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sto] 2% AAgElo] e AYS FFT 5 AL Aolshe AT Sust, vy by AV 9 P F8

3t Aujoltt, 284 &5V 28 F BCCU WA HY Switching G&E Fot= A A°|E G4 EAAAH
(Insulated Gate Bipolar Transistor, ©]3} IGBT) €35}2 2l vjE|g] SR EA7} LA IGBTE MOSFET
3} BJTY] A4S AFAZ] EMAAEZA, MOSFETYHE A9A £57F w23, BJT9} o] 1 TAF A9 A
&4do] #o] BCCU 32740l B3]l axjolrt, HUs)z 4o B4l IGBT d3} < 7Adsh] $1s IGBT
9, Fste] Qlo] HE IGBT 294 &4(Switching Loss), A& £4(Conductive Loss)o| s £435}%0H,
ARl BEAZANE vgoR IGBT FHIEE &4, 4ot AL Hets IS Pst= T5HY 7| (Drive
Transformer) &% Asto] gt AZ<A, IGBT 2E37H IstATh. 57 &3l w2t A8 &4, IGBT
2% A5ES 247 0.24], 1T/min°] S715FAAL o] 2 Q18] IGBT @3t d4do] Attt ol& WAt Al +&
7| &5 2 ek JRAstR e, 12/A2 7] A, BCCU s&R1E Bof 4SS ASshaict
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Abstract The battery charging unit used in supersonic aircraft controls the supply of battery power to
various electronic equipment, including flight control system computers, and is critical to flight safety
in the event of main power failure in an aircraft. During supersonic aircraft operations, the deterioration
of insulated gate bipolar transistors (IGBTs) that act as power switching inside BCCU has caused battery
charging problems. The IGBT is a transistor that combines the advantages of MOSFET and BJT, which
is essential for BCCU circuit construction because of its fast switching speed and low power loss at high
voltage and high currents. To improve IGBT degradation, which is essential for power circuit
construction, IGBT heating, switching loss, and conductive loss were analyzed. Based on cause analysis,
IGBT peripheral circuits were analyzed and measured to confirm the IGBT capacity degradation. The
power loss and IGBT temperature increase rates increased by 0.24] and 1°C/min, respectively, depending
on the capacity of the drive transformer, resulting in IGBT deterioration. The drive transformer capacity
and management method were improved. The improvement plan was demonstrated through

high-temperature/low-temperature cycle testing and BCCU behavior verification.
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Fig. 1. Aircraft Battery System
(a) Battery for Aircraft, (b) Battery Charger-Control Unit
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4 T3S sl Fig. 29} o] A AP|E ¢33 EA
A ~E(Insulated Gate Bipolar Transistor, ©]3}
IGBT) Ah&o] 874t
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Oxide Semiconductor Field Effect Transistor, ©]3}F
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galo] Hi3-5]. 7]¥ MOSFETH BJTE FA45HA]
EE AAHE IGBTZ 8T 4 A Ho=4 4
& AHEA ZHAAIRC 0|27 7R A8Roprt At
S =3 QTH6,71.

g4
=]

744

JEDEC STYLE TO-247

COLLECTOR
~—— (FLANGE)

Fig. 2. IGBT(Insulated Gate Bipolar Transistor)

ol#gt Aol = Eok1l IGBTE Ld#o] W
A& 7tk o vof] oJshH, IGBTY g2 4
9] 45& Holmg1 H7]x] &9 4 7|AH WY
YA A #L(Crack) 2 B (Fracture)E 5t
g EAE of7Igthe-10].

olgfg #& 9 T 9] U2 AEAp} A= 2
WA (Coefficient of Thermal Expansion)& 27
2l =7t Hetol wet Ame B 52 W
E31A =i AR I AS Zo|= QlE &Y
(Thermal Stress)o] &€t} A=, E-3o] oJgt &
1] 2(Heat Fatigue)7} SAIXol| E2otd, AR 4
9 #77F 9t IGBT ZE2 Y(Lifetime)S o
StA =oH11l.

o|9} 22 dn=E WA wAHYE(Mechanism)oll 2
3 BCCU W% IGBTY @3} difo] TSI, o2
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Analysis of Causes of IGBT
Degradation

IGBT Peripheral Circuit Analysis
& Measurement

Failure Mode Reproduction
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Selection of Improvement Plan
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Improvement Verification

Fig. 3. Study Flow Chart
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Fig. 4. BCCU Circuit Ass'y

BCCU Great Power Switching
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IGBT Power Loss
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Fig. 5. IGBT Deterioration Mechanism

