ROHM Datasheet

SEMICONDUCTOR

600V High Voltage
3 Phase Bridge Driver

BS2130F-G
General Description Key Specifications
The BS2130F is a monolithic bridge driver IC, which can m High-side floating supply voltage: 600V
drive N-channel power MOSFET and IGBT driver in 3 ®  Qutput voltage range: 11.5 ~ 20V
phase systems with bootstrap operations. B Min Output Current lo+/lo-: 200mA/350mA(Typ)
The floating channel can be used to driven an N-channel B OCP detect voltage 0.46V(Typ)
power MOSFET or IGBT in the high side configuration m  OCP blanking time 150ns(Typ)
which operates up to 600V. B Turn On/Turn Off: 630/580ns(Typ)
The logic inputs can be used 3.3V and 5.0V. B Offset supply leakage current: 50pA (Max)
To provide a protection circuit, the device Includes an B Operating temperature range: -40°C ~+125°C
Under Voltage Lockout (UVLO) circuit and an Over
Current Protection (OCP) circuit. Package W(Typ) x D(Typ) x H(Max)
The UVLO circuit prevents malfunction when VCC and SOP-28 18.50mm x 9.90mm x 2.41mm
VBS are lower than the specified threshold voltage.
Features
B Floating Channels for Bootstrap Operation to +600V
B Gate drive supply range from 11.5V to 20V
B Built-in Under Voltage Lockout for Both Channels
B The device includes an Over Current Protection circuit
B Built-in Enable Channel (EN) which enable I/O
functionality
B Built-in FAULT Channel (/FAULT) which indicates over
current and under voltage
B RCIN Channel can determine the OCP holding time
by external resistance and capacitance
B 3.3V and 5.0V input logic compatible
B Qutput in phase with input
Applications
B MOSFET and IGBT high side driver applications
Typical Application Circuit
N Up to 600V
o vce
O—— HIN1,2,3 VB1,2,3 l—’
0—LIN1,2,3 HO1,2,3—— ::L —
TO LOAD
4 O—— FAULT VS1,23 )
-T- [¢)
§ o—EN o
< '_’
ROIN LO1,2,3 :j—
p— —— ITRIP com
T 11vss é‘

Figure 1. Typical Application Circuit

OProduct structures : Silicon monolithic integrated circuit OThis product is not designed for protection against radioactive rays
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BS2130F-G Datasheet

Pin Configuration

(TOP VIEW)
1 —vece . U vBi— 28
2 —un Hot— 27
3 —Hn2 vsi— 26
4 —HN3 Nc— 25
5 —um ve2— 24
6 —un2 Ho2— 23
7 C—un3 vs2[— 22
8 [JFAULT NCc[— 21
9 [CJITRIP vB3[— 20
10 ——EeN HO3[— 19
11 CRcIN vs3[— 18
12 Cjvss NC[— 17
13 Ecom Lol 16
14 T Lo3 Lo2— 15
Figure 2. Pin Configuration
Pin Description
Pin No. Symbol Function
1 VCC Low side supply voltage

2,3,4 HIN1,2,3 | Logic input for high side gate driver outputs (HO1,2,3), in phase

5,6,7 LIN1,2,3 | Logic input for low side gate driver outputs (LO1,2,3), in phase

8 /FAULT | Indicates over current or low side undervoltage (negative logic, open-drain output)
9 ITRIP Analog input for over-current shutdown, activates FAULT and RCIN to VSS

10 EN Logic input to enable I/O functionality (positive logic)

11 RCIN External RC-network to define FAULT clear delay after the troip

12 VSS Logic Ground

13 COM Power Ground

14,15,16 | LO1,2,3 | Low side gate drive outputs

18,22,26 | VS1,2,3, | High side floating supply return

19,23,27 | HO1,2,3 | High side gate drive outputs

20,24,28 | VB1,2,3 | High side floating supply

17,21,25 N.C Non-Connection
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BS2130F-G

