TOSHIBA

TB67B0O00FG

TOSHIBA Bi-CMOS Power Integrated Circuit Multi-Chip Package (MCP)

TB6/7/B0O00FG

High voltage

3-Phase Full-Wave Sine-Wave PWM Brushless Motor Driver

The TB67B000FG is a high-voltage PWM brushless DC motor
driver. The product integrates a controller, which supports
sine-wave PWM drive and wide-angle commutation and a
high-voltage driver in a single package (“two-in-one”, i.e. MCP). It
is designed to change the speed of a brushless DC motor directly

by using a speed control analog signal from a microcontroller.

P-HSSOP34-0918-0.80-001

Weight: 0.74 g (typ.)

Features

A Controller and a high-voltage driver are integrated in a single package.

Sine-wave PWM drive or wide-angle commutation drive is selectable.
IGBTs are arranged in three-phase bridge unit.
Built-in oscillator circuit (carrier frequency = fosc/252 (Hz))

Bootstrap circuitry: Built-in bootstrap diode

Built-in overcurrent protection, thermal shutdown, undervoltage lockout, and motor-lock detection.

Internal voltage regulator circuit (VREG = 7 V (typ.), 30 mA (max), Vrefout = 5 V (typ.), 35 mA (max))

Operating power supply voltage range: Vcc = 13.5 to 16.5 V
Motor power supply operating voltage range: VBB = 50 to 450 V

This product is fabricated by MOS FET. It is sensitive to electrostatic discharge and should be handled with care.

<Reference data> Electro-Static Discharge Test (Condition: Human body model, the number of samples is three.)
U, V, W, and IS2 pins are passed +2kV/-1.5kV and other pins are passed +2kV/-2kV in this test.
(Common pins: Power supply pins (VCC and VBB) or GND pins (SGND and PGND))
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Block Diagram

OSCR TR Vrefout VREG Vee VaB
(5) O 28) @3 25 11
: System clock | |, oo Voltage . ' :
i generator Re(gsu\lle;tor —e . W —{16) BSU
i 1 T l E i W +—{15) BSV
HUP (3 ) — : : -
: N : : W +—{13) BSW
HUM( 2 1 Under voltage 1 ' . :
HVP 34— lockout i { [ Voltage ;
: —_— : ' Regulator Under| [Under] [und '
HVM 33— | | V) voltage| ottage] oltage :
1 1 ' lockout| [lockout| [lockout| H
HWP 32— 1 i !
' —_— ' | Under I I I [ q \
HWM 31 T ; . oltage High-side !
| P jockou] A revershie | FIK FIK F
: : : driver e ‘ :
LA (7 Control circuit : : :
2 i UH; i ;
vep (8) : uL! 5 Thermal
i Output circuit VHE - Input protection shutdown '
FG : : : logic T
9 ' Input/Output VL! ' 9 ) .
i circuit . H : !
' T ; Low-side il :
FGCRY— WH ' driver K ;
1 i ] [ q '
cwicew 28— W ; :
SS 2o— i : ;
| ; ; i [20NC
: (Controller) : : (Driver) : @NC
"""""""""""""""""""""""""""""" [ I e e 2L

ldc SGND EPAD PGND IS1 1S2 1S3
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TB67BO00FG
Pin Assignment
EPAD HUP OSCR LA FG VBB BSW BSV
HUM SGND Vsp 1S3 W \
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(Die pad)
34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|_||_||_||_||_||_||_||_||_||_||_||_||_||_||_||_||_| U
HVP LM HWPHWM FGC ss Vrefout IdCCW/CCV\\;CC VREGPGND NG - 1S2 U BSU

Note: Die pad on the package surface and EPAD pin (a pin number is 1.) are connected. When using the heat

sink, handle it not to short with the IC pins.
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Pin Description

Pin No. Symbol Description Function

FGC = H: FG = output 1 ppr

9 FG FG signal output FGC = M: FG = output 2.4 ppr
FGC = L: FG = output 3 ppr *ppr : one pulse per one electrical angle
8 Vsp Voltage command input | This pin has a pull-down resistor. (150 kQ)

This pin has a pull-down resistor. (200 kQ)
Input voltage range: 0 to 5.0V

7 LA Lead angle control input SS=H: 0 to 28 in 16 steps.
SS=L: 0 to 58° in 32 steps.
5 OSCR Resistor for oscillation Connect a resistor for internal clock oscillation.
4 TR Motor lock detection Connect a capacitor for motor lock detection oscillation or connect to GND.
3 HUP U-phase hall input+
2 HUM U-phase hall input-
34 HVP V-phase hall input+ When the hall signal inputs (UVW) are all Highs or all Lows, the gate block
33 HVM V-phase hall input- protection becomes active. Built-in digital filter (=1.6 ps)
32 HWP W-phase hall input+
31 HWM W-phase hall input-

This pin has a pull-down resistor. (100 kQ)
H: FG=output 1 ppr

30 FGC FG output signal switch M: FG=output 2.4 ppr
L: FG=output 3 ppr *ppr : one pulse per one electrical angle
28 Vrefout Reference voltage output |5 V (typ.), 35 mA (max), Connecting a capacitor for voltage stability.

