁯

” ₀ ⁮  ‗Ό‖Ὼ‴ ῀ ₮₰Ω√” ’ ‚–΅―„ 4 ‖  ‴

 ῀ 

2.2 ↔≥↔≥↔≥↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ╒∏ₐ≥└₧⃰ₐ₡╒ⅎ╒∏ₐ≥└₧⃰ₐ₡╒ⅎ╒∏ₐ≥└₧⃰ₐ₡╒ⅎ 

SLLIMM-nano ↔₇∙≥„ Turbo 2 ⃰ₐ₡╒ⅎ₀  ᾿↔≥╒∏ₐ≥└₧⃰

ₐ₡╒ⅎ” trr/VF”⅍⌐╒ⅎ₡↔ ᾿ ₴↔⅍⅜₰”ↄ≤└₰₀ ῼ  ―΅‴ ῀

VCC  (typ. ) 
℮ↄₐ₰℮ↄₐ₰℮ↄₐ₰℮ↄₐ₰  

STGIPN3H60A STGIPN3H60 

< 10 V < 12 V 
UV( ” )₰⌐№₮≡⌂ⅎ ”‍‼᾿ „

‚„ ON‚’⁮ ᾿℮ↄₐ₰ „  ⁵‴ ₁῀ 

12 V � 17 V 13.5 V � 18 V  ” ‖ ῀ 

> 18 V > 21 V ” ΌῬ⁯‴ ῀ 

Symbol Parameter Value Unit 

Tj ”₯∩└₦₮≡└  -40 to 150 °C 

TC ∟₯≈╒⌂₨╒₰”  -40 to 125 °C 
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​” ₐ└ↄ╒₿” ’ ₀  ᾿∟╒₿ ‖ ‚ ‚’⁯ῲ⁴ EMI ” ’

₀  ―΅‴ ῀ 
 

2.3 ₩╒⅍ⅎ≤ₐↄ₩╒⅍ⅎ≤ₐↄ₩╒⅍ⅎ≤ₐↄ₩╒⅍ⅎ≤ₐↄ 

SLLIMM-nano „ BCD(Bipolar, CMOS, DMOS)₡↔≤ₐ└Ω₦⅝⌠₯╒₀ ‒―  ⁵‍

” ₩╒⅍ⅎ≤ₐↄ IC(HVIC)₀  ―΅‴ (Figure 8 )῀ ‚ FOC:↔₉╒⌂ⅎ
₡≥ₔ└Ω№ⅎ₪└⅍⌠╒⌂ ῾∟╒₿ ‚ ‖Ῥ⁯᾿ ” ῷ΅― ’ ”―‮

₀  ᾿⌠╒€ₐⅎ᾿⅞ₐ€ₐⅎ” ” IGBT ⅎ≤ₐ↕‚ ’ ₀ ‖Ὼ‴ ῀

 ”₩╒⅍ⅎ≤ₐↄ„ ”⌐∂⌂₮↔⅍₪└⅍⌠╒⌂Ό‾‗‼⁮⁵⁴ ╒₨≤↨₈”―‮

₮≡└‖ ‖Ὼ᾿ ‚↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ( ‹)₀  ―΅‴ ῀ 
 
 



SLLIMM�-nano small low-loss intelligent molded modu le  

 

           Doc ID 022726_JA Rev 1 13/62 

Figure 8: ₩╒⅍ⅎ≤ₐↄ₩╒⅍ⅎ≤ₐↄ₩╒⅍ⅎ≤ₐↄ₩╒⅍ⅎ≤ₐↄ ICₐ∞╒₯ₐ∞╒₯ₐ∞╒₯ₐ∞╒₯ 
 

 
 

 
​⁵‌⁵”₩╒⅍ⅎ≤ₐↄ IC„⅞╒↔↕≥№₯₀  ⁴ 2–” IGBT₀₪└⅍⌠╒⌂ ᾿

℮№ⅎ₿ₐ√᾿ₐ└₿╒⌠№₦᾿ ↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ ” ’ ₀‾–‗

‗‾‚₰∕╒⅍₮∩№⅍⃰ₒ└( ‹)᾿ ₪└←⌐╒₿᾿ ₲└₰

₡∆₈└↨‾  ⁵―΅‴ ῀Table 1(6 ∆╒₯)‚℮ↄₐ₰ ‗” Ό ‚’‒―΅

‴ ῀ 
 ”₈↨≥₨╒₮≡└⅝╒⅍‖„ SLLIMM-nano ‚  ⁴ ₩╒⅍ⅎ≤ₐↄ” ‚

–΅―  ‴ ῀ ⁮‚ ₀  ‍΅ „ AN2738₀ ῼ‎ ΅῀ 
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Figure 9: ₩╒⅍ⅎ≤ₐↄ↕⌠№₦₩╒⅍ⅎ≤ₐↄ↕⌠№₦₩╒⅍ⅎ≤ₐↄ↕⌠№₦₩╒⅍ⅎ≤ₐↄ↕⌠№₦  
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+
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2.3.1  

₩╒⅍ⅎ≤ₐↄ IC„ 2–” ΌῬ⁯᾿⅞ₐ€ₐⅎ‗⌠╒€ₐⅎ₀ ῃ‚

‖ ῀ ” ‚–΅―„ Table1(6∆╒₯)₀  ―ῼ‎ ΅῀ 
⅞ₐ€ₐⅎ‗⌠╒€ₐⅎ” IGBT Ό ‚ ON ‗’⁯ Ό ⁵― ‴ῲ(₦⌠₰₪

└⃰₦₮≡└)”₀ ´‍‼‚ ‖℮№ⅎ₿ₐ√₀‾‒―΅‴  „ 2.3.4 ῀ 
„ TTL/CMOS 3.3V ‚  ―ῷ⁯᾿⅝ₐ₱ ‗ ― 1V ”↑₰Ω≥

₮₰₀ ‒―΅‴ ῀ ” Ό ’ ‗‚⁭⁯∕ₐ₪└⁞ DSP᾿FPGA ”

’₪└⅍⌠╒≤Ὸ⁮ ‗’‒―΅‴ ῀ 
 
 

Figure 10 ‗ Figure 11 ‚  ⁭ῲ‚ „ ↨⌂⃰ₒ└(‴‍„↨⌂₈№↨)
Ό  ⁵―΅―᾿ Ό ⁵‍ ‖‾ Ό  ⁴⁭ῲ‚’‒―΅‴ ῀

‾  Ό₡╒↨└‚’‒― ‴‒‍ ‖‾⅞ₐ€ₐⅎ᾿⌠╒€ₐⅎ”₩╒⅍ⅎ≤

ₐ↕ „⌠╒⌐∂⌂‚’⁯‴ ῀ ”↨⌂⃰ₒ└(‴‍„↨⌂₈№↨) „ ’ῼ᾿

‗ ₰∆╒₰” Ό ‖ ῀ 
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Figure 10: STGIPN3H60A””””  
 

 
 

 
Figure 11: STGIPN3H60””””  

 

 
 

 
Table 6‚ ’ ↨⌂⃰ₒ└(↨⌂₈№↨) ₀  ‴ ῀ 

HVIC

SLLIMM - nano 

P 

N

V BOOT 

V CC 

OUT

LIN 

HIN

High side
level 

shifting 
driver 

Low side 
driver 

  

Logic 

 

Bootstrap driver 

P 

N

V BOOT 

V CC 

OUT
HIN

High side
level 

shifting 
driver 

Low side 
driver 

  

Logic

 

₮∩№⅍⃰ₒ└ 

LIN LIN 

SD Smart SD

VREF 
+ 
- 

CIN

Bootstrap driver 

HVIC 

SLLIMM - nano

+5V 
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Table 6: ↨⌂₈№↨↨⌂₈№↨↨⌂₈№↨↨⌂₈№↨/↨⌂⃰ₒ└↨⌂⃰ₒ└↨⌂⃰ₒ└↨⌂⃰ₒ└  

2.3.2 ⌐∂⌂₮↔⅍⌐∂⌂₮↔⅍⌐∂⌂₮↔⅍⌐∂⌂₮↔⅍ 

”⌐∂⌂₮↔⅍ ‾  ⁵―΅―᾿ ” ‗ 600V ‴‖”
”⅞╒↔↕≥№₯₀ –’ ⁴ ‗Ό‖Ὼ‴ ῀ ⁵„ BCD ₡↔≤ₐ└Ω₦⅝⌠₯╒‚⁭
⁯ↄₐ−╒≤⅍≤└₯₰₿᾿ CMOS”₈⅓⌠₧║℮₯₿⌂ ᾿600V ”↕⌐╒₦

⃰ₒ└ ₀‾– DMOS⅍≤└₯₰₿₀ –”₮≥₪└ ‚ ‹ ‼⁴‍‼ ‚’‒

―΅‴ ῀ 
 ” ‚⁭⁯ ‖”↔₠⅍║₢↨≤₀  ‍ Ό ‗’⁯᾿ ‗

” Ό ‖ ῀​” ” ‗ ― ⅎ≤ₐ↕‗᾿ Ὸ⁮ ‴‖” Ό ΅ ‗

Ό  ⁮⁵‴ ῀ 

2.3.3  

SLLIMM-nano ” Vcc „ ‚  (UVLO ₈└⃰╒∑⌂Ω╒₯⌠№₦

₈ₒ⅍)‚⁭⁯  ⁵―΅‴ ῀ Ό OFF ₰⌐№₮≡⌂ⅎ VCC_thOFF₀ ⁴‗₩╒⅍

ⅎ≤ₐↄ” Ό OFF ‚’⁯᾿ON ₰⌐№₮≡⌂ⅎ VCC_thON₀ ⁴‗₩╒⅍ⅎ≤ₐↄ ₀

ON ‚ ‴ ῀⅝ₐ₱ ”‍‼ 1.5V ”↑₰Ω≥₮₰₀ ‒―΅‴ ῀ ” VCC_thOFF 
‗ VCC_thON” ║ „  ⁵⁴↕╒⅍₰⅍≤№↨ Vboot” VBS_thOFF ‗ VBS_thON ‗
” ‖ ῀(↕╒⅍₰⅍≤№↨‚–΅―„ 2.3.11 2.3.13 ) 
‾  ℮ↄₐ₰Ό UVLO  ⁵‍ ‚’⁴‗ €ₐⅎ”₩╒⅍ⅎ≤ₐↄ „⌠╒⌐∂

⌂‚’⁯᾿←─╒₰Ω╒₯” ₀ Hi-Z‚ ‴ ῀ 
UVLO”₿ₐ∙└₧℅∩╒⅍₀ Figure 12‚  ‴ ῀ ₰Ω№↨„ ” ⁯‖ ῀ 

 
• t1: Vcc Ό ON ₰⌐№₮≡⌂ⅎ₀ ῴ⁴‗᾿₩╒⅍ⅎ≤ₐↄ„ ” Ὸ

⁮  „ ‼‴ ῀ „‴‎≥₲№⅍ ‖ ῀ 
• t2: Ό ῾⁮⁵⁴⁭ῲ‚’⁯᾿IGBTΌ ON ‴ ῀ 
• t3: VccΌ OFF₰⌐№₮≡⌂ⅎ₀ ⁴‗ UVLOΌ  ⁵‴ ῀IGBT„

