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Usage Precautions

Thank you for purchasing this Shindengen product.
Note the following warnings and precautions to ensure safety when using this IC:

Indicates hazards that may lead to death, serious injury, or serious damage to property if the product
is handled improperly.

Indicates hazards that may lead to minor injury or minor damage to property if the product is handled
improperly.

This IC is intended for use in general electronic devices (e.g., office equipment, communications
equipment, measuring equipment, domestic appliances). Consult with Shindengen before use with or
in equipment other than general electronic devices, such as mission critical control equipment for
which malfunctions or failure may result in death. Examples include medical equipment, aerospace
equipment, rail vehicles, transportation equipment (e.g., vehicle-mounted, marine), and nuclear
power control equipment.

Never attempt to repair or modify the product. Doing so may lead to serious incidents or injury,
including electric shock, damage, fire, and malfunctions.

Excessively high or reduced voltages may be produced at the output pins under abnormal conditions.
Protective measures (e.g., overvoltage and overcurrent safeguards) should be incorporated into the
final device to protect against possible load malfunctions and damage under abnormal conditions.
Check the polarity of the input and output pins to ensure that they are properly connected before
supplying power.

Failure to do so may trip protective devices or lead to smoke generation or fire.

Use only the specified input voltage. Be sure to incorporate protective devices on the input line.
Failure to do so may result in smoke generation or fire under abnormal conditions.

In the event of a failure or abnormality during use, shut off the input immediately and turn off the
power supply, then promptly contact Shindengen.

® The information provided in this document is subject to change without notice to reflect product improvements.

® Confirm the issued specifications for the product before use.

® Every care has been taken to ensure the accuracy and reliability of the detailed information provided in this document. Nevertheless,
Shindengen rejects all liability for any damages or infringement of patents or other rights resulting from the use of this document.

® This document does not confer rights to use patents or other rights of third parties or Shindengen.

® Unauthorized reproduction of this document in part or its entirety is strictly prohibited.

A Shindengen strives constantly to improve product quality and reliability. Nevertheless, all semiconductor products are subject to
occasional failures or malfunctions. The user is responsible for safeguarding against accidents causing injury or death, fire, and social
harm through the use of redundancy, fire prevention, and malfunction prevention design.

A The Shindengen semiconductor products described in this document are not designed or manufactured for use in equipment or

systems subject to the stringent quality and reliability requirements of mission critical systems in which failures or malfunctions may
pose direct consequences for human life or health. Be sure to contact Shindengen and obtain confirmation before using the products in
equipment or systems corresponding to the following specific applications:

Transportation equipment (e.g. vehicle-mounted, marine), core communications equipment, traffic signal

Special uses ) ) , , _ . . : )
equipment, disaster prevention/security equipment, various safety equipment, medical equipment, etc.

Specified Nuclear power control systems, aviation equipment, aerospace equipment, undersea repeater equipment, life
uses support equipment, etc.

A Even for IC products that do not correspond to the specific uses described herein, contact Shindengen if you intend to use our

products in equipment or systems designed to operate continuously or equipment or systems that require long product service life.
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1. Overview

MF2007SW is an IC designed to drive external N-channel MOSFETSs. This section presents two typical examples of
its use.

M Ideal diode (always on) type

ECU uses the output from a battery or DC/DC converter as an input source. Typically, diodes are used as input reverse
connection and reverse current prevention elements. However, as electronic devices have become multifunctional,
thereby requiring larger currents, concerns have emerged about increased voltage drops (VF) and heat buildup of diodes.
Replacing these conventional diodes, a configuration of “one N-channel MOSFET + MF2007SW” can serve as an
ideal diode that achieves low Vr and low heat buildup.

M Solid state relay (bidirectionally conducting on-off switch) type

Mechanical relays have conventionally been used as bidirectional on-off switches. Bidirectional switches are now
required to be small and lightweight. A configuration of “two N-channel MOSFETs + MF2007SW,” smaller and more
lightweight than a mechanical relay, can serve as a solid state relay that provides reliable on-off switching and
quick response.

I 1.1 Features

@ The reverse current prevention function is enabled or disabled by the high-low control of the REV pin.

@® Maximum input rating: 70 V

@ Standby current: 5 pA (* This is the current flowing into the IC when shutdown is initiated by turning the EN pin low.)

® Gate voltage (charge pump voltage): 12.5V

® Gate charging current: 75 pA

@ Gate discharge current at fast charging initiated by reverse current detection: 0.7 A (typ)

® Gate discharge current at fast charging with EN = low: 0.12 A (typ)

@ Incorporates a built-in capacitor for charge pump; requires no external capacitor.

® Monitors potential differences between the drain and the source of an external N-channel MOSFET (VDS monitoring
function); enables shutdown in the event of an abnormality using the IDET pin, which outputs analog signals based
on the monitored potential differences.

@ Protected against input reverse connection up to 40 V

@ Enables smaller device dimensions by adopting a small SMD package (TSSOP10: 3 mm % 4.9 mm).

® AEC-Q100 compliant

H Ideal diode type

® Ve (voltage drop), loss and heat buildup are significantly reduced compared to a Schottky barrier diode.
@ If the reverse current comparator detects a reverse current, Gate fast discharge function (0.7 A) is activated to turn
off the external N-channel MOSFET.

H Solid state relay type

® Smaller in size, more lightweight and quicker in response as well as enabling on-off operation with less chattering
than mechanical relays

@ If an abnormal operation is detected, the EN pin is driven low, which activates Gate fast discharge function (0.12 A)
and immediately stops operation.
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I 1.2 Basic connection examples

H Ideal diode type

—— | VIN NC GATE OUT | —
SOURCE

MF2007sw

—t] EN REV NC GND IDET

Ca0,0,0,0
GND
1T : ©

The external N-channel MOSFET is always on during normal operation (no protection activated). This means an ideal
diode type can be used with the EN pin/REV pin left open.