Datasheet

Block Diagram

J] VB1

INPUT —
HINT [ NOISE H  puse | Vss/co W
FILTER DEAD TIME & GENERATOR LEVEL DETEGT
SHOOT- SHIFTER HV
THROUGH LEVEL | pecer R Q DRV ] HoO1
= INPUT PREVENTION VSS/COM SHIFTER sr | PuLsE R
LIN1 I: NOISE LEVEL FILTER s
FILTER SHIFTER
[] vst
S VB2
INPUT —
HIN2 [ NOISE puLse | Vss/co W
FILTER DEAD TIME & GENERATOR LEVEL DETECT
_ SHIFTER HV
o A v R Q DRV ] HO2
THROUGH LEVEL | peoer =
= INPUT PREVENTION VSS,/COM SHIFTER ser | PULSE
LIN2 |: NOISE LEVEL FILTER S
FILTER SHIFTER
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_ SHIFTER HV
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= INPUT PREVENTION VSS/COM SHIFTER et PULSE
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INPUT €7 I/
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Figure 3. Functional Block Diagram
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BS2130F-G

Datasheet

Absolute Maximum Ratings

(Unless otherwise specified: All voltages are absolute voltages referenced to VSS. VSS=0V, Ta=25"C)

Parameter Symbol Min Max Unit

High side offset voltage Vs Vg-25 Ve+0.3 \Y

High side floating supply voltage Ve Vcom-0.3 Vcom+625 \

High side floating output voltage HO Vho Vs-0.3 Ve+0.3 \

Low side and logic fixed supply voltage (VCC vs. VSS) Vee -0.3 +25 \

Low side and logic fixed supply voltage (VCC vs. COM) Vcecom -0.3 +25 \

Low side output voltage LO (LO vs. COM) Vio -0.3 Vcecow+0.3 \

Logic input voltage HIN, LIN, EN ViN -0.3 Vce+0.3 \Y

FAULT output voltage VELr -0.3 Vce+0.3 \%

RCIN input voltage VReiN -0.3 Vce+0.3 \Y

ITRIP input voltage ViTrip -0.3 Vce+0.3 \

Power ground Vcom -5.5 +5.5 \%

Allowable offset voltage SLEW RATE dVs/dt - 50 Vins

Junction temperature Tjmax - 150 °C

Storage temperature Tstg -55 +150 °C

Thermal Resistance™°* "
Thermal Resistance (Typ) .
Parameter Symbol 1Moo 9 ’ 252p e 9 Unit

SOP28
Junction to Ambient Bua 136.9 88.6 °C/W
Junction to Top Characterization Parameter*¢? Wi 19 15 °C/W

(Note 1)Based on JESD51-2A(Still-Air)

(Note 2)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 3)Using a PCB board based on JESD51-3.

Mtggﬁ:ew;?gogr d Material Board Size
Single FR-4 114.3mm x 76.2mm x 1.57mmt
Top
Copper Pattern Thickness
Footprints and Traces 70um

(Note 4)Using a PCB board based on JESD51-7.

Layer Number of . .
Measurement Board Material Board Size
4 Layers FR-4 114.3mm x 76.2mm x 1.6mmt
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70um 74.2mm x 74.2mm 35um 74.2mm x 74.2mm 70um
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BS2130F-G

Datasheet

Recommended Operating Ratings

(Unless otherwise specified: All voltages are absolute voltages referenced to VSS. VSS=0V)

Parameter Symbol Min Max Unit
High side floating supply offset voltage (VS vs. COM) Vs - 600 \Y
High side floating supply voltage (VB vs. VS) Ve 11.5 20 \
High side floating output voltage (HO vs. VS) Vho 0 Ve \
Low side supply voltage (VCC vs. VSS) Vee 11.5 20 \Y
Low side supply voltage (VCC vs. COM) Vcecom 11.5 20 \
Low side output voltage LO (LO vs. COM) Vio 0 Vecoom \Y
Logic input voltage HIN, LIN, EN ViN 0 Vee \
FAULT output voltage VELr 0 Vee v
RCIN input voltage VReiN 0 Vece \Y
ITRIP input voltage ViTrip 0 Vee \Y
Power ground Vcom -2.5 +2.5 \
Ambient temperature Ta -40 +125 °C
Static Logic Function Table
VvCC VBS RCIN ITRIP EN FAULT HO1,2,3 LO1,2,3
<VCCUV- X X X X 0 0 0
15V <VBSUV- X ov 5V High-Z 0 LIN1,2,3
15V 15V X >VITTH. 5V 0 0 0
15V 15V <Vroine oV 5V etV giere gt
15V 15V >VReiNe oV 5V High-Z HIN1,2,3 LIN1,2,3
15V 15V >VReiNe ov ov High-Z 0 0