‚ῸῸ⁸⁮  OFF ‴ ῀  ‖„‴‎ „≥₲№⅍ ‖ ῀ 
• t4: ₩╒⅍ⅎ≤ₐↄ„ Vcc Ό ON ₰⌐№₮≡⌂ⅎ₀ ⁴‗ ₰₿╒⅍ ‴ ῀ 
₩╒⅍ⅎ≤ₐↄ„≥₲№⅍ ‖᾿ ” ‚Ὸ⁮  „ ‼‴ ῀ 

• t5: Ό • ῾⁮⁵⁴⁭ῲ‚’⁯᾿IGBTΌ ON ‴ ῀ 

Input pin PN  ↨⌂₈№↨↨⌂₈№↨↨⌂₈№↨↨⌂₈№↨ ↨⌂⃰ₒ└↨⌂⃰ₒ└↨⌂⃰ₒ└↨⌂⃰ₒ└ 

⅞ₐ€ₐⅎ₩╒⅍ⅎ≤ₐ↕ 
HINU, HINV, HINW 

STGIPN3H60A Active high  500 k� 

⌠╒€ₐⅎ₩╒⅍ⅎ≤ₐ↕ 
LINU, LINV, LINW 

STGIPN3H60A Active high  500 k� 

⅞ₐ€ₐⅎ₩╒⅍ⅎ≤ₐ↕ 
HINU, HINV, HINW 

STGIPN3H60 Active high  85 k� 

⌠╒€ₐⅎ₩╒⅍ⅎ≤ₐ↕ 

LINU , LINV , LINW  
STGIPN3H60 Active low 720 k�  

SD  / OD ₮∩№⅍⃰ₒ└  STGIPN3H60 Active low  125 k� 
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Figure 12: ₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍  
 

Time t2 t3 t4

�����
Circuit state

t1

���

�����

��

��

��
��

�����	
�

t5

�����	
��

IC

VCC

HIN/LIN

 
 

2.3.4 ℮№ⅎ₿ₐ√℮№ⅎ₿ₐ√℮№ⅎ₿ₐ√℮№ⅎ₿ₐ√‗‗‗‗ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦  

⅞ₐ€ₐⅎ‗⌠╒€ₐⅎ” IGBT Ό ‚ ON ‚’⁯ Ό’Ό⁵― ‴ῲ(₦⌠₰
₪└⃰₦₮≡└)”₀ ´‍‼ SLLIMM-nano „℮№ⅎ₿ₐ√‗ₐ└₿╒⌠№₦ ₀  ―

΅‴ ῀ 
ₐ└₿╒⌠№₦ „᾿ Ό⅞ₐ€ₐⅎ‗⌠╒€ₐⅎΌ ‗‾ ‚ ON ‚’

‒‍ ᾿ ‖ ₩╒⅍ⅎ≤ₐↄ ₀⌠╒⌐∂⌂‚ ‴ ῀℮№ⅎ₿ₐ√„₩╒⅍ⅎ≤ₐↄ

╒ ” ‏ Ό⁯ ‗ ⁯ ” ‚  ⁵‴ ῀‾ ℮№ⅎ₿ₐ√” ‚ Ὸ

⁮₩╒⅍ⅎ≤ₐↄ ₀ ‏  ⁴⁭ῲ Ό ‒―‾᾿℮№ⅎ₿ₐ√Ό  ⁴‴‖„

 ⁵‴ ῀ 
 
Table 7: STGIPN3H60A ””””ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦  

STGIPN3H60A”℮№ⅎ₿ₐ√„ ‖ 320ns‚  ⁵―΅‴ ῀ 

Condition 
Logic Input (VI) Outputs 

LIN HIN LVG HVG 
ₐ└₿╒⌠№₦ 

⅞╒↔↕≥№₯⅍≤ₐ₰Ω╒⅍ H H L L 

0 �logic state� 
⅞╒↔↕≥№₯⅍≤ₐ₰Ω╒⅍ 

L L L L 

1 �logic state� 
⌠╒€ₐⅎ⃰ₐ⌐₦⅍ⅎ≤ₐ↕ 

H L H L 

1 �logic state� 
⅞ₐ€ₐⅎ⃰ₐ⌐₦⅍ⅎ≤ₐ↕ 

L H L H 
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Table 8: STGIPN3H60ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦ₐ└₿╒⌠№₦  

Note:  X: „ Don�t Care 
 

STGIPN3H60”℮№ⅎ₿ₐ√„ ‖ 180ns‚  ⁵―΅‴ ῀ 
 

”‍‼ SLIMM-nano” –℮№ⅎ₿ₐ√‚᾿ ⁮‚ ₪└⅍⌠╒⌂Ὸ⁮ 1.2�s 1.5�s
”℮№ⅎ₿ₐ√₀  ―ῼ‎ ΅῀ 
 

Figure 13‚ STGIPN3H60”℮№ⅎ₿ₐ√‗ₐ└₿╒⌠№₦ ‚–΅―  ‴ ῀ 
 
 

Condition 
Logic Input (VI) Outputs 

SD  LIN   HIN LVG HVG 

₮∩№⅍⃰ₒ└ₐ⅜╒↕⌂ 
⅞╒↔↕≥№₯⅍≤ₐ₰Ω╒⅍ 

L X X L L 

ₐ└₿╒⌠№₦ 
⅞╒↔↕≥№₯⅍≤ₐ₰Ω╒⅍ H L H L L 

0 �logic state� 
⅞╒↔↕≥№₯⅍≤ₐ₰Ω╒⅍ 

H H L L L 

1 �logic state� 
⌠╒€ₐⅎ⃰ₐ⌐₦⅍ⅎ≤ₐ↕ 

H L L H L 

1 �logic state� 
⅞ₐ€ₐⅎ⃰ₐ⌐₦⅍ⅎ≤ₐ↕ 

H H H L H 
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Figure 13: ℮№ⅎ₿ₐ√₿ₐ∙└₧℅∩╒⅍℮№ⅎ₿ₐ√₿ₐ∙└₧℅∩╒⅍℮№ⅎ₿ₐ√₿ₐ∙└₧℅∩╒⅍℮№ⅎ₿ₐ√₿ₐ∙└₧℅∩╒⅍ 

 
 

 

2.3.5 ₪└←⌐╒₿₪└←⌐╒₿₪└←⌐╒₿₪└←⌐╒₿ 

SLLIMM-nano ” STGIPN3H60 „ ║ ’‘ ₀  ―  ⁵⁴ ‚  

⁵‍ ₀  ⁴‍‼‚₪└←⌐╒₿₀  ―΅‴ ῀ ”₪└←⌐╒₿”

„℮╒₿₮╒⅍‚  ⁵⁴≥↔₇⌐└₰ ‚’‒―ῷ⁯᾿ Ό CIN ↓└Ὸ⁮
‚’‒―΅‴ ῀(Figure 9 ) 

 ”₪└←⌐╒₿ ‚ ”₮∩└⅍ ₀  ᾿ ║ ₀ ‚

 ⁴ ‗Ό‖Ὼ‴ ῀ „ ” 2.3.6‖  ‴ ῀ 
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2.3.6 ‗‗‗‗₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└ 

↔⌂ ↄ╒₯≡└ SLLIMM-nano(STGIPN3H60)„₰∕╒⅍₮∩№⅍⃰ₒ└ ᾿‏‾₀

₀∟⅔₿ ᾿ ║ ‚ 200ns ‗΅ῲῸ’⁯ Ὸ΅ ‖₪└←⌐╒₿

Ό₩╒⅍ⅎ≤ₐↄ₀ OFF ‴ ῀ 
₰∕╒⅍₮∩№⅍⃰ₒ└„ ’ ‹)‖  ⁵―ῷ⁯᾿ ‴‖”

₀ ῼ‖Ὼ​” ‗„  ―᾿≠╒₭╒Ό ” ₀ ‖Ὼ᾿ 
2.3.5 • Figure 9 ‖‾ ⁵‴ ‍Ό᾿₮└↨⌂’ ₀  ⁴‍‼‚₪└←

⌐╒₿ ₀ ₮∩└⅍ ‚ ‖Ὼ‴ ῀ ₀ ´‍‼‚ RC ↔₉⌂₿(RSF,CSF)Ό
‖ ῀₪└←⌐╒₿” „ ” MOSFET₀₪└⅍⌠╒⌂ ‴ Ό᾿ ” MOSFET„

SD /OD ↓└Ὸ⁮”₡╒↨└ⅎ⌐ₐ└ ‚’‒―΅‴ ῀‴‍᾿ ”↓└„ SD ‗

‚’‒―΅‴ ῀ 
 
₪└←⌐╒₿Ό  ⁴‗₩╒⅍ⅎ≤ₐↄ℮ↄₐ₰„₮∩№⅍⃰ₒ└ ‚ ⁯᾿ ”℮ↄ

ₐ₰” ”―‮ „⌠╒⌐∂⌂‚’⁯⅞╒↔↕≥№₯„⅍≤ₐ₰Ω╒⅍”‴‴‖ ῀ ”

” ‖„᾿₪└←⌐╒₿ „ ‗᾿ ‚ ₀

 ⁴‍‼” RC ”–΅‍ SD /OD↓└‚  ⁵‴ ῀ 

’ ₮₰Ω√‗„ ’‒―᾿ ”  ΅₰∕╒⅍₮∩№⅍⃰ₒ└ „ ‚

” ₀ ᾿‏ ‚ ῾₤∩←₮₿” ₀ ‍ ‚᾿₩╒⅍ⅎ≤ₐↄ

₀ ‚ OFF ‚ ‴ ῀ ⁵‚⁭⁯ Ὸ⁮₩╒⅍ⅎ≤ₐↄ OFF ‴‖” ₀

‚‖Ὼ‴ ῀ ‚ Ὸ⁮₩╒⅍ⅎ≤ₐↄ OFF‴‖” „ SD /OD↓└” RC

” ₀ ῾⁴ ‗„Ῥ⁯‴ ₁῀₩╒⅍ⅎ≤ₐↄ ₀ ‚ OFF ‚ ⁴‗᾿SD
Ό₰⌐№₮≡⌂ⅎ ‚’⁴‴‖„₡╒↨└ⅎ⌐ₐ└₀ ON   ῾‴ Ό᾿SD Ό₰⌐№

₮≡⌂ⅎ₀ ⁴‗₡╒↨└ⅎ⌐ₐ└„ OFF ‴ ῀(Figure 15 ) 
 
 ”⁭ῲ‚᾿₰∕╒⅍₮∩№⅍⃰ₒ└ „ SLLIMM-nano ” ‚  ⁴ ‗’ῼ᾿

SD ↓└Ὸ⁮” RC ‚⁭⁴ ₀ ‚ ‖Ὼ‴ ῀Figure 14 ‚₰∕╒⅍₮∩№⅍⃰ₒ
└”↕⌠№₦ ₀  ‴ ῀ 
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Figure 14: ₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└  
 

VREF

HVIC

+

SET dominant FF

LVG

HVG

SLLIMM-nano

CP++

-
Comp

FSD

HIN

LIN

SD

VBias

Q      S

Q      R

 
STGIPN3H60A„ ῼ 

 
 