IGBT &3l Fig. 53t 22 S50 sff WAzict.
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Switching) ZFgollA] AT A9 &4 I du=E
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(Switching Loss) A= £4(Conduction Loss)9] &2
2 Akt
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63} Zo] IGBT EHAHU(Threshold Voltage)olAl9]
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Pconductive = I/ce(sat) * ]c (2)
Collector
+
Gate O—| Vce |lc
+
Vge I
Emitter

Fig. 6. IGBT Conductive Loss

IGBT =& Fddt= T 914 AR A9 &4
2 Fig. 79 2ol F2408 ITAE 7|4 AmAEA
(Stray-Capacitance) AJ&0] o5 2A¥sict.
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Fig. 7. IGBT Stray Capacitance

IGBTS] 714 AMA A ZEL Fig. 83} o] IGBT
W PR BI=A|, NG ¥H=A|9] PN Z3te] Qlsf 25t
ZE|(Collector)-olvEl(Emitter) Ato]9] 714 #
HPAEHA B Cce, Gate H2Y AYE A=
(Silicon Oxide)Z I8l LAYsl= AlO|E(Gate)2} o9
E|(Emitter), = E(Collector) AF0]9] Cgc, CgeE T+
k=g

L

Silicon

Gate Oxide

Emitter

N

Collector

Fig. 8. IGBT Structure
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Fig. 11. Turn-off Energy loss vs Collector to Emitter
Current

o|e} Zo] IGBT HY A29A& #5fl IGBT o) A
ZAE 25HY7|(Drive Transformer), A3, AWAIE]

. o 2.4 F=H
(Capacitor) 50| Az A% =HAdA] Belsh]

47| 80| IGBT A9 &

Sl Y Felolel, LCR Merersh € Zggulg  Fis O Fis 1034 2o] 1GBT Axropd Azet
0]—8— _/1\_7(]‘—/] 7(47;] z;q _g_ Table qu_ 7E]_O] @ﬂa’(ﬁ‘:}. Datasheetoﬂ II]"‘:‘ T];g ‘é‘ é‘;g @3’4'—'5 Table qu'
2t
IGBT Turn-on 42 430¢H, 540u#H, 6504

Table 1. Result of IGBT Peripheral Circuit
H(@25T,12A)°14 2004], 190x], 18042 A=A

Rated M d
Part No Capactty | Copactty Result o, Turn-off £4(@25T,12A)2 37H] Ao~ HF
Tl 540uH(£20%) |  430xH Lower 80y = EHE o] LAY &3] Vs E A9
(Transformer) Specification _ o
R1. R2 £Ao] ZraskeE RS ERlskTh
| 1k 0 (£10%) 1kQ Normal
(Resistor)
R3, R4 6.80(£10%) 6.80 Normal Table 3. IGBT Switching Loss
(Resistor) T o
(}5 5’, R6 ) 129(£10%) 129 Normal Switching Loss Difference
esistor. Drive Vee Power Loss
cl. 2 3300pF(+10%) |  3300pF Normal Transformer 8 Turn-on | Turn-off |(Compare to
(Capaciton) Loss Loss 4304H)
430pH 11.37V 200x] 80u] -
=x7A3} [GBTO] B AxE TE=elr|= A 540uH 1.8V | 1904 801 -104]
RPATS 98] 5404H(£ 200 WSsoleht FHug S0 |12V ] 1800 | 800 | ou
Table 2. Result of Vge measurement according to drive transformer capacity
430xH 5404H 6501H

Mode

(Low Specification Limit) (Rated Capacity)

(High Specification Limit)
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Fig. 1289} Zo] ARALolA A5t Vget Veed] T+
Aol WZH, Veer T-5HU7| 430pHOA 1.84V,
540uHOIAl 1.83V, 650xHOIA 1.82VE 0.01VY] 2}

o} Uehict.

22 T T T T
. \‘ DUTY CYCLE < 0.5%, T, = 25°C
\ \ PULSE DURATION = 250us

2.1\ \ \
20\ NN

.
\ D Icg = 30A
1.9 Ice = 20A
P
18

Icg = 10A
|

1.7 |
8 9 10 1" 12 13 14 15 16

VGE, COLLECTOR TO EMITTER VOLTAGE (V)

VgEg, GATE TO EMITTER VOLTAGE (V)

Fig. 12. Collector to Emitter On-state Voltage vs Gate
to emitter voltage

Table 4= &3 Veed WIS A £A4F 430,
H duj 21.84], 540pHOIA 21.96], 650uHOA
22.08]2 FERY7] &) 245 HYEMo| AL
3= AL Folstyct

TEHL7] S5 TE Veed] XfolE 0.01VolA gk
IGBTY Ic A&7} 12A9] 1AFo|m g .01V 2]
A= HsHo] & EXS 7

Ly T = 4

Table 4. IGBT Conductive Loss

Difference

Drive v v I Conductive | Power Loss

Transformer ge ce c Loss (Compare to
4304H)

430¢H 11.37V | 1.84V | 12A 21.84] -

5401H 11.8V | 1.83V | 12A 21.96] -0.12]

650#H | 12.13V | 1.82V | 124 | 22.08] -0.24]
2.6 IGBT &3l MSAIH

_.

