Gate Driver Providing Galvanic isolation Series

Isolation voltage 2500Vrms
1ch Gate Driver Providing Galvanic Isolation

BM60054FV-C
General Description Key Specifications
The BM60054FV-C is a gate driver with isolation voltage m |solation Voltage: 2500Vrms
2500Vrms, I/O delay time of 110ns, and a minimum input B Maximum Gate Drive Voltage: 20V(Max)
pulse width of 90ns. Fault signal output function, ready m |/O Delay Time: 110ns(Max)
signal output function, under voltage lockout (UVLO) B Minimum Input Pulsé Width: 90ns(Max)
function, short current protection (SCP) function, and
switching controller function are all built-in.
Package W(Typ) x D(Typ) x H(Max)
Features SSOP-B28W 9.2 mm x 10.4 mm x 2.4 mm

m Provides Galvanic Isolation

Fault Signal Output Function

Ready Signal Output Function

Under Voltage Lockout Function

Short Circuit Protection Function

Soft Turn-Off Function for Short Circuit Protection
(Adjustable Turn-OFF time)

Thermal Protection Function

Active Miller Clamping

Switching Controller Function

Output State Feedback Function
UL1577 Recognized:File No. E356010
AEC-Q100 Qualifiedote 1)

(Note 1:Gradel)

Applications
m Driving IGBT Gate
m Driving MOSFET Gate

Typical Application Circuit
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Figure 1. Typical Application Circuit

QProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays
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BM60054FV-C Datasheet

Recommended Range of External Constants

) Recommended Value )
Pin Name Symbol - Unit
Min Typ Max
VREG CvreG 1.0 3.3 10.0 uF
VCC2 Cvce2 0.33 - - uF
RT RRrT 24 68 150 kQ
Pin Configuration (TOP VIEW)
veez[1 | () | 28 |GND1 o
PROOUT | 2 27 |SENSE
VTSIN | 3 26 |FET_G
SCPIN | 4 25 | VREG
NC [ 5 24 |V_BATT
GND2 |_6 23 | COMP
MODE [_7_| 22 |FB 0
UVLOIN[ 8 | (21| RT
vee [ 9 ] 20 |RD
NC [ 10 19
oUTIH [1L | e
OUT1L [ 12 A
ouT2| 13 FLT
VEE2 | 14 5 Gl\31
Pin Descrlptions
Pin Name Pin F
VEE2 Outp egative power
PROOUT | Softt in / Gate volt i pin
VTSIN I'detection
SCPIN ircuit curre ec pin
0 connection

nd pin

in of output-side UVLO
setting pin

sitive power supply pin

N |~ WIN|PF

11 side output pin
12 side output pin
3 Output pin for Miller Clamp
14 VEE2 Output-side negative power supply pin
Input-side ground pin
16 FLT Fault output pin
17 ENA Input enabling signal pin
18 INA Control input pin A
19 INB Control input pin B
20 RDY Ready output pin
21 RT Switching frequency setting pin for switching controller
22 FB Error amplifier inverting input pin for switching controller
23 COMP Error amplifier output pin for switching controller
24 V_BATT Main power supply pin
25 VREG Input-side internal power supply pin
26 FET_G MOS FET control pin for switching controller
27 SENSE Current detection pin for switching controller
28 GND1 Input-side ground pin
Vcé%”i??egﬁﬁ"é’o., Ltd. All rights reserved. 3/36 TS202201-0818ABH00080-1-2
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BM60054FV-C Datasheet

Absolute Maximum Ratings

Parameter Symbol Limit Unit
Main Power Supply Voltage Veart -0.3 to +40.0(Note 2) Vv
Output-Side Positive Supply Voltage Vcez -0.3 to +24.0(Note 3) \Y
Output-Side Negative Supply Voltage VEE2 -15.0 to +0.3(Note 3) Y,
Maximum Difference
Between Output-Side Positive and Negative Voltages Vinxe 30.0 v
INA, INB, ENA Pin Input Voltage VIN -0.3 to +7.0(Note 2) \%
MODE Pin Input Voltage VMmopE -0.3 to +VCC2+0.3 or + \%
SCPIN Pin Input Voltage VscpIN -0.3to +VCC2+0.3 or \Y
VTSIN Pin Input Voltage Vs \%
UVLOIN Pin Input Voltage VuvLoin \%
OUT1H, OUTLL Pin Output Current (Peak 10us) louT1PEAK A
OUT2 Pin Output Current (Peak 10us) louT2PEAK A
PROOUT Pin Output Current (Peak 10us) IPrROOUTPEA 2.5(Note 4) A
FLT, RDY Pin Output Current IFLT mA
FET_G Pin Output Current (Peak 1us) IFET_GPEAK A
Power Dissipation w
Operating Temperature Range °C
Storage Temperature Range °C
Junction Temperature °C

(Note 2) Relative to GND1
(Note 3) Relative to GND2
(Note 4) Should not exceed Pd and Tj=150°C

(Note 5) Derate above Ta=25°C at a rate of 9.5mW/2
Caution: Operating the IC over the absolute ma
between pins and the internal circuitry. Therefore
the absolute maximum ratings.