‖„ „ ‚ ΅‴ ῀‾  Ό  ⁵⁴‗᾿FSD(Fault Signal)
Ό ‚₲№⅍ ⁵― FF(↔≥№↨↔⌠№↨)Ό​” ₀ ῾ ⁯‴ ῀​” FF „

SLLIMM-nano ₀⌠╒⌐∂⌂‚ ᾿ ‚₡╒↨└ⅎ⌐ₐ└ ” MOSFET₀ ON ‴ ῀
‾ ᾿FSDΌ ‚‏ 0‚ ‒‍ ‖‾᾿₩╒⅍ⅎ≤ₐↄ „ SD↓└Ὸ⁮”
‏ Ό⁯ ‗᾿ ‏ Ό⁯ ” Ό  ⁵⁴‴‖„⌠╒⌐∂⌂₀  ῀ ‴‏

᾿₩╒⅍ⅎ≤ₐↄ₀ OFF ―΅⁴ FF Ό SD↓└Ὸ⁮” ‏ Ό⁯ ” ‚⁭

⁯≥₲№⅍ ⁵⁴ ‖‾᾿AND ‚⁭⁯ SD ↓└ Ό₩╒⅍ⅎ≤ₐↄ ₀ OFF  ⁴
⁭ῲ‚ Ὼ‴ ῀‴‍᾿ ₡╒↨└ⅎ⌐ₐ└” MOSFET Ό ON  ⁴‗᾿MOSFET „ SD ↓
└ Ό⌠╒⌐∂⌂‗  ⁵⁴‴‖„ OFF ⁵‴ ₁῀ 
‴‍ FF„ SET ‚’‒―΅⁴‍‼ FSDΌ⅞ₐ⌐∂⌂₀ ‒―΅⁴ ‚ SD↓└Ὸ⁮

⌠╒⌐∂⌂Ό  ⁵―‾ FF Ό ‚’⁴ ‗„Ῥ⁯‴ ₁῀ 
 

2.3.7 ₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍‗‗‗‗₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└  

” ₿ₐ∙└₧” ‚–΅― Figure 15 ‚  ‴ ῀ ₰Ω№↨„ ”

⁯‖ ῀ 
 

♦ t1: Ό ”‗Ὼ SLLIMM-nano„ ‖ ῀ 
♦ t2: Ό (ISC)₀ ῴ⁴‗ Ό  ⁵― Ό Ὼ

‴ ῀CIN↓└(₪└←⌐╒₿ ↓└)‚  ⁵‍₮∩└⅍ ” Ό VREF₀ ῴ

―₪└←⌐╒₿ Ό⅍≥₣ ᾿₩╒⅍ⅎ≤ₐↄ₀₮∩№⅍⃰ₒ└ ‚΅⁵‴ ῀
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€ₐⅎ”ⅎ≤ₐↄ ₀⌠╒⌐∂⌂‚ ᾿⅞╒↔↕≥№₯₀⅍≤ₐ₰Ω╒⅍‚ ‴ ῀

IGBT ”₩╒⅍ⅎ≤ₐ↕„ ‖ 200ns ‖ OFF ‚ ―᾿⅞╒↔↕≥№₯₀
⅍≤ₐ₰Ω╒⅍‚ –‗‗‾‚᾿ ” MOSFET M1 ₀ ON  ‴ ῀(₰∕╒⅍₮∩
№⅍⃰ₒ└ )῀SD ⌐∂⌂„ τA ‖ Ό⁯ ‼‴ ῀τA „ (2)Ὸ⁮  

⁵‴ ῀ 
 

( ) SDSDOD_ONA CR//R ⋅=τ  (2) 

 
♦ t3: SD ⌐∂⌂Ό⌠╒₰⌐№₮≡⌂ⅎ Vsd_L_THR₀ ⁴‗᾿ Ό ‚

’⁯‴ ῀₰∕╒⅍₮∩№⅍⃰ₒ└ „   M1 „ OFF ‚’⁯ SD ⌐∂⌂„

τB‖ Ό⁯„ ‼‴ ῀τB„ (3)Ὸ⁮  ⁵‴ ῀ 
 

SDSDB CR ⋅=τ  (3) 

 
♦ t4: SD ⌐∂⌂Ό⅞ₐ₰⌐№₮≡⌂ⅎ Vsd_H_THR ⁴‗ Ό ‚’⁯

‴ ῀ 
 

Figure 15: ₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└₰∕╒⅍₮∩№⅍⃰ₒ└””””₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍₿ₐ∙└₧℅∩╒⅍ 
 

 
 

 

Time 

 

� ��� 


 �� 

t2 t3 t4 

V sd_H_THR 
V sd_L_THR 

ττττ � ττττ 
�����ττττΑ << ττττΒ 
 

τA = (R ON_OD //R SD )*CSD 

τ B = R SD*C SD 

SD ”  

SD ”  

HVG/LVG 

V SHUNT (•• V CIN )

I C 

SD 

M1 

t1 

RC 

HIN/LIN 

from/to µ C SD/OD 

M1 

Smart 
shut 
down 

V Bias 

RSD 

CSD 

SLLIMM -nano

RON_OD

₮∩№⅍⃰ₒ└₮∩№⅍⃰ₒ└₮∩№⅍⃰ₒ└₮∩№⅍⃰ₒ└
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2.3.8 ₮∩└⅍₮∩└⅍₮∩└⅍₮∩└⅍ ””””  

CIN ‗ GND ‚–’΅‎₮∩└⅍ ‖ Ό ‖ ῀ Ό ‗‹’ ⁵⁴

ISC₀ ῴ⁴‗ CIN↓└” ⌐∂⌂Ό VREF₀ ῴ⁴‍‼ Ό Ὼ‴ ῀

₀ ’ ₀‾‒― ‚   ⁴‍‼‚᾿ ₲└₰ „⅝└ₐ└⃰₦Ω₉

↕₿ₐ↨‖ ΅ ‗ ΅ Ό  ⁵‴ ῀‴‍᾿ ” ₀ ´‍‼‚᾿⌐

ₐ₈ₒ⅍᾿ ” ₐ└⃰₦₿└₰‾ ‚’⁴⁭ῲ Ό ‖ ῀ 
 

” Ὸ⁮₮∩└⅍ ‗ RC ↔₉⌂₿ „‖Ὼ⁴‎῾ SLLIMM-nano ”↓└ ‚

 ‴ ῀ ⁮‚ ” ‚–΅― 5.1 ‖  ‴ ῀ ₲└₰ ” „᾿

║ ‚ ’‒‍₣ₐⅎ≤ₐ└‚ ‒―  ‴ Ό᾿  ⁴ „ ” ⁯‖ ῀ 
 

• ”₰⌐№₮≡⌂ⅎ(IOC_th)₀ ‼⁴῀ ῴ‟ IGBT” 20 30%῀ 
• ₮∩└⅍ ” ₀ ῀Figure 19 ‚ ₀  ‴ ῀⁭⁯ ‚–΅―„≠╒₭∕⅔

≈₈⌂ UM1483‗ UM1517₀  ―ῼ‎ ΅῀ 
• ‚ ΅ ’₮∩└⅍ ₀ ‼⁴῀ 
• ₮∩└⅍ ” ₀  ⁴῀ ” ‚⁭⁴ ₀  ― ‚

₀ ‍ ⁴ ‗‚  ‴ ῀℮₉⌐╒Ω₉└₧ ∆P(T)%Ὸ⁮ (4) ”⁭ῲ‚  ―

ῼ‎ ΅ 
 
 

)%T(P

IR
)T(P

2
RMSSHUNT

SHUNT ∆
⋅=  (4) 

IRMS„ IGBT ” ‖ ῀ 
₮∩└⅍ ” ∕╒₯└„ ’ῼ‗‾  ⁵‍ ” 30 ‗⁴ ‗₀  ‴ ῀ 
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2.3.9 RC↔₉⌂₿↔₉⌂₿↔₉⌂₿↔₉⌂₿ ””””  

Figure16‚  ⁭ῲ‚₮∩└⅍ „ 2 ⁯” ‖ ‖ ῀  
 
Figure 16:  

 

 
 

 
 ‍⁭ῲ‚᾿₮∩└⅍ ‚„⅝ₐ₱ ”‍‼ RC Ό ‖ ῀Figure16 ”΅

 ⁵” ‖‾ₐ└ↄ╒₿” 3 ―” ₀ ‖Ὼ‴ ῀ 
RC↔₉⌂₿„ RSF‗ CSF‖  ⁵‴ Ό᾿ „ (5)” ⁯‖ ῀ 

 

SFSFSF CRt ⋅=  (5) 

 
RC ” ‚ ῴ―₩╒⅍ⅎ≤ₐↄ”₿╒└₡↔ tisd ‗ IGBT ”₿╒└₡↔

toff( ns ₡╒⃰╒)₀᾿ Ό  ⁵―Ὸ⁮ IGBT ₀ OFF  ⁴‴‖” tTotal‗ 

― ῴ⁴ ΌῬ⁯‴ ῀​”‍‼ tTotal„ (6)”⁭ῲ‚’⁯‴ ῀ 
 

offisdSFTotal tttt ++=  (6) 

 
RC↔₉⌂₿” tSF„ 1 2usΌ ‖ ῀ 
3–”₮∩└⅍ ₀  ⁴ ‖„ ” ₀∟⅔₿ ⁴ ‗Ό‖Ὼ‴ ῀ 
 

Figure 17‚ ” ₀  ‴ ῀₰∕╒⅍₮∩№⅍⃰ₒ└ ‚⁭⁯ ᾿ ‚

Ό  ⁴”Ό Ὸ⁯‴ ῀ ’₰Ω№↨„ ” ⁯‖ ῀ 

SLLIMM - nano 

CSF

RSF

R SHUNT CIN 

NW 

NU 
NV 

SLLIMM - nano
C SF 

RSF

R SHUNT 
CIN 

NW 

NU 
NV 

RSHUNT_U

RSHUNT_W 

RSHUNT_V 

1₮∩└⅍₮∩└⅍₮∩└⅍₮∩└⅍ 3 ₮∩└⅍₮∩└⅍₮∩└⅍₮∩└⅍  
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• t1: Ic„   ‼‴ Ό᾿CN↓└” RC ” ‚⁭⁯ „‴‎  ⁵―΅‴

 ₁῀ 
• t2: VCIN Ό VREF₀ ῴ― Ό  ⁵‴ ῀₰∕╒⅍₮∩№⅍⃰ₒ└ Ό

 „ ‼‴ ῀ 
• t3: SD↓└Ό Vsd_H_THR₀ ⁯᾿M1(MOSFET)Ό ON‚’⁯‴ ῀ 
• t4: SLLIMM-nano„ Ὸ⁮ 580ns‖ IGBT₀ OFF‚ ―΅‴ ῀ 

Disable‴‖” „ t2-t4‗’⁯᾿ SC „ t2-t4‚’⁯‴ ῀ 
 
Figure 17:  

 
 
 