(Note 1) State after the OCP. Because the latch circuit is not reset, the OCP state is maintained.
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BS2130F-G Datasheet

DC Operation Electrical Characteristics
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vss=Vcom, CL=1000pF)

Limits ) .
Parameter Symbol - Unit Conditions
Min Typ Max
Vccle.md VB§ supply undervoltage Vecuvs 96 104 112
positive going threshold Vasuvs
Vee apd VBS_ supply undervoltage Veeouv- 8.6 94 102 Vv
negative going threshold Vasuv-
Ve supply undervoltage lockout Veecuvn ) 10 }
hysteresis VasuvH '
Offset supply leakage current Ik - - 50 Vg = Vg = 600V
A
Quiescent Vgs supply current lass - 60 120 Vin=0Vor5V
Quiescent Ve supply current lace - 0.7 1.3 mA Vin =0V or 5V
Logic “1” input voltage Vin 2.6 - -
Logic “0” input voltage Vi - - 0.8
\
EN positive going threshold Vens - - 2.6
EN negative going threshold VEn- 0.8 - -
RCIN positive going threshold VReins - 8 -
\
RCIN hysteresis VReiNHYS - 3 -
ITRIP positive going threshold Vit he 0.437 0.46 0.483
\
ITRIP hysteresis Vit Hys - 0.07 -
ngh level output voltage, Vee (VBS) -Vo Vou - - 14
\ lo = 20mA
Low level output voltage, Vo VoL - - 0.6
Logic “1” input bias current Iins - 100 150 Vin=3.3V
Logic “0” input bias current Iin- - - 1.0 uA Vin=0V
ITRIP input bias current liraip - 1 2 Virrp = OV or 3.3V
Output high short circuit pulse current | 120 200 . Vo =0V
utput high short circuit pulse curre [oN A Pulse Width <10us
m
Output low short circuit pulsed current I 250 350 - Vo = 15V
utputlow short cireult pulsed cu o Pulse Width <10ps
RCIN input bias current lrcin - - 1 HA
RCIN low on resistance Ron_Rein - 50 100 Vgein = 0.5V
Q
FAULT low on resistance Ron_rFauLt - 50 100 Veaur = 0.5V
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BS2130F-G

Datasheet

AC Operation Electrical Characteristics
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vss=Vcom, CL=1000pF)

Limits ) -
Parameter Symbol - Unit Conditions
Min Typ Max
Turn-on propagation delay ton 480 630 780 Vs =0V, Viy=0V &5V
Turn-off propagation delay Lot 430 580 730 Vs =0V or 600V, Viy =0V&5V
Turn-on rise time tr - 125 190 Viy=0V &5V
Turn-off fall time t - 50 75 Viy=0V &5V
EN low to output shutdown propagation - 430 580 730 Viy Vi = OV & 5V
delay
ITRIP to output shutdown propagation _— 500 750 1000 Virep = 5V
delay
ns
ITRIP blanking time toi 100 150 - Virrip = 5V
ITRIP to FAULT propagation delay trr 400 600 800 V|Tn|p =5V
Input filter time (HlN,LlN) tFILIN 100 200 - V|N =0V &5V
Enable input filter time trLTEN 100 200 - Vin=0V &5V
Dead time DT 250 300 450 Vin=0V & 5V
Delay matching, HS & LS turn-on/off MT - - 150
FAULT clear time trLToLR 1.3 1.65 2.0 ms RCIN:R=2MQ, C =1nF
www.rohm.com
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BS2130F-G