M Solid state relay type

O
N4 LOAD
(SH® 69 O
—— | VIN NC GATE OUT
SOURCE
MF2007 SW
—l EN REV NC GND IDET
020202020
High-low
control
GND
O

_T_ L L 2

To use as a solid state relay type, connect two external N-channel MOSFETs back-to-back in a common source
configuration. On-off switching of the external N-channel MOSFETs is driven with high-low control of the EN pin.
Short-circuit the REV pin to GND.
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I 1.3 Block diagram

VIN SOURCE GATE
}/ OVvP
e ‘
® L ]

ON/OFF

EN

i
W
1

e Charge L_| Charge
0sC Pump1 Pump?2

REV @
ICI | GND j+ TDET
nterna
Reverse IDET
current
— VIN ¢ ouT
GND
I 1.4 Pin assignment and functions
Pin Symbol Function
number
Vs ~ 1 ouT Output pin
ouT[—] D — 5 5 GATE | External MOSFET gate
GATE ] —1GN\D connection pin
External MOSFET source
SOURCE NC 3 SOURCE connection pin
Nl — ——1REV 4 NC No connection
VINC] [ JEN
g J 5 VIN Power supply pin
6 EN Standby signal input pin
7 REV Reverse gurrent protection
selector pin
Package (House Name): TSSOP10 8 NC No connection
9 GND Ground pin
10 IDET E_xternal MOSFET .potential
difference output pin
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I 1.5 Appearance and dimensions (package: TSSOP10)
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I 1.6 Land pattern example
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2. Specifications

I 2.1 Absolute maximum ratings
Unless otherwise specified, Tj = 25 °C
Item Symbol Standard value Unit

Input/output ratings
VIN / SOURCE - GND VIN / SOURCE -40 to 70 \Y
EN/REV - GND EN/REV -0.3 to 70 \
VIN - OUT VIN_OUT -70 to 70 \
VIN - SOURCE VIN_SOURCE -0.3 to 70 \
OUT - GND OUT / GATE -2 to 70 \
GATE - SOURCE GATE_SOURCE -0.3 to 15 \
IDET - GND (*1) IDET -0.3 to 5.5 \
Thermal ratings
Permissible loss Pd 1.08 w
Junction temperature Tj -40 to 150 °C
Storage temperature Tstg -55 to 150 °C
Thermal rating (thermal resistance)

Rth(j-a) 115 °C/IW
Thermal resistance (*2)

Rth(j-c) 30 °C/IW

*1 ... Except when a negative voltage is applied to VIN

*2 ... Values measured when the dimensions of the glass-epoxy substrate are 114.3 x 76.2 mm with a thickness of
1.6 mm and the dimensions of the inner-layer copper foil are 74.2 x 74.2 mm with a thickness of 35 pm

Avoid exceeding the absolute maximum ratings when using this IC. Exceeding these ratings may damage the IC. The
failure mode (open-circuit or short-circuit fault) will not be identifiable if an IC is damaged. Take the appropriate physical
safety measures, including adding a fuse.

I 2.2 Recommended operating conditions

Item Symbol Recommended value Unit
VIN / SOURCE — GND (*3) VIN / SOURCE 4.5 to 65 \Y
OUT - GND (*3) ouT -0.3 to 65 \Y,
Junction temperature Tj -40 to 125 °C

*3 ... Except when a negative voltage is applied to VIN
CAUTION: Use outside the range of recommended operating conditions can affect reliability.

Contact the Shindengen sales department in advance for any applications that require constant use at
temperatures above 105 °C.
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I 2.3 Electrical characteristics

Unless otherwise specified, VIN =12V and Tj =25 °C

Standard value
Item Symbol Condition Unit
MIN | TYP | MAX
VIN pin
Charge pump supply
Vep_stt - 3.0 4.5 \Y,
start voltage
Charge pump supply Vep. stp _ 25 4 Vv
stop voltage
Operating current _
at shutdown lq EN=0V 1 5 10 WA
_Current consumptlon lop 100 200 280 bA
in normal operation
EN pin
Booster circuit
start threshold Venst 0.9 1.5 21 \Y
Booster circuit
stop threshold Vensp 0.6 1.0 1.4 \%
EN pin discharge current IEN EN=0V 0.1 0.4 1.0 MA
Gate pin
Boosting voltage Vgate 10 12.5 15 \Y,
Source current 1 Igso1 Avgate =0V 45 75 105 MA
Source current 2 Igso2 Avgate =5V 30 50 70 MA
Sink current at reverse lgsit | AVSD=0.5V = -0.1V 04 | 07 | 10 A
current protection
Off time at reverse current VIN=12V, VIN-OUT=05V = -1V,
protection Trevoff Avgate <2V, Cgate = 0 pF B 200 300 ns
Sink current at EN stop Igsi2 EN=5V=0V 0.06 | 0.12 | 0.18 A
. VIN=12V,EN=3V =0V,
Off time at EN stop Tenoff Avgate <2 V, Cgate = 0 pF - 50 100 ns
VIN=12V,0UT =0V,
On time at EN start Tenon EN=0V =3V, Avgate >0.5V, - 12 25 us
Cgate =0 pF
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Standard value
Item Symbol Condition Unit
MIN | TYP | MAX