Switch for commutation This pin has a pull-down resistor. (100 kQ)
29 SS H: Wide-angle commutation (150° commutation)

waveform L: Sine-wave PWM drive (180° commutation)
This pin has a pull-down resistor. (100 kQ)
26 cwiccw | Forward/Reverse H: Forward

switching input L- Reverse

This pin has a pull-up resistor. (200 kQ)
DC link input

27 Ide Current limit input Reference potential of 0.5 V. This pin has a RC filter (= 1 ps) and a digital
filter (= 0.6 ys).
. Signal ground.
6 SGND | Ground pin Connect with PGND and EPAD pin.
23 VREG Reference voltage output |7 V (typ.), 30 mA (max). Connecting a capacitor for voltage stability.
Power supply pin for the
25 Vee power stage 15V (typ.)
. Power ground
22 PGND | Ground pin Connect with SGND and EPAD pin.
17 U U-phase output pin —
16 BSU Bootstrap supply For connecting a bootstrap capacitor to the U-phase output.
(phase U)
19 1S1 U-phase IGBT emitter For connecting a detecting resistor for motor coil current to the PGND pin.
18 1S2 V-phase IGBT emitter For connecting a detecting resistor for motor coil current to the PGND pin.
Bootstrap supply . . :
15 BSV (phase V) For connecting a bootstrap capacitor to the V-phase output.
14 \% V-phase output pin —
High-voltage power . -
1 VBB supply pin Power supply pin for driving a motor.
Bootstrap supply . . .
13 BSW (phase W) For connecting a bootstrap capacitor to the W-phase output.
12 w W-phase output pin —
10 1S3 W-phase IGBT emitter For connecting a detecting resistor for motor coil current to the PGND pin.
20/21/24 NC Non connection pin —
1 EPAD Die pad connected pin This pin is connected with die pad on surface.

Connect with PGND and SGND.
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Input/Output Equivalent Circuits

Equivalent circuit diagrams may be partially omitted or simplified for explanatory purposes.

Pin Input/Output Signal Internal Circuit
HUP Vref;;utvref;)ut
HUM  |Analog / Digital r A
HVP x x
HVM Hysteresis: £7.5 mV (typ.) © >
[¢
HWP Digital filter time constant: 1.6 ps (typ.) + +
HWM Vecd Veed
Analog
Vsp Vgp voltage range: 0 to 10 V
Internal pull-down resistor: 150 kQ
- Vrefout
Digital
CW/CCW (L:0.8V (max)
H: V, -1V (min
ss refout ( ) -
4
]
Internal pull-down resistor: 100 kQ -
Vrefout
Analog
LA LA voltage range: 0 to 5.0 V 100 kQ
(@]
<
Internal pull-down resistor: 200 kQ S
Vrefout Vrefout
Analog
Analog filter time constant: 1.0 us (typ.)
Idc Digital filter time constant: 0.6 ps (typ.)
Internal pull-up resistor: 200 kQ
Digital Vrefout 1
L:0.8 V (max) # N
M: 2.0 V(min), 3.0 V(max) 50 kQ N
FGC  |H: Vigfout - 1V (min) y L
S| &
8 +
Internal pull-down resistor: 100 kQ N e
%
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Pin Input/Output Signal Internal Circuit
Digital Vrefout Vrefout
Push-pull output: +2 mA (max)

FG |Fac=H: 1 ppr
FGC=M: 2.4 ppr _|
FGC=L: 3 ppr

U

\

U,V,W-phase output pin ou
1S1 U,V,W-phase IGBT emitter pin oV
IS2 ——ow

< L
1S3 N B g
1S1 1S2 IS3
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Absolute Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
VBB 500
Power supply voltage \%
Vce 18
Vin (1) -0.3to Vge (Note 1)
Input voltage \%
Vin (2) - 0.3 to Vyefout +0.3 (Note 2)
Output current (DC) lout 2 A
Output current (pulse 1ms) louTP 3 (Note 3) A
VREG current Ireg 30 mA
Vrefout current Irefout 35 mA
Power dissipation Pp 35 (Note 4) w
Operating temperature Topr - 30 to 115 (Note 5) °C
Storage temperature Tstg - 55 to 150 °C

Note: Absolute maximum ratings

The maximum rating is the rating that should never be exceeded, even for a shortest of moments. If the
maximum rating is exceeded, it could result in damage and/or deterioration of the IC as well as other
devices beside the IC. Regardless of the operating conditions, please design so that the maximum rating

is never exceeded. Please use within the specified operating range.
Note 1: Vin (1) pin: Vsp and LA
Note 2: Vin (2) pin: HUP, HUM, HVP, HVM, HWP, HWM, SS, FGC, CW/CCW, and Iqc.

Note 3: Apply pulse

Note 4: Package thermal resistance (8 j-¢c = 1°C/W) with an infinite heat sink at Ta = 25°C

Note 5: The operating temperature range is determined according to the ‘PpD MAX — Ta characteristics’.

