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BF1181

1200V Single channel driver for IGBT/SiC MOS

General Description #fid

BF1181 is a galvanic isolated single channel gate driver
for SIC MOSFETs and IGBTs. The complementary inputs
compatible with 5V signals and could be directly
connected to a microcontroller. For output, drive peak
current up to £8A.

BF1181 provides several functions, such as desaturation
protection, input and output side power supply UVLO, fault
reporting, active Miller clamping and analog voltage
sampling, which make the system operating safety and
simplifying the system design.
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Typical Application
BT N

Applications SF

® Drive inverters for HEV and EV
HEV A1 EV HALIKZ)

® High Power DC/DC inverters
K% DC-DC e #u2%

® On-board charger/ %7t Hi %%

Features 45 ri

® AEC-Q100 qualified for automotive applications
i /& AEC-Q100 Y3 ZE 24 B FH AR

® SiC MOSFETs and IGBTs up to 1200V
5 2 1200V SiC/IGBT ZKz) M H

®  100KV/us Minimum CMTI
CMTI KT 100KV/us

® B8Adrive output / JXZl IR HL I Ry IA 8A

®  Built-in Active Miller Clamp / 1N & 25 8 EH A7

®  Built-in Desaturation Protection / P4 & 2 13 Al {i
A

®  Built-in Input and Output Side Power Supply UVLO
A B N B L TR R R R

®  Built-in Soft Turn-off / 4 & # Wi Th g

® SOW16 Package / SOW16 i} 25 /=
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Figure1: BF1181 Typical Application Circuit
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Block Diagram
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Figure2: BF1181 Functional Block Diagram
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Package Type
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Pin Description

BF1181
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Figure3: BF1181 Pin Configuration & Product model
YYWWD: Year Code, Week Code, Date Code; XXXXXX: Product lot number

K 3. BF1181 145K & F=amils
YYWWD: FERIRS; XXXXXX: F=@mitts

5| B BH
Pin No. Pin Name Description
7 w5 7 42 R T BA
1 AIN Analog voltage sample/#5 4Ll B~ RAF iy
2 DESAT Desaturation protection sense/ 2= 1 Al £/ 4 46 I
3 GND2 Secondary Ground, connecting to IGBT emitter or SIC source
R, 5 IGBT KUk SIC Y AHE
4 OUTH Pull up drive/fi i 78R3
5 VCC2 Power Supply for secondary/Yx 2% T.1E H i
6 OuTL Pull down drive/%i i T H2 3 5
7 CLAMP Active miller clamp pin/4 5 % 8h 8 A7 i 11
8 VEE Negative power/ 1 B i
9 GND1 Primary Ground/=E i1}
10 IN+ In-phase input/ [F] A 41 A\
11 IN- Opposite phase input/ sz #H % A\
12 RDY Power Ready output/ It 45 TR 7 i
13 FLT Desaturation protection output/2= 1 Al & 4
14 RST Reset input/ & fi7 4 \ %y -1
15 VCC1 Primary power supply/ =121 F, 5 % A
16 APWM Analog voltage sample output/A5 Ll H~F KA i H
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Absolute Maximum Ratings

RABEE
Parameter Symbol Value Unit
¥ 5 WiE H LA
VCC1 pin input voltage, reference to GND1
VCC1 -0.3t06.2 v
VCCH HJE, 2% GND1 0
VCC2 pin input voltage, reference to GND2
VCC2 -0.3t029 v
VCC2 M [k, 2% GND2
VEE pin input voltage, reference to GND2 VEE 151003 v
VEE [k, 2% GND2 '
VCC2 pin input voltage, reference to VEE v 031029 v
VCC2 #iJE, % VEE M '
IN+, IN-, RST input voltages, reference to GND1
V -0.3 to VCC1 v
IN+, IN-RST % N HLFE, %% GND1 . °
RDY, FLT, APWM output voltages, reference to GND1
V -0.3 to VCC1 v
RDY, FLT, APWM ff it} 1/, %% GND! Lot °
AIN input voltage, reference to GND2 y 03105 v
AN I\ HUE, 2% GND2 A '
DESAT input voltage, reference to GND2 v -0.3to v
DESAT i \HLFE, %% GND2 PEAT VCC2+0.3
CLAMP voltage, reference to VEE -0.3to0
VeLawp V
CLAMP HLJ&, £ VEE VCC2+0.3
OUTH, OUTL voltage, reference to VEE v -0.3t0 v
OUTH, OUTL HiJE, %% VEE o VCC2+0.3
Lead temperature T 260 °C
Ll L
Operating junction temperature T 4016 +150 °C
TAR R J
Storage temperature range .
N T -55 to +150 C
A7 3 °r