Source pin
Shutdown current Isq VIN=SOURCE=12V,EN=0V - 0 1 MA
Out pin
Shutdown current log VIN=OUT=12V,EN=0V - 0 1 MA
Current at reverse Ir VIN =-12V,0UT =12V - 0 1 WA
connection
Reverse current protection Vrev VIN—OUT 25 A3 2 mv
threshold
IDET pin
Sink current 1 at forward . VIN=12V,OUT =115V,
voltage Idet_Si1 IDET =4V 80 110 140 MA
Sink current 2 at forward . VIN=12V,OUT =119V,
voltage Idet_Si2 IDET =4V 5 25 45 MA
Source current 1 at reverse VIN=12V, OUT =121V,
voltage Idet_So1 IDET=0V 5 25 45 MA
Source current 2 at reverse VIN=12V, OUT =125V,
voltage Idet_So2 IDET =0V 70 100 130 A
Current amplification factor gm VIN-OUT =-0.1Vt0 0.1V 180 220 | 260 WA
REV pin
Reverse current protection Vrevst 0.9 15 21 Vv
start voltage
Reverse current protection Vrevsp 06 10 14 Vv
stop voltage
REV pin discharge current Irev EN=0V 0.1 04 1.0 MA
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3. Functions and electrical characteristics of individual pins

[ 3.1 viNpin

The VIN pin is used to supply power to the IC (MF2007SW). Connect the pin to the positive (+) line of the battery (power
source). Connect the VIN and Source pins to a common line in an ideal diode type and to different lines in a solid state
relay type.

Q2

LY

5—0

SOURCE

(a) Ideal diode type (b) Solid state relay type

Figure 1 VIN pin connection example

Explanations of electrical characteristics of the VIN pin

Charge pump supply start Power supply voltage at which the charge pump in the IC begins to

voltage Vep_stt operate
\c/:(:?;gz SR SUpEry Sy Vep_stp Power supply voltage at which the charge pump in the IC stops
Current consumption in normal lop Current flowing into the IC from the VIN pin, which is the power

operation source to the IC, during normal operation
Current flowing into the IC from the VIN pin at shutdown; shutdown is
performed by switching the EN pin voltage to low (see Section 3.2).

Operating current at shutdown Iq

.IEI:. https://www.shindengen.com/ Shindengen Electric Manufacturing Co., Ltd.
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I 3.2 EN pin

The EN pin functions as the standby signal pin. The built-in charge pump begins to operate when EN = high and shuts
down when EN = low. When the current consumption at the VIN pin during normal operation lop (typ) is 200 A, the
current at shutdown Iq (typ) falls to 5 pA, reducing IC current consumption when the external N-channel MOSFET is off.
A solid state relay type, when EN = high, outputs the Gate pin voltage and turns on the external N-channel MOSFET.
Use this as a relay drive pin. Since EN = high is generated by the application of a voltage via the constant current source
from the VIN pin in the IC, if shutdown by the EN pin is not required, no external voltage application is required.

Explanations of electrical characteristics of the EN pin

This is the threshold used to determine that EN = high. For EN = high,

Booster circuit start threshold Venst this must be set so that V_EN = Venst.

Booster circuit stop threshold Vensp This is the threshold used to determine that EN = low. For EN = low,
this must be set so that V_EN < Vensp.
Current flowing from the EN pin. This is the current of the constant
current source from VIN to EN in the IC. To minimize current

EN pin discharge current IEN consumption at the VIN pin, IEN is a very low current. We recommend

adding an external capacitor to the EN pin if ambient noise impairs
operational stability.

IMI:. https://www.shindengen.com/ Shindengen Electric Manufacturing Co., Ltd.
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I 3.3 Gate pin

The Gate pin functions as the gate connection pin for an external N-channel MOSFET. Output from the Gate pin is used
to turn the external N-channel MOSFET on and off. During normal operation (EN = high), the voltage between Gate and
Source Vgate (typ) is 12.5 V. The capacity required to turn off (sink current) upon reverse current detection or with the
EN pin (switched from high to low) is significantly greater than that required to turn on (source current). This enables safe
shutdown operation. During normal operation, the voltage between Gate and GND equals the sum of VIN (source) and

Vgate (see Section 3.4).

Explanations of electrical characteristics of the Gate pin

The gate-source voltage when EN = high. This is an output voltage of

Boosting voltage Vgate the charge pump in the IC.

Current value for charging Gate pin voltage via charge pump output.
SRUED EUET 2] This is the capacity at the rising edge of the Gate pin.
Source current 2 Igso2 Current value for charging Gate pin voltage when the gate-source

voltage =5 V.

Sink current at reverse current

Current value for discharging Gate pin voltage to turn off the external

rotection Igsi1 N-channel MOSFET when a reverse current is detected in an ideal
P diode type (see Section 3.5).

Off time at reverse current Trevoff Delay time from when a reverse current is detected in an ideal diode
protection type until Gate pin voltage begins to discharge (see Section 3.5).

. . Current value for discharging Gate pin voltage to turn off the external
Sl G L BN B2 =g N-channel MOSFET when the EN pin is switched from high to low.
Off time at EN stop Tenoff Delay t.lme from when the EN pin is switched from high to low until

Gate pin voltage begins to discharge.
On time at EN start Tenon Delay time from when the EN pin is switched from low to high until

charging of Gate pin voltage begins.
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I 3.4 Source pin

The Source pin functions as the source connection pin for an external N-channel MOSFET. The Source pin serves as the
reference potential for the charge pump in the IC. Thus, this pin is connected to the source of an external N-channel
MOSFET to ensure the external N-channel MOSFET can reliably be turned on and off. (For wiring, see Figure 1.)

