ROHM

SEMICONDUCTOR

Boundary Conduction Mode

Datasheet

Power Factor Correction Controller IC
Built-in 650 V GaN HEMT

BM3GFO1IMUV-LBZ BM3GF02ZMUV-LBZ

General Description
This is the product guarantees long time support in
industrial market.
BM3GF01MUV-LB, BM3GF02MUV-LB incorporates the
650 V GaN HEMT and power factor correction converter
(Power Factor Correction: PFC) that serve as switching
devices to provide a compact, optimal system for all
products that require power factor improvement.
Critical mode control is adopted for the PFC IC, and
switching loss reduction and noise reduction are possible
by zero current detection.
Built-in GaN HEMT contributes to miniaturization and
high-efficiency.

Features
B Long Time Support Product for Industrial Applications.
Built-in 650 V withstand Voltage GaN HEMT
Built-in 650 V Startup Circuit
Boundary Conduction Mode PFC
Turn-off Slew Rate Adjusting Pin
Built-in Low THD Circuit
ON/OFF Control with PFCOFF Pin
UVLO Function of VCC Pin
ZCD by Auxiliary Winding
Static OVP Function by VS Pin
Error Amplifier Input Short Protection
Soft Start
Switching Frequency Limit Function

Applications
Industrial Equipment, AC Adapter etc.

Typical Application Circuit

Key Specification
B Power Supply Voltage Range

VCC Pin: 10Vto 38V
DRAIN Pin: 650 V (Max)
B Operating Current : 0.65 mA (Typ)
B Current when PFC OFF state: 100 pA (Typ)
B Operating Temperature Range : -40 °C to +105 °C
B ON Resistance
BM3GF01MUV-LB 150 mQ
BM3GF02MUV-LB 70 mQ
Package W(Typ) x D(Typ) x H(Max)
VQFN41V8080K 8.0 mm x 8.0 mm x 1.0 mm
Pitch 0.5 mm
Lineup
Product Name ON resistance
BM3GFO01MUV-LBZ 150 mQ
BM3GF02MUV-LBZ 70 mQ

PFC OUT
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OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays.
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Pin Configuration
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Pin Description
Pin No. Pin Name 110 Function
1,2 SOURCE /10 GaN HEMT SOURCE pin
3 VS | Feedback input pin
4 EO I/0 Error Amplifier Output pin
5 RSR [ Turn-off slew rate adjusting pin
6 MULT [ Multiplier Input pin
7 N.C. - Non connected
8 1S [ Over current detection pin
9,10 N.C. - Non connected
11 PFCOFF I PFC ON/OFF setting pin
12 N.C. - Non connected
13 VCC | Power supply pin
14 N.C. - Non connected
15 ZCD [ Zero Current detection pin
16 GND - GND pin
17 to 22 SOURCE /0 GaN HEMT SOURCE pin
23,24 N.C. - Non connected
25to 32 SOURCE /0 GaN HEMT SOURCE pin
33to0 39 DRAIN | GaN HEMT DRAIN pin
40 to 41 VH | Starter circuit pin
- C.S - Corner pin Mo D oe2)
- C.N.C - Corner pin, unconnected °¢?
(Note 1) Internally connected to SOURCE pin.
(Note 2) Do not connect to other pins.
www.rohm.com
© 2022 ROHM Co., Ltd. All rights reserved. 2/30 TSZ02201-0F1FO0A200730-1-2

TSZz22111 - 15« 001

05.Sep.2024 target spec


http://www.rohm.co.jp/
http://www.rohm.co.jp/

BM3GFO1MUV-LBZ BM3GF02MUV-LBZ Datasheet

Block Diagram
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Description of Blocks

1 Startup Circuit

This IC has a built-in startup circuit. It enables low standby power and high-speed startup.
The consumption current after startup is only OFF current Istarrs.

©— _| FUSE |

AC
Input

Filter

AAA—AAA
WAV

?

Diode
Bridge

r
DRAIN
Startup
Circuit
Swi
ra S
7L_Cvcc
VCC UVLOI

Figure 1. Block Diagram of Startup Circuit
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Figure 2. Startup Current vs VCC Pin Voltage

www.rohm.com
© 2022 ROHM Co., Ltd. All rights reserved.
TSZ22111 « 15+ 001

4/30

TSZ02201-0F1F0A200730-1-2
05.Sep.2024 target spec


http://www.rohm.co.jp/
http://www.rohm.co.jp/

BM3GFO1MUV-LBZ BM3GF02MUV-LBZ Datasheet

Description of Blocks - continue

2 VCC Pin Protective Function
This IC has a built-in the VCC pin undervoltage protective function VCC UVLO (Under Voltage Lock Out) and VCC

recharge function that operates when the VCC pin voltage drops.

