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1. Overview

Mechanical relays are widely known as switches that cut off and connect power supply lines from
power sources such as batteries to loads. However, because mechanical relays mechanically open
and connect contacts repeatedly, there is a problem with durability, and in applications where long-
term reliability is required, semiconductor relays using semiconductor elements are becoming
increasingly popular. Furthermore, with the increasing number of systems, the current capacitor
required for semiconductor relays is increasing year by year, and by using a load switch circuit using
a discrete N-channel power MOSFET with low on-resistance, a high-current semiconductor relay with
low-loss and low heat generation can be realized.

TPD7106F is an N-channel power MOSFET gate driver for a single-output high-side switch with a
built-in charge pump circuit. When combined with an external discrete N-channel MOSFET, a high-
side switch can be configured for high-current applications. In addition, semiconductor relays have
no contact wear unlike mechanical relays, so maintenance-free operation can be achieved. There
are I/0 terminals that control turn-off rapidly to protect MOSFET when an abnormality occurs, and
they are independently controlled from the microcomputer to achieve safe operation.

This reference guide explains, the operation at the power supply reverse connection, which is
important for the safe operation of the system including the high current load switch, and the
application of the charge pump circuit.

Please refer to the datasheet for TPD7106F functions and detailed information.

Download TPD7106F datasheets from here — Click Here
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1.1 Target Application
® Automotive junction box

® On-board power distribution module
® Semiconductor relay
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Application circuit example
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Fig. 1.1 Example of TPD7106F Application Circuit
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2. Application Circuit Diagram

Fig. 2.1 is an application circuit diagram of a semiconductor-relay block composed of TPD7106F
and TKR74F04PB (N-channel 40 V, 0.74 mQ).
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Fig. 2.1 Application Circuit Diagram (Semiconductor Relay)

MOSFET is a three-parallel connection of the source common, so TPD7106F are driving six MOSFET.
The maximum load current is targeted at 200 A. The current sense amplifier uses a shunt resistor
(R12) and a low-offset current sense amplifier (U2) for voltage conversion. The gate drive of the
TPD7106F is described in Chapter 4.1.

The typical gate-source breakdown voltage of MOSFET is £20 V.

D4 and D5, a zener diode of 16 V is inserted to protect the gate-source of MOSFET. The switching
time adjustment is described in Chapter 4.2.

TPD7106F has a function to keep Q1 to Qe off-state at the power supply reverse connection.
Chapter 4.3 describes the operation.

TPD7106F has a built-in charge pump circuitry that is combined with an external capacitance so
that it can drive an external discrete N-channel MOSFET with a low on-resistance. Therefore, the
capacitor is required as an external component. For capacitors C2 and C3, 0.1 WF is selected. The
selection method is described in Chapter 4.4.

TPD7106F has a built-in charge pump voltage drop detection function to check that the proper
gate voltage is applied to MOSFET. The operation is described in chapter 4.5.
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Please refer to the overall schematic as it is published in (RD178-SCHEMATIC-01).

The overall schematic is shown in this — Click Here

Download TKR74F04PB datasheet from here — Click Here

For more information about MOSFET, go here to — Click Here
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3. Bill of Materials

Table 3.1 is a bill of materials in Application Circuit Diagram.