0 mm x 1.6 mm
age can either be a short circuit between pins or an open circuit
tection measures, such as adding a fuse, in case the IC is operated over

Recommended Operating Co

Symbol Min Max Unit
Main Power S VBaTT 4.0 32 \%
Veez 10 20 \%
Vee2 -12 0 \
Vmax2 10 28 \
g frequency for switching controller fswr 100 500 kHz
6) Relative to GND1
(Note 7) Relative to GND2
Insulation Related Characteristics (UL1577)
Parameter Symbol Characteristic Unit
Insulation Resistance (Vio=500V) Rs >10° Q
Insulation Withstand Voltage / 1min Viso 2500 Vrms
Insulation Test Voltage / 1sec Viso 3000 Vrms
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BM60054FV-C

Datasheet

Electrical Characteristics

(Unless otherwise specified Ta=-40°C to +125°C, Vearr=4.0V to 32V, Vcc2=UVLO to 20V, Vee2=-12V to 0V)

Parameter Symbol Min Typ Max Unit Conditions
General
M_aln _Power Supply IsATT1 11 1.6 21 mA | V_BATT=4.0V
Circuit Current 1 -
Main Power Supply loaTT2 08 13 18 mA | V_BATT=12.0
Circuit Current 2
M_aln _Power Supply laarrs 08 13 18 mA
Circuit Current 3
Output Side Circuit Current 1 lccaa 0.7 1.4 2.1 mA
Output Side Circuit Current 2 lcczz 0.4 11 1.8
Output Side Circuit Current 3 lcces 0.8 1.5 2.2
Output Side Circuit Current 4 lccaa 0.8 1.2 1.9 18V, OUT1=H
. - cc2=16V, Vee2=-8V,
Output Side Circuit Current 5 lcces 0.9 16 2.3 OUTI=L
. L Vce2=16V, Vee2=-8V,
Output Side Circuit Current 6 lcc2e 0.6 13 OUT1=H
Switching Power Supply Controller
FET_G Output Voltage H1 VFETGH1 3.8 4.0 V_BATT=32V
B ~c=0A(open)
FET_G Output Voltage H2 VFETGH2 - V_BATT, _BATT =4.2V
_ B Irer_c =0OA(open)
FET_G Output Voltage L VEETGL IreT_c =0A(open)
FET_G O!\I-Resstance Ronei 10mA
(Source-side)
FET_G ON-Resistance RoncL 10mA
(Sink-side)
Oscillation Frequency 222 kHz | RT=68kQ
Soft-start Time 50 ms
FB Pin Threshold Voltage 1.53 V
FB Pin Input Current 0.8 A
COMP Pin Sink Current -80 -40 A
COMP Pin Source C 80 160 A
V_BATT UVLO O 3.40 3.60 V
V_BATT UVLO H 0.1 0.13 V
Maximum QN DUTY 48 - %
Over Voltage Detection Thresha 1.60 1.65 1.70 \Y;
Under Voltage Détection 123 1.30 137 v
0.17 0.20 0.23 \Y
fbcberLs 20 40 60 ms
ic High Level Input Voltage VINH 2.0 - 5.5 Vv INA, INB, ENA
Logic Low Level Input Voltage VINL 0 - 0.8 \'% INA, INB, ENA
Logic Pull-Down Resistance Rino 25 50 100 kQ INA, INB, ENA
Logic Input Filtering Time tINFIL - - 90 ns INA, INB
ENA Input Filtering Time tENAFIL - 0.5 0.8 us ENA
MODE Low Level Input Voltage VMODEL 0 - 0.3xVce2 \'% MODE, relative to GND2
MODE High Level Input Voltage VMODEH 0.7xVce2 - Veez \'% MODE relative to GND2
gggizoggﬁhcl)l'lgo., Ltd. All rights reserved. 5/36 T5202201-0818ABH00080-1-2
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BM60054FV-C Datasheet

Electrical Characteristics — continued
(Unless otherwise specified Ta=-40°C to +125°C, Veart=4.0V to 32V, Vcc2=UVLO to 20V, Vee2=-12V to 0V)

Parameter | Symbol | Min | Typ Max | Unit | Conditions
Output
OUT1H ON-Resistance RonH 0.50 0.85 1.45 Q lout1H=40mA
OUT1L ON-Resistance RonL 0.25 0.45 0.80 Q lout1.=40mMA
. Vee2=15V
OUT1 Maximum Current louTimAX 3.0 4.5 - A Design assurs
PROOUT ON-Resistance Ronpro 0.45 0.85 1.55 Q
) trona 45 75 105 ns
Turn ON Time
trons 50 80 110 ns
. trPoFFA 40 70 100 ns
Turn OFF Time
troFFB 35 65 95
. . . troISTA -25 -5 15 trorrFa — tPONA
Propagation Distortion
tpoISTB -35 -15 5 oFFB — tronB
Rise Time trISE - 50 - 10nF between OUT1-VEE2
Fall Time trALL - 50 Design assurance

OUT2 ON-Resistance Ronz 0.25 0.45 Q lout2=40mA
OUT2 ON Threshold Voltage VouTt20oN 1.8 2 Relative to VEE2
Common Mode Transient Immunity CM 100 - assurance