3 PFC: Power Factor Correction Section
The power factor improvement circuit is a voltage control method in the Boundary Conduction Mode.

The schematic operation schematic is shown in Figure 3, and the switching operation is shown in Figure 4.

Auxiliary winding for zero

Diode IL current detection
Bridge -
@ _N_ N PFC OUT
AC IN :
Diode P

From ACDC

e PFC OUT
/ Feedback Resistor

Figure 3. Operation Circuit Outline

GATE Voltage

DRAIN - SOURCE
Voltage

ZCD Pin Voltage

Figure 4. Switching Operation Timing Chart

Switching Operation

1. GaN HEMT is turned to ON and inductor current I, increases.

2. The IC compares Multiplier output voltage with the generated signal from the IS pin voltage, GaN HEMT is turned to
OFF when the generated signal voltage increases.

3. While GaN HEMT is turned to off, I, is decreased to 0 A.

4. The ZCD pin detects the zero point of the I, and GaN HEMT is turned to ON.
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Description of Blocks-continued
4 Regarding to ErrAMP

4.1 GmAMP

The VS pin monitors the resistor divided point of the output voltage. The ripple voltage of AC-frequency (50 Hz / 60 Hz)
is overlapped on the VS pin. GmAMP removes this ripple voltage and controls the EO pin voltage level according to the
error between the removed voltage and Vawe1. When the EO pin voltage rises, the longer ON-time of the GaN. When the
EO pin voltage drops below VgursT, the switching operation stops. Therefore, the switching operation can be stopped by
forcibly shorting the EO pin to GND from the outside.

Set the error amplifier constants so that the AC frequency does not appear in the EO pin. In doing so, be sure to check
in the actual application.

PFC OUT

Figure 5. GmAMP Block Diagram

4.2 VS Short Protection Function

The VS pin has a short protection function. When.the:VS pin voltage < Vsnorr Status continues for tys sy or more, IC
stops switching. Figure 6 shows the operation.

PFC OUT

VS Pln VSHORT
Voltage

praN  (HIEITENTRYRERTTETERTEY

Figure 6. Operation of VS Short Protection
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4 Regarding to ErrAMP-continued

4.3 VS Over Voltage Protection Function (SOVP)

When the VS pin voltage rises above Vove1, switching is stopped immediately. When the VS pin drops below Vovp2,
switching starts. Figure 7 shows the operation.

PFC OUT

VS Pin
Voltage

DRAIN

Figure 7. VS Over Voltage Protection Operation
4.4 Over-voltage Boost Reduction Function at Startup (OVR)

When the VS pin voltage rises to Vovr (corresponding to-10 % of the output voltage) at startup, the EO voltage is
forcibly discharged to Veurst. When the EO pin voltage is dow, the pulse width of DRAIN pin becomes narrower, which

slows the rise of the output voltage and reduces the.over boostat startup. This function is valid only once after VCC
UVLO is released or after switching operation by the PECOFF pin is started.
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Description of Blocks-continued

5 ZCDPin

The zero-current detection circuit is a function to detect a zero cross of the inductor current (Refer to Figure 8, 9).
After the ZCD pin voltage is higher than Vzcp1, when the ZCD pin voltage is lower than Vzepz, the GATE output is High to
take delay time. If the ZCD pin voltage is less than Vzcpi, the restart timer operation is operated.

In the operation, when the GATE voltage is turned to L and it takes trest, The GATE voltage is turned to H (Refer to
Figure 10).

Diode

<

L]
ZCD
+ Control 4{ GaN HEMT
y- LOgIC

GATE

DRAIN

T 'SOURCE
AVAVAY 1

Figure 8. Zero Current Detection Circuit

GATE

tzch
\ —>
ZCD Pin  VZOL o R o[ A

Voltage Vzcoz \ 77777 / ,,,,, \ ,,,,,

Figure 9. Zero Current Detection operation

GATE

zCcD Pin /Vzeo1 4
Voltage

Figure 10. Restart Time operation
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Description of Blocks-continued
6 MULTIPLIER

As shown in Figure 11, the DRAIN pin on time is determined by Multiplier out and Vsource.
Vsource can be expressed in the following formula.