Table 3.1 Bill of Materials for Semiconductor Relay Circuits

Standard
L Package Dimensions
No. Ref. Q'ty Value Part Number Manufacturer Description 9 .
Name in mm
(inches)
1 U1l 1 TPD7106F TOSHIBA IPD (Gate driver) SSOP-16 5.5x6.4
2 U2 1 LTC6101BCS5 LT Current sense amplifier TSOT-23 2.9%x2.8
3 u3 1 TA7805F TOSHIBA Regulator HSOP-3 6.5%9.5
4 Q1,Q2,Q3,Q4,Q5,Q6 6 TKR74F04PB TOSHIBA MOSFET TO-220SM(W) 10.0x13.0
5 D1,D2 2 155352 TOSHIBA Switching diode SOD-323 2.5x1.25
6 D3 1 CRGO9A TOSHIBA Rectifier diode S-FLAT 1.6x3.5
7 D4,D5 2 CRZ16 TOSHIBA Zener diode S-FLAT 1.6x3.5
8 D6,D7 2 CMZz27 TOSHIBA Zener diode M-FLAT 2.4x4.7
9 R1,R2,R3,R4,R7 5 10k Chip resistor, 1% 1608 1('066x003')8
10 R5 1 10 Chip resistor, 1% 1608 1('()66’(003';3
11 R6 1 47k Chip resistor, £1% 1608 1('066X0(;)8
1.6x0.8
12 R8 1 1k Chip resistor, 1% 1608
ip resistor, o (0603)
13 RO 1 100 Chip resistor, £1% 1608 l(fsxogf
) ) 1.6x0.8
14 R10 1 200 Chip resistor, 1% 1608
ip resistor, o (0603)
15 R11 1 200k Chip resistor, +1% 1608 1(':;003')8
16 R12 1 0.5m BVS-M-R0005 isabellenhuette | Shunt resistance, 1% 6.35x%3.05
3.2x1.6
17 C1,Cc4 2 1.0uF C ic, 50V, £10% 3216
u eramic (] (1206)
18 C2,C3,C6 3 0.1uF Ceramic, 50V, £10% 1608 1('::003')8
19 c5 1 10uF Ceramic, 50V, £10% 3216 3.2x1.6
s (1206)
20 c7 1 1000pF Ceramic, 50V, £10% 1608 1(.0650%)8
21 C8 1 15pF Ceramic, 50V, #10% 2012 2.0x1.25
22 CN1 1 22-23-2061 molex 6-pole 1-row connector
23 SW1,SW2,SW3 3 SS-12SDP2 NKK Switch
24 T1,T2,T3,T4 4 OP-486 OSADA Terminal
25 |JP1,JP2,JP3,1P4,]P5,JP6| 6 XJ8B-0211 OMRON Jumper
26 TP1~TP14 14 ST-2-2 MAC8 Monitor pin
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4. Application Circuit Designh Guide

In addition to normal operation, this chapter describes the "operation at the power supply reverse

connection" and "charge pump circuit", which are the points in designing, in chapter 4.1 to 4.5,

including verification by simulation.

4.1 Normal Operation (Gate Drive of Power MOSFET)

Table 4.1 lists the truth values. The input pin IN1 is a control pin in normal operation. The input
pin IN2 is a control pin in quick off mode. The quick off mode by IN2 is used to shut down MOSFET

in abnormal operation such as load short circuit.

Table 4.1 Truth Table

IN1 IN2 STBY ouUT1 ouT2 State
X X L Hiz Hiz Standby mode
L L H L Hiz )
- Normal operation

H L H H Hiz
L H H L L )

Quick off mode
H H H L L

4.1.1 Simulation Verification

Check the simulation for normal operation, switching waveform (turn-on, turn-off time) and

quick-off operation. Fig. 4.1 to Fig. 4.5 show the simulation circuit. Simulation is performed under

the conditions and procedures in Table 4.2.

Table 4.2 Simulation Conditions and Procedures

1 | Vppio 12V

2 | Vpps 5V

3 | Vin oV

4 | Vi oV

5 | Start of simulation

6 | Vsray 0 to 5 V (1 ms standby mode)

7 | Ving 0 to 5 V (2 ms normal operation)
8 | Vin2 0 to 5 V (9 ms quick-off operation)
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Fig. 4.1 Simulation Circuit (Normal Operation)

During the transition from standby mode to normal operation, Vpiac is set to the L state (Fig.
4.2 x1). This is because the charge pump voltage drop detection is activated. The charge pump
voltage has reached the specified level and Vpiag has returned to the H state. After 9 ms, Vina = L
to H input causes a quick off, and MOSFET (Qi to Q3) is turned off briefly. This quick-off takes
precedence over Vini. The switching time is described in the next section. Adjust the switching
speed in the simulation-circuit R11, R13, D7 by Fig. 4.1.

20v
Vepy /

0 V(CPV)

Vint 2.5

0V (VINL)

Vin2 2.5v

1V

VIN2)

[

VGS [

=20V

O V (VGATE) & V (VSOURCE)

5.0v

Vpiac 57

oV
0s

s 2ms 4ms 6ms 8ms 10ms
0O V (VDIAG)

Fig. 4.2 Simulation Waveform (Normal Operation)
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4.2 Switching Waveform

Fig. 4.3 to Fig. 4.5 show the switching waveforms. The simulation waveform Vps, Vgs are
waveform of six MOSFET because MOSFET Qi to Qs are connected in parallel. The turn-on time
can be adjusted by changing R11 in Fig. 4.1. On the other hand, turn-off is adjusted with R13.
Fig. 4.5 shows the turn-off waveform in quick off mode.