Protection Functions
Output-side UVLO ON

VuvLoinL 0.85 VLOIN, MODE=L

Threshold Voltage
Output-S|.de UVLO Threshold VOVLomHys UVLOIN, MODE=L
Hysteresis
Output-side UVLO ON Voltage VuviozL \% VCC2, MODE=H
Output-side UVLO Hysteresis VUVLO2ZHYS \Y VCC2, MODE=H
Output-side UVLO Filtering Time tuvLozFIL us
DESAT Leading Edge .
. ) us Design assurance
Blanking Time
Short Current Detection Voltage 0.53 \ Relative to GND2
Short Current Detection Filter Time 0.28 us
Short C t Detecti D
. ort Current Detection De 0.38 0.50 s
Time (PROOUT)
SCPIN Pin Low Vo 0.1 0.22 \% IscPn=1MA
0.4 0.7 us
1.70 1.79 vV Relative to GND2
10 30 us
- 110 us
VELTL - 0.18 0.40 \% IFLT=5mA
VosreH 4.5 5.0 55 Y, Relative to GND2
V 4.0 4.5 5.0 \Y Relative to GND2
Threshold Voltage OSFBL
OSFB Output Filtering Time tosFBFIL 1.5 2.0 25 us
RDY Output Low Voltage VRoYL - 0.18 0.40 V IrRpY=5mA
INA 50% 2 toon A 50%

e———> €<—>  ftrorF

OUTIH/L 50%_,Z | 90% 90% |
10% ‘
i i PotrALLTY
i tRISE i
Figure 2. INA-OUT1H/L Timing Chart
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BM60054FV-C Datasheet

UL1577 Ratings Table
Following values are described in UL Report.

Parameter Values Units Conditions
Side 1 (Input Side) Circuit Current 1.3 mA V_BATT=12V, OUT1H/L=L
Side 2 (Output Side) Circuit Current 1.6 mA VCC2=18V, VEE2=-6V, OUT1H/L=L
Side 1 (Input Side) Consumption Power 15.6 mw V_BATT=12V, OUT1H/L=L
Side 2 (Output Side) Consumption Power 38.4 mw VCC2=18V, VEE2=-6V, OUT1
Isolation Voltage 2500 Vrms
Maximum Operating (Ambient) Temperature 125 °c
Maximum Junction Temperature 150 °c
Maximum Strage Temperature 150 °c
Maximum Data Transmission Rate 55 MHz
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BM60054FV-C Datasheet

Typical Performance Curves
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BM60054FV-C
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Figure 22. OUT2 ON-Resistance

Figure 21. Turn OFF time
(lout2=40mA)
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BM60054FV-C
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BM60054FV-C Datasheet

Application Information

1. Description of Pins and Cautions on Layout of Board
(1) V_BATT (Main Power Supply Pin)
This is the main power supply pin. Connect a bypass capacitor between V_BATT and GNDL1 in order to suppress
voltage variations.

(2) GND1 (Input-side Ground Pin)
The GNDL1 pin is a ground pin on the input side.

(3) VCC2 (Output-side Positive Power Supply Pin)
The VCC2 pin is a positive power supply pin on the output side. To reduce voltage fluctuations due t 1H/L pin
output current and due to the driving current of the internal transformers, connect a bypass cap tween VCC2
and GND2 pins.

(4) VEEZ2 (Output-side Negative Power Supply Pin)
The VEE2 pin is a power supply pin on the output side. To suppress voltage fluctu
current and due to the driving current of the internal transformers, connect a bypas
the GND2 pins. Connect the VEE2 pin to the GND2 pin when no negative power suppl

@er / source of a power device.

due to"OUT1H/L pin output
itor between the VEE2 and

(5) GND2 (Output-side Ground Pin)
The GND2 pin is a ground pin on the output side. Connect the GND2 p

(6) INA,INB,ENA (Control Input Terminal)
The INA,INB,ENA are pins used to determine output logic.

ENA INB INA

L X X

H H X

H L

H L Hi-Z

Fault state(FLT=L output) is released in rising o
(7) FLT (Fault Output Pin)
The FLT pin is an open drain pin used toeutpt ircuit protection function (SCP) or thermal

RDY
Hi-Z
L

E (Mode Selection Pin of Output-side UVLO)
MODE pin is a pin which selects internal threshold or external setting threshold for output-side UVLO.

MODE Output-side UVLO threshold voltage
L (=GND2) Setting by external. (Use UVLOIN pin)
H (=VCC2) Fixed (=VuvLozL). (Connect UVLOIN pin to VCC2 pin)

(10) UVLOIN (Output-side UVLO Setting Input Pin)
The UVLOIN pin is a pin for deciding UVLO setting value of VCC2. The threshold value of UVLO can be set by
dividing the resistance voltage of VCC2 and inputting such value. UVLOIN activates only at MODE pin=L. When
MODE pin=H, connect UVLOIN pin to VCC2 pin.

(11) OUT1H, OUT1L(Output Pin)
The OUT1H pin is a source side pin used to drive the gate of a power device, and the OUTLL pin is a sink side pin
used to drive the gate of a power device.