Explanations of electrical characteristics of the Source pin

Source leakage current value when EN = low. When EN = low, the
Shutdown current Isq current is minimized by turning off the MOSFET between VIN and
Source in the IC.

I 3.5 Out pin

The Out pin functions as the connection pin on the output (load) side. This pin is used to monitor the state on the load
side. Use of this pin is effective when the reverse current detection function or the potential difference monitoring
between the drain and the source of the external N-channel MOSFET (VDS monitoring function) is used. If these
functions are not required, the pin can be left unused (open). Whether the Out pin is connected or unconnected does not
affect the IC operations, except for the IDET pin.

Explanations of electrical characteristics of the Out pin

Shutdown current loq Leakage current at the Out pin at shutdown (EN = low).
. Leakage current at the Out pin in the case of input reverse
Current at reverse connection Ir .
connection.
Reverse current protection VIN-Out potential difference when a reverse current is detected. The
P Vrev reverse current prevention function is activated when VIN-Out < Vrev

threshold

to rapidly discharge gate-source voltage (see Section 4.5).
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| 3.6 IDET pin

The IDET pin outputs the state of the potential between the drain and source of an external N-channel MOSFET. In the
IC, this pin outputs a linear current signal corresponding to the potential difference between the VIN and Out pins (see
“4.6 VDS monitoring function”). Since the signal changes linearly based on the state on the Out (load) side, it can
effectively be used to monitor load conditions. If it is not necessary to output the state of the drain-source potential of an
external N-channel MOSFET or to monitor load conditions, the pin can be left unused (open). Even if the IDET pin is left
unused, it does not affect the IC operations.

Explanations of electrical characteristics of the IDET pin

?cl)Ttl;;grrent 1at forward Idet_Si1 Sink current (inflow current) at the IDET pin when VIN-Out = 0.5 V.

i')rl‘t';g;‘”e”t ACHIECELS Idet_Si2 | Sink current (inflow current) at the IDET pin when VIN-Out = 0.1 V.

Source current 1 at reverse Source current (outflow current) at the IDET pin when Out-VIN =
Idet_So1

voltage 0.1V.

Source current 2 at reverse Source current (outflow current) at the IDET pin when Out-VIN =
Idet_So2

voltage 0.5V

T Amplification factor of the IDET current against the VIN-Out potential
Current amplification factor gm difference

The chart below shows the characteristics of sink and source currents as actual values.

IDET pin current characteristics
150
100
50 —
< 0
% .50 Idet > 0: Sink current
2 / Idet < 0: Source current
-100 >
-150 —
20 0. . 1 . . . . . . 1.
-1 0.5 0 0.5 1
OUT-VIN [V]
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I 3.7 REV pin

The REV pin enables and disables the reverse current prevention function. The function is enabled when REV = high
and disabled when REV = low. Since REV = high is brought by voltage application via the constant current source from
the VIN pin in the IC, even if reverse current prevention is required, no external voltage application is required; this pin is
unused (open, no external signal needed). If the reverse current prevention function itself is not required, short-circuit the

pin to the IC GND pin.

Explanations of electrical characteristics of the REV pin

Reverse current protection

Threshold used to determine that REV = high.

start voltage Vrevst REV = high when V_REV = Vrevst.
Reverse current protection Vrevsp Threshold used to determine that REV = low.
stop voltage REV = low when V_REV < Vrevst.
Current flowing from the REV pin; this is the current value of the
constant current source from VIN to REV in the IC. To minimize
REV pin discharge current Irev current consumption at the VIN pin, Irev is a very low current. If

ambient noise impairs stable operation, we recommend adding an
external capacitor to the EN pin.

I 3.8 GND pin

Connect the GND pin to GND of the power supply circuit. As a countermeasure against input reverse connection, an
N-channel MOSFET for reverse connection protection is placed between GND in the IC and the GND pin (see “4.7
Countermeasures against input reverse connection up to 40 V”). In normal operation (VIN > GND), the MOSFET for
reverse connection protection is on, while GND in the IC and the GND pin have the same potential.
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4. Circuit operations and functions

I 4.1 Basic operations

The MF2007SW is a control IC used to turn a high side
external N-channel MOSFET on and off. An N-channel
MOSFET is turned on or off when the gate voltage Vgs,
using the source potential as the reference, equals or
exceeds the gate threshold voltage Vth. Thus, in the IC
(MF2007SW), the charge pump (Charge Pump 1) uses
the Source pin potential as the reference potential. The
charge pump outputs the Gate drive signal (Vgate) to turn
on or off an external N-channel MOSFET.

H Ideal diode type

Combined with one N-channel MOSFET, the MF2007SW

can serve as a low loss diode (ideal diode). As shown at

right, it allows current flow in the forward direction, Batt to

LOAD, but does not allow current flow in the reverse

direction, LOAD to Batt. In the IC, VIN and Out voltages are

compared to determine whether to allow Gate output.

Depending on Gate output, the external N-channel

MOSFET is turned on or off to conduct or shut off electricity

between Batt and LOAD.

» Batt > LOAD: The N-channel MOSFET is turned on by
Gate output to conduct electricity between
Batt and LOAD.

 Batt < LOAD: Gate output stops so that the N-channel
MOSFET is turned off to shut off electricity
between Batt and LOAD.

For details, see “4.5 Reverse current prevention function.”

H Solid state relay type

Combined with two N-channel MOSFETSs, the MF2007SW
can serve as a solid state relay (bidirectional switch). As
shown in Figure 4, connecting two external N-channel
MOSFET in a common source configuration makes it
possible to conduct and shut off electricity between input
and output (Batt and LOAD) using an EN signal.