Attention: Stresses beyond those listed under "absolute maximum ratings" may cause perm anent damage to the device.
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

ER: B A0 BORBUE A, TRENS ST K AR o AR [A) AR AR 48 506] S R AIE IR A 2 R 5 A 7]

i

P
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Electrical Characteristic

AU

BF1181

(Ta=25°C, unless otherwise noted)

CHnpm AR E Y, Taz25C)

Parameter Symbol Test Conditions Min. Typ. | Max. Unit
¥ 5 %A BN | BA | &K | B
Input Power | % A\ HLJR
VCC1 Operation voltage / VCC1 L {F B & Viveet 45 55 %
VCC1 Quiescent current hocr VCC1=5V 5 mA
VCCH# A DI IN+="1" IN-=0'
VCC1 Turn-on threshold voltage
VCCATF I i UVLO(ON)1 3.2 35 3.8 V
VCC1 Tu‘rn-off threshold voltage UVLO(OFF)1 29 32 35 v
VCC1K A HL &
VCC1=5V
zggi %ﬂ;;eg current ez VCC2=15V, VEE=7V 5 | ma
IN+="1" IN-="0"
zggz;g%‘}; reshold voltage UVLO(ON)2 | To GND2 /%% GND2 12 | 13| v
zgg;};gg reshold voltage WLOOFF)2 | ToGND2/2% 6ND2 | 10 | 11 v
Logic Input and Output / 3% 54y A F0% H
IN+, IN-, RST low input voltage Vinet
N+, IN-. RSTyfEfr A Hi FE 363 Vi veet=s R
VRrsL
IN+, IN-, RST high input voltage Vi
IN+. IN-. RSTy i A oo F i Vi veer=v 3 v
VRsTH
IN-, RST input current / IN-. RST4fi A\ H1 i I, IrsT Vin=GND 100 WA
Vrst=GND1
IN+ input current / IN+4j X H it lin+ Vin+=VCC1 100 A
RDY, FLT pull up current T Vroy=GND1 100 WA
RDY. FLT E$iHii ’ Vrir=GND1
RST input pulse width to reset FLT Tast 550 oS
RSTSLILFLT &A% ik o Ji
RDY, FLT pull down current koo, Ik Vroy=300mV 75 A
RDY. FLT i ’ Vrr=300mV
RDY='0', FLT='0" minimum holding time TroYHLD
\ 0.55 1 ms
RDY='0'. FLT='0"ft/ M5 [H] TrLTHLD
Miller Clamp | Z& #hiH At
Miller clamp threshold / %5 #fj4H A7 5] (i VeLawp To VEE | % VEE 16 2.1 2.5 Vv
gu?”;; g;g?:; (:;I;g] resistance ReLavp lcLamp=0.2A 0.7 Q
Datasheet WI-DO6F08-H-0190 Rev. A/2 Page 5 of 15
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Desaturation Protection / J=HA1{F3~
Desaturation protection threshold To GND2
S Voesw %% GND2 o B I
DESAT pull up currt\ent source o Vorsar=2V 500 WA
DESAT |4 HLifi Ui
DESAT pull down current oo Vorsar=6V. 10 mA
DESAT i HLiji
Leading edge blanking time / i B& i ] Ties 200 ns
Desaturation protection filter time Tewre 150 oS
F R ORA i BB [A]
Desaturation\ sense to FLT low delay Tossreir 600 oS
T AN PRI B F FLT ARIE I
Soft turn-off resistance / 5% ¥t FLFH. Rsto lour=50mA 40 0
Output Driver | % i ZX3)
%Eug;g;j!l?’g’: V;elzsﬂls tance RoutL lour=0.1A 0.6 Q
Analog Voltage Sampling / A5 B8-Sk
Analog sening voltage range VAN To GND2 05 45 v
AL, R i 2% GND2
2:2 g%";‘fgf&%gce law Van=2.5V n/a WA
APWM output frequency / APWM i Hi 475 fapwm Van=2.5V 1 5 KHz