.rohm.co.
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BM60054FV-C Datasheet

(12) ouUT2 (Miller Clamp Pin)
This is the miller clamp pin for preventing a rise of gate voltage due to miller current of output element connected to
OUTL1. It also functions as a pin for monitoring gate voltage for miller clamp and OUT2 pin voltage become not more
than VOUT20ON(typ 2.0V), miller clamp function operates. OUT2 should be connect to VEE2 when miller clamp
function is not used.

(13) PROOUT (Soft Turn-OFF Pin)
This is a pin for soft turn-OFF of output pin when short-circuit protection is in action. It also functions as a pin for
monitoring gate voltage for output state feedback function.

(14) SCPIN(Short Circuit Current Detection Pin)
The SCPIN pin is a pin used to detect current for short circuit protection. When the SCPIN ge exceeds
Vscoet,SCP function will be activated. This may cause the IC to malfunction in an open st such trouble,
short-circuit the SCPIN pin to the GND2 pin when the short circuit protection is not use rder to prevent the
wrong detection due to noise, the noise filter time tsceru is set.

(15) VTSIN (Thermal Detection Pin)
The VTSIN pin is a temperature sensor voltage input pin, which can be use al protection of an output
device. If VTSIN pin voltage becomes Vrsper or less, OUT1H/L pin is set to may malfunction in the open
status, so be sure to supply the VTSPIN more than Vrsper if the ther 10N’ function is not used. In order to
prevent the wrong detection due to noise, the noise mask time trswm addition, it can be used also as
compulsive shutdown terminal other than a temperature sense by inp mparator output etc.

(16) RT (Switching Frequency Setting Pin for Switching Controller)
The RT pin is a pin used to make setting of switching freque f switching contr . witching frequency is
determined by the resistance value connected betwee GND1. Th switching frequency is
determined by the value of the resistor Rrgr.

Fo [kHz]=1/(7.3x10° x R, +2.2x107

(17) FB (Error Amplifier Inverting Input Pin for
This is a voltage feedback pin of the ing controller. Thisppin bine with voltage monitoring at overvoltage
protection function and under voltag n function fo ing controller. When overvoltage or under voltage

protection is activated, switchin (FET_G pin outputs Low). When the protection
holding time (tococris) is comp
during soft-start.

e released. Under voltage function is not activated
(18) COMP (Error Amplifier O for Switching,Controller)
This is the gain con i itchi ller. Connect a phase compensation capacitor and resistor.

e protecti

This is the i i . Be sure to connect a capacitor between VREG and GND1 even when
the swit rder to prevent oscillation and suppress voltage variation due to FET_G
output curre

(20) F (MOS FET Co witching Controller)

S OSFET contr for the switching controller transformer drive.

(2 E (Connection to the Current Feedback Resistor of the Switching Controller)

Is is a pin connected to the resistor of the switching controller current feedback. This pin combines with current
monitoring at overcurrent protection function for switching controller. When overcurrent protection is activated,
switching controller will be at OFF state (FET_G pin outputs Low). When the protection holding time (tococris) is
completed, the over-current function will be released.

.rohm.co.
v©vv¥\6v1r40Rr8|_(|:'\c/)| I(’;:)0., Ltd. All rights reserved. 16/36 T5202201-0818ABH00080-1-2
TSZ22111 + 15 + 001 25.Dec.2015 Rev.002



BM60054FV-C

Datasheet

2. Description of Functions and Examples of Constant Setting

(1) Miller Clamp Function

When OUT1=L and OUT?2 pin voltage < Vourzon, internal MOS of OUT2 pin is turned ON and miller clamp function

operates.
QOUT2 pin
IN input voltage ouT2
L Not more than L
Vout2on
H X Hi-Z

Avcez

PREDRIVER

- PREDRIVER
- PREDRIVER —E

O
LOGIC

IOUTlH/LA \
(4

PROQ

PREDRIVER

0.B ock Diagram o

lamp Function

T- T~~~ T7TQ1-~7T-~91°~

—t—— =t ===t ——

_———d ] L

Figure 31. Timing Chart of Miller Clamp Function

—+——t--=-r1

VscpeT

Hi-Z
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BM60054FV-C Datasheet

(2) Under Voltage Lockout (UVLO) Function
The BM60054FV-C incorporates the under voltage lockout (UVLO) function on V_BATT and VCC2. When the power
supply voltage drops to the UVLO ON voltage, the OUT1H/L pin will output the "Hi-Z / L" and the FLT pin will output
the “L” signal. When the power supply voltage rises to the UVLO OFF voltage, these pins will be reset. In addition, to
prevent mis-triggers due to noise, mask time tuvLosarTriL and tuviozriL are set on both voltage sides.