2.3.10 ₲└₰₡∆₈└↨₲└₰₡∆₈└↨₲└₰₡∆₈└↨₲└₰₡∆₈└↨ 

↔⌂ ↄ╒₯≡└ SLLIMM-nano(STGIPN3H60)„ FOC(↔₉╒⌂ⅎ₡≥ₔ└Ω№ⅎ₪└⅍
⌠╒⌂) ῾‚₡∆₈└↨₀  ―΅‴ ῀ ’ FOC ₈↨≥₨╒₮≡└‖„ 3 –”⅞╒
↔↕≥№₯” ₀₮∩└⅍ ‖∟⅔₿ ―΅‴ ῀ ’ „⅞╒↔↕≥№₯₀

₪└⅍⌠╒⌂ ⁴ PWM ‗   ” ’ ‚  ⁵‴ ῀ ⁵„ↄₐ−╒≤”₈

⅓⌠₧ ‖᾿ ” „ ” ‚  ⁵‴ ῀ (Figure 18 ) 
 

CIN 

HIN 

IC = 5A/Div CIN = 2V/Div HIN = 2V/Div t = 200ns/Div

IC 

Time t1 t2 t4 

580ns

� ��� 

SD = 2V/Div 

SD 

t3 

Vsd_H_THR

SLLIMM -nano 

P 

N 

U, V, W 

R SHUNT 

to motor 

CIN 

IC 

IGBT⌠╒€ₐⅎ‖”
SCₐ∂└⅍ 

to DC -link 

SCₐ∂└⅍ₐ∂└⅍ₐ∂└⅍ₐ∂└⅍  

HIN 

HVIC 



SLLIMM�-nano small low-loss intelligent molded modu le 

 

26/62 Doc ID 022726_JA Rev 1  

Figure 18: 3 ₮₰Ω√₮₰Ω√₮₰Ω√₮₰Ω√ 
 

 
 

 
 ” „ AD₪└ↄ╒₿Ὸ⁮ ‹ ⁴ ΌῬ⁯‴ Ό᾿AD₪└ↄ╒₿”⃰ₐ⅓∙№₦

⌐└₯₀  ⁴‍‼‚⌐∂⌂₮↔⅍᾿₩ₐ└ ” ΌῬ⁯‴ ῀Figure 19‚
’ ‗ ₀  ‴ ῀ 

 

3 -phase driver 
∂₦⅍⌂ €ₐ└

3- phase
motor

Power 
stage 

VS VS V S 

₲└₮└₧₲└₮└₧₲└₮└₧₲└₮└₧

fPWM ‖”  

I PHASE 
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Figure 19: ’’’’ ₲└₰₲└₰₲└₰₲└₰ ‗‗‗‗  
 

 
 

 
∂₦⅍⌂ ‚  ⁵⁴ AD₪└ↄ╒₿”↔⌂₰₨╒⌂„ 3.3V‖ ῀ ‗ ―

‹ ‴⁵‍ „₮↔⅍ ⁵―↔⌂₰₨╒⌂” 1/2 (1.65V)₮↔⅍ ⁵―᾿  ⁵⁴ Ό

AD₪└ↄ╒₿”↔⌂₰₨╒⌂‚ ῲ⁭ῲ‚₩ₐ└  ⁵‴ ῀ 
΅ῼ–Ὸ”₲└₰ ‚–΅―„≠╒₭╒∕⅔≈₈⌂ UM1483‗ UM1517‚‾ ΌῬ⁯‴

 ”‖ ‖ ῀ 

2.3.11 ↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨  

3 ₐ└ↄ╒₿” IGBT ”⌠╒€ₐⅎ”ₔ∙№₿„ ≥↔₇⌐└₰ GND ‗ ―∕ₐ⅓₰
DC(VDC-)‚  ⁵᾿⌠╒€ₐⅎ”₩╒⅍ⅎ≤ₐↄῸ⁮‾ ‗’⁯‴ ῀ ⅞ₐ€ₐⅎ

IGBT”ₔ∙№₿„ ‚ VDC+‗ VDC-Ό ⁯ ⁸⁯‴ ῀₩╒⅍ⅎ≤ₐↄ VGE”

‗’⁴ₔ∙№₿Ό VDC+/VDC-‗ ⁯ ⁸⁴‍‼” VGE ₀  ―ⅎ≤ₐ↕ ⁴”„

‖ ῀ Ὸ ᾿↕╒⅍₰⅍≤№↨ ₀  ⁴ ‗‖₮└↨⌂‖ ’⅞ₐ€ₐⅎ”ⅎ≤ₐ

↕ ₀ ‖Ὼ‴ ῀ 
↕╒⅍₰⅍≤№↨ „ ”↔₇₰⅍║≥₢ↄ≥║⃰ₐ₡╒ⅎ₀  ―  ⁵

‴ ῀SLLIMM-nano ↔₇∙≥„↕╒⅍₰⅍≤№↨ ⃰ₐ₡╒ⅎ₀  ―΅‴ ῀(
‹) Figure 20‚↕╒⅍₰⅍≤№↨ ” ₀  ‴ ῀ 

 
DMOS Ό⌠╒€ₐⅎ”ⅎ≤ₐↄ‗  ―  ‴ ῀ ”℅∩╒₯−└↨Ό

DMOS ⅎ≤ₐↄ ₀  ‴ ῀↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ‗ DMOS ₀  ‍ ‖᾿

VOUT Ό VCC ⁭⁯ ΅‗Ὼ(⌠╒€ₐⅎ IGBTΌ ON)᾿↔⌠╒Ω₉└₧‚’‒―΅⁴₪└
℮└€ CBOOT ‚ Ό  ⁵‴ (Figure 20 ↕╒⅍₰⅍≤№↨ )῀⅞ₐ€ₐⅎ

Vsense

⅞╒↔↕≥№₯ 
 

V sense ” 
⌐∂⌂₮↔⅍ 

₲└₰  

₮↔⅍  ₩ₐ└  ↔₉⌂₿≥└₧  

₩ₐ└ ‗ 
↔₉⌂₿≥└₧ 

ROUT 
₡∆₈└↨ 

  
C OUT 

ADC” ⁯    

VREF 

R SHUNT 

OP+

C OUT 
C 2 
R 2

R 5
R 3

R 4 OP - 

R OUT + 
- 

Op -amp 

R1

to motor 

to DC- link 

to ADC
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” IGBT Ό ON ‚’⁴‗Ὼ„  ⁵‍ VBOOT Ὸ⁮ⅎ≤ₐ↕‚ ’ Ό  ⁵‴ 

(Figure 20 ↕╒⅍₰⅍≤№↨ )῀ 
 ”↕╒⅍₰⅍≤№↨ „ 3 –”⅞╒↔↕≥№₯‖​⁵‌⁵‚ ‹ ‴⁵―ῷ⁯᾿ ‚

 ‴ ῀ 
 
Figure 20: ↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨  

 
 

CBOOT” ₀ ‼⁴‍‼‚„ ” ‚–΅― Ό ‖ ῀ 
 

• CBOOT „ (UVLO)⌐∂⌂⁭⁯ ῼ’῾⁵‟’⁯‴ ₁῀ ⁵‚⁭

⁯⅞ₐ€ₐⅎ” IGBT₩╒⅍Ό ’ ‖ⅎ≤ₐ↕ ⁵‴ ῀ ” Ό UVLO₀
⁴‗᾿ ₀   ‗’ῼ IC Ό OFF‗’⁯ Ό’ῼ’⁯‴ ”‖ Ό

‖ ῀ 
• CBOOT „⌠╒€ₐⅎ IGBT ⁞↕╒⅍₰⅍≤№↨ ” ” ₀ ῾‴ ῀ 
• ⅞ₐ€ₐⅎ IGBTΌ ON” ‚ CBOOT” „ ‚ IGBT₩╒⅍‚  ⁵‴ Ό᾿≥

╒₦ ᾿ ’‘‾ Ό ‖ ῀ 
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2.3.12 ↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨₪└℮└€₪└℮└€₪└℮└€₪└℮└€””””  

↕╒⅍₰⅍≤№↨₪└℮└€”€ₐ₱„᾿ ‚„⅞ₐ€ₐⅎ”ⅎ≤ₐↄΌ↔⌠╒Ω₉└₧

‖᾿IGBT ₩╒⅍” ”ⅎ≤ₐ↕‖ ’ ‎῾Ὸ⁮  ‴ ῀ ” „ IGBT
ⅎ≤ₐ↕‚ ⁸⁵⁴ PWM” ℮≈╒Ω₉╒ ⁞᾿PWM (6₰Ω№↨᾿12₰Ω№↨᾿€ₐ└

)” „  ―΅‴ ₁Ό᾿ „​⁵‌⁵” ‚  ― ’↕╒⅍₰⅍≤№↨₪└

℮└€₀ ‼⁴ ΌῬ⁯‴ ῀ 
↕╒⅍₰⅍≤№↨₪└℮└€” „⌠╒€ₐⅎ” IGBT Ό ON ‚’⁯᾿VCBOOT „

(7)”⁭ῲ‚’⁯‴ ῀ 
 

max)sat(CE)on(RDSFCCCBOOT VVVVV −−−=  (7) 

 
VCC: ₩╒⅍ⅎ≤ₐↄ  
VF: ↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ  
VCE(sat)max: ⌠╒€ₐⅎ IGBT”ₔ∙№₿-₪⌐₦₿  
VRDS(on): DMOS” ON ⅎ⌠№↨ 
 

IGBT₩╒⅍‚ ₀  ⁴ ‗‖ VCBOOT „  ‴ Ό᾿IGBT₀ ON –—῾⁮⁵
⁴ ₀ –‎῾” CBOOT₪└℮└€ ₀ – ΌῬ⁯‴ ῀IGBTΌ ON” ”

(ȋVCBOOT)„ (8)”⁭ῲ‚  ⁵‴ ῀ 
 

max)sat(CE(min)GE)on(RDSFCCCBOOT VVVVVV −−−−=∆  (8) 

 
‴‍᾿VCBOOT„↕╒⅍₰⅍≤№↨ ON₰⌐№₮≡⌂ⅎ(VBV_thON) ‖’῾⁵‟’⁯‴ ₁῀ 
 

thONBSCBOOT VV _(min) >  (9) 

 
VGE(min): ⅞ₐ€ₐⅎ IGBT”ₔ∙№₿╒₪⌐₦₿   
VBS_thON: ↕╒⅍₰⅍≤№↨ ON₰⌐№₮≡⌂ (℮╒₿₮╒⅍ ) 
 

VCBOOT ₀  ―᾿⅞ₐ€ₐⅎ IGBT Ό ON ” ‚  ⁴ „ (10)”⁭
ῲ‚  ⁵‴ ῀ 
 

( ) LSHonapLKCLKDiodeLKQBOLKGEGATETOT QtIIIIIQQ +⋅+++++=  (10) 

 
QGATE: IGBT₩╒⅍℅∩╒₯”⅍╒₿⌂  
ILKGE: IGBT ₩╒⅍║ₔ∙№₿ ≥╒₦  
IQBO: ↕╒⅍₰⅍≤№↨  
ILK: ↕╒⅍₰⅍≤№↨ ≥╒₦  
ILKDiode: ↕╒⅍₰⅍≤№↨⃰ₐ₡╒ⅎ≥╒₦  
ILKCap: ↕╒⅍₰⅍≤№↨₪└℮└€≥╒₦ ( ₪└℮└€ ”‹) 
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tHon: ⅞ₐ€ₐⅎ ON  
QLS: ”⌐∂⌂₮↔₿‚ ’  
 