* EN = high: Gate output turns on the two N-channel
MOSFETs to conduct electricity between Batt
and LOAD.

Gate output stops so that the N-channel
MOSFETSs is turned off to shut off electricity
between Batt and LOAD.

* EN = low:

External N-channel MOSFET

Reference
potential Vgate

%(H Charge Pump1
Power supply H
MF2007SW

Figure 2 Connection with external N-channel MOSFET«

Batt ! 'J_:l:

)

O)

Compare
......... MF2007SW

Figure 3 Schematic diagram of ideal diode type «

Q2

HIGH
or
LOW

ED e

MF2007SW

Figure 4 Schematic diagram of solid state relay type «
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I 4.2 Normal start and stop

In the MF2007SW, the startup circuit is turned on when the
VIN voltage equals or exceeds the charge pump supply
start voltage Vcp_stt = 3.0 V (typ) and when the EN voltage
equals or exceeds the booster circuit start threshold Venst =
1.5V (typ). The OSC in the IC begins to oscillate and
Charge Pump 1 outputs Vgate to the Gate pin. The startup
circuit is turned off when the VIN voltage equals or drops
below the charge pump supply stop voltage Vcp_stp =2.5V
(typ) or when the EN voltage equals or drops below the
booster circuit stop threshold Vensp = 1.0 V (typ). The OSC
in the IC and Charge Pump 1 output stop.

SO

Batt &
Power
supply

HIGH

or HO—»—IEO—-
LOwW

\/

Constant
) current source

@

MF2007SW

Figure 5 Block diagram of normal start and stop

M Ideal diode type (start and stop by VIN)

Since an ideal diode type does not perform on/off driving of an
external N-channel MOSFET using the EN pin, the EN pin is left
unused, while the external N-channel MOSFET is always on
during normal operation. In the IC, a constant current source is
provided from the VIN pin to the EN pin so that the EN pin
voltage rises as the VIN pin voltage rises. Thus, the start-stop
control is implemented with the VIN pin charge pump supply
start/stop voltage.

Charge pump supply start voltage Vcp_stt = 3.0 V

Charge pump supply stop voltage Vcp_stp =2.5V

H Solid state relay type (start and stop by EN)

Unlike the ideal diode above, a solid state relay drives the on-off
switching of an external N-channel MOSFET by the high-low
control of the EN pin. It starts up when the EN pin rises to Venst
=1.5V (typ) or more and stops when it falls to Vensp = 1.0 V
(typ) or less. When it stops with the EN pin falling to Vensp =

1.0 V or less, the Gate fast discharge function is activated (see
“4.4 Gate fast discharge function”). In this case, the delay time in
the IC is Tenon = 12 ps for turning on and Tenoff = 50 ns for
turning off. If Batt connection is turned on or off with EN =
high/low, the start and stop operations are controlled by the VIN
pin.

22
22

EN
~#A~\cp_stt=3.0V

7#iVefst=1.5V

Vep_stt=2.5V-¢~
|
Vensp= 10\&

»

! I

on/4 | |
! I

|

|

I
Gate- !
Source '/TIgsolz75uA

voltage

I 2MHz
0SsC
\ .

-
L

L

Figure 6 Start and stop of ideal diode type

7

EN

%enst:l.SV Vensp=1.0x

\/

Gate- i
Source : /TIgsol:?SuA

voltage

Tenoff=50ns—>::<—

1
1gsi2=0. 12AL\

—» l4—Tenon=12us

Figure 7 Start and stop of solid state relay type 7
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I 4.3 On-off driving of external N-channel MOSFET

The external N-channel MOSFET is turned on by the source current
Igso1 = 75 PA (typ) output from the Gate pin of the MF2007SW. After --- ---
the MOSFET is turned on, the Gate voltage is kept at 12.5 V (typ) by

the OVP circuit between Gate and Source in the IC. 1 T Igso
For switching off via VIN shut-off, the supply of Igso stops to turn off T pooseeeeass T
the MOSFET. In this case, the external N-channel MOSFET turns off ’--9-\-,-'?--34_
as its gate voltage falls by self-discharge. The stop timing and Fast Lkl Igsi
behavior depend on the parasitic capacitance and other id“insggséqre dis';zztrge \{ga;\e;
characteristics of the external N-channel MOSFET and capacity OR logic 5

. Charge Charge
components added on the battery and load sides. Pump2 Pump1
For switching off by any method other than the above, a discharge
current Igsi flows due to Gate fast discharge. The external MOSFET @ ONIOFF ®65§‘§]’fe
is turned off by the fast discharge of Gate voltage with the fast (EN = low) | i detection
discharge MOSFET between Gate and Source in the IC (Section 4.4 ?'b"L'{:"E ME2007SW
Gate fast discharge function). While the fast discharge MOSFET is
on, Gate voltage will not rise.