“““““““““ VuvLOBATTH
--------------- <~ #V/UVLOBATTL

rRoY | [ 4 [ Rz
OUTIH/L R AR E Ry
FETG __ [N [INTIEEnT E

Figure 32. VBATT UVLO Function Operation Timing, Chart

_______________________________ H
INA N A\ 4N L
UVLOIN S Vi
————— Hi-Z
RDY L
OUT1H/L  —

FeT.g JITTET T T T T ET CC LT T T T T HHHH

Figliréy33.VCC2 UVLO Eunetion Operation Timing Chart (MODE=L)

———————— VuviLozH
<~ VuvioaL

1) O S B
OUTIH/L R R [  —
FeT.c IO T T T T T OO LA IO T HHHH

Figure 34. VCC2 UVLO Function Operation Timing Chart (MODE=H)

h
v©vv§\(/)vlr40Rn8|_(|:'\c;| 80 Ltd. All rights reserved. 18/36 T5202201-0818ABH00080-1-2
TSZ22111 - 15 - 001 25.Dec.2015 Rev.002



BM60054FV-C Datasheet

(3) Short Circuit Protection Function (SCP)
When the SCPIN pin voltage exceeds Vscoet, the SCP function will be activated. When the SCP function is activated,
the OUT1H/L pin voltage will be set to the “Hi-Z/Hi-Z” level and the PROOUT pin voltage will go to the “L” level first
(soft turn-OFF). Next, After tsto has passed, OUT1H/L pin become Hi-Z/L (PROOUT pin hold L). In addition, when
OUT2 pin voltage < Voutzon, miller clamp function operates.
When the rising edge is put in the ENA pin, the SCP function will be released.
When OUT1H/L=Hi-Z/L or Hi-Z/Hi-Z, internal MOSFET connected to SCPIN pin turns ON to discharge CsLank for
desaturation protection function. When OUT1H/L=H/Hi-Z, internal MOSFET connected to SCPIN pin turns OFF.

R3+R2
Voesar [V ] =Vscoer ® R—3 _VFDl o

R3+R2+R1
VcczM,N [V ] >Vscper ® T
R2+R1 R3+R2+R1 V.
tBLANKoutemaI[s] == m *R3eCy i o IN(L— R3 d \S/z::T )+ togsatien
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1
: \/
1
1
| |
g : OUTIHIL
1
FLT ' LOGIC
: | PROOUT
:
1
1
|
FLT | ! SCPIN
1
L ( ' + )
! SCPFIL
' v N ] |
! SCDET | ™=
GND1 | 1o
1

Figure 35. Block Diagram of Short Circuit

[ 4
-
——
— R1
§ > D1
) =
H 4
4% _| R2
SCPIN
. L
- I G ) | R3
[ 4 Vscper _T
’ ) *—@
e 0 36. Block Diagram of DESAT
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IN [ H
—! \«— tscPFIL —!
- 14— tSCPRO —
1
[y
o < - SN
SCPIN Ll
— '
1!
P .
OUTI1H/L ' :'I | !
Lot | [
Ll | 1
Lt H 1
L | 1
Vol \ 1
Vol \ 1
L \ 1
PROOUT : i] ' i
i :
FLT -
[ 1
L e :
1 1 tsTO !
! 1
ENA
-

11—
! + S>tENAFIL

Figure 37. SCP Operati@

| OUT1H/L=Hi-Z / L, PROOUT=L, OUT2=L |

No
<ENA=>
Yes

| FLT=Hi-Z |
IN=H No
Yes *
Exceed tsro OUT1H/L=H / Hi-Z, PROOUT=Hi-Z,
OUT2=Hiz
Yes |
Figure 38. SCP Operation Status Transition Diagram
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(4) Thermal Protection Function
When the VTSIN pin voltage becomes Vrsper or less, the thermal protection function will be activated. When the
thermal protection function is activated, the OUT1H/L pin voltage will be set to the “Hi-Z/Hi-Z” level and the PROOUT
pin voltage will go to the “L” level first (soft turn-OFF). Next, when the VTSIN pin voltage rises to the threshold value
and after tsto has passed, OUT1H/L pin become Hi-Z/L (PROOUT pin hold L). In addition, when OUT2 pin voltage <
Voutzon, miller clamp function operates.
When the rising edge is put in the ENA pin, the thermal protection function will be released.

lveez 5

OUTIH/L

§ FLT

LOGIC

FLT

h
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IN ['
—> e trsFL —>! e trsRL
VTSIN —oo-- M _____________________ L)
OUTIH/L o o
PROOUT {7 : 1
FLT N e
e | IR
I 1 tsTO | :
' H
ENA :
— —_—

Figure 40. Thermal Protection Funt@ration Timing !

STENAFIL

\g

\

Exceed tsto

No

| OUT1H/L=Hi-Z / L, PROOUT=L, OUT2=L |

Yes

| FLT=Hi-Z |

IN=H No

Yes *

OUT1H/L=H / Hi-Z, PROOUT=Hi-Z,
OUT2=HiZ

Figure 41. Thermal Protection Function Operation Status Transition Diagram
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BM60054FV-C Datasheet

(5) Switching Controller
(a) Basic action
This IC has a built-in switching power supply controller which repeats ON/OFF synchronizing with internal clock
set by RT pin. When VBATT voltage is supplied (VBATT > VuvLosarth), FET_G pin starts switching by soft-start.
Output voltage is determined by the following equation by external resistance and winding ratio “n” of flyback
transformer (n= Vourz side winding number/Vour: side winding number)

Vourz = Vg X {(Rl +Rz)/R2}Xn [V]

(b) MAX DUTY
When, for example, output load is large, and voltage level of SENSE pin does not reach current tion level,
output is forcibly turned OFF by Maximum On Duty (Donmax).