Operating Conditions (Ta = 25°C)

Characteristics Symbol Min Typ. Max Unit
VBB 50 280 450
Power supply voltage \%
Vce 13.5 15 16.5
Oscillation frequency fosc 3.5 5 6.4 MHz
Output current lout — — 2 A
Operating temperature Topr -(?l)\?ote) — (I\11(1Jt?e) °C

Note: The operating temperature range is determined according to the ‘PD MAX - Ta characteristics’.
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Power Dissipation

Pp MAX — Ta
40,
— {)
=3 \
> \
2 30| 3
= \
o
o \
. Y
S 20 N
©
2 \
7]
L2 N
© \
3 10
S @) \
- Y A B A
| —
4 \\._ \
0
0 25 50 75 100 125 150
Ambient temperature Ta (°C)
(1) Infinite heat sink
: Roj-c = 1°C/W
(2) Mounting on PCB (74.2 x 114.3 x 1.6 mm, Cu20%). heat sink (10 x 10 x 1 mm, Cu)
: Rgj-a = 21°C/W
(3) Mounting on PCB without heat sink (74.2 x 114.3 x 1.6 mm, Cu20%)
: R6j-a = 37°C/W
(4) IC only
: Roj-a = 68°C/W
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Electrical Characteristics (Ta = 25°C)
Characteristics Symbol Test Condition Min Typ. Max Unit
IBB Vg =450V — — 0.5
Current dissipation mA
Icc Vecc =15V — 5 10
Current consumption of IBs (ON) |VBs =15V, high-side ON — 210 410 uA
bootstrap lss (OFF) | Vas = 15 V, high-side OFF — 180 370
lIN(LA) Vin=5V, LA — 25 50
IIN(VsP) Vin=5V, Vgp — 35 70
Input current MA
lIN(ldc) Vin = GND, lgc — -25 -50
INTEN) Vin =5V, CW/CCW, FGC, SS — 50 100
Vrefout
H e — Vrefout
VINT CW/CCW, SS 1 refod v
L 0 — 0.8
H 4 - Vrefout
VIN2 M |FGC 2 — 3 \
L 0 — 1
Test mode for motor shipping o
T |ss=H 8.2 10
PWM ON duty 95%
y H |ss=H 5.1 54 5.7 y
SP(H
Input voltage ) M | Refresh — Start motor operation, 18 21 24
SS=H : ' :
Turned-off — Refresh
L |ss=H 0.7 1.0 1.3
Test mode for motor shipping
T |ssaL 8.2 — 10
PWM ON duty 92%
y H |gg=| 5.1 5.4 5.7 y
SP(L
“) M Refresh — Start motor operation, 18 21 24
SS=L : ' :
Turned-off — Refresh
L |ss=_ 0.7 1.0 1.3
PWM oscillation frequency Fc (20) OSC/R =68 kQ 18 20 22 Kbz
(Carrier frequency) Fc(1s) |OSCIR=75kQ 16.2 18 19.8
TONTR TR=0.01 yF Driving time (Note ) 3.33 5 8.33 S
Motor lock detection TOFFTR TR=0.01 pF Turn off time (Note ) 20 30 46.15 s
FTR TR=0.01 pF frequency 65 100 150 Hz
T LA =0V or Open, Hall IN = 100 Hz . 0 .
LAH(0) SS=H
Lead angle offset (LA) TLAH(2.5) ég:Hz.s V., Hall IN = 100 Hz 11.25 15 18.75 °
LA =5V, Hall IN =100 Hz
TLAH (5) SS=H 26.25 28.125 —
T LA =0V or Open, Hall IN =100 Hz o 0 o
LAL©O) |ss=L
Lead angle offset TLAL 25) | 5ao 2> V- HallIN =100 Hz 26 30 33 o
TLAL (5) gg:LS V, Hall IN = 100 Hz 52 57 60
Isne%ustitivity Vs Difference input 40 — — mVpp
L In-phase
Hall device input range Vw — 0.5 — 4.0 \%
Input
hysteresis VH(1) (Note) +1.5 7.5 +13.5 mV
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V
H |HUP, HVP, HWP: refout — Vrefout
Hall IC input Ving -1 refou v
HUM, HVM, HWM = Vrefout/2
L 0 — 0.8
Current detection Vdc ldc 0.475 0.5 0.525 \%
VFG (H) louT =2 mA FG 4 — —
VFG (L) louT = -2 mA FG — — 1
Output voltage Vrefout1 louT =15 mA Vrefout 4.7 5.0 53 \%
Vrefout2 lout = 35 mA Vrefout 4.5 5.0 5.3
VREG lout =30 mA VREG 6.5 7 7.5
VcEsatH Vcc =15V, IC =1 A, High side — 2.3 3.2
Output saturated voltage \%
VcEsatk Vec =15V, IC = 1A, Low side — 23 3.2
VEH IF =1 A, High side — 2.1 3.1
Forward voltage of FRD \Y
VEL IF=1A, Low side — 2.1 3.1
Forward voltage of BSD VF (BSD) IF =500 pA — 0.9 1.2 \%
TSD 135 — 185
Thermal shutdown threshold (Note ) °C
TSDhys — 50 —
Ve Undervoltage lockout Vce (H) Undervoltage positive-going threshold 10.5 11.5 12.5 v
(Driver) Vce (L) | Undervoltage negative-going threshold 10 11 12
Vas Undervoltage lockout Vgs (H) Undervoltage positive-going threshold 8.5 9.5 10.5 v
(Driver) Vgs (L) Undervoltage negative-going threshold 8 9 9.5
ton VBe=280V,Vcc=15V,Ic=1A — 1.2 3
Output delay time ys
toff Ve =280V,Vcc=15V,Ic=1A — 1 3
Input delay time Toc lgc (fosc = 5 MHz) — 3.5 — us
FRD reverse recovery time trr Veg=280V,Vcc=15V,Ic=1A — 150 — ns
Note: No shipping inspection.
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Functional Description
1.