Datasheet

Typical Performance Curves

(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)
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Figure 4. Vcc UVLO - Ta Figure 5. Vgs UVLO - Ta
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Figure 7. Offset supply leakage current — Ta

Figure 6. Offset supply leakage current - Vs
(Ve=Vs=600V)

(Ve=Vs)
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BS2130F-G Datasheet

Typical Performance Curves
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)
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Figure 8. Quiescent Vcc supply current - Ve Figure 9. Quiescent V¢ supply current — Ta
(Vee=15V)
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Figure 10. Quiescent Vgs supply current - Vs Figure 11. Quiescent Vgs supply current — Ta
(Ves=15V)
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BS2130F-G Datasheet

Typical Performance Curves
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)
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-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Ambient Temperature[2C] Ambient Temperature[2C]
Figure 12. Logic “1”/70” Input Voltage HIN - Ta Figure 13. Logic “1”/’0” Input Voltage LIN - Ta
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Figure 14. Logic “1” Input bias current - VIN Figure 15. ITRIP threshold Voltage - Ta
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BS2130F-G

Datasheet

Typical Performance Curves
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)
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Figure 16. High Level Output Voltage - Ta
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Figure 18. RCIN low on Resistance - Ta
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Figure 17. Low Level Output Voltage - Ta
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Figure 19. FAULT low on Resistance - Ta
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BS2130F-G Datasheet

Typical Performance Curves
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)
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Figure 20. HO Turn on/off Propagation Delay - Ta Figure 21. HO Rise/Fall Time — Load Capacitance
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Figure 22. LO Turn on/off Propagation Delay - Ta Figure 23. LO Rise/Fall Time — Load Capacitance
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BS2130F-G

Datasheet

Typical Performance Curves

(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)
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Figure 27. ITRIP to Output Shutdown
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BS2130F-G Datasheet

Typical Performance Curves
(Unless otherwise specified: Ta=25°C, Vcc=15V, Ves=15V, Vs=Vpenp=Venp, CL=1000pF)

1000 5
RCIN : R=2MQ,(=1nF
800 4
a
£
3 60 3
a z
s H
‘g -
2 400 2
g
o
200 1
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Ambient Temperature[2C] Ambient Temperature[2C]
Figure 28. ITRIP to FAULT Propagation Delay - Ta Figure 29. FAULT clear time - Ta
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BS2130F-G Datasheet

Timing Chart
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Figure 30. Timing Chart
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BS2130F-G Datasheet
Timing Chart
HIN
LIN —
EN — - ;
) Shutdown f
HO
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Figure 31. Timing Chart
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Figure 32. VCCUVLO Timing Chart
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BS2130F-G Datasheet

Over Current Protection
As soon as ITRIP voltage is exceeded the threshold voltage 0.46V (typ), impedance of the /FAULT pin is lowered and
the RCIN pin turns off.
ITRIP blanking time 150ns (typ) prevents the driver to detect false over-current events which caused by noise. However, it is
recommended to add a ceramic capacitor near the ITRIP pin.
FAULT clear time is determined by external resistance and capacitance. As soon as RCIN voltage exceeds the rising
threshold voltage 8V (typ), the FAULT condition releases. Also, RCIN voltage operates in the voltage less than Vrcins.-
However, it is not returned with stopping when ITRIP voltage goes over threshold voltage Vir 1. once. RCIN voltage to
recommend at the normal operation is more than Vrcins.-

Vir The =of-
Virrw [~
ITRIP
T S
RCIN
trLt
S e
trLtor
FAULT High-Z *| High-Z
Yrrip
S e
HO/LO
HIN/LIN

Figure 33. OCP Detection Timing Chart

The over current detection value is determined by R1, R2, and RS, which are connected to ITRIP pin as Figure 34.
The over current detection value is determined by the following equation.

Ri+R2 9 VirTHs
Rz Rs

locp =

locp : over current detection value
VirHs+ : OCP threshold voltage 0.46V(typ)
Rs : Shunt resistor

The reset time of FAULT is determined by the following equation.