(c) Protection function
The switching controller has protection function as overvoltage protection (OVP), under
and over-current protection (OCP). OVP and UVP monitor the voltage of FB OCP
SENSE pin.

When the protection function is activated, switching controller will be OFF st
protection holding time (tococris) is completed, the protection function will
not activated during soft-start.

protectlon (UVP),
nitor the voltage of

G pin outputs Low). The
. Under voltage function is

VOUT1

’ |<VOU2
?

Fig

F

. Block Diagram of switching controller

O
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(d)The pin handling when not using switching controller
When not using switching controller, please do pin handling as follows.

pin no. pin name processing method
21 RT pull down in gnd1 by 68k Q
22 FB connect to VREG
23 COMP connect to VREG
24 V_BATT connect power supply
25 VREG connect capacitor
26 FET G open
27 SENSE connectto V

RS L

Figure 43. The

glc of output i onitored with PROOUT pin are compared, a logic L is output from

ord. In order. t t the detection error due to delay of input and output, OSFB filter

Q2

(6) Gate State Monitoring F
When gate logic a

RDY pin when,th
time tosrs \4

o’&
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(7) 1/0 Condition Table

Input Output
P P
\% S|V 0] O
\% O | R @) R
No. Status B C C|T]|E | I Ulo U U U o = R
A c P S N N N Tlo T T T o L D
T 5 | | A B | A > U 1 1 2 U T Y
T N N T H L T
1 O O H H H L H H X | Hi-Z | Hi-Z L
SCP
2 O O H H H L H L X | Hi-Z | Hi-Z L
3 UvLO O L H X X | X H H
UVLO_VBATT
4 UvLO O L H X X | X L L
5 O UVLO | L H X X | X H H
UVLO_VCC2
6 O UVLO | L H X X | X L L
8 protection o Ll I x I x Ix L[ x
9 @) O L H L X | X H Hi-Z L
Disable
10 @) O L H L X | X L Hi-Z | Hi-Z
1 O O L|H|H]|H|X Hi-z | L
INB active
12 @) O L{H|H]|H Hi-Z | Hi-Z
13 | Normal Operation | © o L|H]|H Hi-Z | HI-Z | L
14 nput O | O |L|H Hi-Z | Hi-Z | Hi-Z
15 | Normal Operation o o L Hi-Z | Hi-Z | Hi-Z
16 H Input O | O |L Hi-z | Hiz | L

o

: > UVLO, X:Don't care

Q
Q O
q,

q.

'1'

O

h
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(8) Power Supply Startup / Shutoff Sequence

N | | L
V_BATT__~ Wowowm 7 NWwowrt 7 NVamowm
VCC2 e CUVLOZH \ A VuviozH . e OUVLOZH N ov
e ov
VEE2 N S N\
H
Hi-Z
OuT2 | | | | )
Hi-Z
PROOUT 0
Hi-Z
RDY _| | | | | | i
H
N | | L
V_BATT ~ NV UVLOBATTL //Vm—/m oV
VCC2 s OUVLOZW NV uviozL / NV uviozL ov
ov
VEE2 N S D N S
H
OUTIHIL | [ | [ | - Hiz
Hi-Z
ouT2 | o] by L
Hi-Z
PROOUT L
Hi-Z
RDY | | | | | | L
N | | L
V_BATT _/ﬁM\QUVLOBAwL Aovosar N OV
VCC2 /' VU\/LOZH \\ / VUVLOZH v— \VUVLOZL OV
ov
VEE2 L 7 DN 9%
H
OUTIH/L == [ | | | | Hi-z
Hi-Z
outz2 | [ ] | i
Hi-Z
PROOUT L
Hi-Z
RDY | | | | | ..
IN | | .
V_BATT /W\—/W/ VuviLopatTH N ov
VCC2 / N\Vuvioal / NV o J/ NV uviozr ov
VEE2 e N e ov
H
OUTIH/L —--| | | | | | Hi-z
Hi-Z
out2 _| | | | | | i
Hi-Z
PROOUT L
Hi-Z
RDY | | | | | L.
--------- : Since the VCC2 to VEE2 pin voltage is low and the output MOS does not turn ON,
the output pins become Hi-Z conditions.
------- : Since the VCC1 to GND1 pin voltage is low and the RDY output MOS does not turn ON,
the output pins become Hi-Z conditions.
Figure 44. Power Supply Startup / Shutoff Sequence
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Selection of Components Externally Connected Recommended

ROHM
Recommended MCR100JZH Recommended
ROHM — |_ LTR50UZP MCRROOg'I\EAZP
MCRO3EZP — o <
VEE2
e i
I imer ! ! | ouT2
. | OUTIL
Recommended e, FLT ~ : T oUTIR
SUMIDA T - . —y ]