Basic Operation

The motor is driven by 120° commutation at startup. When the hall signal detects the motor rotating at the
frequency of 1 Hz or higher, the rotor position is estimated and the motor is driven with the lead angle
based on the LA input voltage.
From start to 1 Hz: Driven by square wave (120° commutation)
1 Hz or higher:  Driven by sine-wave PWM (180° commutation) or wide-angle commutation
(150° commutation)
When fosc = 5 MHz, approx. 1 Hz.

*: When fis 1 Hz or higher, the motor is driven by the command of the LA pin.
When f is 1 Hz or less or the motor is driven with reverse rotation direction (according to the timing

chart), it is driven by 120° commutation (lead angle is 0°).

Driven system (sine-wave PWM or wide-angle commutation) can be switched by the SS pin. Setting of lead
angle is different between these driving systems.

SS Driving system Lead angle

L Sine-wave PWM drive 0 to 58°/ 32 steps
(180° commutation)

H Wide-angle commutation 0 to 28° / 16 steps
(150° commutation)

Voltage Command (Vsp) Sighal and Bootstrap Voltage Regulation

(1) WhenVsp<1.0V:
The commutation signal outputs are disabled (.e., gate protection is activated).

(20 When1.0V<Vgp<21V:
The low-side transistors are turned on at a regular (PWM carrier) frequency. (ON duty: 18/fosc)

(30 When21V<Vsp<7.3V:

During sine-wave PWM drive, the commutation signals directly appear externally. During
square-wave drive, the low-side transistors are forced on at a regular (PWM carrier) frequency. (ON
duty: 18/fosc)

In stop state (Forward: 1Hz or less, Reverse: 5 Hz or less), commutation signals are outputted after
Vsp (Vsp > 2.1 V) is inputted and the refresh function operates for 1.5ms (typ.). In operation state
(Forward: more than 1Hz, Reverse: more than 5 Hz), commutation signals are outputted after Vsp
(Vsp > 2.1 V) is inputted.

Note: In startup, low-side transistor should be turned on (1.0 V < Vsp < 2.1 V) for a certain period to charge
gate power supply of high-side transistors.

(4) When 8.2V <Vsp< 10V (test mode for motor shipping):
The TB67B000FG drives in sine-wave drive mode with lead angle of zero. However, it drives in
square-wave mode in detecting reverse rotation.
When Vsp reaches 7.9 V (typ.), lead angle switches to zero.
The PWM duty cycle is calculated as PWM carrier period x 92% (typ.) and kept the constant value at

the following condition; 5.4 V (typ.) < Vsp.
PWM Duty

92%f-======-==----m-m--

Vsp

-

F= Y .

oV 21V 54V 73V82V 10V
(2) (3) (4)

=

11 2018-02-02



TOSHIBA

TB67B0O00FG

3

When Vsp<1.0 V:
The commutation signal outputs are disabled (i.e., gate protection is activated).

When 1.0V<Vsp<21V:
The low-side transistors are turned on at a regular frequency (PWM carrier frequency). (ON duty:
18/fosc)

When 2.1 V<Vgp<7.3V:

During wide-angle commutation, the commutation signals directly appear externally. During
square-wave drive, the low-side transistors are forced on at a regular (PWM carrier) frequency. (ON
duty: 18/fosc)

In stop state (Forward: 1Hz or less, Reverse: 5 Hz or less), commutation signals are outputted after
Vsp (Vsp > 2.1 V) is inputted and the refresh function operates for 1.5 ms (typ.). In operation state
(Forward: more than 1Hz, Reverse: more than 5 Hz), commutation signals are outputted after Vsp
(Vsp > 2.1V) is inputted.

Note: In startup, low-side transistor should be turned on (1.0 V < Vsp < 2.1 V) for a certain period to charge

4

*;

gate power supply of high-side transistors.

When 8.2 V<Vsp <10 V (test mode for motor shipping):

The TB67B000FG drives in wide-angle commutation mode with lead angle of zero. However, it drives
in square-wave mode in detecting reverse rotation.

When Vsp reaches 7.9 V (typ.), lead angle switches to zero.

The PWM duty cycle is calculated as PWM carrier period x 95% (typ.) and kept the constant value at
the following condition; 5.4 V (typ.) < Vsp.

PWM Duty (Upper phase)

*5% (.
(typ.) P g
*2.4% i P :
T oooeoooe- : - HY
( P ) 1.0V 21V 54V 73V82V 10V sP
Q) @ ©) )

Maximum ON duty: Ton = 95% (typ.) when Vsp = 5.4 V (typ.)
Minimum ON duty: Ton = 2.4% (typ.) when Vsp = 2.1 V (typ.).