Figure 8 Block diagram of the vicinity of the
Cgate pin 7

I 4.4 Gate fast discharge function

The MF2007SW incorporates the Gate fast discharge function. This function is activated upon (D reverse current
detection or @ switching on/off when EN = low. If D or @ is detected at the OR logic input for fast discharge, the fast
discharge MOSFET between Gate and Source in the IC is turned on and rapidly discharges the Gate voltage (see Figure
8). The OR logic for fast discharge is driven by the output of Charge Pump 2 in the IC. Charge Pump 2 begins to operate
simultaneously with Charge Pump 1 when the OSC in the IC begins to oscillate. The Gate fast discharge capacities by
@ and @ as shown in Figure 8 are as follows:
@ Gate fast discharge by reverse current detection * See Section 4.5 (next page) for detailed information on
preventing reverse currents.
» The Gate discharge current is a sink current Igsi1 = 0.7 A (typ).
» The off time (delay time in the IC) from reverse current detection until Gate fast discharge starts Trevoff = 200 ns
(typ)
@ Gate fast discharge by EN = low *See “Solid state relay type (start and stop by EN)” in Section 4.2 on previous
page.
» The Gate discharge current is a sink current Igsi2 = 0.12 A (typ).
» The off time (delay time in the IC) from when EN = low is detected until Gate fast discharge starts Tenoff = 50 ns

(typ)
Reverse current A EN = HIGH — LOW
@ @ detection @ '
Reverse [
current !
detection > >
<« Trevoff =200 ns A —» :4— Tenoff = 50 ns
Gate- s Gate- .
Source \\losi1=0.7A Source >, l9si2 = 0.12A
voltage \ = voltage A
> »>
Figure 9 Gate fast dlsgg?ergt?o?\y @ Reverse current Figure 10 Gate fast discharge by @ EN = low 7
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I 4.5 Reverse current prevention function

The MF2007SW enables the reverse current prevention function when the REV pin is high (reverse current protection
start voltage Vrevst = 1.5 V (typ) or more). In the IC, a constant current source is provided from the VIN pin to the REV
pin, and the reverse current prevention function is enabled if there is no external signal to the REV pin (REV pin unused).
The reverse current prevention function can be disabled when the REV pin is low (reverse current protection stop voltage
Vrevsp = 1.0 V (typ) or less). If the reverse current prevention function is not required, simply short-circuit the REV pin to
the GND pin.

The MF2007SW reverse current prevention function works as follows: if the VIN and Out voltages fulfill the requirement
of “VIN - Out < -13 mV (reverse current protection threshold),” the reverse current prevention comparator (COMP &
Reverse Current) is activated to initiate Gate fast discharge. The Gate voltage is rapidly discharged, and the external
N-channel MOSFET is turned off to prevent reverse current (see Figure 11).

If VIN (Batt side) falls, resulting in “Out - VIN > 13 mV (typ),” Gate voltage fast discharge begins after the off time (delay
time in the IC) Trevoff = 200 ns (typ). The current (Isd) of the external N-channel MOSFET flows until the Gate voltage
reaches the gate threshold voltage Vth. If the Gate voltage falls to Vth or less, the external N-channel MOSFET is turned
off to prevent reverse current. If VIN (Batt side) rises, resulting in “Out - VIN <9 mV (typ),” Gate voltage fast discharge
stops after the delay time in the IC of approximately 2 ps, and the Gate rises. The gate voltage for the external N-channel
MOSFET is charged, and the MOSFET is turned on (see Figure 12).

R t Reverse current
Isd * ev:;ts:c;:il;:‘en ¥ detection
| Batt ? ! ! canceled
I I
out| ™ .¢\¢ 13 mvV |
| 3 |
| /1
SOURCE : - >
()—0—@)— ‘ | | |
Reverse I
QD Current I >
Constant } Gate fast | —» «—Trevoff =200ns |
—()——¢ current : discharge } A ' —>
source Recasssssssased Gate- | 2us' Ny g
-=10W Reverse Source : .l'v |gSI1 =0.7A : |
7 Current voltage , 17 Vth , / Vth >
I ] I |
| E comp [ our J . S "
O Isd [~ 1, i |
MF2007SW v P 5
Irevoff ? '
V Figure 11 Reverse current prevention circuit Figure 12 Reverse current prevention function v

Due to concerns about instability during normal operation, the reverse current detection point of the MF2007SW is set at
“Out - VIN = 13 mV (typ).” This means the negative current value for detecting reverse current prevention Irevoff is

13 mV/Ron. Until the reverse current reaches Irevoff, reverse current prevention cannot be detected, and electricity
continues to flow to the external N-channel MOSFET. If the on-resistance Ron of a MOSFET is low, the absolute value of
the negative current Irevoff for detecting reverse current prevention is large.
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I 4.6 VDS monitoring function

The MF2007SW features a VDS monitoring function, which monitors the state of the VIN and Out pins, converts the
VIN-Out potential difference to a current using the current amplification factor gm = 220 pA/V (typ), and generates a
current at the IDET pin (see Figure 13).
The following currents are generated:

VIN > Out = Inflow current to IDET pin Idet_Si

VIN < Out = Outflow current from IDET pin Idet_So
Figure 14 shows an operation example as the load current increases. Monitoring the VDS state of the external N-channel
MOSFET allows monitoring of the load state as IDET signal detection.

VDS= .
IloadxRon ,~—-:, Iload A |
[ Batt |— 2R [6aD Toad _/_T_\ road = large
lel f
, »
Ron A ‘
out s l ? Large load from “Out =
VIN - VDS”; Out voltage
SOURCE | GATE] [ ouT | | falls.
e . ‘ »
T : VDD A \ !
H :  ; VIN - Out increases; large
: Idet_Si \ s IDET inflow current
! Idet_Si ' :
| e—— IDET | ; >
------------ —p N \l A ,
MF2007SwW Idet_So IDET , The change in Out is
'PET signal , monitored via IDET
signal = , signal.
>
w Figure 13 Block diagram of the VDS monitoring function Figure 14 Use of IDET signal by the VDS monitoring function 7

Figure 15 shows a design example of the VDS monitoring function. The design example shown in Figure 15 uses
43k-1k-1k resistors. Figure 16 shows an example of characteristics with VDD fixed at 5 VDC and with different voltage
dividing resistor conditions. The IDET signal changes based on Out-VIN voltage conditions, Thus, the 0-to 5-V IDET
signals can be used as analog signals, allowing operations (protection) in accordance with the load state.