Vsource = K X Vyyrr X (Vgo — Vsyrsr)

K: MULTIPLIER GAIN
VwmuLt: MULT pin voltage
VEeo: EO pin voltage
VBURST: Burst voltage

AC voltage divider signal is input to MULT pin. This function improves the power factor by controlling the AC current

along with the AC voltage.

When the SOURCE pin voltage = 0 V, the diode-bridge output voltage can bedischarged more by increasing the ON-time.
This improves the AC current distortion because current supplied from the diode-bridge is dischaged

(Refer to Figure 11).

VorrgeT less
VoFFseT Ccase
case
\

Diode I —
Bridge Vi (YY\%. / \ /\ /\
Vi // \\ / \/ \
ACIN . [ jr Remain \ / |/ No remain “\

4 ‘ (Dvoltage | || (yvotage |

GATE W 11 .

Stop Non stop

->High AC current ->Improvement of the

AC A~ distortion A~ AC current distortion
- -

- U \U

Figure 11. Improvement of the AC Current Distortion
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Description of Blocks-continued

7 Over Current Protect Function

In the normal operation, turn-off is determined by the ON-time determined from the EO pin voltage and the MULT pin
voltages.

However, when the IS pin voltage is less than Vocp, over current protection is operated and the GATE is turned to L per
pulse. This protection prevents over current to GaN HEMT.

Since the over current protection function is operated to limit the ON time, the PFC output voltage drops when PFC load is
heavy and operate this protective function.

IL

IS Pin Voltage

DRAIN Pin
Voltage

Figure 12. Current Limit operation
8 PFC ON/OFF Function
When the PFCOFF pin voltage is lower than Vpecorr, PFC Is stopped after tercorr time. This function allows external
control of PFC ON/OFF by connecting with ACDC power.supply. It is possible to stop PFC operation in standby mode,
etc., when PFC operation is not needed. It contributes to low standby power consumption. When PFC switches to ON,
the IC has tpecon timer to prevent malfunctions due tornoise.

Because the PFCOFF pin has an input pull-up resistor, PECOFF pin voltage is equal to Veecoren When the pin is open.
If you do not use this function, open the PFCOFF pin.

PFC OFF /P
pin voltage /"

DRAIN

Figuré:13. PFCOFF Function

9 Enhancement Mode GaN HEMT
This IC is built-in an enhancement mode/(normally off) GaN device.
Compared to cascode topologies that connect depletion-mode (normally-on) GaN devices and Si MOSFET in series,
enhancement-mode GalN devices have less parasitic inductance and switching loss introduced by the additional

connection between the cascode-mode GaN devices and Si MOSFET. These characteristics provide better switching
performance and are particularly:noticeable in high-current applications.
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Description of Blocks-continued
10 RSR Pin
The RSR pin is able to be adjusted GaN HEMT turn-off slew rate. Depending on the resistor connected to the RSR
pin,
turn-off slew rate can be adjusted. The slew rate of turn ON is fixed.
The RSR pin resistor is needed to connect 10 kQ or more.
The RSR pin also has a built-in short-circuit protection. Switching operation stops when the RSR pin voltage <

VRSRSHT-

SlewRate
+[V/ns] |, Usable Range

SR e B f

SR2

SR3

! ‘ ‘ » RSR
10 47 180 resistor[kQ]

Figurel4. Slew Rate characteristics

11 IS Pin Open Protection
If the SOURCE pin becomes OPEN, IC may be damaged.
To prevent to be damaged, this IC built in OPEN protection circuit (aute.recovery protection)

Switching stops when the IS pin voltage < Visop
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Operation Mode of the Protection Circuit
Table 1 shows the operation modes of the protective functions.