Ex.: When foge = 5 MHz, maximum ON time = 48 ps (typ.) (fc = 19.8 kHz)
minimum ON time = 1.2 ps (typ.) (fc = 19.8 kHz)
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3. Dead Time Insertion (cross conduction protection)

To prevent a short-circuit between low-side and high-side power devices during sine-wave PWM drive, a
dead time is digitally inserted between the turn-on of one side and the turn-off of the other side. (The dead
time is also implemented at the full duty cycle during square-wave drive.)

Td = 9fosc _— ,
When fosc =5 MHZ, Td ~1.8 us (glf()sc) UH i E
(VH, WH) e o e
fosc = reference clock (CR oscillation frequency) Tq Co— Ty
UL 1 I :
R —
(VL, WL) j :

When input voltage (Vsp) is more than 2.1 V and the hall signal frequency is 1 Hz or less, the upper phase
(UH, VH, and WH) operates PWM drives (according to Vsp) with120° commutation. And the lower phase
(UL, VL, and WL) operates with 120° commutation. It refreshes in off timing. (In case of reverse direction
drive, the operation is the same as forward direction drive.)

Output waveform (Image)

o _TTTT] T
: mmmuﬂuﬂum—mummm—um

T
sP Tqre= Ty

WL |_| Ton |_|

Tsp: Changeable by Vsp. (The condition in this figure: Vsp = 5.4 V (typ.)), Ton = 18/fosc, Td = Yffosc.

*.

Lead angle offset (LA pin) is not activated when hall signal frequency is 1 Hz or less. The lead angle is
also deactivated in detecting of reverse rotation.

4, Lead Angle Control

The lead angle can be adjusted between 0° and 58° according to the induced voltage level on the LA input.

SS=L
LA analog input (0 to 5 V in 32 separate steps.)
ovV=0°
5V =58° (A lead angle of 58° is assumed when the LA voltage exceeds 5 V.)
SS=H

LA analog input (0 to 5 V in 16 separate steps).
ovV=0°
5V =28° (A lead angle of 28° is assumed when the LA voltage exceeds 5 V.)
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5. PWM Carrier Frequency

TB67B0O00FG

The triangular waveform generator provides a carrier frequency of fosc/252 necessary for PWM generation.
(The triangular wave is also used to force the switch-on of low-side transistors during square-wave drive.)
Carrier frequency: FC = fosc/252 (Hz), where fosc = reference clock (CR oscillator) frequency

6. Position Detecting Pin

<Hall device input>
Vw is 0.5 to 4.0 V in in-phase range. Input hysteresis voltage (VH) is 7.5 mV (typ.).

VH

HUM

Vg =40 mV or more

<Hall IC input>

Usage conditions: HUP, HVP, and HWP = GND to Vrefout
HUM, HVM, and HWM = Vrefout / 2

7. Rotating Pulse Output

The TB67B000FG outputs rotating pulse based on the hall signal. FGC pin can switch one pulse per
electrical angle, 3 pulses per electrical angle, or 2.4 pulses per electrical angle. One pulse per electrical
angle is generated from the hall signal of U phase. 3 pulses per electrical angle are generated by combining
each rising and falling edge of U, V, and W phases.

When the pulse is outputted at 2.4 pulses per electrical angle (FGC=M), FG pin outputs L level under the
condition that the direction of motor rotating is forward or reverse at 1 Hz or less. It is outputted
regardless of the input voltage of Vsp.

FGC FG
H 1 pulse per electrical angle
M 2.4 pulses per electrical angle (2 pulses per 5/6 electrical angle)
L 3 pulses per electrical angle

Timing Chart of FG Signal

\
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1
r---

HWM b
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\
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8. Protection-related Functions

oy

©)

3

4)

)

Overcurrent protection (Idc pin)

If the DC-link current exceeds the corresponding internal reference voltage, the gate block is
activated and the commutation signals (U, V, and W) are forced off. Overcurrent protection is disabled
after every carrier period.

Reference voltage = 0.5 V (typ.)

Abnormal hall signal protection

When the hall signals (internal hall amplifier outputs) are all Highs or all Lows, or hall input signals
(HUP, HUM, HVP, HVM, HWP, and HWM) are all open, the commutation outputs (U, V, and W) are
forced off. When these inputs are then set to any other combination, the commutation outputs are
re-enabled.

Undervoltage lockout (Vce)

While the power supply voltage is outside the rated range during power-on or power-off, the
commutation outputs (U, V, and W) are forced off to stop the motor operation. The motor operation in
power recovery is not guaranteed because the state of the circuit becomes unstable by power on
sequence.

<VCC>

L STt Vee: 15V(typ.)
Supply voltage 11.5 V (typ.) # \11.0 V (typ.)

i | GND

i fommmmmmemeeas VBB

Drive output

Output OFF —>L— Output drive —)l(— Output OFF

Monitor for VBS bootstrap power supply
When VBS power supply falls, high-side of IGBT output is turned off.

A 3~

Vgs (Output-BS) 9.5V (typ.) # N0.0 V (typ.)