Van=0.5V n/a
APWM duty cycle / APWM %t 5 45 bk Dapwn Van=2.5V n/a %
Van=4.5V n/a

Switching Characteristics | FF 44
On propagation delay time Tooon CLoap=100pF 130 oS
T 308 A B FaE Bp Vine=50%, Vour=10%
Off propagation delay time Tooore Croap=100pF -~ s
2 T i JaE Bp Vin+=50%, Vour=90%
Others /| HAh
C?mmon mode transient immunity M| 100 Vins
M A S AR
1min insulatio_n ﬁithstand voltage Viso 4500 Vaus
1735 26 25 B B T
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Operation Description

TAIEHR

The BF1181 is a signal channel gate driver for SIC/IGBT, and can support up to 1400V DC operating voltage. There are two
galvanic separated parts, for the input part, BF1181 can be directly connected to a 5V DSP/MCU. For the output part, it is
connected to the high voltage side.

The device includes complementary inputs, and output drive capability is enough to drive the power devices directly without an
extra buffer. The driver can also be used to drive higher power modules or parallel modules with external buffer stage.

The device includes extensive control and protection functions to increase the reliability and robustness of the systems. The
desaturation protection with FLT status output, is used to detect if over-current or short of power device happened, the soft turn off
is triggered when the desaturation fault is detected, reducing the overshoot voltage on the switches. UVLO protection is used to
detect if the power supplied correctly, and RDY output is relate to the UVLO protection. Active miller clamp prevents the false turn
on causing by miller capacitance during fast switching. Analog voltage sampling function can be used to detect the power device
temperature and feedback to DSP/MCU.

BF1181 /& — 3k HLilliE SiC/IGBT KAAS Fr, AT PASCRRmi 1400V Y B CAE K . S ANt v ke e,
N5 AT DLE 32 5 br ik 5V DSPIMCU AHIZE, % Hi 35070 5 v R 350 40 AH %

AR AN . HAmH IKBIEE ) R, AN RIS st AT LUK S Th A G, TR A B R 3 N
WimE, W] LLANEGE s Lotk — B 5 m k3 he 7 .

NTREGRG LA AT EENE, Bl 7 OR S A hI DRe . 2B A GRS TRl D 23 s AF 2 15 R AR ik
R, I FLT i ge a0, — BRI 2 A An DRy, 00 s A B ORI R g/ N T o8 BRI e [ . R AR
PP FH R B ES Fr e U R R 1 IR R R, ot S 15t 45 RDY . A7 Y At T By I PRI 5C T T B
AR R E o BRSPS D RE FT LA TR A D R g R B2 O s i 45 DSPIMCU .
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e Propagation Delay

i e Ry
There are two different phase input signals. At in-phase mode IN+ controls the driver output while IN- is set to low. At opposite
phase mode IN- controls the driver output while IN+ is set to high. Fig shows the propagation delay measurement.
SR APFA FEARCL NS T e 2 IN-CRIFICIS, fth 24N INHFEf], B NS FAH . 2 INHE S IR KF
R Az O IN-E, B A S SO . ETHS TR BRI AR e i L
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Figure 4: Propagation delay time

K 4. fEAIE R
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e Under-voltage Lockout (UVLO)

RIES
The device has a function that protect against power (VCC1&VCC2) under-voltage. Once the VCC1 or VCC2 drops below the
UVLO (OFF) threshold, the RDY pin output will goes low and turn off power device. When the power supply voltage goes up to
above UVLO (ON) threshold, RDY will goes high and drive output will be released at the same time.
OB BEERERT ThEE. it EUHYE VCC1 IS 2 IR YR VCC2, — HAKT 45 € UVLO Ry 1,
RDY AR AR AR, RIS SCliintt o 2 e YR e RS2 3 UVLO [RI R LA L, RDY KAy e ~F,  [A]
O s