Table 1. Operation Mode of Each Protective Circuit

Protective Action
Iltem Content i i
Detection Method Operathn at How to Cancel Operation at
Detection Release
VCC Pin VCC < VLo Switching Stop VCC > Vuviol Start of Starting
VCC UVLO Undervoltage EO Voltage : .
. (when VCC falls) ; (when VCC rises) Operation
Protection Discharge
VCC Pin Start to charge Stop to charge
VCC Recharge Recharge (W\;]Céﬁ ;gg}ghs) VCC pin from (Wzgfjc\g?ic;zes) VCC pin from
Function DRAIN pin DRAIN pin
Overcurrent
. IS < Vocp . . IS > Vocp Normal
ocp Protecjuon (at IS falls) Switching Stop (at IS rises) Operation
Function
VS Pin .
VS Short . VS < VsHorT Switching stop EO VS > VsHorT Normal
: Short Protection : ; :
Protection Function (when VS falls) voltage discharge (when VS rises) operation
VS Pin
. Overvoltage VS > Vove1 P VS < Vove2 Normal
VS Static OVP Protection (when VS rises) L witchiREgign (when VS falls) operation
Function
RSR Pin Switching stop
F;?OFtaengrr]t Short Protection RSR < VRsrsHT EO voltage RSR > VRsrsHT oNgrrg:%In
Function discharge P
IS Pin
IS Open . IS > Visop h . IS < Visop Normal
Protection Opeguzgitgr(]:tlon (when IStrises) Switching stop (when IS falls) operation
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Absolute maximum rating (Ta = 25 °C)

Parameter Symbol Rating Unit Conditions

. Vmaxia -0.3 to +650 \% DRAIN pin voltage, VH pin voltage
Maximum voltage 1 Vmaxis -0.3 to +800 v DRAIN pin voltage (touse < 1 ps) "¢
Maximum voltage 2 Vmax2 -0.3 to +40 V VCC pin
Maximum voltage 3 Viaxa -0.3t0 +6.5 v gggiﬁEFﬁ)::ncggpL;,ﬁm V'S pin, EO pin,
Maximum voltage 4 Vmaxa -4.0 to +0.3 \% IS pin
Maximum current 1 Ip1(RMS) 134 A DRAIN pin RMS current
BM3GFO1IMUV Ip1(puLse) 42.3 A |DRAIN pin pulse current (tpuse < 1 ps) ™"
Maximum current 2 Ip 5 (RMS) 20.9 A DRAIN pin RMS current
BM3GF02MUV I, (PULSE) 66.1 A |DRAIN pin pulse current (tpuse < 1 ps) ¥
Maximum current 3 lzcp1 -3to +3 mA  |ZCD current
Maximum junction temperature Tjmax +150 °C
Storage Temperature Range Tstg -55 to +150 °C

Caution 1:

Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit

between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as.adding a fuse, in case the IC is operated over the

absolute maximum ratings.
Caution 2:

Should by any chance the maximum junction temperature rating be exceeded the rise intemperature of the chip may result in deterioration of the

properties of the chip. In case of exceeding this absolute maximum rating, design a PCB with thermal resistance taken into consideration by increasing board size and
copper area so as not to exceed the maximum junction temperature rating

(Note 1) Duty is less than 1%.

Thermal Resistance "°*¢?
Thermal Resistance (Typ) )
Parameter Symbol Note @ Note 5) Unit
1s 2s2p
VQFN41V8080K
Junction to Ambient 0;a T.B.D. T.B.D. °C/W
Junction to Top Characterization Parameter™® 3 Wit T.B.D. T.B.D. °C/W

(Note 2) Based on JESD51-2A (Still-Air).

(Note 3) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside surface

of the component package.
(Note 4) Using a PCB board based on JESD51-3.
(Note 5) Using a PCB board based on JESD51-5, 7.

Layer Number of Material Board Size
Measurement Board
Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 ym
Layer Number of . . Thermal Via™©?
Measurement Board Material Board Size Pitch Diameter
4 Layers FR-4 114.3 mm x 76.2 mm x 1.6 mmt 1.20 mm ®0.30 mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70 pm 74,2 mm x 74.2 mm 35 um 74.2 mm X 74.2 mm 70 ym
(Note 6) This thermal via connect with the copper pattern of layers 1,2, and 4. The placement and dimensions obey a land pattern.
Recommended operating/conditions
Parameter Symbol Min Typ Max Unit Conditions
Power Supply Voltage Range VCC 10 15 38 Vv VCC pin Voltage
Operating temperature Topr -40 +25 +105 °C
Recommended external area (Ta = 25 °C)
Parameter Symbol Range Unit
VCC pin Connecting Capacitance Cvcc 10to uF
RSR pin Connecting Resistor Rrsr 10 to kQ
IS pin Filter Resistor RisriL to 2.0 kQ
www.rohm.com
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Electrical Characteristics (Unless otherwise specified Ta = -40 °C to +105 ,VCC =15 V)