High-side IGBT

Output OFF —)I(— Output drive —)I(— Output OFF

Thermal shutdown circuit
When the IC temperature rises high abnormally because of internal or external heat generation, all
outputs of IGBT are tuned off.
TsD = 135°C (min), 185°C (max)  TSDhys = 50°C (typ.)

Recovery temperature after TSD is activated: TSD -TSDhys
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When hall signal detects below state, intermitted operation (drive period: stop period = 1: 6) is repeated.

<Description of motor-lock detection>
When Vsp exceeds 2.1 V, the detection period starts. In this time, the counter for the motor lock detection
starts counting. When direction of the motor rotation corresponds to the pin configuration (forward direction:
sine-wave PWM mode or wide-angle commutation mode), lock detection is activated with 120° commutation
(square-wave drive) under the condition that frequency of the hall signal is about 1 Hz or less (when fosc =
5 MHz).
When direction of motor rotation is opposed against pin setting direction (reverse direction: reverse hall
input in 120° commutation mode), lock detection is activated under the condition that frequency of the hall
signal is about 5 Hz or less (when fogsc = 5 MHz).
When lock detection enables, operation is turned off (output drive is OFF) during stop period.
When Vsp is set 1.0 V or less, counter is reset and the stop mode is released. Then, when Vsp is set 2.1 V or
more again, counter starts counting from the initial state.

Table of lock detection

Vsp pin > 2.1V Vsp pin £2.1V
CW/CCW pin Direction of motor rotation
CcW CCW B
Hall<1 Hz Hall<5Hz
H (CW) (Rotating direction: (Rotating direction: Inactive
set of CW/CCW pin = motor) set of CW/CCW pin # motor)
Hall< 5 Hz Hall<1 Hz
L (CCW) (Rotating direction: (Rotating direction: Inactive
set of CW/CCW pin # motor) set of CW/CCW pin = motor)

Hall U
120° commutation —wide-angle commutation
Hall V . . . Counter reset
—_— 120° commutation—sine-wave drive
Hall W (Hall > 1 Hz)
—_—

Counter reset

Vgp<1V

Vsp
(typ.)

Counter start

Vsp>2.1V
(typ.)

— Drive output
™ —

o Oscillation '—>| Counter control
° I

Open detection
by TR pin

<Setting method>
Detection period and output-off period can be determined by an external capacitor (C1) of TR pin.

-Setting period
Drive period Ton[s] =C1x (VH—VL) x 2/1 x 500 counts

Stop period Toff[s] =C1x (VH—VL) x 2/I x 3000 counts (Note 1)

+  Ex.! When C1=0.01 pF, I =3 pA (typ.), VH= 2V (typ.) and VL= 0.5 V (typ.), and then Ton[s] =5 s (typ.)
and Toff[s] =30 s (typ.).

Note 1: Bootstrap capacitor does not charge (refresh) during stop period.
To charge bootstrap capacitor in recovery, VSP should be set by voltage command input as follows;
1.0V<Vsp<2.1V.

Note 2: When TR pin is open, the operation moves to stop mode (drive output OFF) by open detection.

Note 3: Counter is not activated by applying fixed voltage (GND) to the TR pin. Then, the drive mode can
be continued because the motor lock detection is turned off.
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Timing Chart

CwW/CCwW SS Hall input (frequency) Drive method No.
CW (1 Hz or less) Square-wave drive (120° commutation) 5
CW (1 Hz or higher) Wide-angle commutation (150° commutation) 3
H
CCw Square-wave drive (120° commutation) 6
H
CW (1 Hz or less) Square-wave drive (120° commutation) 5
CW (1 Hz or higher) Sine-wave PWM drive (180° commutation) 1
L
CCwW Square-wave drive (120° commutation) 6
Ccw Square-wave drive (120° commutation) 8
H
CCW (1 Hz or less) Square-wave drive (120° commutation) 7
CCW (1 Hz or higher) Wide-angle commutation (150° commutation) 4
L
Ccw Square-wave drive (120° commutation) 8
L
CCW (1 Hz or less) Square-wave drive (120° commutation) 7
CCW (1 Hz or higher) Sine-wave PWM drive (180° commutation) 2

17
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Timing Chart 1: Output waveform of sine-wave PWM drive

(CWICCW =H, SS =L, LA =GND, Non-inverted hall signal inputs)
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Note: The above timing chart is simplified to illustrate the function and behavior of the device.
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GND, Inverted hall signal inputs)

Timing Chart 2: Output waveform of sine-wave PWM drive

(CW/ICCW =L, SS =L, LA
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Timing Chart 3: Output waveform of wide-angle commutation
(CWICCW =H, SS = H, LA = GND, Non-inverted hall signal inputs)

Output waveform -
U 1

Note: The above timing chart is simplified to illustrate the function and behavior of the device.

V% indicates the high-impedance state.
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Timing Chart 4: Output waveform of wide-angle commutation
(CWICCW =L, SS =H, LA =GND, Inverted hall signal inputs)

TB67B0O00FG

(Inverted hall signal inputs)
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Note: The above timing chart is simplified to illustrate the function and behavior of the device.

