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TPD7212FN

Toshiba Intelligent Power Device Silicon Monolithic Power MOS Integrated Circuit

TPD7212FN

P

1

ower MOSFET Gate Driver for 3-Phase brushless DC Motor

. Description

The TPD7212F is a power MOSFET gate driver for 3-phase full-bridge
circuits by the BiCD process. The inclusion of a charge pump circuit for
drivers inside the IC makes it easy to configure a 3-phase full-bridge
circuit.
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. Applications

3-Phase brushless DC motor for Automotive
Electric power steering

Power sliding door

Transmission

Automotive pumps

Automotive fans

HVAC

. Features

Built-in diagnostic functions for driver power supply and output voltage.
Built-in charge pump circuit.

SSOP30 package for surface mounting.

AEC-Q100 qualified.

TPD7212FN

SSOP30-P-300-0.65

Weight: 0.176 g (typ.)

Note: This product has a MOS structure and is sensitive to electrostatic discharge.

Start of commercial production

2020-08
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4. Block Diagram
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Some of the functional blocks, circuits, constants, etc. in the block diagram are omitted or

simplified.

Figure 4.1

Block Diagram
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5. Pin Assignments
(TOP VIEW)

CP2 1 30 | SGND2
NC 2 O 29| wu
CP1 3 28| W

NC 4 27 | PGND2
Vop 5 26 uu
EN 6 25 VDH
TEST | 7 24| NC
IN1 8 23| Voo
IN2 9 22| Vp
IN3 10 21 uB

IN4 11 20 | PGND1
IN5 12 19| WB
IN& 13 18| WB
SGND1 | 14 17| NC

DIAGT | 15 16| DIAG2

Figure 5.1 Pin Assighments
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6. Pin Description

Table 6.1 Pin Description

Pin No. Symbol /10 Pin Description
1 CP2 ouT Capacitor pin for charge pump
2 NC - No-Connect pin.
3 CP1 ouT Capacitor pin for charge pump
4 NC - No-Connect pin.
5 VDD - Power supply pin
6 EN IN Inhibit pin (high active). Built in pull down resistor (400kQtyp.).
7 TEST IN For internal test. Please connect to GND during normal operation.
8 IN1 IN Input pin: It controls for UU. Built in pull down resistor (100kQ typ.).
9 IN2 IN Input pin: It controls for VU. Built in pull down resistor (100kQ typ.).
10 IN3 IN Input pin: It controls for WU. Built in pull down resistor (100kQ typ.).
11 IN4 IN Input pin: It controls for UB. Built in pull down resistor (100kQ typ.).
12 IN5 IN Input pin: It controls for VB. Built in pull down resistor (100kQ typ.).
13 IN6 IN Input pin: It controls for WB. Built in pull down resistor (100kQ typ.).
14 SGND1 - Signal block GND pin: shared internally with SGND2.
15 DIAG1 ouT Diagnosis detection pin. Nch open drain.
16 DIAG2 ouT Diagnosis detection pin. Nch open drain.
17 NC - No-Connect pin.
18 WB ouT Drives the power MOSFET connected to the low side of the W phase.
19 VB ouT Drives the power MOSFET connected to the low side of the V phase.
20 PGND1 - Power block GND pin: shared internally with PGND2.
21 uB ouT Drives the power MOSFET connected to the low side of the U phase.
22 VDL1 - Power supply pin for low side drive. Connect to VDL2 pin outside.
23 VDL2 - Power supply pin for low side drive. Connect to VDL1 pin outside.
24 NC - No-Connect pin.
25 VDH - Output pin for charge pump.
26 uu ouT Drives the power MOSFET connected to the high side of the U phase.
27 PGND2 - Power block GND pin: shared internally with PGND1.
28 VU ouT Drives the power MOSFET connected to the high side of the V phase.
29 wu ouT Drives the power MOSFET connected to the high side of the W phase.
30 SGND2 - Signal block GND pin: shared internally with SGND1.
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7. Operational Description
7.1. Driver power supply voltage characteristic (Charge pump voltage characteristic)
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Figure 7.1 Charge pump voltage characteristic

In the graph above, Vph is the charge pump output voltage and the power supply voltage for the high side
driver. Vp. is the power supply voltage for the low side driver. This IC generates the Vp_ voltage from the VpH
voltage by the regulator to keep the Vp. voltage constant even when the Vpp voltage is low. Vpy and VpL have
the following characteristics.