12 ps (Vs 90% to 10%)
- |&
—
VDS 10v
(Q: to Qs)
l —
\ e |
\ -
W
Ves /&i
(Q1 to Qs)
o 0O V(VGATE) - V(VSOURCE) < V(VDH)- V(VSOURCE)
5.0V
Vint
>
o 49 s (Vin: 50 % to Vos 10 %)
Vinz
2\4]95m5 3.00ms 3.05ms 3.10ms 3.15ms
0 V(VIN1) ¢ V(Ul:IN2) .
Fig. 4.3 Simulation Waveform (Turn-On)
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Fig. 4.4 Simulation Waveform (Turn-Off)
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4.3 Operation with the Power Supply Reverse Connection

The power supply reverse connection assumes reverse connection of the car battery.
The purpose of this application is to cut off the current generated when the power supply is
connected in reverse. By using TPD7106F, MOSFET can be kept off and the current can be

suppressed.

4.3.1 Simulation Verification

Check the operation of the power supply reverse connection by simulation. Fig. 4.6 shows the
simulation circuit. Simulation is performed under the conditions and procedures in Table 4.3.

Table 4.3 Simulation Conditions and Procedures

1 V2 12V

2 | Vops 5V

3 | Vin oV

4 | Vo oV

5 | Vstay ov

6 | Start of simulation

7 | V2 12V to-18V (10 ms)

v

"5

V2(+12 V)~

vz vo
s

'?|||_\_
=i —

] 1o

a3
NMOS_TKRT4FO4PS
chzzT

al Qz
NMOS_TKRTARD4PE NMCS_TKR74A04PE!

vEATE
L J< 1Rz 5\
e o vSOURgE
o Rify 18
OOz w 5 THATAR04P 5 TKRTAFL

; NS TKRTARE) | Wies ] Hes_THRT4r0se o8

R, 510 * D2jcRz
- opzr

Ip(Q4)  In(Qs) In|(Qs)

L as
0 = fzom

ﬁ%

TCLOSE =2m 1
et B

RCPEN - 1Meg

Fig. 4.6 Simulation Circuit (Power Supply Reverse Connection)
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[ The power supply reverse connection from here
+12V -

0O V(VGATE) - V(VSOURCE)

I (Q4)
Ip(Qs)  o»F
In (Qe)

SEL>>
-2.0ma
3ms 4ms Sms 6ms Tms 8ms 9ms 10ms

O I(Q4:d) « I(Q5:d) V I(Q6:d)

Fig. 4.7 Simulation Waveform (Power Supply Reverse Connection)

Fig. 4.7 shows the simulation waveform. A DC voltage source of +12 V is swept from 12 V to -18
V. The power supply reverse connection state is equivalent to the power supply voltage being at a
negative potential. MOSFETQ: to Qe remains off as shown in Vgs waveform. Normally, a
semiconductor device has a parasitic body diode. When the polarity of the power supply is reversed,
current is generated from the GND. However, TPD7106F has a built-in switch that suppresses the
current from the GND. When the power supply becomes negative, the switch is turned off. Therefore,
the current output from OUT1, OUT2 pin are suppressed, and the external MOSFET can be kept off.
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4.4 Charge Pump Capacitor Selection

Commonly used as non-isolated high-side gate drivers are the bootstrap method or the charge
pump method. The bootstrap method requires periodic recharging of the bootstrapped capacitor, so
operation close to 100 % duty is not possible. Therefore, the bootstrap method cannot be used for
systems requiring high-duty operation, such as systems with low input voltages and high loads.

TPD7106F uses a charge pump system, so it can also be used in systems requiring high duty or
DC energization. The current required for the charge pump circuitry can be obtained from Vpp
terminal voltage, power supply voltage, and drive frequency of TPD7106F. Table 4.4 lists the
conditions required for the charge pump circuit.

Table 4.4 Requirements for Charge Pump Circuits

MOSFET TKR74F04PBx6
Vpp terminal voltage of 12V
TPD7106F
Power supply voltage 12V
Drive Frequency (Fsw) 100 Hz
40 20
. Commaon
+ oy SOUrceE
- Ip = 250 A
30 Y T,=28"C 15
\ Fulse test
= [t 12v

Drain-source voltage Vg (V)
Gate-source voltage Ve (V)

AN

i ; n]
0 ag 100 150 200 230

Total gate charge Q. (nC)

Fig. 4.8 TKR74F04PB Dynamic Input/Output Characteristics

MOSFET charge is approximately 250 nC from Vpp pin voltage condition (12 V) and gate-source
voltage (12 V) shown in TPD7106F in Table 4.2, as shown in Fig. 4.8. Six MOSFET are connected.
In this circuit, MOSFET is driven at the maximum. drive frequency (Fsw) = 100 Hz. Therefore, the
output current of the charge pump circuit is calculated as follows.