\4 .
trLTelR = -(Rrein X Crein) X In(1- _YVRCIN,TH+ )
Vee

Vreins : RCIN threshold voltage 8V(typ)

N Up to 600V
o VCC
O— HIN1,2,3 VB1,2,3 —
— ::I 3
o0— LIN1,2,3 HO1,2,3— p—
TO LOAD
— O— FAULT VS1,2,3 0
T : )
H éRRCIN: o0—— EN o
1 o
: : ROIN LO1,2,3
i__CRCN =

1 ITRIP COM

___________

'
! R1 H
L RS,
| '
! i
H '

Figure 34. OCP Detection Schematic
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BS2130F-G Datasheet

Application Components Selection Method

(1) Gate Resistor
The gate resistor Raonof is selected to control the
switching speed of the output transistor. The
switching time (tsw) is defined as the time spent to
reach the end of the plateau voltage, so the turn on
gate resistor Rgon) can be calculated using the
following formulas.

N

T+ 9 RG(off)
g, =Gt (1)
Low
v v BS2130F
BS Y gs(th)
RTOTAL(an) = Rpon + RG(un) = — (2)
Ig Figure 35. Gate Driver Equivalent Circuit
t Qgs + di _ (Qgs + di )(Rpon + RG(on) ) (3)
" 1 g (VBS - Vgs(th))

Turn on gate resistor value can be changed to
control output slope (dVs/dt). While the output
voltage is non-linear, the maximum output slope
should have a value near that of the following

Ciss is the feedback capacitance.

tsw

formula:
dvs I,
——=_r 4) |
dt  C |
where: i
i

Substituting the value of Iy from equation (2) into
equation (4) yields the following formulas.

Figure 36. Gate Charge Transfer Characteristics

_ VBS _Vgs(rh)

RTOTAL(O") = Rpon + RG(O") - —d‘/s (5)
rss ?
Ve =V
Room = Bs—dg;;f:) Ry ©
CM? T
Codt

When the gate driver output is in off state, other dVs/dt may induce a drop in the gate voltage of the MOSFET, causing
self-turn-on. To prevent this, please set up the turn off resistor (Ra(or) that satisfies the following formulas.

dVs
Vestn 2 (R o1 +Rom))* I, = (R o ¥ Rgom) ng T 7
v
s(th)
Rowm = qyg ~Ruor )
e
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BS2130F-G Datasheet

(2) Bootstrap Capacitor Cgs
To reduce ripple voltage, ceramic capacitors with low ESR value are recommended for use in the bootstrap circuit.
The maximum voltage drop (AVes) that we have to guarantee when the high-side switch is in on state must be:

AV, SVCC—VF =V ©)

where:

VCC is the gate driver supply voltage,

VF is the bootstrap diode forward voltage drop, and
Vaesmin is the minimum gate-source voltage.

The total charge supplied (Qmoa) by the bootstrap capacitor should have a value near the following formulas.

Qo1 = O + U o5 + Lk + 1o + IQBS ) Thon (10)

where:

Qg is the total gate charge,

Ikas is the switch gate-source leakage current,
ILkpio is the bootstrap diode leakage current,
Ik is the level shifter circuit leakage current,
lass is the quiescent current, and

Tron is the high-side switch on time.

The bootstrap capacitor value should satisfy the following formula.

C, z% (1)
BS

However, BS2130F has a BSTUVLO function to prevent malfunction at low voltage between VB and VS.

Please ensure sufficient capacitor margin to prevent BSTUVLO malfunction.

It is not able to keep turning-on the same way as the high side switch driver because of the specifications of the
bootstrap circuits.

In addition, it is recommended to insert a 1 yF ceramic capacitor between VB and VS. This capacitor should be placed as
close as possible to these pins for noise reduction.