[ ] Case1 ) VpH = 3X(VDD-VF)

VoL = Vph-2V

® Case2) Vpn = 3%(Vpp-VF)
VD|_ =12V

® Case3) VpH = Vpp+12V
VD|_ =12V

® (Cased) Vpy =36V
VD|_ =12V
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7.2. Diagnosis of the driver power supply voltage

If at least one of Vpx and Vp. is abnormal, DIAG2 becomes H. Under some conditions, the low-side output
(UB, VB, WB) goes L.
All of these recover by themselves when the voltage returns to normal.

7.2.1. Vo under voltage detection
If Vo<Vpp+4.5V (Typ.), it is judged as abnormal and DIAG2 becomes H.

7.2.2. VpL under voltage detection
If VpH<4.5V (typ.), It is judged as abnormal and DIAG2 becomes H.

7.2.3. VpL over voltage detection

If Vo218V (Typ.), it is judged as abnormal, and low side output (UB, VB, WB) becomes L and DIAG2
becomes H.

Note1: Driver power supply (Vpon and VpL) is boosted by the charge pump. Boost operation will
start with Vpp> 4.5V.

Note2: In order to prevent a malfunction, please enter the signal to IN1 to 6 after checking the

DIAG2 ="L".

normal VDL(UV} VDH(UV} VDL(OV}
B o S ; <>

Voo _/

"""""""" /‘/‘;fVDD+45V(tYP)
VoH | L 5 5 i

VDL=1 8V(typ)
VDL=45V(typ)

IN4,5,6

ARNPCARE

DIAG2 | | 1

Figure 7.2 Diagnosis of power supply for driver

© 2024 6 2024-08-02
Toshiba Electronic Devices & Storage Corporation Rev. 1.1



TOSHIBA

TPD7212FN
7.3. Normal operation, Top and bottom short circuit input mode
Table 7.1 Truth table
c Output voltage
EN IN1 IN4 huargge DIAG1 DIAG2 Remarks
(IN2,3) (IN5,6) cF:)irchizt UU output | UB output output output

(VU,WU) (VB,WB)
L * * Operate L L H L —
H L L Operate L L H L -
H H L Operate H L H L -
H L H Operate L H H L -
H H H Operate L(self- L(self- L(self- L Top e?n_d bottom short

return) return) return) circuit input mode

* : Don’t care

When at least one of the paired high-side output control input and low-side output control input (IN1 and IN4,
IN2 and IN5, IN3 and ING6) is H, the top and bottom short circuit input mode is selected, and all outputs are L
DIAG1 is also L.
These self-return will be carried out if the corresponding input is out of the Top and bottom short circuit input

mode.
) short circuit input mode.
normal operation )

EN |

IN1,2,3 | ] [ ] [

IN4,5,6 ] i L]

UU,VU,WU 1l [ ] '

UB.VB,WB [ ]

DIAG1 L self return

DIAG2

Figure 7.3 Normal operation, Top and bottom short circuit input mode
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7.4. Abnormal diagnosis of output voltage (VDD short, GND short)

Output voltage diagnosis operates for abnormal output voltage when the input signal changes, and for abnormal
output voltage when the input is stable. The criterion for diagnosing an error is the output judgment voltage
(Vom). When the input signal is H, it is output voltage <Vowm, and when the input signal is L, the output voltage
=Vowm. If it is diagnosed as abnormal, turn off all outputs and pull down to GND with an internal resistance (5
kQ). Also latch DIAG1 at L. These are canceled at the rising edge of EN signal (L to H).

7.4.1. Abnormal diagnosis of output voltage when input sighal changes

For output abnormality when the input signal changes, after a certain mask time (tmask), turn off all outputs and
pull down to GND with an internal resistance (5 kQ). Also latch DIAG1 at L. These are canceled at the rising
edge of EN signal (L to H).