Iuverage = Qg % Fsyy = 1500 (nC) x 100 (Hz) = 150 (1A)

Considering the effects of the pull-down resistor of 200 kQ and the internal impedance of the
IC, it is necessary to ensure that the output current has a sufficient margin. Capacitor values can
be easily estimated using the simulation shown in Fig. 4.9.
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4.4.1 Simulation Verification

Verify by simulation to confirm charge pump capacitor selection. Fig. 4.9 shows the simulation
circuit. Simulation conditions and procedures in Table 4.5 are used for the execution.

Table 4.5 Simulation Conditions and Procedures

1 | Vopi2 12V
2 | Vops 5V
3 V1N1 0 \%
4 | Vina oV
5 | Vsray 5V
6 | Start of simulation
7 |11 0 to 100 mA (1ms step.)
8 | Monitoring V¢py Voltage
VCPV I1 s i WL
— o 'E‘:ﬁ' | veaTE | Jc\z Jm "J( *
cri- crafld L ozt 7L o1crzbs 1H nmos_mirrerpems! H nuos terradosesl — nuos rmaraees _
o :- %‘FF&I: Du ” EF-: = VSOUR! j 1=
= R 10K g, D'cJT i —1 j‘_ R 1k b ZDJI% S0U — L_J : o
Vit R g 0 ] :::_ %ﬂﬂﬂ RETS . =7 . ) oot = é’:‘ou_ﬂ'\ir—FN B g;ioe_ﬁmarn.ns - g'o_._mﬁ-ar-npa -
L .y ,LI [ o E"-s‘?:%\ﬂ‘ R2—|._| ._l = opzr
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Fig. 4.9 Simulation Circuit (Charge Pump Capacitor Selection)
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Fig. 4.10 Simulation Waveform (Charge Pump Capacitor Selection)

Fig. 4.11 shows the simulation results. Depending on the nature of MOSFET, Vgs typically requires
at least 10 V. Therefore, the area where the CPV pin voltage is 22 V or less becomes an unstable
area with bias application. The results also show that the output characteristics vary depending on
the charge pump capacities C4 and C5. It is possible to estimate the selectable capacitor value from
this result.

However, environmental temperatures, power supply voltage conditions, and characteristics of
peripheral components such as diodes will also affect the product. Therefore, we recommend that
you conduct actual measurements. 0.1 WF is selected for this circuit in consideration of sufficient
margin for design. In addition, the capacitors in the charge pump circuitry of TPD7106F are supplied
with voltages typically 12 V higher than Vpp, so care must be taken in withstanding voltage of the
capacitors. In this circuit, the voltage at the VDH pin is boosted to 24 V for Vpp = 12 V. Therefore,
a 50 V withstanding voltage product is selected.
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Fig. 4.11 Simulation Results (Charge Pump Capacitor Dependent)
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4.5 Charge Pump Voltage Drop Detection

This product monitors the CPV terminal voltage and detects the charge pump voltage drop.
DIAG pin enters the L state when the charge pump drops below the threshold voltage Vcpo
(Vop+4.7 V typical). The output pin OUT1,0UT2 maintains operation. Note that when STBY is set
to the L state, the charge pump circuit is stopped because the unit enters the standby mode.

4.5.1 Simulation Verification

Verify by simulation to check charge pump voltage drop detection. Fig. 4.12 shows the
simulation circuit. Simulation is performed under the conditions and procedures in Table 4.6.

Table 4.6 Simulation Conditions and Procedures

1 | Vopi2 12V
2 | Vobs 5V
3 VINl 0 \%
4 | Vina ov
5 | Vsray oV
6 | Start of simulation
7 | Vstay 0to5V (1 ms)
8 Vini Oto5V (2 mS)
9 |I1 0 to 200 mA (2 ms to 5 ms)
10 | I1 200 mA to 0 (5 ms to 8 ms)
Q‘I- JQZ ':103 ”J‘/ .
VINl NMOS_TKRTAAMPE’ NMCS_TKRT4A04PE’ H NMOS_TKRT4F04PE - .
— LA =‘IMCG TKRTARMPE, ] NMCS_TKR74AD4PE, NMOS_TKRT4FI4PE
WINT R g, 20 | Qs - o Do — DE
L |, e 7 § Jer
® @ @
Fig. 4.12 Simulation Circuit (Charge Pump Voltage Drop Detection)
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The charge pump voltage Vcpy is reduced by increasing the load current from the normal

operating condition. If the charge pump voltage returns to normal without stopping the output, it

can be confirmed that the diagnostic output also returns to the normal state.

The power control must be operated with IN1, IN2.