Parameter Symbol Min Typ Max Unit Conditions
[GaN HEMT]
DRAIN-SOURCE withstand Verpsst 650 - - zgg il VO::age - 8 x
Voltage ) i pin voltage =0V,
g V(erjpss2 800 touise < 1 IS (Nogel)
. Ipss1 - - 100 MA | VDS =650V, Tj=25°C
DRAIN Pin Leakage Current -
Ipss2 - 4.5 - MA | VDS =650V, Tj =150 °C
ID=0.5A,
Rps1aon) - 150 195 mQ | VCC pin voltage = 15V,
DRAIN-SOURCE ON Tjp=25°C
Resistor 1 ID=0.5A,
RbsiH(on) - 295 - mQ | VCC pin voltage = 15V,
Tj=150°C
ID=0.5A,
Rbs2aon) - 70 85 mQ | VCC pinvoltage =15V,
DRAIN-SOURCE ON Tj=25°C
Resistor 2 ID=0.5A,
RbszH(on) - 135 - mQ._ | VCC pin voltage = 15V,
Tj =150 °C
SOURCE-DRAIN Reverse Vv ) 35 g vV ID=9.5A,
Voltage sb : VCC pin voltage =0 V
. ) . VCC pin voltage =0V,
Output Capacity Coss 24.5 PF | Vp=400V, F = 1 MHz
[Circuit current]
Circuit Current (ON)1 lon1 - 0.75 1.20 mA | VS pin voltage=0V
Circuit Current (ON)2 lonz - 1.0 2.2 mA | At 50 kHz switching
Circuit Current (ON)3 lons 50 100 200 UA | PFC OFF state
[VCC Pin Protective Function]
VCC UVLO Voltagel Vuviol 12 13 14 \% at VCC pin voltage rising
VCC UVLO Voltage2 VuvLo? 7 8 9 \% at VCC pin voltage falling
VCC UVLO Hysteresis VUVLO3 ? 5 - V VUVL03 = VUVLOl 'VUVLOZ
VCC Recharge Start Voltage VcHe1 8 9 10 \%
VCC Recharge Stop Voltage VchHe2 9 10 11 Vv
[Gm Amplifier Block]
VS Pin Pull-up Current lvs - 0.1 0.5 HA | VS pin voltage =0V
Gm  Amplifier Reference —oc o
Voltage 1 Vawp1 2.465 2.500 2.535 \Y, Ta=25°C
Gm  Amplifier Reference — 400 °
Voltage 2 Vavp2 2.44 2.50 254 \Y, Ta =-40 °C to +105 °C
Gm  Amplifier  Reference . _
Voltage Line Regulation VawpP LINE - - 10 mV | VCC pin voltage =10V to 38V
Gm Amplifier EO pin voltage = 2.5V,
Transconductance Tvs 80 100 130 WAV | = 25°C
Gm Amplifier Source Current lEo_source 6.25 125 25 MA | VS pin voltage = 2.3V
Gm Amplifier Sink"Current leo_sink 6.25 12.5 25 MA | VS pin voltage = 2.7 V
(Note 1) Duty is less than 1%.
www.rohm.com
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Datasheet

Electrical Characteristics (Ta = -40 °C to +105 unless otherwise specified, VCC = 15 V) - continued

Parameter Symbol Min Typ Max Unit Conditions

[EO Block]
EO Pin L Voltage VEoL - 1.6 1.8 \% VS pin voltage = 2.7 V
Burst Voltage VBURST 18 1.9 - \%

. VCC pin voltage =12V,
EO Discharge Current leo 0.8 1.8 3.6 mA EO pin voltage = 1.0 V
[MULT Block]
MULT Pin Pull-up Current ImuLT - 0.1 0.5 MA £ | MULT pin voltage =0 V
MULT Pin Operating Voltage
Range VmuLT 0to 25 0to 3.5 - Vv
EO Pin Operating Voltage Vv VBURST VBURST ) v
Range EOD to 2.9 to 3.4