V% indicates the high-impedance state.
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Timing Chart 5: Output waveform of square-wave drive
(CW/CCW =H, LA = GND, Non-inverted hall signal inputs)

TB67B0O00FG

(Noninverted hall signal inputs)

HUP

HUM

HVM

HVP

HWP

HWM

PWM generation
(IC internal)

Output waveform

Note: The above timing chart is simplified to illustrate the function and behavior of the device.
V% indicates the high-impedance state.
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Timing Chart 6: Output waveform of square-wave drive
(CW/CCW =H, LA = GND, Inverted hall signal inputs)

(Inverted hall signal inputs)

HUP

HVM

HVP

HWP

HWM

PWM generation
(IC internal)

Output waveform

Note: The above timing chart is simplified to illustrate the function and behavior of the device.

V% indicates the high-impedance state.
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Timing Chart 7: Output waveform of square-wave drive
(CW/CCW =L, LA = GND, Inverted hall signal inputs)

TB67B0O00FG

(Inverted hall signal inputs)

HUP

HVM

HVP

HWP

HWM

PWM generation
(IC internal)

Output waveform
U

Note: The above timing chart is simplified to illustrate the function and behavior of the device.

% indicates the high-impedance state.
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Timing Chart 8: Output waveform of square-wave drive
(CW/CCW =L, LA = GND, Non-inverted hall signal inputs)

HUP

HUM

HVM

HVP

HWP

HWM

PWM generation
(IC internal)

Output waveform
U

Note: The above timing chart is simplified to illustrate the function and behavior of the device.

V% indicates the high-impedance state.
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cation Circui S 11
Application Circuit Example Ry C1 Cor iC3 TC4 107 f06;15v I T
(5)0sCR_(#)TR  (28) Vrefout (23VREG _(25)Vce (1) Ves
E Lock i i i
Vrefout : System clock | | % Voltage : | :
: generator Regulator | ¢ | : >—W —16
1 5 I " 3] | o sy
z y HUP N ; ; g : BSV
_[E ; NN : : W —13
HUM 2 t Under voltage H H : ~~BSW
T HVP s — lockout : : Voltage |
4—[&» HVM . ——— > i ' Regulator Under| [under | [Under ;
33 ' ! ! (7V) voltage] [voltage]| [voltage H
o HWP 32 H H H lockout| lockout| [lockout| E
> % HWI E — H E Under I I I [ q E - =
L 3— i i oltage High-side ;
Vref s ' : : - C10| Co | Cs
refout /;7 | : ; lockou — level shift - J K J K i
LA ! H H i [ q E
@ T Control circuit : driver '
i : UH; ; S
: . . —{17
Vsp ) uLi ; Thermal : u
j : : " 14 Motor
MCU ; ; ; : shutdown ! vV
FG ! Output circuit VH: ' Input pro_tectlop ; 12
9 . : . logic ) ) ! AN
| Input/Output VL . :
{\c/refout FGC ; circuit Wi i Low-side JK %K :
Y : 1 driver :
,J,{\c/refout CW/CCW n ; WLE i [ q i
/17 Vrefout E E E i
T . o=
: i : i NC
1 (Controller) 1 ' (Driver) ! ?
L .I.____.____._.____.____._.____.__' L e mmem e ———————————— .| ______________________________________ i NC
(6) SGND (1) EPAD (22 PGND

19)1s1 (18)IS2 f1o) 1S3

2R3

77

Utmost care is necessary in the design of board layout since the IC may be destroyed and cause smoke or ignition by short-circuiting between outputs, air contamination faults, or faults
due to improper grounding, or by short-circuiting between contiguous pins. Specially, in the design of the output, VBB, U, V, W, IS1, IS2, IS3, BSU, BSV, BSW and GND lines which have
high voltage and high current, utmost care is necessary. Add overcurrent protection such as a fuse not to allow large current continuing to flow in case of over current generation or IC

breakdown.
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External Parts

Symbol Purpose Recommended value Note
Rq Internal clock generation 68 kQ (Note 1)
Cq Motor lock detection 10V /0.01 pF (Note 2)
Co V'refout OScillation protection 10V /0.1 yF to 1.0 pF (Note 3)
C3 25V /1 pF

VREG power supply stability (Note 3)
Cy 25V /1000 pF
Cs 10 V / 1000pF
Noise absorber (Note 4)
R2 5.1 kQ
R3 Overcurrent detection 0.62Q+1% (1 W) (Note 5)
Ceg 25V /10 yF
Ve power supply stability (Note 3)
Cy 25V /0.1 pF
Cs, Co, C10 Bootstrap capacitor 25V /2.2 uF (Note 6)

Note 1: For carrier frequency and dead time, determine the resistor to set the oscillation frequency of 6.4 MHz
or less.

Note 2: This component sets the output stop period and output drive period of motor lock detection. When this
function is not used, connect it to GND. As for detailed descriptions, please refer to the section of
“Motor-lock Detection” in this document.

Note 3: This component is used as a capacitor for power supply stability. Adjust it to the application
environment as required. In mounting, place it as close as possible to the base of the leads of this
product to improve the noise elimination.

Note 4: These components are used as a low-pass filter for noise absorption. Test to confirm noise filtering, then
determine its constant number.

Note 5: This component is used to set the value for overcurrent detection. Iout (max) = Vde / R3 (Vdc = 0.5 V
(typ.))