40V

Vepy 20

Ves o

VbiaG 2,57

ov

O v(CpV)

O V(VIN1)

0 V(VGATE)

- V(VSOURCE)

Charge Pump Volta

Os

O V(VDIAG)

2ms

Time

8ms

Fig. 4.13 Simulation Waveform (Charge Pump Voltage Drop Detection)
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5. Product Overview

5.1 TPD7106F
5.1.1 Overview

TPD7016F is an N-channel power MOSFET gate driver for 1-channel high-side switches. A built-in
charge pump circuit makes it easy to configure high-side switches for high-current applications.

® AEC-Q100 qualified products for automotive applications

® Output current of-10 mA/+400 mA allows gate-driving with parallel use of N-channel power

MOSFET

® Built-in power supply reverse connection protection function
Built-in charge pump circuit

® Small surface mount SSOP16 packaging

5.1.1 Appearance and Pin Assignment

CP1- 10O O 1116 CP2-
TEST 20O 1115 N.C.
CP1 30 1114 CP2
Voo 40 1113 CPV
STBY 50 1112 OUT1
INT 60 1111 OUT2
IN2 703 1110 DIAG
GND1 80O 11 9 GND2
SSOP16-P-225-0.65B
Fig. 5.1.2 Appearance and Pin Assighment 5.1.1
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5.2 TKR74F04PB
5.2.1 Overview

TKR74F04PB uses our latest low-voltage MOSFET processing U-MOSIX-H to achieve low on-
resistance and high current ratings.

AEC-Q101 qualified products for automotive applications

Low on-resistance: Rps ony = 0.6 mQ (Typ.) (Ves = 10 V)

Low Leakage Current: Ipss = 10 pA (Max.) (Vps = 40 V)

Easy-to-handle enhancement type: Vin = 2.0to0 3.0V (Vps = 10V, Ip = 1 mA)
Maximum current rating :Ip = 250 A (DC)

Maximum voltage rating: Vpss = 40 V

Small TO-220SM (W) Packaging

5.2.2 Appearance and Pin Assighment

02
2
E} 1: Gate
I 2: Drain (Heatsink)
1 3: Source
3
1
TO-220SM(W) 03
Fig. 5.2 Appearance and Pin Assignment
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Terms of Use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We"”) and customers who
use documents and data that are consulted to design electronics applications on which our semiconductor devices
are mounted (“this Reference Design”). Customers shall comply with this terms of use. Please note that it is assumed
that customers agree to any and all this terms of use if customers download this Reference Design. We may, at its
sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this terms of use at any time
without any prior notice. We may terminate this terms of use at any time and for any reason. Upon termination of
this terms of use, customers shall destroy this Reference Design. In the event of any breach thereof by customers,
customers shall destroy this Reference Design, and furnish us a written confirmation to prove such destruction.

1. Restrictions on usage

1. This Reference Design is provided solely as reference data for designing electronics applications. Customers shall
not use this Reference Design for any other purpose, including without limitation, verification of reliability.

2. This Reference Design is for customer's own use and not for sale, lease or other transfer.

3. Customers shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high
electromagnetic environments.

4. This Reference Design shall not be used for or incorporated into any products or systems whose manufacture,
use, or sale is prohibited under any applicable laws or regulations.

2. Limitations

1. We reserve the right to make changes to this Reference Design without notice.

2. This Reference Design should be treated as a reference only. We are not responsible for any incorrect or
incomplete data and information.

3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this
Reference Design, customers are responsible for complying with safety standards and for providing adequate designs
and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a
malfunction or failure of semiconductor devices could cause loss of human life, bodily injury or damage to property,
including data loss or corruption. Customers must also refer to and comply with the latest versions of all relevant our
information, including without limitation, specifications, data sheets and application notes for semiconductor devices,
as well as the precautions and conditions set forth in the "Semiconductor Reliability Handbook".

4. When designing electronics applications by referring to this Reference Design, customers must evaluate the whole
system adequately. Customers are solely responsible for all aspects of their own product design or applications. WE
ASSUME NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

5. No responsibility is assumed by us for any infringement of patents or any other intellectual property rights of
third parties that may result from the use of this Reference Design. No license to any intellectual property right is
granted by this terms of use, whether express or implied, by estoppel or otherwise.

6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME NO LIABILITY WHATSOEVER, INCLUDING
WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF
DATA, AND (b) DISCLAIM ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS
REFERENCE DESIGN, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

3. Export Control

Customers shall not use or otherwise make available this Reference Design for any military purposes, including
without limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological
weapons or missile technology products (mass destruction weapons). This Reference Design may be controlled under
the applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign
Trade Law and the U.S. Export Administration Regulations. Export and re-export of this Reference Design are strictly
prohibited except in compliance with all applicable export laws and regulations.

4. Governing Laws
This terms of use shall be governed and construed by laws of Japan.
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