CEERI117

UVLO_VREG
UVLO_BATT

OSC]  ™NAINBENA

NC
j ! H
:UVLoz 3 i nlll e +
: || | [I%Xﬂ_ UVLOIN 'I
|

; I :Q ELOGIC _’"_1
_§ Uvioz [Ewer]

ol
[e]
|‘>_\:IUHJ
L [
AW
S
>lll

LOGIC

I Maxduty

Recommended Recommended | | Recommended Recommended
ROHM ROHM ROHM ROHM

RB168M150 LTR18EZP RSRO025N05 MCR100JZH

LTR50UZP

Figure 45. RecommendeddEXternal Parts
Power Dissipation
15
1.25 Measurement machine - TH156 (Kuwano Electric)

Measdrement condition : ROHM board
Board size : 114.3 x 76.2 x 1.6mm?3
1 1-layerhoard ;" 0 ja=111.1°C /W

0.75 \

N

, .
AN

Y-

/

Power Dissigation : Pd [W]

0 25 50 75 100 125 150 175
Ambient Temperature : Ta [°C]

Figure 46. SSOP-B28W Derating Curve

Thermal Design
Please make sure that the IC’s chip temperature Tj is not over 150°C, while considering the IC’s power consumption (W),
package power (Pd) and ambient temperature (Ta). When Tj=150°C is exceeded, the IC may malfunctions or some problems
(ex. abnormal operation of various parasitic elements and increasing of leak current) may occur. Constant use under these
circumstances leads to deterioration and eventually IC may destruct. Tjmax=150°C must be strictly obeyed under all
circumstances.
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I/0O Equivalence Circuits

Pin Name
Pin No. Input Output Equivalent Circuit Diagram

Pin Function
()veez

PROOUT

Soft turn-off pin / Gate voltage input
pin

VTSIN

Thermal detection pin

SCPIN

Schort circuit current detoi

@6

selection
UVL

!
F
g

(O enp2
—eo—) \e2

VCC2
UVLOIN

8 ]P‘L UVLOIN

Output-side UVLO setting pin O GND2

—e—() ver2
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Pin Name
Pin No. Input Output Equivalent Circuit Diagram
Pin Function

OUT1H

11
Source side output pin

OUTI1L

12
Sink side output pin

ouT2

13
Output pin for Miller Clamp
FLT
16
Fault out

ENA
17
Input enabling signal pin
GND1 O
.rohm.co.j
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Pin Name
Pin No. Input Output Equivalent Circuit Diagram
Pin Function
VReG () ®
INA ZS
INA
18
Control input pin A
ono1 (O)—e
VREG
INB _q
INB
) 0
Control input pin B
1
21 RT
Switching fr setting pin fo
c ontroller VEE2

Error amplifier inverting input pin
for switching controller

Internal power
V_BATT () supply

e () g’\/\/y
enor ()

5
i«
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Datasheet

Pin Name

Pin Function

Pin No. Input Output Equivalent Circuit Diagram

v_eatt (O

Internal power
supply

COMP

LS

» comp ()

Error amplifier output pin for
switching controller

$

GND1 O

VREG

E@f‘

V_BATT

VREG

25 Internal power
supply
Input-side internal power supply
pin
FET_G
26
MOS FET control pin for switching
controller
27

on pin for s
controll

Zﬁ@ GND1

supply

Internal power

www.rohm.co.j
© 2014 ROHM Co Ltd. All rights reserved. 32/36

TSZ22111 « 15« 001

TSZ02201-0818ABH00080-1-2

25.Dec.2015 Rev.002
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Operational Notes

1.

10.

11

Reverse Connection of Power Supply

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.

. Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines ef the digital
and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting theganalog 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 time, even 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_awvoid flictuations in the small-signal
ground caused by large currents. Also ensure that the ground traces of externalgomponents do not cause variations on
the ground voltage. The ground lines must be as short and thick as possibl€ to,reduceine impedance.

Thermal Consideration

Should by any chance the power dissipation rating be exceeded, the, rise in temperaturefof_the chip may result in
deterioration of the properties of the chip. The absolute maximum rating.ofithe Pd stated in(this specification is when the
IC is mounted on a 70mm x 70mm x 1.6mm glass epoxy board.In ease of exceedinguthis abSolute maximum rating,
increase the board size and copper area to prevent exceedingghe Pd rating.

. Recommended Operating Conditions

These conditions represent a range within which the expected characteristics (of.the IC, can be approximately obtained.
The electrical characteristics are guaranteed under the‘conditions of each parameter.

Inrush Current

When power is first supplied to the IC, it isgpossiblejthat the internal fegic may be unstable and inrush current may flow
instantaneously due to the internal powering sequence and delays, espectially if the IC has more than one power supply.
Therefore, give special consideration to pewer coupling capacitanee, gpower wiring, width of ground wiring, and routing of
connections.

Operation Under Strong Electromagnetic Field
Operating the IC in the presence of@ strong electromagnetic field may cause the IC to malfunction.

Testing on Application Boards

When testing theIC on af application board, eonnecting a capacitor directly to a low-impedance output pin may subject
the IC to stresst Always‘discharge capacitors €ompletely after each process or step. The IC’s power supply should always
be turned off completely,before conneetingyor removing it from the test setup during the inspection process. To prevent
damage from statie discharge, ground the’1@fduring assembly and use similar precautions during transport and storage.