‚↕╒⅍₰⅍≤№↨₪└℮└€” „ (11)”⁭ῲ‚’⁯‴ ῀ 
 

CBOOT

TOT
BOOT V

Q
C

∆
=  (11) 

 
↕╒⅍₰⅍≤№↨” ₀ ‚ ⁴‍‼᾿ 11‚ ΅― Figure 21‚↕╒⅍₰⅍≤№↨₪

└℮└€ ‗₰ₐ№℅└₧ ” ₀ (∆VCBOOT) ‚  ‴ ῀ ”₧

≤↔‖”℮≈╒Ω₉╒€ₐ₦⌂„ 50 ‖ „€ₐ└ ‖ ῀ 
 
Figure 21: ↕╒⅍₰⅍≤№↨₪└℮└€↕╒⅍₰⅍≤№↨₪└℮└€↕╒⅍₰⅍≤№↨₪└℮└€↕╒⅍₰⅍≤№↨₪└℮└€‗‗‗‗₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧  

 
 

 
 

PWM ₪└⅍⌠╒⌂⁞ ⁮’⁴≥╒₦ ᾿​⁵Ὸ⁮∑╒ⅎ⌐ₐ₈ₒ⅍” Ὸ⁮ ”

₀  ⁴‗᾿ ”₪└℮└€ „ Figure 21Ὸ⁮ ‼⁮⁵‍ ” 2 3 ‗ ⁴ Ό

Ῥ⁯‴ ῀‴‍᾿↕╒⅍₰⅍≤№↨₪└℮└€„ ESR” ΅ ‗Ό‾‗‼⁮⁵᾿ ₪└℮└

€₀  ⁴ „₲≤∙№₦₪└℮└€₀ ₪└℮└€‚ ‚ SLLIMM-nano ”↓└‚
ῷῼ ‗Ό  ⁵‴ ῀ 
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2.3.13 ↕╒⅍₰⅍≤№↨₪└℮└€↕╒⅍₰⅍≤№↨₪└℮└€↕╒⅍₰⅍≤№↨₪└℮└€↕╒⅍₰⅍≤№↨₪└℮└€””””  

‚↕╒⅍₰⅍≤№↨₪└℮└€„ (tCHARGE)‖  ⁵―᾿ (9)‖
 ⁵‍⁭ῲ‚ VCBOOT„ ON ₰⌐№₮≡⌂ⅎ VBS_thON₀ ῴ⁴ ΌῬ⁯‴ ῀ „

VCBOOT„ ‚↕╒⅍₰⅍≤№↨ OFF₰⌐№₮≡⌂ⅎ(VBS_thOFF) ₀ – ΌῬ⁯‴ ῀ 
„ ⌠╒€ₐⅎ IGBT ”‹Ό ON ‚’⁴ ΌῬ⁯᾿​” PWM Ό  

‴ ῀​” ₀ Figure 22‚  ‴ ῀ 
 

 
• t1: ↕╒⅍₰⅍≤№↨₪└℮└€„⌠╒€ₐⅎ IGBT₀  ― ₀  ‴ ῀ 
• t2: ↕╒⅍₰⅍≤№↨₪└℮└€ (VCBOOT) „↕╒⅍₰⅍≤№↨ ON ₰⌐№₮≡⌂ⅎ

‚  ‴ ῀ 
• t3: ↕╒⅍₰⅍≤№↨₪└℮└€” Ό  ⅞ₐ€ₐⅎ IGBT ₩╒⅍℅∩╒₯”‍
‼” Ό  ⁵‴ ῀↕╒⅍₰⅍≤№↨₪└℮└€„⌠╒€ₐⅎ IGBT Ό ON
” ‚  ⁵‴ ῀ 

 
 
Figure 22: ↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨↕╒⅍₰⅍≤№↨  

 

Time

VCBOOT

t1

LVG

VCC

DC Bus VPN

VBS_thON

t3t2

HVG

VBS_thOFF

 
 

 
 ” ” „ (12)‖  ⁵‴ Ό᾿ ”‍‼ ’ῼ‗‾ ” 3 „ ⁴

ΌῬ⁯‴ ῀ 
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��
�

�
��
�

�⋅
≥

CBOOT

CC)on(DSBOOT
CHARGE V

V
ln*

RC
t

∆δ  (12) 

 
δ„ PWM”℮≈╒Ω₉╒ ‖ RDS(on) „ 120 ΩΌ℮╒₿₮╒⅍‚Ῥ⁴ ‖ ῀ 
 

’ ‗ ― PWM 16kHz᾿℮≈╒Ω₉╒ 50 ᾿∆VCBOOT  = 0.1 V”∟╒₿
₀ ῴ‴ ῀₩╒⅍ⅎ≤ₐↄ (VCC)„ 17.5V ‖ ῀Figure 21 ₀ ‚↕╒⅍₰⅍≤№↨

₪└℮└€„ 1.0�F‗ ᾿Ό ‴‮ ” CBOOT „⌐ₐ₈ₒ⅍ ” ₀  ―᾿​”

2~3 ” 2.0~3.0�F ‚’⁯‴ ῀ ‚ ’ ₀  ― 2.2�F ‗ ‴ ῀ ⁴‗
(12)Ὸ⁮ „ ”⁭ῲ‚  ⁵‴ ῀ 

 

ms7.2
1.0

5.17
ln

5.0

120102.2
t

6

CHARGE =�
�

�
�
�

�⋅⋅⋅≥
−

 (13) 

 
”‍‼ „᾿ ’ῼ‗‾​” 3 ” 8.1ms‗ ‴ ῀ 

 

3 ←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯ 

SLLIMM-nano‖„⅍≤└₰↔₇∟╒⌂ⅎ ”26≥╒ⅎ᾿℮≈₈⌂ₐ└≤ₐ└←№₨╒₯
(NDIP-26L)Ό ‚’‒―΅―᾿ ῾”ₐ└ↄ╒₿ ‖ ║ ₪₰⅍₀ ‖

Ὼ‴ ῀ ‖„ ≥╒ⅎ↔⌐╒√‗←─╒₰Ω╒₯᾿₪└⅍⌠╒⌂₰Ω╒₯Ό⅍≤└₰↔₇

∟╒⌂ⅎ ‖  ⁵―΅‴ ῀ ” ⁵‍ ₀ ΅᾿≥╒ⅎ↔⌐╒√ ‗⌐ₐ₈ₒ⅍₀

 ‍ ᾿ ⁵‍ ” ║ ₀  ⁴‗‗‾‚᾿ ⁮‚ ₀ ⁮ ―΅‴ ῀ 
←№₨╒₯”↓└„PCB ₀ ‚ ⁴⁭ῲ ↓└- ↓└ ₀ ‚ ⁴⁭

ῲ  ⁵―ῷ⁯᾿ ↓└„←№₨╒₯” ‚  ⁵―΅‴ ῀ 
 

SLLIMM-nano„⅍≤└₰↔₇∟╒⌂ⅎ ‗ ” ‚⁭⁯ ᾿ ⁵‍

᾿ ᾿ ₀ ‖  ‴ ῀ 
 

3.1 ←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯  

Figure23‚ NDIP-26L” ₀  ‴ ῀ 
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Figure 23: NDIP-26L ←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯”””” ‗‗‗‗  
 

 

SLLIMM-nano

 
 

Top view 

 
 

Bottom view 
 

 
 

SLLIMM-nano
NDIP-26L

IGBT FWDHVIC

 
 
 

Internal view 

x

y

z

 
Main dimensions 

 
x = 29.5 mm 
y1 = 12.5 mm (body only) 
y2 = 22 mm (including leads)  
z1 = 3.1 mm (body only) 
z2 = 7 mm (including leads) 
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3.2 ←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯ ‗‗‗‗  

 
Figure 24: ←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯””””←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯ ‗‗‗‗  

 

 
STGIPN3H60 ℮╒₿₮╒⅍ Figure 8  
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Table 9: NDIP-26L ←№₨╒₯←№₨╒₯←№₨╒₯←№₨╒₯  

 

3.3 ↓└↓└↓└↓└ 

  ‖„ SLLIMM-nano ” ↓└₀  ‴ ῀⁭⁯ ’ ⌐ₐ₈ₒ⅍‚–΅―„

5.1₀  ―ῼ‎ ΅῀ 
 
 

Dimension 
(mm) 

Min. Typ. Max. 

A   4.4 
A1 0.8 1 1.2 
A2 3 3.1 3.2 
A3 1.7 1.8 1.9 
A4 5.7 5.9 6.1 
b 0.53  0.72 

b1 0.52 0.6 0.68 
b2 0.83  1.02 
b3 0.82 0.9 0.98 
c 0.46  0.59 
c1 0.45 0.5 0.55 
D 29.05 29.15 29.25 

D1 0.5   
D2 0.35   
D3   29.55 
E 12.35 12.45 12.55 
e 1.7 1.8 1.9 

e1 2.4 2.5 2.6 
eB1 16.1 16.4 16.7 
eB2 21.18 21.48 21.78 

L 1.24 1.39 1.54 
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Figure 25: Pinout (top view) 
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Table 10: ↓└↓└↓└↓└ 

 
⅞ₐ€ₐⅎↄₐ₈₰⅞ₐ€ₐⅎↄₐ₈₰⅞ₐ€ₐⅎↄₐ₈₰⅞ₐ€ₐⅎↄₐ₈₰ ↓↓↓↓└└└└ ⅞ₐ€ₐⅎↄₐ₈₰⅞ₐ€ₐⅎↄₐ₈₰⅞ₐ€ₐⅎↄₐ₈₰⅞ₐ€ₐⅎↄₐ₈₰ ≥↔₇⌐└₰≥↔₇⌐└₰≥↔₇⌐└₰≥↔₇⌐└₰ 
↓└: VbootU-U, VbootV-V, VbootW-W 

• ≥№↨⌂᾿⅝ₐ₱” ‚⁭⁴ ₀ ´‍‼᾿ESR, ESL ” ΅₪└℮└€₀

 ⁵⁮”↓└ ‚  ‴ ῀ 
• ↕╒⅍₰⅍≤№↨” „₈↨≥₨╒₮≡└‚ Ὼῼ  ‴ ῀(2.3.11 )  

₩╒⅍ⅎ≤ₐↄↄₐ₈₰₩╒⅍ⅎ≤ₐↄↄₐ₈₰₩╒⅍ⅎ≤ₐↄↄₐ₈₰₩╒⅍ⅎ≤ₐↄↄₐ₈₰  
↓└: VCC U, VCC V, VCC W 

Pin # 
Name Description 

STGIPN3H60A STGIPN3H60 STGIPN3H60A STGIPN3H60 

1 GND Ground 

2 NC SD  / OD   
₮∩№⅍⃰ₒ└(₈₦Ω₉↕
⌠╒)/₡╒↨└ⅎ⌐ₐ└ 

(₪└←⌐╒₿ ) 

3 VCC W W ₪└⅍⌠╒⌂  

4 HINW W ⅞ₐ€ₐⅎ  

5 LINW LINW  
W ⌠╒€ₐⅎ  

(₈₦Ω₉↕⅞ₐ) 
W ⌠╒€ₐⅎ  

(₈₦Ω₉↕⌠╒) 