. MULT pin voltage = 0.5V,
MULTIPLIER Gain K 0.43 0.65 0.87 v EO =30V
[ZCD Block]
ZCD Pin Threshold Voltage 1 Vzep1 0.8 0.9 1.0 \Y, at ZCD pin voltage rising
ZCD Pin Threshold Voltage 2 Vzcp2 0.55 0.67 0.79 Vv at ZCD pin voltage falling
ZCD Output Delay Time tzco - 200 520 ns
Input Clamp Voltage (High) Vin 6.1 6.7 - \% Isink =3 mA
Input Clamp Voltage (Low) Vi -0.3 -0.1 - \% Isource = -3 mA
Restart Timer trEST 15 30 45 us
Max Switching Frequency Fswmax 225 250 275 kHz
[VS Protection Block]
VS Short Circuit Protection Vv 0.090 x 0.120'x 1.50 x Vv
Detection Voltage SHORT Vavp1 Vamp1 Vawvp1
¥S Short Protection Detection tus, sH 50 150 300 us
ime
Overvoltage Reduction V. ) 0.9 x ) v
Detection Voltage at Startup OVR Vamps
VS Overvoltage Protection vV 1.065 x 1.080 x 1.095 x Vv at VS pin voltage rising.
Detection Voltage 1 ovPL Vamp1 Vampy Vampy Ta =25 °C
VS Overvoltage Protection Vv 1.020 x 1.040 x 1.060 x Vv at VS pin voltage falling,
Detection Voltage 2 ovig Vawmp1 Vawp1 Vawp1 Ta=25°C
[IS Block]
Over Current Protect Voltage Vocp -0.415 -0.400 -0.385 \%
Output Delay Time toeLAY - 150 300 ns
IS Pin Source Current Isource - 15 - HA | IS pinvoltage =0V
IS Open Protection Detection
Voltage Visop 0.05 0.20 0.35 \Y,
www.rohm.com
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Electrical Characteristics (Ta =-40 °C to +105 unless otherwise specified, VCC = 15 V) - continued

Parameter Symbol Min Typ Max Unit Conditions

[PFCOFF Block]

PFC ON Voltage Vpecon 15 1.6 1.7 Y,

PFC OFF Voltage VpEcorE 1.3 14 15 Y,

PFC ON/OFF Hysteresis VpFcHYS - 0.20 - \%

PFC ON Delay Time tprcon 1.15 1.92 2.70 ms

PFC OFF Delay Time trrcorrF 60 100 140 us

[RSR Block]

Turn-off Slew Rate 1 SR1 - 30 - V/ns | RSR pin open, Vd = 400 V
Turn-off Slew Rate 2 SR2 - 11 - V/ns |"RSR pin = 47 kQ, Vd = 400 V
Turn-off Slew Rate 3 SR3 - 5 - V/ns | RSR pin =10 kQ, Vd =400 V
RSR Short Detection Voltage VRSRSHT 0.015 0.040 0.065 \%

RSR Pin Source Current Irsrsc 5 10 20 HA

[Startup Circuit Block]

Startup Current 1 IsTARTL 0.1 0.3 1.0 mA~ | vcC =0V N2

Startup Current 2 IsTART2 1.0 3.0 6.0 mA | vcCc =10V "2

The inrush current from the
OFF Current IsTarT3 - 10 25 MA | DRAIN pin after releasing
UVLO. (at MOSFET OFF)

\S/galltr;gz Current  Switching Vse 0.7 14 28 v (Note 2)

(Note 2) Tj = 25 °C warranty.
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Typical Performance Curves

(Reference Data)
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Figure 16. Circuit Current (ON) 3 vs Temperature

Figure 15. Circuit Current (ON) 1 vs Temperature
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Figure 18. VCC UVLO Voltage2 vs Temperature

Figure 17. VCC UVLO Voltagel vs Temperature

www.rohm.com

17/30 TSZ02201-0F1FOA200730-1-2

© 2022 ROHM Co., Ltd. All rights reserved.

TSZz22111 - 15« 001

05.Sep.2024 target spec


http://www.rohm.co.jp/
http://www.rohm.co.jp/

Datasheet

TSZ02201-0F1F0A200730-1-2
05.Sep.2024 target spec

Figure 22. Gm Amplifier Source Current vs Temperature
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(Reference Data)
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Figure 21. Gm Amplifier Reference Voltage 2 vs Temperature
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Typical Performance Curves — continued

(Reference Data)
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Figure 24. EO Pin L Voltage vs Temperature

Figure 23. Gm Amplifier Sink Current vs Temperature
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Figure 26. Restart Timer vs Temperature

Figure 25. Burst Voltage vs Temperature
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Typical Performance Curves — continued

(Reference Data)
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Figure 28. VS Overvoltage Protection Detection
Voltage 1 vs Temperature

Figure 27. Overvoltage Reduction Detection Voltage at Startup
vs Temperature
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Figure 29. VS Overvoltage Protection Detection Voltage 2

Figure 30. Over Current Protect Voltage vs Temperature

vs Temperature
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Typical Performance Curves — continued
(Reference Data)
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Figure 31. IS Open Protection Detection Voltage
vs Temperature
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Typical Connection Diagram
LO—=4 1 X
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Figure 32. Application Example

1 Output-voltage Setting
The output-voltage is determined by the feedback resistor connected to the VS

_ (R10+R11) _ 1582 k0 A
Vour = (1 + (R12//R13)) X Vamp = (1 t oka ) X25V =398

Rio + Riq: Upper resistance value of output/feedback
Ri5//Ri3: Lower resistance value of output feedback
Vamp: Gm amplifier reference,voltage 1

2 Calculation of inductance
Reference when Vour =400 V and power =200 W
L =250 uH
If Lis set to a larger value, THD will be lowered, but the part size will be larger.