Note 6: The required bootstrap capacitance value varies depending on the motor drive conditions. The voltage
stress for the capacitor equals to the value of Vcc,
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Package Dimensions
G I i
O .
E 'k
O | T
]%HH%LHHHHHHHHLHLM | 2

i
SRS ’l =) ST AN

Weight: 0.74g (typ.)

Note: Die pad on the package surface and EPAD pin (a pin number is 1.) are connected. When using the heat
sink, handle it not to short with the IC pins.

Note: Die pad on the package surface and each lead pin may have burr made of mold resin. It has no influence
on the product’s characteristics to use.
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Notes on Contents

1. Block Diagrams
Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified for explanatory
purposes.

2. Equivalent Circuits
The equivalent circuit diagrams may be simplified or some parts of them may be omitted for explanatory purposes.

3. Timing Charts

Timing charts may be simplified for explanatory purposes.

4. Application Circuits
The application circuits shown in this document are provided for reference purposes only. Thorough evaluation is
required, especially at the mass production design stage.
Providing these application circuit examples does not grant a license for industrial property rights.

5. Test Circuits
Components in the test circuits are used only to obtain and confirm the device characteristics. These components and
circuits are not guaranteed to prevent malfunction or failure from occurring in the application equipment.

IC Usage Considerations
Notes on handling of ICs

[1] The absolute maximum ratings of a semiconductor device are a set of ratings that must not be exceeded, even for a
moment. Do not exceed any of these ratings.
Exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result injury by
explosion or combustion.

[2] Use an appropriate power supply fuse to ensure that a large current does not continuously flow in case of over current
and/or IC failure. The IC will fully break down when used under conditions that exceed its absolute maximum ratings,
when the wiring is routed improperly or when an abnormal pulse noise occurs from the wiring or load, causing a
large current to continuously flow and the breakdown can lead smoke or ignition. To minimize the effects of the flow
of a large current in case of breakdown, appropriate settings, such as fuse capacity, fusing time and insertion circuit
location, are required.

[3] If your design includes an inductive load such as a motor coil, incorporate a protection circuit into the design to
prevent device malfunction or breakdown caused by the current resulting from the inrush current at power ON or the
negative current resulting from the back electromotive force at power OFF. IC breakdown may cause injury, smoke or
ignition.

Use a stable power supply with ICs with built-in protection functions. If the power supply is unstable, the protection
function may not operate, causing IC breakdown. IC breakdown may cause injury, smoke or ignition.

[4] Do not insert devices in the wrong orientation or incorrectly.
Make sure that the positive and negative terminals of power supplies are connected properly.
Otherwise, the current or power consumption may exceed the absolute maximum rating, and exceeding the rating(s)
may cause the device breakdown, damage or deterioration, and may result injury by explosion or combustion.
In addition, do not use any device that is applied the current with inserting in the wrong orientation or incorrectly
even just one time. Utmost care is necessary in the design of board layout since the IC may be destroyed and cause
smoke or ignition by short-circuiting between outputs, air contamination faults, or faults due to improper grounding,
or by short-circuiting between contiguous pins. Specially, in the design of the output, Vgg, U, V, W, 1S1, 1S2, IS3,
BSU, BSV, BSW, and GND lines which have high voltage and high current, utmost care is necessary.

[5] Die pad on surface and PGND is connected.
Die pad on the package surface and EPAD pin (a pin number is 1.) are connected. When using the heat sink, handle
it not to short with the IC terminals. When applying the different potential with GND level to the heat sink, insulate
with die pad and the heat sink.
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Points to remember on handling of ICs

(1) Over current Protection Circuit

Over current protection circuits (referred to as current limiter circuits) do not necessarily protect ICs under all
circumstances. If the over current protection circuits operate against the over current, clear the over current status
immediately.

Depending on the method of use and usage conditions, such as exceeding absolute maximum ratings can cause the
over current protection circuit to not operate properly or IC breakdown before operation. In addition, depending on
the method of use and usage conditions, if over current continues to flow for a long time after operation, the IC may
generate heat resulting in breakdown.

(2) Thermal Shutdown Circuit
Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal shutdown circuits
operate against the over temperature, clear the heat generation status immediately.
Depending on the method of use and usage conditions, such as exceeding absolute maximum ratings can cause the
thermal shutdown circuit to not operate properly or IC breakdown before operation.

(3) Heat Radiation Design
In using an IC with large current flow such as power amp, regulator or driver, please design the device so that heat is
appropriately radiated, not to exceed the specified junction temperature (T;) at any time and condition. These ICs
generate heat even during normal use. An inadequate IC heat radiation design can lead to decrease in IC life,
deterioration of IC characteristics or IC breakdown. In addition, please design the device taking into considerate the
effect of IC heat radiation with peripheral components.

(4) Back-EMF
When a motor rotates in the reverse direction, stops or slows down abruptly, a current flow back to the motor’s
power supply due to the effect of back-EMF. If the current sink capability of the power supply is small, the device’s
motor power supply and output pins might be exposed to conditions beyond absolute maximum ratings. To avoid this
problem, take the effect of back-EMF into consideration in system design.
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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.

e 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, 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, devices related to electric power, and equipment used in finance-related fields.
IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative.

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

e  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.

e 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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