EN
IMx

xU.xB

DIAG1

Figure 7.4 Abnormal diagnosis of output voltage when input signal changes

7.4.2. Abnormal diagnosis of output voltage when input signal is stable

For output abnormalities when the input signal is stable, without mask time (tmask), immediately turn off all
outputs and pull down to GND with internal resistance (5kQ). Also latch DIAG1 at L. These are canceled at the
rising edge of EN signal (L to H).

. normal normal_

< | e

N L§ I
INX _ | oD shon_é \ /—_—

v !
—\  —
xU,xB o E— V— M VA

VDD shortt

DIAG1 Latch Latch |

I

v _

Figure 7.5 Abnormal diagnosis of output voltage when input signal is stable

Note: INx: IN1,IN2,IN3,IN4,IN5,IN6 xU: UU,VUWU xB: UB,VB,WB
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8. Absolute Maximum Ratings

Table 8.1 Absolute Maximum Ratings

(Ta = 25°C unless otherwise specified)

Characteristics Symbol Rating (Note) Unit Note
DC Vbb(pe) -0.3t025.0 \% -
Supply voltage
pulse VDD(Pulse) -0.3t040.0 \% t < 300ms
PGND voltage VPGND -0.3t00.3 \% Standard in SGND
. . -0.3 to ;
High side Vxu Vort0.3 \% UU,VU,WU pin
Output voltage 031
. =-U. (0] .
Low side Vxs Vp+0.3 \% UB,VB,WB pin
Source current Ixu -1.0 A -
Output current
Sink current Ix8 +1.5 A -
IN1 to IN6 VN -0.3t06.0 Y, -
Input voltage
EN VEN -0.3t025.0 Y, -
Diagnosis output voltage Vbiac -0.3t06.0 \% -
Diagnosis output current Ipia 5 mA -
Power dissipation Po 2.6 w -
Operating temperature Topr -40 to 150 °Cc -
Junction temperature T 175 °c -
Storage temperature Tstg -551t0 175 °C -

Note: Using continuously under heavy loads (e.g. the application of high temperature/current/voltage and the significant
change in temperature, etc.) may cause this product to decrease in the reliability significantly even if the operating
conditions (i.e. operating temperature/current/voltage, etc.) are within the absolute maximum ratings and the operating
ranges.Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Handbook
(“Handling Precautions”/“Derating Concept and Methods”) and individual reliability data (i.e. reliability test report and
estimated failure rate, etc).

8.1. Thermal Resistance

Table 8.2 Thermal resistance

Charateristics Symbol Rating unit

;’rr;]%rirg% resistance (junction-to- Rih (-a) 56 (Note) °C/W

Note: Glass epoxy board
Material: FR-4(4 layer)
Board size: 76.2mmx114.3mmx1.6mm
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9. Operating Ranges
Table 9.1 Operating supply voltage
Characteristics Symbol Condition Min Typ. Max Unit
Operating supply voltage VDD(opr) Tj=-40 to 150°C 4.5 12.0 18.0 \%

10. Electrical Characteristics

Table 10.1 Electrical Characteristics
(T; = -40 to 150°C, Vpp = 5 to 18V unless otherwise specified)