. |
\_/
VF Up to 600V

o VCC

O— HIN1.23 VB1,2,3—
| Ces

O0— LIN1,23 HO123

(7T

o— FAINl T VGS
- FAULT VS1,23 oTO LOAD
[e]
T o—m o
p ]
RCIN il
LO1,23

ITRIP coM

%f

Figure 37. Bootstrap Power Supply Circuit

._|
H H

(3) Input Capacitor
Mount a low-ESR ceramic input capacitor near the VCC pin to reduce input ripple.
For BS2130F, it is recommended to use a capacitor value two times larger than that of the bootstrap capacitor or more.
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(4) Input Signals Differential Atiy

The minimum differential of input signals (Atinmin) to LIN(HIN)  ——
prevent shoot-through of the MOSFETs can be 1 50%
calculated using the following formula.

|
|
Fyoug = (6, + AN ) — (L, +1,) (12) :
oot " e HIN(LIN) AL
1 50%
t, =—rx(In0.1-1n 0.9) (13) : |
LO(HO) | PELEN
7=(R,,+R;)xC, (14) %\
' toff ' ! |
ton : Turn-on propagation delay &

tort : Turn-off propagation delay
t; : Turn-off fall time

tOl'I
Rnon : On-resistance of Nch MOSFET HOLO) s |
constituting the final stage inverter Ll
Re : Gate resistor ! ]
|

C. : Load capacitor le— :

Please set up Aty that satisfies the following formulas.

tond > 0 (15) Figure 38. Shoot-Through Prevention Timing Chart
(t,, + Aty )=, +1,)>0 (16)

Aty >t —ton) +1s (17)

At niny > C i) ~ Fonging) ~ Romaxy T B ) X Cp % (In0.1-In0.9) (18)
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Overshoot / Undershoot of Output Terminal

The occurrence of overshoot / undershoot may be detected by the parasitic inductance of the bonding wire and the PCB. The

mechanism of overshoot in the switching off is Figure 40.

(1) After PchFET is turn-off, current flows from HO to VB through capacitance between G-D and G-S.

(2) The current flows from HO to VB through parasitic diode of PchFET. Forward voltage Vf of the parasitic diode is increased,
and HO voltage becomes VB+Vf. NchFET is turn-on and it is discharged to VS.

The undershoot of the switching on may be caused by the same mechanism, too.

In addition, it may be caused in low side output LO because the circuit structure is the same. The overshoot / undershoot

voltage changes by the current of the parasitic diode.

When the overshoot / undershoot voltage is large, please adjust the gate resistance to slow in order to the switching speed

and connect to reduce the parasitic inductance.

1 \/;;} a8
I Hoo e ) )
E1 = ,W D ,W Parasitic inductance of the bonding wire and PCB
L “>>7>.;\\\_> </,4’,*/

Parasitic diode and capasitance between G-S and G-D

Figure 39. Schematic with Parasitic Inductance

(1) vB ()

ON->OFF ———

]
|

Figure 40. Mechanism of Overshoot

(I)-Overshoot

D Somvid w0 00w | @M rezeny (oA, T00nwidre 70005 1T 12,5900

Figure 41. Overshoot Wave

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved. 21/27 TSZ02201-0Q3Q0BZ00520-1-2
TSZ22111 - 15 - 001 02.Feb.2017 Rev.003



BS2130F-G Datasheet

Power Dissipation
It is shown below reducing characteristics of power dissipation to mount 114.3mm X 76.2mm.
Junction temperature must be designed not to exceed 150°C.

2.0 ‘
B SOP28 Package
- D1.e8W (M4layers (114.3mm x 76.2mm x 1.6mm?)
= (@single (114.3mm x 76.2mm x 1.57mm")
215
g N
c \
2 i
- F 14mW/°C
g 1.0 @20.91W
r =
2 L
(o)
- L
°;’ r 7.3mW N\ \
o 0.5
gos ~ \\
0.0 2
0 25 50 75 100 125 150

Ambient Tempreature:Ta['C]

Figure 42. Power Dissipation

PCB Layout

1. Power GND and Logic GND
Surge voltage is caused by current of Power GND and parasitic inductance of the wire. It may cause malfunction by GND
fluctuation. It is recommended to connect Power GND and Logic GND at only a point.

2. Shunt Resistor
It is recommended to locate a shunt resistor near the external power MOSFET of low side. If the wiring is long, surge
voltage is caused by parasitic inductance. The wiring to the ITRIP should be divided near the shunt resistor.