6 NC OP+   ₡∆₈└↨  

7 NC OPOUT   ₡∆₈└↨  

8 NC OP-   ₡∆₈└↨  

9 VCC V V ₪└⅍⌠╒⌂  

10 HINV V ⅞ₐ€ₐⅎ  

11 LINV LINV  
V ⌠╒€ₐⅎ  

(₈₦Ω₉↕⅞ₐ) 
V ⌠╒€ₐⅎ  

(₈₦Ω₉↕⌠╒) 

12 NC CIN   ₪└←⌐╒₿  

13 VCC U U ₪└⅍⌠╒⌂  

14 HINU U ⅞ₐ€ₐⅎ  

15 NC SD  / OD   
₮∩№⅍⃰ₒ└(₈₦Ω₉↕
⌠╒)/₡╒↨└ⅎ⌐ₐ└ 

(₪└←⌐╒₿ ) 

16 LINU LINU  
U ⌠╒€ₐⅎ  

(₈₦Ω₉↕⅞ₐ) 
U ⌠╒€ₐⅎ  

(₈₦Ω₉↕⌠╒) 

17 VbootU U ↕╒⅍₰≤№↨  

18 P DC↨≤₰  

19 U U  

20 NU U ∕ₐ⅓₰ DC  

21 VbootV V ↕╒⅍₰≤№↨  

22 V V  

23 NV V ∕ₐ⅓₰ DC  

24 VbootW W ↕╒⅍₰≤№↨  

25 W W  

26 NW W ∕ₐ⅓₰ DC  
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• ₪└⅍⌠╒⌂ ↓└ 
• ≥№↨⌂᾿⅝ₐ₱” ‚⁭⁴ ₀ ´‍‼᾿ESR, ESL ” ΅₪└℮└€₀

 ⁵⁮”↓└ ‚  ‴ ῀ 
 
₩╒⅍ⅎ≤ₐↄ₧≤└ⅎ₩╒⅍ⅎ≤ₐↄ₧≤└ⅎ₩╒⅍ⅎ≤ₐↄ₧≤└ⅎ₩╒⅍ⅎ≤ₐↄ₧≤└ⅎ 
↓└: GND 

• IC” ₧≤└ⅎ 
• ⅝ₐ₱” ₀ ῾⁴‍‼᾿ ’ ” Ό ”↓└₀ ⁮’΅⁭ῲ‚ ‴ ῀

(5.1 ) 
 

 
↓└: HINU, HINV, HINW; LINU, LINV, LINW; LINU , LINV , LINW  

• IGBT”₪└⅍⌠╒⌂  
• ​⁵‌⁵” ↓└„ ’ ⁯ ῼ ⅝ₐ₱” ₀ ῾’΅⁭ῲ‚ ‴ ῀ 
• R=100�᾿C=1nF ( )” RC ₢№↨≥└₧ ₀ ”‍‼‚  

‴ ῀ 
 
₪└←⌐╒₿₪└←⌐╒₿₪└←⌐╒₿₪└←⌐╒₿ (STGIPN3H60”‹”‹”‹”‹) 
↓└: CIN  

• ₲└₰ ₮∩└⅍ Ό ‚  ⁵―― ₀ ‖Ὼ‴ ῀ 
• ₮∩└⅍ „ ⌐∂⌂‚Ῥ‒‍‾”₀  ⁴ ΌῬ⁯‴ ῀ 
• ⅝ₐ₱ ”‍‼RC↔₉⌂₿( 1�s)₀  ‴ ῀ 
• ₮∩└⅍ ‗CIN↓└ ” „‖Ὼ⁴‎῾ ῼ ‴ ῀ 
• ‾ Vref (℮╒₿₮╒⅍ )⁭⁯ ΅ Ό  ⁵⁴‗SLLIMM-nano„ ‖₮∩№

⅍⃰ₒ└ ―᾿ SD  / OD↓└Ό↨⌂⃰ₒ└ ⁵‴ ῀ 

 
₮∩№⅍⃰ₒ└₮∩№⅍⃰ₒ└₮∩№⅍⃰ₒ└₮∩№⅍⃰ₒ└᾿̓̓̓₡╒↨└ⅎ⌐ₐ└₡╒↨└ⅎ⌐ₐ└₡╒↨└ⅎ⌐ₐ└₡╒↨└ⅎ⌐ₐ└ (STGIPN3H60”‹”‹”‹”‹) 

↓└: SD  / OD 

• SD  / OD↓└„ ῼ  ↓└Ό2–Ῥ⁯‴ ῀ ⁵⁮„​⁵‌⁵←№₨╒₯” ‚

Ῥ⁯PCB ” ₀ ‼‴ ῀΅ ⁵Ὸ1↓└‖ ’ ₀ ‖Ὼ‴ ῀ 

• SD  / OD↓└„Enable/Disable↓└‗ ―  ‴ ῀ 

• SD  / OD↓└ „₈₦Ω₉↕⌠╒‖ ῀ ⁵⁮”↓└‚ ”₰⌐№₮≡⌂ⅎ

” Ό  ⁵⁴‗᾿SLLIMM-nano„₮∩№⅍⃰ₒ└ ―᾿ ⅞╒↔↕≥№₯„⅍≤

ₐ₰Ω╒⅍‚’⁯‴ ῀ 

• SD  / OD↓└ „᾿ ₰Ω╒₿₰(2.3.6 )‚‾  ⁵―΅―᾿₪└←⌐╒₿Ό

⅍≥₣ ⁴‗ SD  / OD↓└„FALUT↓└‗ ―↨⌂⃰ₒ└ ⁵‴ ῀ 

• SD  / OD↓└Ό₡╒↨└ⅎ⌐ₐ└‖↨⌂⃰ₒ└ ⁵⁴‗Ὼ„᾿↨⌂₈№↨ ₀  ―

3.3VῸ5V‚↨⌂₈№↨ ⁵⁴ ΌῬ⁯‴ ῀ 
 

₡∆₈└↨₡∆₈└↨₡∆₈└↨₡∆₈└↨(STGIPN3H60”‹”‹”‹”‹) 
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↓└↓└↓└↓└: OP+, OP-, OPOUT 
•  ”₡∆₈└↨„ ‖  ⁵―ῷ⁮ ᾿ ‚ ‚ ῴ‴  
• FOC‚  ⁵―΅‴ ῀ 
• ₪└←₦⅍‖ ’⌐ₐ₈ₒ⅍₀ ‚  ₀ ⁮ ‴ ῀ 

 
↨≤₰↨≤₰↨≤₰↨≤₰DC 
↓└: P 

• ₐ└ↄ╒₿”↨≤₰ ↓└‖᾿ ‖IGBT”⅞ₐ€ₐⅎ₪└⅍⌠╒⌂‚  ⁵―΅

‴ ῀ 
• DC≥└₦₪└℮└€‴‖” ⁞᾿PCB⌐ₐ₈ₒ⅍”ₐ└⃰₦₿└₰‚⁭⁴€╒₯
₀ ῴ⁴‍‼P↓└ ‚₰√╒₯└₧↔₉⌂₿ ₪└℮└€₀ῷῺ‴ ῀ 0.1Ὸ⁮
0.22�F” ᾿ ”⅝└ₐ└⃰₦Ω₉↕₿ₐ↨Ό  ⁵‴ ῀ 
 

∕ₐ⅓₰∕ₐ⅓₰∕ₐ⅓₰∕ₐ⅓₰ DC 
↓└: NU, NV, NW 

• ₐ└ↄ╒₿”∕ₐ⅓₰ ↓└‖ ῀ 
• IGBT” ₔ∙№₿‚  ⁵―΅‴ ῀ 
• ₈↨≥₨╒₮≡└”←─╒₧≤└ⅎ„⌠₯№₦₧≤└ⅎῸ⁮ ⁯  ᾿‴‍₰₿╒

”⁭ῲ‚ ‚–’ ⁴ ΌῬ⁯‴ ῀ 
 
ₐ└ↄ╒₿ₐ└ↄ╒₿ₐ└ↄ╒₿ₐ└ↄ╒₿  
↓└: U, V, W 

• ∟╒₿ ”ₐ└ↄ╒₿” ‚  ⁵‴ ῀ 
 

4 ‗‗‗‗  

ₐ└ↄ╒₿” „ ᾿₰ₐ№℅└₧ ᾿OFF ” ‖ ῀​⁵⁮„

‚ IGBT ‗↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ”⁭ῲ’ₐ└ↄ╒₿ ”←─╒℮ↄₐ₰‖  ‴

 ῀ (Pcond)„ ‚ ON ‖  ⁴ ‖ ῀‴‍᾿₰ₐ№℅└₧ (Psw)
„₰ₐ№℅Ό ON/OFF ⁴ ‚  ⁴ ‖Ῥ⁯᾿OFF „ ‗≥╒₦ Ὸ⁮

 ⁴‾”‖ ‖Ὼ⁴⌐∂⌂” ‖ ῀ 
 ‍Ό‒― „ ⁵⁮ ―” ‚’⁯᾿ (14)⁭ῲ‚’⁯‴ ῀ 

 

swcondtot PPP +≈  (14) 

 
Figure 26‚⅞╒ⅎ₰ₐ№℅└₧” ₀  ‴ ῀  ”⁭ῲ‚ ―∟╒₿ⅎ≤ₐↄ ’

‘”₰ₐ№℅└₧₈↨≥₨╒₮≡└‖  ⁴ ’ ₀  ‴ ῀ 
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Figure 26: IGBT””””  
 

VCE IC

10% IC 10% VCE 10% VCE 10% IC

Esw(on)
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VCE(sat)

tc(on) tc(off)conduction
 

 
 

4.1  

„ IGBT ‗↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ” ” ⅎ⌠№↨‖  ‴

 ῀ ⁵„ IGBT‗⃰ₐ₡╒ⅎ” ” ₀  ― ‖Ὼ‴ ῀IGBT”₰⌐
№₮≡⌂ⅎ VTO᾿⃰ₐ₡╒ⅎ”₰⌐№₮≡⌂ⅎ VFO₀ DC ‖  ―᾿₪⌐₦₿-ₔ∙№₿
” ON ₀ RCE᾿⃰ₐ₡╒ⅎ” ON ₀ RAK‗ ‍ ₀ Figure 27( )‚
 ‴ ῀ 

 
Figure 27: IGBT‗‗‗‗⃰ₐ₡╒ⅎ⃰ₐ₡╒ⅎ⃰ₐ₡╒ⅎ⃰ₐ₡╒ⅎ””””  

 

VTO
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∆∆∆∆IC
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RCE = ∆∆∆∆VCE / ∆∆∆∆IC
∆∆∆∆IC
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∆∆∆∆IFM

∆∆∆∆VFM
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IGBT᾿⃰ₐ₡╒ⅎ”΅ ⁵‾ „ ΌῬ⁯᾿  ⁵‍ ‖  

⁴ ΌῬ⁯‴ ῀ 
IGBT” „ 15᾿⃰ₐ₡╒ⅎ” „ 16”⁭ῲ‚’⁯‴ ῀ 

 

cCETOcce iRV)(iv ⋅+=  (15) 