=T ADIADT : —
5 J
—
2 4 /
O C O DC5V :g;) 3 //// 43k-1k-1k
GATE P /
[
a3k || 1k 21 ///
IDET
C \ 0 si—/—/
MF2007SW e 1kQ 1 05 0 05 1
- OUT-VIN [V]
signal —
V Figure 15 Design exam(;zlgkﬂtkr]?k\;DS monitoring function Figure 16 IDET signal characteristics «
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I 4.7 Countermeasures against input reverse connection up to 40 V

In the case of an input reverse connection (application of

negative voltage), a current flows from the GND pin into the . .
IC along the route indicated by a purple arrow in Figure 17
and turns on the fast discharge MOSFET in the IC, which

turns off the external N-channel MOSFET. This prevents |

Out (output) from becoming a negative voltage. Since a 12- SOURCE GATE
or 24-V battery is assumed, the withstand voltage between Batt -

VIN and GND is limited to -40 V. No reverse connection - dlscharge

exceeding the withstand voltage is assumed to be possible. MOSFET

To prevent damage to the IC due to an input reverse MF2007SW %

connection, the MF2007SW incorporates an N-channel

MOSFET for reverse connection protection between the O

GND pin and GND in the IC (see Figure 18). If an input |

reverse connection occurs (VIN < 0 V), the MOSFET for
reverse connection protection is not turned on, and no
current flows from the GND pin to the VIN pin. Power is not supplied to the IC, the charge pump does not operate, and
the Gate pin voltage does not rise, which prevents an incorrect turn-on of the external N-channel MOSFET.

In the case of an input reverse connection, a negative voltage is applied to the VIN pin. The MF2007SW features built-in
diodes for ESD protection near the EN and REV pins inside the IC to prevent inflow currents from these pins to the VIN
pin (see Figure 19).

Figure 17 Input reverse connection protection circuit 1 V

/L A
4
=
. i Control circuit ; b
__L);:u ———— Batt
, GND in the IC T MF2007SW
MOSFET for |
reverse connection
protection MF2007SW — =
N i x _.GND
. hd

Figure 18 Input reverse connection protection circuit 2 Figure 19 Input reverse connection protection circuit 3

I 4.8 IC current consumption

When the EN pin = low (shutdown mode), the MF2007SW A |
stops IC operations (e.g., the charge pump) to minimize
. EN HIGH LOW(EN=0V)
current consumption. | >
When the IC is operating, the current consumption lop is A !
200 pA (typ). When EN = 0V, IC current consumption
equals the operating current at shutdown Iq = 5 pA (typ). IC current Top=200uA
consumption
(VIN inflow)
Iq=5uA
>
Figure 20 IC current consumption 7
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5. Method for selecting peripheral component constants

Typical circuit examples are shown below.

Ratings: 12to 13V
(Section 5.5.3)

N DD
NoA N\ "/ J
VIN NC GATE ouT f—
BE T B BTN R
Eatt <s§3§f§?n (SE_C;F" IC1 (Section5.52) | LO!
MF2007SW

EN REV NC  GND  IDET
T ol Y

7N\ N SN/
—H 6 7 8 9 H10}H"
N N NN AN P
<\ IDET
43k
(Section 4.6)
1000 p 1000 p
(Section 5.3) (Section 5.3)
1k 1k
(Section| | (Section
4.6) 4.6)
. < VDD | N
S N
Pl Y 25
— } { }
Nt _/
Ratings: 12to 13V
(Section 5.5.3)
0—] p
7N Ay
s /141/4\—/3\—1/2 —{ 1 )7
\
VIN NC GATE OUT ——
P ZS — SOURCE 6.8 4
—_— fm— -1 -1 7 M1FL20U
To.. sTosser1 | 47H . (Section 5.2) =— /N (secton552) | LOAD
oatt (Section 5.5.1) (Sgczt\)on i1
’ MF2007SW

{7}

EN REV NC GND |DET
NN N
8 ) \ 9 ) ‘ 10 J
w4

/ ~
\ _ N N
IDET
ngh Iow \ 43k
control (Section 4.6)
1000 p

(Section 5 3)
1k 1k
(Section| |(Section
4.6) 4.6)
N <_vDD P
L ) { )
/
Figure 22 Example of solid state relay circuit
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I 5.1 N-channel MOSFET

The withstand voltage between the drain and source must be high enough for the maximum input voltage that can be
applied to the circuit.

When the input capacitance Ciss of an external N-channel MOSFET increases, the turn-on time and turn-off time tend to
lengthen. As a rough guide, if Ciss is 40 nF or more, the rise time will be 100 ps or more.

Since all load currents flow through an external N-channel MOSFET, select a product with sufficiently low drain-to-source
on-state resistance RDS (ON) to minimize loss of the external N-channel MOSFET.

I 5.2 VIN pin capacitor and Out pin capacitor

Capacitors for the VIN and Out pins are used to alleviate stress. Add these components if it is necessary to limit the
effects of external noise and ripple voltage.

Particularly in a solid state relay type, ringing will occur at the pins during turn-off by the EN pin. Add high-capacitance
capacitors to avoid exceeding the element withstand voltage.

High capacitor capacitance, however, may have adverse effects, including a larger inrush current at startup. Using the
recommended range as a guide, check the operation with the actual device and adjust the capacitance accordingly. To
reduce ringing at the source, make sure the VIN pin capacitor capacitance is less than the Out pin capacitor capacitance.
When they are used in an ideal diode type, they may not activate if the reverse current prevention is turned on at startup.
To prevent this, make sure the capacitor capacitance ratio between VIN and Out pins is 1:2 so that the activation of the
Out side is delayed.