3. ITRIP Filter Capacitor
To prevent a malfunction, it is recommended to locate a ceramic capacitor near ITRIP pin. GND of the capacitor should be
connected to Logic GND.

4. Input Capacitor and Zener Diode
An input capaciter and a zener diode, a bootstrap capacitor should be located near the pin. It is recommended to select a
low ESR capacitor such as a ceramic-type.
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I/0 Equivalence Circuits

PinNo | o Pin Equivalent Circuit PinNo | oI Pin Equivalent Circuit
vee [} 88 vee
F g
1 vce 234 |HIN123 F
LIN
12 | vss | vss 2’ & 567 |UN123 | HN [ J——w Lﬁ?
13 COM 10 EN =
2
com [] 88 vss =
VCC
i VCC
8 | /FAULT | .o
FAULT WA= 9 ITRIP ITRIP 2D
11 RCIN
A g2
T g VSs
VSS = -
)
vee —?— ve [ ] (8
& Q-
H -
18,22,26 | V51,23 | 10 LA
14,1516 | LO123 | |0 A 19,2327 | HO1,2,3
= VA
20,2428 | VB1,2,3
d-
5 2
COM 88
:9 COMV

Figure 43. /O Equivalent Circuits
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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.

2. Power Supply Lines
Design the PCB layout pattern to provide low impedance supply lines. 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.

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

4. 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.

5. Thermal Consideration
Should by any chance the power dissipation rating be exceeded the rise in temperature of the chip may result in
deterioration of the properties of the chip. In case of exceeding this absolute maximum rating, increase the board size
and copper area to prevent exceeding the Pd rating.

6. 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.

7. 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.

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

9. 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.

10. Inter-pin Short and Mounting Errors
Ensure that the direction and position are correct when 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 deposited in between pins during assembly to name a few.

11.  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.

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

13.  Area of Safe Operation (ASO)
Operate the IC such that the output voltage, output current, and the maximum junction temperature rating are all
within the Area of Safe Operation (ASO).
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Ordering Information

B S 2 1 3 0 F - GE 2
|
Part Number Package Package Material
F: SOP-28 G: Halogen Free type

Packaging and forming specification
E2: Embossed tape and reel

Marking Diagram

SOP28 (TOP VIEW)

Part Number Marking
/
BS2130F LOT Number
/7
/
1PIN MARK
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Physical Dimension, Tape and Reel Information
Package Name

SOP28

'8 s : 2
(Max 18.85 (include. BURR))

HAAAAAAARAAARAH

S\

1
My Qg
o o
H| H
] i =
1O .
Lo}
J ~—
| "HFHHHEEOBAEEHR =
0.15+0 .1
© .
N W [/
o Iy B - - (UNIT : mm)
R 1l 0.4%0 .1 ST PKG : S0P28
= Drawing No. : EX119-5001

< Tape and Reel Information >

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

RERE

Direction of feegi

0

'\\
\

N

Reel
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Revision History

Date Revision Changes
26.Feb.2016 001 New Release
Addition P.21 Overshoot / Undershoot of Output Terminal
31.May.2016 002 Correction of errors P.4, P23
Change of Absolute Maximum Ratings notation
02.Feb.2017 003 (Notation only. There is no change in rating)
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Notice

Precaution on using ROHM Products
1. Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment,
OA equipment, telecommunication equipment, home electronic appliances, amusement equipment, etc.). If you
intend to use our Products in devices requiring extremely high reliability (such as medical equipment (Note R transport
equipment, traffic equipment, aircraft/spacecraft, nuclear power controllers, fuel controllers, car equipment including car
accessories, safety devices, 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.
(Note1) 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 designed and manufactured for use under standard conditions and not 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 (even if you use no-clean type fluxes, cleaning residue of
flux is recommended); 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-PGA-E Rev.003
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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 CI2, H2S, NH3, 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.
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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.

3. The information contained in this doc ument is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate an d/or error-free. ROHM shall not be in an y 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.
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