 

fmAKFOfmfm iRV)(iv ⋅+=  (16) 

 
IGBT‗⃰ₐ₡╒ⅎ” „ ‗ ” Ὸ⁮‾‗‼⁮⁵᾿ 15,16₀  ―

​⁵‌⁵ 17᾿18”⁭ῲ‚’⁯‴ ῀ 
 

( )�� ⋅+⋅=⋅=
T

0

2
ccecTO

T

0 ccecond_IGBT dt(t)iR(t)iV
T

1
(t)dtiv

T

1
P  (17) 

 

( )�� ⋅+⋅=⋅=
T

0

2
fAKfFO

T

0 ffcond_Diode dt(t)iR(t)iV
T

1
(t)dtiv

T

1
P  (18) 

 
T„ ‖ ῀ 

” PWM ’‘₀  ⁴‗ SLLIMM-nano ” ‖” ₀  ⁴ ‗„

‚ ‖ ῀​”‍‼ ” ₀ ‴ ῀ 
 

1. VVVFₐ└ↄ╒₿₀ PWM‖€ₐ└ ‚  ―΅⁴ 
2. ₰ₐ№℅└₧ „ ῼ᾿ „€ₐ└ ‚’‒―΅⁴ 
3. „ ₐ└⃰₦₿‗ ⁴ 

 
 ⁵⁮” ”‾‗᾿ₐ└ↄ╒₿ „ 19”⁭ῲ‚’⁯‴ ῀ 

 

( )φ-�cos I�i =  (19) 

 
˛ ↓╒₦ ᾿θ ωt᾿φ ”  

” „ ”⁭ῲ‚ ‼⁮⁵‴ ῀ �
�

�
�
�

� ==
ω
π

ω
θ 2

, T
d

dt  

 

( ) ( ) θφθξ
π

θφθξ
π

φπ

φπ

φπ

φπ
d-cos 

2

I�R
d-cos 

2

I�V
P

2

2

2

2

2
2

CETO
cond_IGBT ��

+

+−

+

+−

⋅+⋅=  (20) 
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( ) ( ) ( ) ( )��
+

+−

+
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−+−=
φπ

φπ

φπ

φπ
θφθξ

π
θφθξ

π
2

2

2

2

d-cos 1
2

I�R
d-cos 1

2

I�V
P 2

2
AKFO

cond_Diode  (21) 

 
ξ„ PWM”℮≈╒Ω₉╒ ‖ ”⁭ῲ‚  ‴ ῀ 
 

2

cosm1 a θξ ⋅+=  (22) 

 
ma„ PWM” ‖ ῀ 

Ὸ⁮ 20,21₀  ― ” ‗ ―᾿ 23 • 24Ό ⁮⁵‴ ῀ 
 

�
�

�
�
�

� ⋅+⋅+�
�

�
�
�

� ⋅+⋅=
π

φ
π

φ
π 3

cosm

8

1
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2

1
I�VP a

2
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TOcond_IGBT  (23) 
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�
�
�

� ⋅−⋅+�
�

�
�
�

� ⋅−⋅=
π

φ
π

φ
π 3

cosm

8

1

2

I�R

8

cosm

2

1
I�VP a

2
AKa

FOcond_Diode  (24) 

  
IGBT‗⃰ₐ₡╒ⅎ₀Ῥ⁸ ‍ „​” ‖ 25”⁭ῲ‚’⁯‴ ῀ 
 

cond_Diodecond_IGBTcond PPP +=  (25) 

 
 ⁵„ IGBT,⃰ₐ₡╒ⅎ –” ’”‖᾿3 ₐ└ↄ╒₿” „ ” 6 ‚’⁯‴ ῀ 
 

4.2 ₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧  

₰ₐ№℅└₧ „᾿Figure 26 ‚  ⁭ῲ‚₰ₐ№℅└₧” (ton • toff)‚  

⁴←⌂₰ ” ‖ ῀₰ₐ№℅└₧ „₰ₐ№℅└₧ ”₪⌐₦₿ ‗₪⌐₦

₿-ₔ∙№₿ ” ‗ ― Ὸ⁮‾ ‼⁮⁵‴ ῀ Ὸ ᾿ Ὸ⁮ ₀

‼⁴ ‚„᾿ ” Ό ║ ║ ’‘” ῼ”←≤∞╒₿‚  ―  

― ‴ῲ‍‼᾿4.1 4.1 )‗ ” ₀ ‴ ῀ 
 
 ” ” ‖” OFFῸ⁮ ON᾿ONῸ⁮ OFF‭”​⁵‌⁵”₰ₐ№℅└₧ „ 26,27

”⁭ῲ‚’⁯‴ ῀ 
 

( )φθ -�cos E�)(E onon =  (26) 
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( )φθ -�cos E�)(E offoff =  (27) 

 
˚ on/˚ off Tjmax᾿‗ c̨” ” ᾿θ ωt᾿φ ‗ ” ῀ 
℮ↄₐ₰” „​”₰ₐ№℅└₧ fsw₀  ― 28”⁭ῲ‚’⁯‴ ῀ 
 

�
+

+

⋅+=⋅+=
φπ

φπ π
θ

π
2

2
-

swDiodeIGBT
swDiodeIGBTsw

f)EE(
df)EE(

2

1
P  (28) 

 
EIGBT ‗ EDiode ‖ IGBT‗↔≥╒∏ₐ≥└₧⃰ₐ₡╒ⅎ” ₀  ‴ ῀‴‍ 3 ₐ└ↄ

╒₿” „ ” 6 ‚’⁯‴ ῀ 
 

Figure 28 „ STGIPN3H60 ” ”₿╒└₡└‗₿╒└₡↔” ‖ ῀ „ ” ⁯

‖ ῀ 
 
• VPN=300V᾿IC=0.5A᾿Tj=100°C ᾿↔⌂↕≥№₯᾿ ᾿ „⌠╒€ₐⅎ IGBT 

 
” Ό᾿₰ₐ№℅└₧ ‚  ⁴←⌂₰ ” ‖᾿IC ( )‗ VCE( )” ῾

Ὸ⁮ ‼⁮⁵‍‾”‖ ῀​⁵‌⁵” ‖ �J  ⁵―΅⁴ₔ⅜⌂₥╒„℮₯₿⌂₡₮⌠

₰₪╒↨” ‖ ‼⁮⁵‍‾”‖᾿₰ₐ№℅└₧ ”ₔ⅜⌂₥╒ ‖ ῀ 
 
Figure 28: STGIPN3H60 ””””₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧  

 

 
 

 

V CE

E on =23.5 µµµµJ(*)

IC 

t on = 270ns 

V LIN = 2V/Div IC = 500mA/Div VCE = 100V/Div t = 100ns/Div

VLIN 

₿╒└₡└ 
STGIPN3H60 
⌠╒€ₐⅎ 
Tj=100 °°°° C 

₿╒└₡↔ 
STGIPN3H60 
⌠╒€ₐⅎ 
Tj =100 °°°° C 

toff = 905ns

(*) E on and Eoff are the areas under the red plots E = ? (V CE • IC ) dt

V CE

E off =5.1 µµµµJ(*) 

IC 

V LIN 

VLIN = 2V/Div IC = 200mA/Div VCE = 100V/Div t = 200ns/Div



SLLIMM�-nano small low-loss intelligent molded modu le 

 

44/62 Doc ID 022726_JA Rev 1  

4.3 ‚–΅―‚–΅―‚–΅―‚–΅― 

‚  ⁴ ‚⁭‒―SLLIMM-nano ” ”₯∩└₦₮≡└ Ό Ό⁯᾿​

⁵„ ” ‗ ‚  ‴ ῀‴‍᾿ ” ‗ ‍‼᾿₯∩└₦₮≡└ „

℮╒₿₮╒⅍‖  ⁵‍ ‖’ῼ―„’⁮ ᾿ ’ ₮₰Ω√‖←─╒ICῸ⁮
‭ ₀ Ό  ΌῬ⁯‴ ῀ 
SLLIMM-nano„↑╒⅍₮└₦’ ‖100W‴‖∟╒₿₀ⅎ≤ₐ↕‖Ὼ‴ ῀​”‍‼
„ ‗ ”‍‼‚ ‚ ‚’‒―Ὼ‴ ῀​ ―᾿←№₨╒₯‗​”

Ό ₀ ῴ⁴ ” ’ ‚’⁯‴ ῀ 
 

„ ” ” ₀  ‍‾”‖Ῥ⁯᾿ ​” ” ‗​

 ‖” Ὸ⁮ 29”⁭ῲ‚Ῥ⁮⁸ ⁵‴ ῀ 
 

P

T
Rth ∆

∆=  (29) 

 
℮╒₿₮╒⅍‚  ⁵―΅⁴ „ Rth(j-a)„ ‴‍„ ₮₰Ω√‖

‚ ⁸⁵‴ ῀ ⁵„₯∩└₦₮≡└ ‗ ” ₀᾿ ‖ ‒‍‾”‖᾿

30”⁭ῲ‚Ῥ⁮⁸ ⁵‴ ῀ 
 

D

ambj

P

TT −
=a)th(j-R  (30) 

 
Figure 29‚₯∩└₦₮≡└‗ ‴‖” ₀ ‖  ‴ ῀ 

 
Figure 29: Rth(j-a)  
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Ptot „ ‚  ‴ ”‖᾿ ” ₐ└↓╒⃰└₰‾  ⁵’῾⁵‟

’⁯‴ ₁῀ ⁵„   ” ” ₀  ⁴ ‖ ‒― 31 ”⁭ῲ‚
Ῥ⁮⁸ ⁵‴ ῀ 
 

P

)t(T
)t(Zth ∆

∆=  (31) 

 
‰‘” ” ‎῾”∟℮⌂‗„ ’⁯‴ Ό᾿ ₐ└↓╒⃰└₰„ RC ‖

‚Ῥ⁮⁸  ‗Ό‖Ὼ‴ ῀ Ό←⌂₰ ‚  ‍‗Ὼ„᾿ ₪└℮└€” Ὼ‖₯∩

└₦₮≡└ ” ‚ ⁵Ό  ‴ ῀ ” ₀ ῲ ‗‖ SLLIMM-nano ” ΅

‖” ” Ό ‖ ῀Figure 30‚₮└₧⌂ IGBT” SLLIMM-nano ‖”₯∩

└₦₮≡└Ὸ⁮ ‴‖” ₐ└↓╒⃰└₰” ₀  ‴ ῀ 
 
Figure 30: ₮└₧⌂₮└₧⌂₮└₧⌂₮└₧⌂ IGBT”””” ₐ└↓╒⃰└₰ₐ└↓╒⃰└₰ₐ└↓╒⃰└₰ₐ└↓╒⃰└₰ Zth(j-a)  
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‚„ ‾  ‴ ῀℮ↄₐ₰ „ 31” ‹ ‹ ₀Ὸ⁮ 32”⁭

ῲ‚  ⁵‴ ῀ 
 

τττ∆ d)(P)t(Z)t(T
t

0 th ⋅−= �  (32) 
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 ” ₀  ⁴‚Ῥ‍‒―„₮∙≈⌐╒₮≡└℗╒⌂₀ ῲ”Ό ‚ ‖ ῀ ₐ