IN+

RDY

TRDYHLD | TRDYHLD
L}

A
N _ _

GATE

Figure 5: Under Voltage Protection (IN-='0")
K5: RIE{RY (IN-="00
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o Desaturation Protection
MRS
A desaturation protection is used to detect the power devices under over current condition. Once desaturation protection
happened, BF1181 will soft turn off the power devices and the FLT output will pull down to ‘0’.
Figure 6 shows the desaturation protection diagram.
FHUFI RS Dhfe T SC B DA B4 ik A il o — B AR SRR, TGRS ol 5o Dh 2R 28R gk AT 3ok
Wr, [FJ IS FLT Sk 4 T i 21K
BB 1 2T CRG T LR T 7 2
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Figure 6: Desaturation Protection (IN-='0")

K 6: EZMAILRY (IN-='0"
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Figure 7: Desaturation Protection
K 7. LR

e RESET &A1
RST works as reset function to shutdown output. RST can also be used to reset the FLT signal. Once desaturation protection
happened, FLT signal will pull down to ‘0", if RST is low longer than a given time TrsT, FLT will be cleared at the rising edge of
RST. The detail is as Fig 6.
RST A LAEats i (92 Az s, ot iy #EAT AL rfan i o 38 AT DUR] T SEI0X FLT #fsfE 5 = AL, — Bk
A EWALRY, FLT S 5B A0 I 8E, i @it RST 45 AW F-F- i) (8188 i 45 2 I 18] %5 FE TrsT, JUJ7E RST
HARER Ly B R IA), FLT ROSOROR A BORE, FLT Stk ml 201 Ak LIE 6.

e Soft Turn-off <M

Desaturation protection is triggered when the overcurrent or short circuit happened, and soft turn-off used to limit the overshoot of
power devices and prevents the overvoltage breakdown. The turn-off speed needs to be slow to limit the overshoot voltage, but
the shutdown time should not be too long that the large energy dissipation can make the power device destroy. The diagram of
soft turn-off shows in Fig 6.

FER A IR BRI BT DL T, 8 R PRI R N MR OR AP o IS i R 2R 47 300G W7 DA ] T 28 24 HH 30 F
b, G IS T . G W A SR 08 DL i I, RIS ST T AR R K, I Th A A RE
AR KR E AT RN . FORWd Bs = B LK 6.

o Active Miller Clamp & VR 2% #h4H AL

During turn-on, miller clamp switch keep closing. During turn-off, when the gate voltage related to VEE goes below VcLavp Ctypical
2.1V), the miller clamp switch will turn-on and help add an additional low impedance path to bypass the miller current, prevent the
high dV/dt introduced through the miller capacitance, then miller clamp will keep activating till output turn-on again. Therefore in
many applications, the use of a negative supply voltage can be avoided.

FE5 T 5 I I] 5  BH AL A AT DR 455 S T o 755 H DS IR 1], 24 CLAMP 457 ) R S AR VEE RT- Vewawe (4] 2.1V)
I, AEB I S AL SRR T RS, AT A FLR 61 26 — AR AR RHPTrRR R A, 04 Eh Dh 2 1 55 Bl 5 5
AT R I AR o 2 Jm B A SR R B R T B B8t R OO R - W2 NS, iR
HRNEHAL, AT AR A 7 ZE R A O A PR AT o O
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Figure 8: Miller Clamp Function (IN-='0")
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Figure 9: Active Miller Clamp
K 9: A A
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o Gate Driver
RESE T
The split output of the driver stage are OUTH and OUTL. When turn on the power device, the OUTH will be shorted to VCC2 by

the pull-up driver MOS and the OUTL pin is high-impedance state. When turn off the power device, the OUTL will be shorted to
VEE by the pull-down driver MOS, and the OUTH pin is high-impedance state. The RDSON of driver stage are small enough that
can operate without extra buffer stage.

Since the split driver output structure, The OUTH and OUTL pins should be provided with individual gate resistors, and the slew
rates of the rise and fall of the gate voltage can be separately adjusted using the external resistors.