2.4, 2.5004 F5HY7] &5 Fdol weh HEsA
o] F7tote AL FRlstt. TEHAY| &F A
w2 IGBT ¥3} 9 BATT FAIL Al& oJi 8HolS 93
TsHdr] 8] ARHG650pH), sFeH430uxH), F4
(540pH) 3714 AEZ A ES +Fot3t

24 2 g

AHHA LS £ BCCU BATT FAIL A1 AJ& o0&,
[e)
=

ez e Adetlen, F7H4 22 BCCU Wi
2 342 50 Tyl 8% dao] UE 2= |
gke ZRlskrt

Table 5. IGBT Temperature Rise with Transformer

Capacity
Drive BATT Battery Temp Temp
Transformer | Fail | Charge Time Rise Rise/min
4301H (o] 25min 40T 1.53C/min
5404H o] 42min 61T 1.45C/min
c 90min . . .
6501H X (Full Charge) 48T 0.53C/min

Table 59 2 ABAY 23 4304H HY7IE
83 49 oF 258 & BATT FAIL % HiE 2] 3]

2= 90H, 540pHe] H7|E &8st AL oF 428
%74 X9 & BATT FAILC] AEE it} ofof HHal 650

pHE 283 A9olls, 283} 2ol 1417 302(EHE
A HHADEL 2% G52 ALY, BATT
A% HAY IGBTZF &85 &3 44 &
AdeE fAsch

4719 A A 2k ASE SHOA EW Fig.
139} 2ol 430xHEHIA)E A-837t 49 265 52t 4
0T, Fig. 149} o] 540pH(RZ)E 283 A4S 428
B2t 61T, Fig. 159+ Zo] 640pHUETHANE BliEf=] &
FA(908) B3t 48T 71 A5ttt Al 2% S
220 5let/ A4 /AR 242 1.53C /min, 1.45C/min.
0.53C/minl & ZA4=EQon 15H7] &fo] It
FE 2L AJ5Eo| eI

Transformer(430uH)

26 Min, 40°C —~,

Time (Min)

Temperature(*C)

Fig. 13. Temperature Rise Curve (Drive Transformer

4301H)



wh
1)

3716 HiEH $3A017] IGBT €3 24 4 7fAde] 3 A7

Transformer(540uH)

42min, 61°C  ———

Time (Min)

Temperature(°C)

Fig. 14. Temperature Rise Curve(Drive Transformer
5404H)

Transformer(640uH)

90min, 48°C

Time{Min)

10 20 30 40 50

Temperature("C)

Fig. 15. Temperature Rise Curve(Drive Transformer
640uH)
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3.1 FSHEY7| 88 A &2 Jhd

A R AJARA AT} IGBT kol dAyeh
TEHY7 = 540pH. 32 20% AFLZ FF4SHRIX
o] AIFHEA IGBTY] AHAUY Veert Hasi, o]
+ IGBT Ag¢4d 371, IGBT 2E37) IGBT €=
ojojAl= Al TS &5kt

olet &2 EAIE “HAds] ¢l U] 8
GSNEAIZE AYSHA]l QEEE G00uH olde] H7ol &
TEH, A FEHATIE FATRA ] AlFe] YirH
H2te IGBT @8t wAPE WS e HAET
687.8¢H, 32t 10%E 7HFA= EE1916 Hd7]=2 A%
SHATt.

e FsHY7] ) Eq. 33 2ol g
(Inductance) Al AL=1300, Turng* N=239] 252
2 A4lEo], 687.8uH7t E=EEHUCH, °]E LCR

=

MeterE 53} 74| Aetel, FEHY] S 2

sl P

L=AL « N*=1300 » 23%/10° =687.8uH (3)

3.2 JfMet BF

274 AJAEAoIA A E Ao wh=w IGBT 43t
W2 Gu2o] o3 WS dy|2e 2EHe) I
2014 IGBT &2HA| 7153t ofof] wet, 517
fAQto s AAHE EE1916 WU~ ALt HS
< fsf 22, Aol 2k A AFSHA

________ BCCU OFF
.................. BCCU TEST @BCCU ON

BCCUON

BCCUTEST BCCUTEST
@BCCUON BCCUON

2 OHR 1HR 2HR 3HR 4HR SHR 6HR

Fig. 16. Temperature Test Curve
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