Characteristics Symbol Test condition Min (I&':;) Max Unit
Supply current Ioo X'EZ:)H’V'NX:L, Vop=4.5 to 18.0V - 3.9 8.0 mA
Input threshold ngh level ViNxH - 2.0 - - \Y
voltage(IN) Low level Ve |- - - 1.0 Vv
Input threshold ngh level VENH - 2.0 - - Vv
voltage(EN) Low level Ven |- - - 1.0 Vv
High level linxH Vine=5V - 50 100 A
Input current(IN)
Low level IiNxL Vine=0V -1 0 1 A
High level lenn Ven=5V - 12 30 pA
Input current(EN)
Low level lenL Ven=0V -1 0 1 pA
VoHxu1 Vbop=4.5V,lo=-1mA, (Note2) Vop+6 Vop+7 - Vv
VoHxu2 Vpp=7 to 18V,lo=-1mA, Note2 Vop+10 | Vop+12 | Vop+16 V
High level
VoHxB1 Vbp=4.5V,lo=-1mA, Note2 7 10 - V
VoHxB2 Vpp=7 to 18V,lo=-1mA, Note2 10 13 16 \Y,
Output voltage
Vouxu1 Vop=4.5V,lo=1mA - - 0.5 \%
VoLxuz Vop=5 to 18V,lo=1mA - - 0.5 \Y,
Low level
VoLxs1 Vpp=4.5V,lo=1mA - - 0.5 \Y,
VoLxg2 Vop=5 to 18V,lo=1mA - - 0.5 V
Output detection voltage Vom Vbp=5 to 18V, Vreno=Vsenp=0V 2.0 25 3.5 \Y,
Mask time for monitoring output —
detection voltage. tmask Voo=5 to 18V 1.0 3.0 5.0 us
OU!pUt pU” down Normal mode Rpad1 - 45 88 135 kQ
resistance Hiz mode Rez | lo=+0.5mA Vop=5 to 18V 35 5.0 65 | kQ
Douree side | Rosionms [10=-0.1A,Voo=5 to 18V - 13 30 | ©
Driver on resistance - -
Dink Side Rosons | lo=+0.1A,Vpp=5 to 18V - 07 2.0 Q

(Continued on next page)
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(Continued from the previous page)
Characteristics Symbol Test condition Min (I?,’tf;) Max Unit
\?O“ftgg?is output Low level Voe  |Ibine=0.5mA,Vop=5 to 18V - - 05 | V
Di i tput .
| e':g:;:'gu‘#‘eﬁf_ High level Ibiac Vbine=6V,Vpp=5 to 18V - - 10 iy
VpH drop detection VDH(uv) Vop=5 to 18V Vop+4 | Voo+4.5 | Vop+6 \%
VoL drop detection VpL(uv) - 4.0 4.5 6.0 Vv
VoL over voltage detection Vbr(ov) - - 18 - Vv
] Vour=Lto H ta(on) Vpp=Vpr=VpL=12V - 0.21 0.40 us
Delay time
Vour=H to L td(oFF) RL=25Q,CL=20000pF - 0.21 0.40 us
Slew Rate (rise) dv/dton) |- - 75 - Vius
Slew Rate (fall) dv/dtorr) |- - 75 - V/us
Same output Atg(orr-onyt |- -0.2 - 0.2 us
Propagation delay time
gg?t c?nqdout put Atdorr-ony2 |- -0.2 - 0.2 us
Dead time tdead Vop=12V, Vin=2.0V - 0.64 1.00 us
Charge pump frequency fose Vop=5 to 18V 30 55 80 kHz
Note 1: Typical value if not specified is the 12V condition.
Note 2: In Figure 4.1, D1,D2,D3 = CRHO1, R1,R2 = 10Q, C1,C2 = 2.2uF
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11. Test Circuit
11.1. Slew Rate
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Figure 11.1 Slew Rate

11.2. Dead time
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Figure 11.2 Dead time
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12. Characteristic curves

The below characteristics curves are presented for reference only and not guaranteed by production test,
unless otherwise noted.
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13. Package Information
13.1. Package Dimensions
Unit : mm
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Figure 13.1 Package Dimensions
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13.2. Marking

TPD7212FN

(Last digit of the year

Part No. i: TPD YOO X «+—— LotCode
7 2 1 2 F N and Weekly code and Assembly code)

Figure 13.2 Marking

13.3. Land Pattern Dimensions for Reference only
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Figure 13.3 Land Pattern Dimensions for Reference only
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14. IC Usage Considerations

14.1. Notes on Handling of ICs
The absolute maximum ratings of a semiconductor device are a set of ratings that must not be exceeded, even

for a moment.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. 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 Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

¢ PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

* Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

o Product 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.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES 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 (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology 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). Product and related software and technology 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 Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

¢ Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

Toshiba Electronic Devices & Storage Corporation
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