SR IRE ) BN E R o, EERIE OUTH, FEHIH OUTL. & it AR I, AHRI OUTH il
h IR b R % 3 YR VCC2, 1M OUTL N Ay i BELIRAS o 224508 1 ST, OUTL i@ it UK 5l 8 4 % £ b VEE,
117 OUTH WA s BEUIRAS o BRBNZL &84 A B B8 /N, BRI w] BLIE 75 A A% o

FERARM R, BT OUTH AT OUTL Z3 HF4eth, BRIk 3R 3 368 Ha BRI OC P i BEL o] 23 F ¢, mT DASEE X Tl
T EE RO P 3l S () B ST R

e Analog Voltage Sample
BRI R

Analog voltage sample function is used to convert input analog voltage of AIN to PWM signal output. For temperature sensing, an
internal current source of AIN pin will be provided to the external thermal diode or temperature sensing resistor, and the voltage of
thermal device will be detected via the AIN pin, and converted to PWM signal. The PWM signal duty cycle proportional to the AIN
voltage, The AIN voltage input range is from 4.5V to 0.5V.

FEADL P SRAE Tl i T ASE RS AIN 510 R AEADL F P 4 e o5 2 EUOAS T8t o i B4l i PSR Th e R AT 1R
FERFERS, AIN 5 D P 30 L I R B R 25 A0 AR RS — AR BB R B, 85 1 o SR 81 1) SV B R L A F
A PWM 15 5 R I APWM 51T HH . APWM {55 52 EE B AIN BB ooE , AIN N L (RR AR
ROy 4.5V F]0.5V.

AIN 1 | —
I I |
I I |
I I |
| | P IAIN
L L I v
PWM ’7 ’7 ’7
AIN
+ B
PWM Duty
max&min
/W| ¥
Sawtooth Wave GND2 A
gen [J

Figure 10: Analog Signal Sampling
P 10: BEADL RS RAE

Datasheet WI-D0O6F08-H-0190 Rev. A/2 Page 13 of 15



LT3
TS BF1181

Package Outline

HEIEE
SOW16
= . "
= '{ N eI
i A i
JLL}
iy |
gl L
R,’\SEI‘»-1E'['AL._:'{/';" N r
WITH PLATING
SECTION B-B
l-%] I
SYMBOL MILLIMETER
MIN | NOM | MAX
A — | — | 265
A1 01 | — | 03
A2 225 | 23 | 2.35
A3 097 | 1.02 | 1.07
b 035 | — | 043
b1 034 | 037 | 0.40
c 025 | — | 0.29
¢t 024 | 025 | 0.26
D 10.20 | 10.30 | 10.40
E 10.10 | 10.30 | 10.50
E1 740 | 750 | 7.60
e 1.27BSC
L 05 | — | 085
L1 1.40REF
B 0o | — | &
Packing
%%

MBB packing / MBB 1,2
13"reel: Pizza box 360mm*360mm*40mm.carton 380mm*380*mm*330mm.1000PCS per reel.
13 ~1&4%: /N 360mm*360mm*40mm;  JKFE 380mm*380mm*330mm, %&E#L 1000PCS

Datasheet WI-D0O6F08-H-0190 Rev. A/2 Page 14 of 15



LT
TS BF1181

RESTRICTIONS ON PRODUCT USE

B The information contained herein is subject to change without notice.

B BYD Semiconductor Company Limited exerts the greatest possible effort to ensure high quality and
reliability. Nevertheless, semiconductor devices in general can malfunction or fail due to their
inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing products, to comply with the standards of safety in making a safe design for the entire
system, including redundancy, fire-prevention measures, and malfunction prevention, to prevent any
accidents, fires, or community damage that may ensue. In developing your designs, please ensure
that products are used within specified operating ranges as set forth in the most recent products
specifications.

B The products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics,
domestic appliances, etc.). These products are neither intended nor warranted for usage in
equipment that requires extraordinarily high quality and/or reliability or a malfunction or failure of
which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage
include atomic energy control instruments, airplane or spaceship instruments, transportation
instruments, traffic signal instruments, combustion control instruments, medical instruments, all types
of safety devices, etc.. Unintended Usage of products listed in this document shall be made at the
customer’s own risk.
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