<Recommended values>

VIN pin capacitor Out pin capacitor

Solid state relay type 4.7 to 10 [uF] 6.8 to 22 [uF]

* Even if no ringing reduction measures are required, a 0.1 to 1 pF capacitor is needed to protect the IC.
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I 5.3 EN pin capacitor and REV pin capacitor

Capacitors for the EN and REV pins are used to reduce noise. Add these components if it is necessary to limit the effects
of external noise and ripple voltage.

Note that high capacitor capacitance may have adverse effects, including longer times to switch operations. The
recommended capacitor capacitance is around 1,000 pF. Check the operation with the actual device and adjust the
capacitance accordingly.

I 5.4 IDET circuit

The IDET circuit converts a potential difference between the VIN and Out pins to a current, generates an IDET signal
using external resistors, and transmits the signal to an external circuit.
The IDET signal is obtained by dividing an external power supply VDD using resistors R1 and R2, which produces a
voltage Va, and adding a voltage generated at resistor R3 to Va. The current below flows to R3:
VIN > Out = Inflow current at IDET pin Idet_Si
Out > VIN = Outflow current at IDET pin Idet_So
Thus, IDET signal V_IDET is calculated as follows:
VIN > Out = V_IDET [V] = Va - R3 x Idet_Si
= VDD x R2/(R1 + R2) - R3 x Idet_Si
Out > VIN = V_IDET [V] = Va + R3 x Idet_So
= VDD x R2/(R1 + R2) - R3 x Idet_So
Make sure R1 and R2 have a resistance value that allows a current more than 10 times as large as the Idet current.

<Recommended values>

VDD voltage
5V 1kQ 20 kQ to 43 kQ

IDET IDET
VDD xR2 VDD xR2
MF2007SW /(R1+R2) MF2007SW /(R1+R2)
(B) When VIN > Out (A) When Out > VIN

Figure 23 IDET circuit
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I 5.5 External protection components

5.5.1 Input surge protection

The absolute maximum voltage for the VIN pin of the MF2007SW ranges from -40 V to 70 V. If a voltage exceeding this
range is likely to be applied due to a positive or negative surge voltage, use a transient voltage suppression (TVS) diode
or other protective element.

Make sure the TVS voltage does not exceed the standard value of the MF2007SW even in the worst-case scenario.
Additionally, check with the actual device that the selected TVS diode is capable of absorbing the input transient energy.

5.5.2 Countermeasure against negative output voltages

As a countermeasure against negative output voltages caused by ringing on the load side when an inductive load is
connected or by an output leakage current due to input reverse connection, the negative output voltage can be limited by
adding a fast recovery diode (FRD) to the output pin.

If you choose to add a Schottky barrier diode (SBD), select an SBD with a small reverse current IR to reduce current
consumption at no load.

5.5.3 Gate protection

Take appropriate measures to ensure that the gate-source withstand voltage for the IC: 15 V is not exceeded when a
voltage changes significantly: for instance, if the input voltage falls sharply. As gate protection, add a Zener diode
between Gate and Source of the IC. Be sure to select a Zener diode with a Zener voltage not exceeding the gate-source
withstand voltage for the IC.
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6. Application circuit examples

I 6.1 Ideal diode connected in parallel

When the MF2007SW is used for large currents, heat buildup caused by external N-channel MOSFETs can be minimized
by connecting external N-channel MOSFETs in parallel to disperse the current. Because the on-resistance (Ron) of
MOSFET has positive temperature characteristics, the current sharing imbalance is small with parallel connection of
MOSFETs compared to that of diodes.

O
)
O

Batt AV
q 1
—L— | VIN NC GATE OUT | ——
' SOURCE L @AEI
IC1
MF2007SW
EN REV NC GND IDET

020202020

1

Figure 24 Ideal diode connected in parallel

IDET |

1 VDD
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I 6.2 Bidirectionally conducting solid state relay

The MF2007SW can be used as a solid state relay that conducts electricity bidirectionally by turning REV low. If power is
supplied to the VIN pin from both Batt and LOAD shown in the diagram below via diodes, the MF2007SW can be turned
on by either the Batt or LOAD voltage. To fulfill the maximum rating of the MF2007SW, select an ultra-low Vf diode that
meets the working condition of Vf < 0.3 V. To supply power to the VIN pin by Batt voltage at all times, see “1.2 Basic
connection examples.”

O
-
i
!

% ’%

2 °

w

—— VIN NC GATE OUT | ——
SOURCE
—O— ~ @9
IC1
MF2007SW
EN REV NC GND IDET

IDET |

High-low
control

vDD

Figure 25 Bidirectionally conducting solid state relay
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7. Pattern layout

This section provides pattern design precautions. Be sure to check the operation with the actual device before deciding
on the layout.

In general, consider the following three points during pattern design:

1. Apower line in which large currents flow should be as short and thick as possible. Separate the power GND line
from the IC GND line. Connect the IC GND line to a stable potential with minimal current variations.

2. Make sure the line between the Gate pin and the gate of an external N-channel MOSFET is as short as possible.
Place the IC as close as possible to the MOSFET.
3. Place a noise reduction capacitor as close as possible to each pin.

I 7.1 Pattern layout examples

Examples of double-sided PCB are provided as pattern layout reference examples.

M Ideal diode type

<Top> <Underside>
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B Solid state relay type

<Top>

<Underside>

/@ /N
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O
NP
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