3 External Setting of VCC

pin.

V]

VCC pin voltage variation during switching can be reduced by installing a capacitor on VCC pin.
We recommend using an electric-field capacitor with a withstand voltage of 50 V or more and 22 pyF or more for VCC pin

capacitor.

In addition, when generating VCC pin voltage from the start resistor and the auxiliary winding of the transformer, check VCC
pin voltage evaluation when starting time and protection are detected on the actual device. When switching is stopped after
starting, the current consumption of the IC decreases. Therefore, VCC pin voltage may rise depending on the starting

resistor. VCC pin voltage discharge function prevents overvoltage breakdown of VCC pin.

This function makesiit possible to reduce the starting resistance value and make the starting time faster.
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Important Note in PWB Designing
Parts Arrangement
The components in Figure 35 dashed lines should be located as close to the ICs as possible. Also, arrange components to
avoid interfering with switching lines, inductors, DRAIN, and other high current lines.

F
L0 ‘ ‘ >

DB,
LF
Rug J » pi Ds VOUuT +
R:2 ZZNR, |Cor — 4{: t - >
RsZ I ) R c’—T
9 14
NO l o
Cr a Ry; Ri03
Cs
LT—W—«—
From ACDC
Rs Rus:
N P Zr Cis
I
Ce I
I
I
I
|Rs‘ fo Cg' Ri2$ Ris
|
I
Reense |

Tl ‘ ‘ Q

Figure 33. Parts Placement

GND Wiring Routing
The red wire of Figure 36 is a ground wire through which a large current flows. Wire each line independently and pull it thick
and short. The blue line is the GND of the IC. Make the GND of IC and the GND of IC peripheral parts common.

F
L0101 slR .
LF

R DB: VouT

R, ZNR; [Cs 4 *{: * g? O
Rs I W L«(QW—‘H
9 14
NO . I
Ci==C—F R4
Cs ]
| —

Rs;

From
ACDC

Cer

R

Rsense

T * ' Q

D4

Figure 34. GND Line Layout
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Board Design Notes-continued

High Current Line
The red line of Figure 37 carries a large amount of circuit current. Draw the red line part thick and short. Also, avoid routing
lines with high IC or impedance nearby, as this may result in lines with high noise.

|

DB,

Ry VOUT

od w2 g
I il

Ci==C/— Ry
[
(R

Rs:

b4 ClS

CeT

Rs: cr cz i3 Riz

Rsense

D,

Figure 35. Large Current Line Layout
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I/0 Equivalent Circuit Diagram

1,2,17-22,25-32 | SOURCE 3 VS 4 EO 5 RSR
DRAIN Internal Reg Internal Reg
J

Internal \l/

Circuit 4

Internal GaN HEMT _|

SOURCE
6 MULT 7,9-10,12,14,23,24 N.C. 8 | IS 11 PFCOFF
Internal Reg Internal Reg
Internal Reg J,
\l/ No Connection
13 | vcc 15 [ zco 16 [© GND 33-39 | DRrRAIN
DRAIN
% = i Internal GaN HEMT
SOURCE
40-41 VH
% |_
Internal
Circuit
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Operational Notes

1.

Reverse Connection of Power Supply

Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as mounting an external diode between the power supply and the IC’s power
supply pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines of the
digital and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog
block. Furthermore, connect a capacitor to ground at all power supply pins. Consider the effect of temperature and
aging on the capacitance value when using electrolytic capacitors.

Ground Voltage
Ensure that no pins are at a voltage below that of the ground pin at any timeyeven during. transient condition.

Ground Wiring Pattern

When using both small-signal and large-current ground traces, the two ground traces should be routed separately but
connected to a single ground at the reference point of the application board to avoid fluctuations in the small-signal
ground caused by large currents. Also ensure that the ground traces.of external components do not cause variations
on the ground voltage. The ground lines must be as short and thick as possible to reduce line impedance.