Inter-pindShort and MountingiErrers

Ensuré'that the direction and positian are correct when mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearly 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
unintehtional solder bridge deposited in between pins during assembly to name a few.

-Unused Input Terminals

Input terminals 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 terminals should be connected to the power
supply or ground line.
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Operational Notes — continued

12.Regarding Input Pins 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 re

in mutual
interference among circuits, operational faults, or physical damage. Therefore, conditions that ca se diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to e) should be
avoided.
‘ Resistor ‘ Transistor (N
Pin A PinB c
(( P
B ) Pin A
et P pg
NN 1 NN A& Parasitic NG £
& ) _Elements J]f;t— ~t---' \ pParasitic
A P Substrate ' ' P Elements
JT— GND — GND
Parasitic Parasitic
Elements Elements
Figure 47. Example of@ic IC Structur
13. Ceramic Capacitor
When using a ceramic capacitor, determine the tric” constant i change of capacitance with

temperature and the decrease in nominal capacita DC bias and o

<

Ordering Information

B M 6 0 O CE2
]
Part Number Rank

C:Automotive
Packaging and forming specification
E2: Embossed tape and reel

Markir°ram

SSOP-B28W (TOP VIEW)

Part Number Marking
BM60054
LOT Number
£
O .
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BM60054FV-C Datasheet
Physical Dimension, Tape and Reel Information
Package Name SSOP-B28W
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Drawing No. ;EX072—-5001
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Tape

Embossed carrier tape

Quantity

1500pcs

Direction of feed

E2
The direction is the pin 1 of product is at the upper left when you hold
reel on the left hand and you pull out the tape on the right hand
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Reel Pin1 Direction of feeq
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BM60054FV-C Datasheet

Revision History

Date Revision Changes

10.Apr.2015 001 New Release

Page 7 Adding UL1577 Rating Table

Pagel5 Misprint correction of Description of Pins and Cautions on Layout of Board (7)FLT

Pagel7 Misprint correction of Description of Functions and Examples of Constant Setting
(1)Miller Clamp Function

25.Dec.2015 002
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Datasheet

Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (Note 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 systeém. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at ygur ownyresponsibilities, 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/fsafety measures:

[a] Installation of protection circuits or other protective devices to impfeve 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 envirohments or conditiops, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable fof anyydamages, expensesorlosses arising from the
use of any ROHM'’s Products under any special or extraordinaryenvironments or conditions._df'you intend to use our
Products under any special or extraordinary environmentsamconditions (as exenmplified 9elow), your independent
verification and confirmation of product performance, reliability,«etey prior to use, mdst be necessary:

[a] Use of our Products in any types of liquid, includingiwater, oils, chemicalSpand 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 Rroducts are expose@d'to,sea wind or corrosive gases, including Clz,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the, Products are exposg@ 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 coatingmimatefials

[g] Use of our Products without cleaning‘residue of flux (€ven'ifgyou use no-clean type fluxes, cleaning residue of
flux is recommended); or Washing our Productsiby, usingvater or water-soluble cleaning agents for cleaning
residue after soldering

[h] Use of the Products in_placesssubject to dewicondensation

4. The Products are not subjectitoradiation-proof design.
5. Please verify and confirm eharacteristics of thefinal or mounted products in using the Products.

6. In particuldr, if @ transient load (a largepamount of load applied in a short period of time, such as pulse. is applied,
confirmation of performance charagteristies after on-board mounting is strongly recommended. Avoid applying power
exceeding normabrated power; exceeding the power rating under steady-state loading condition may negatively affect
produetyperformance andgeliability:

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.003
© 2015 ROHM Cao., Ltd. All rights reserved.



Datasheet

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 dischargef Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maxifsumirating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human bodyi/ 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 storeddn the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2;°H2S,"NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by RQHM
[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 soldefability ‘before using Produets_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:aysymbol. 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. Bakinggis required before using Products of
which storage time is exceeding the recommended sterage time peria@.

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

Precaution for Disposition
When disposing Products please disposeithem properly using,an authorized industry waste company.

Precaution for Foreign Exchange,and Foreign Tgade act

Since concerned goods miight'be fallen under listedtitems of export control prescribed by Foreign exchange and Foreign
trade act, please consultiwith' ROHM in case of export.

Precaution Regarding Intellectual Propérty Rights
1. All information and data including (butfnet 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 pdrtyaregarding such information or data.

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

3 “Nolicense, 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.003
© 2015 ROHM Cao., Ltd. All rights reserved.
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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 an 'y way responsible or liable for failure, malfunction or accident arising from the use of a ny
ROHM'’s Products against warning, caution or note contained in this document.

2. All information contained in this docume nt is current as of the issuing date and subj ect to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the la test information with a ROHM sale s
representative.

nt that all
onsible or
rs of or

3. The information contained in this doc ument is provided on an “as is” basis and ROHM does not w.
information contained in this document is accurate an d/or error-free. ROHM shall not be in any way
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccur
concerning such information.
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