└↓╒⃰└₰” ∟℮⌂‚⁭⁯ ‚  ⁴₯∩└₦₮≡└ ₀ ‚ ‾⁴

 ‗Ό ‖ ῀ 
” ∟℮⌂₀ ῲ ‗‖ ₐ└↓╒⃰└₰Zth(t)„RC ‖Ῥ⁮⁸ ‴ ῀RC” ⁯

  ” Ό∟℮⌂” ‚  ―Ὼ‴ ῀₮∙≈⌐╒₮≡└‖” ‖„12 ”RC
” ‚⁭⁯​⁵‌⁵”∟℮⌂” ₀ ‼―΅‴ ῀ 
 
Figure 31‗Figure 32‚₢ₒₔ⌂” ‗↔₠₰₿╒” ”​⁵‌⁵‖᾿ ₐ└↓╒⃰└₰”

RC ₀  ‴ ῀ 
 
Figure 31: ₢ₒₔ⌂₢ₒₔ⌂₢ₒₔ⌂₢ₒₔ⌂ RC  

 

Tj

Ptot(t) C1 C2 C3 Cn

R1 R2 R3 Rn

Tamb

Zth(t)

 
  

 
Figure 32: ↔₠₰₿╒↔₠₰₿╒↔₠₰₿╒↔₠₰₿╒ RC  

 

R1 R2 R3 RnTj

Ptot(t)
C1 C2 C3 Cn

TambZth(t)

 
  

 
”RC ∟℮⌂‖„ ‗ ₀᾿ ‗₪└℮└€‖  ‴ ῀ „RC

∟℮⌂ ” ᾿ „RC ∟℮⌂ ” ‗’⁯‴ ῀₨╒₰ „DC ‗Ῥ

⁮⁸ ⁵₯∩└₦₮≡└ ” ‗’⁯‴ ῀ 
ₐ└↓╒⃰└₰∟℮⌂„ ℮╒₿‚ ⁸ ‍ Ὸ⁮  ―΅‴ ῀Table 11‚​

” ” ‖Ῥ⁴ ᾿₪└℮└€” ₀₢ₒₔ⌂᾿↔₠₰₿╒​⁵‌⁵” ‚  

‴ ῀ 
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Table 11:  ₢ₒₔ⌂₢ₒₔ⌂₢ₒₔ⌂₢ₒₔ⌂‗‗‗‗↔₠₰₿╒↔₠₰₿╒↔₠₰₿╒↔₠₰₿╒”””” RC  

 

4.4  

‴‖ ” ‗ ” ⁯ ΅‚–΅― ―Ὼ‴ ‍Ό᾿​⁵⁮₀  ―᾿3
VVVF ₐ└ↄ╒₿”᾿ ₪⌐₦₿ ‗₰ₐ№℅└₧ Ό₮∙≈⌐╒₮≡└‖Ὼ‴

 ῀ⅎ≤ₐ↕ „€ₐ└ PWM᾿ 6₰Ω№↨ 120¯ ‖ ῀ 
 

Figure 33‚SLLIMM-nano” ‖” ₀  ‴ ῀ Ό25ή᾿50ή᾿
75ή”‗Ὼ”​⁵‌⁵‖₯∩└₦₮≡└ Ό ”150ή‴‖ Ό‒‍ ‚’‒―΅‴ ῀

 ⁵„₮₰Ω√” Ό  ⁵⁴ ’ ‖ ῀₮∙≈⌐╒₮≡└‖  ⁵‍

„ ” ⁯‖ ῀ 
• VPN = 300 V, ma = 0.8, cosφ = 0.6, Tj = 150 °C, f SINE = 60 Hz, duty-cycle = 60% (6₰Ω№
↨ 120¯ ) ” Rth(j-c),᾿ ” VCE(sat) ‗ Etot 

 
 
 
 

Element Zth(j-a) ₢ₒₔ⌂₢ₒₔ⌂₢ₒₔ⌂₢ₒₔ⌂  Zth(j-a) ↔₠₰₿╒↔₠₰₿╒↔₠₰₿╒↔₠₰₿╒  

R1 (°C/W) 8.96E-01 1.81E-01 
R2 (°C/W) 9.37E-01 1.71E-01 
R3 (°C/W) 5.92E-01 8.12E-02 
R4 (°C/W) 1.37E-02 5.11E-02 
R5 (°C/W) 2.11E-02 1.86E-01 
R6 (°C/W) 2.84E+00 6.58E-01 
R7 (°C/W) 1.26E-01 5.00E-04 
R8 (°C/W) 4.48E-02 6.95E-02 
R9 (°C/W) 4.06E-01 5.14E-01 

R10 (°C/W) 4.93E+00 4.43E+00 
R11 (°C/W) 9.38E+00 7.90E+00 
R12 (°C/W) 2.99E+01 3.58E+01 

C1 (W•sec/°C) 6.25E-04 1.55E-01 
C2 (W•sec/°C) 3.81E-03 1.67E-01 
C3 (W•sec/°C) 4.69E-03 1.19E+00 
C4 (W•sec/°C) 2.41E-03 9.09E-01 
C5 (W•sec/°C) 4.39E-03 1.84E-02 
C6 (W•sec/°C) 3.27E-03 1.07E-03 
C7 (W•sec/°C) 1.82E-02 1.77E-03 
C8 (W•sec/°C) 1.32E-02 8.80E-02 
C9 (W•sec/°C) 3.63E-03 1.19E-02 

C10 (W•sec/°C) 6.72E-02 4.74E-02 
C11 (W•sec/°C) 2.75E-02 2.35E-01 
C12 (W•sec/°C) 2.22E+00 1.75E+00 
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Figure 33: IC(RMS) vs  ₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧₰ₐ№℅└₧ fsw ₮∙≈⌐╒₮≡└₮∙≈⌐╒₮≡└₮∙≈⌐╒₮≡└₮∙≈⌐╒₮≡└  
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5 ‗‗‗‗ ””””₣ₐⅎ≤ₐ└₣ₐⅎ≤ₐ└₣ₐⅎ≤ₐ└₣ₐⅎ≤ₐ└ 

 ”₲₦₮≡└‖„ SLLIMM ↔₇∙≥₀ ‚ ‚ ‹ ›‍‼‚᾿∞ₐ└⌐ₐ₈ₒ⅍”

‗ ᾿ ’⅞└ⅎ≥└₧‗ ‹ ―‚–΅―” ’ ‚–΅―  ‴ ῀ 

5.1 ⌐ₐ₈ₒ⅍⌐ₐ₈ₒ⅍⌐ₐ₈ₒ⅍⌐ₐ₈ₒ⅍ 

᾿ ₰ₐ№℅└₧₀  ‍ ‖„᾿PCB⌐ₐ₈ₒ⅍” „ ‚ ‖

‚⁭‒―„ ’ ₀ Ὼ   ‴ ῀PCB⌐ₐ₈ₒ⅍ „ ║ ⁞

║ ” ᾿ ” ’ Ὼ  ⁞᾿ ‴ ‴’₮₰Ω√”⅍⌐╒ⅎ₡↔ ₀

– ” ᾿ Ὸ⁮” Ό ‖Ῥ⁯ ‚ ‖ ῀ 
⁭΅⌐ₐ₈ₒ⅍„᾿ ’ ‗  ⁵‍ ₀  ⁴ ῾‚’⁯‴ ῀ ‚᾿⌐ₐ₈

ₒ⅍ Ό⁭ῼ’῾⁵‟᾿EMI⅝ₐ₱” ⁞ ‚⁭⁴₰←ₐ₦ ” Ό

 ᾿ Ό  ᾿ ⁮‚ ⁞₲└₮└₧” ₀ Ὼ    ‚‾’⁯‴ ῀ 
 

SLLIMM-nano₀ ‒‍₪└←₦⅍₴≥≈╒₮≡└„  ⁵‍₩╒⅍ⅎ≤ₐↄ ₀

 ―‴ ῀ „ ₀ ⁮ ⁭ῲ‚ ‚  ⁵―ῷ⁯᾿≠╒₭„₧≤└ⅎ ⁯‗⅝

ₐ₱↔₉⌂₿ ” ‚  ⁴ ‗Ό‖Ὼ‴ ῀ 
  ‖„3 ”₈↨≥₨╒₮≡└₀ ‚ῷ΅―᾿⌐ₐ₈ₒ⅍ ”₣ₐⅎ≤ₐ└₀  

‴ ῀ 
 

5.1.1 ’’’’₣ₐⅎ≤ₐ└₣ₐⅎ≤ₐ└₣ₐⅎ≤ₐ└₣ₐⅎ≤ₐ└ 

• PCB „‖Ὼ⁴‎῾ ῼ᾿ „‖Ὼ⁴‎῾  ῼ ⅝ₐ₱” ₀ ῴ⁴ 
• ₰ₐ№℅└₧ ‗ ” ₀ –῀ ‚ „ ᾿ ”

ΌῬ⁴”‖᾿ „₡∆₈└↨᾿₪└←⌐╒₿₀ ῲ₈⅓⌠₧ Ὸ⁮  ⁴῀ 
• ₲└₰ RSENSE„⌠╒€ₐⅎ”↓└ SLLIMM-nano  (NU, NV, NW)”‖Ὼ⁴ ⁯ ῼ‚

 ⁴῀‴‍᾿₲└₰ ₀ SLLIMM-nano ”₧≤└ⅎ≤ₐ└‚ –’ ⁴ ‗‖

ₐ└⃰₦₿└₰₀ ⁮ ῀ ₐ└⃰₦₿└₰₀ ‚ ⁮ ‍‼‚᾿ ₐ└⃰₦₿

└₰₿ₐ↨” ₀  ⁴῀ 
• ₧≤└ⅎ⌂╒↨₀ ⁮’΅‍‼᾿₮└₧⌂ „ 2 ” ’‒‍ ‖₧≤└ⅎ

 ⁴῀ 
• RC↔₉⌂₿„ ₀ ‼⁴‍‼᾿SLLIMM-nano”‖Ὼ⁴‎῾↓└​‟ ῼ‚ ῼ῀ 
• €╒₯ ₀ ´‍‼᾿ ₪└℮└€‗ P, N ↓└” „‖Ὼ⁴‎῾ ῼ  ⁴῀

᾿ ”⅝└ₐ└⃰₦Ω₉↕₿ₐ↨ 0.1Ὸ⁮ 0.22�F”₪└℮└€₀ P‗ N↓
└” ‚ ῼ ‗Ό  ⁵⁴῀ 

• GND ⁞ HV ”⁭ῲ’ „℮₯₿⌂║₈⅓⌠₧” ₀₰ₐ№℅└₧(OUTU, 
OUTV  OUTW )Ὸ⁮  ⁴⅝ₐ₱”₮╒⌂ⅎ‗ ― ῀ 

• ‚​⁵‌⁵”⅞╒↔↕≥№₯„₰₿╒ ‚ ―᾿RSENSE „​⁵‌⁵ ῼ‚

 ⁴‗‗‾‚᾿←─╒₧≤ₒ└ⅎ” ῼ‚ ῼ῀ 
 
Figure 34‚ ―” SLIMM-nano ” ’ ₀‴‗‼‴ ῀ 
 