Recommended Operating Conditions

The function and operation of the IC are guaranteed within the range specified by the recommended operating
conditions. The characteristic values are guaranteed only under the conditions of each item specified by the electrical
characteristics.

Inrush Current

When power is first supplied to the IC, it is possible that the internal logic may be unstable and inrush current may flow
instantaneously due to the internal powering sequence and delays, especially if the IC has more than one power
supply. Therefore, give special consideration to power coupling capacitance, power wiring, width of ground wiring, and
routing of connections.

Testing on Application Boards

When testing the IC on an application board, connecting a capacitor directly to a low-impedance output pin may
subject the IC to stress. Always discharge capacitors completely after each process or step. The IC’s power supply
should always be turned off completely before connecting or removing it from the test setup during the inspection
process. To prevent damage from static discharge, ground the IC during assembly and use similar precautions during
transport and storage.

Inter-pin Short and Mounting Errors

Ensure that the direction and position.are correctwhen mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply and output pin.
Inter-pin shorts could be due to many reasons:such as metal particles, water droplets (in very humid environment) and
unintentional solder bridge depaosited in between pins during assembly to name a few.

Unused Input Pins

Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance and
extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it. The small
charge acquired in this.way is enough to produce a significant effect on the conduction through the transistor and
cause unexpected operation.of the IC. So unless otherwise specified, unused input pins should be connected to the
power supply or ground line.
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Operational Notes — continued

10. Regarding the Input Pin of the IC
This monolithic IC contains P+ isolation and P substrate layers between adjacent elements in order to keep them
isolated. P-N junctions are formed at the intersection of the P layers with the N layers of other elements, creating a
parasitic diode or transistor. For example (refer to figure below):

When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes inevitably occur in the structure of the IC. The operation of parasitic diodes can result in mutual
interference among circuits, operational faults, or physical damage. Therefore, conditions that cause these diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to the P substrate) should be

avoided.
‘ Resistor ‘ ‘ Transistor (NPN) ‘

Pln A

‘ \ Pln A

i Parasitic
EIements y = N
;‘ P Substrate DY P Substrate
JT— GND JT— GND GND =

Parasitic Parasitic N Region
Elements Elements close-by

Figure 36. Example of Monolithic.IC Structure

11. Ceramic Capacitor
When using a ceramic capacitor, determine a capacitance value considering the change of capacitance with
temperature and the decrease in nominal capacitance due'to DC bias and others.

12. Thermal Shutdown Circuit (TSD)

This IC has a built-in thermal shutdown circuit that prevents:heat damage to the IC. Normal operation should always
be within the IC’s maximum junction temperature rating. If however the rating is exceeded for a continued period, the
junction temperature (Tj) will rise which will activate the TSD circuit that will turn OFF power output pins. When the Tj
falls below the TSD threshold, the circuits are automatically restored to normal operation.

Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no
circumstances, should the TSD circuit be used in_a set design or for any purpose other than protecting the IC from
heat damage.

13. Over Current Protection Circuit (OCP)
This IC incorporates an integrated over current protection circuit that is activated when the load is shorted. This
protection circuit is effective in preventing damage due to sudden and unexpected incidents. However, the IC should
not be used in applications characterized by continuous operation or transitioning of the protection circuit.
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Ordering Information

B M 3 G F X X MU V|-|L B Z E 2
| |
GaN HEMT D-S ON resistor | Package Product rank
(Typ) MUV: LB: For industrial equipment
01: 150 mQ VQFN41V8080K Packaging and forming specifications
02: 70 mQ E2: Embossed tape & reel

Marking Diagram

VQFN41V8080K (TOP VIEW)

O

Lineup

Part Number Marking

LOT Number
/—

Pin 1 Mark

Part Number Marking

Orderable Part Number

GaN HEMT D-S ON State

Resistance (Typ) Product Name

M3GFO1MUV BM3GF01MUV-LBZE?2 150 mQ BM3GFO01MUV-LBZ
M3GF02MUV BM3GF02MUV-LBZE2 70 mQ BM3GF02MUV-LBZ
www.rohm.com
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Physical Dimension and Packing Information

Package Name

VQFN41V8080K

1BD

RETT
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Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ot 1),
aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM'’s Products for Specific Applications.

(Notel) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM'’s Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Clz,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse, is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Notice-PAA-E Rev.004
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including Clz, H2S, NHs, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act

Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.

Notice-PAA-E Rev.004
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.

Notice — WE Rev.001
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