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Bi-CMOS Linear Integrated Circuit Silicon Monolithic

TB67Z830SFTG TB67Z830HFTG
TB67Z833SFTG TB67Z833HFTG
TB67Z850SFTG TB67Z850HFTG
TB67Z853SFTG TB67Z853HFTG

3-Phase Gate Driver

TB67Z830SFTG/830HFTG

. TB67Z850SFTG/850HFTG
1. Overview

TB67Z830xFTG/833xFTG/850xFTG/853XFTG includes three half-
bridge gate drivers that can drive N-channel MOSFETSs. It supports a
wide voltage range from 8 V to 75 V and has a drive capability of up
to 1 A source current and 2 A sink current.

TB67Z833xFTG/853xFTG has three built-in amplifiers with adjustable
gain, which can be used for shunt current sensing.
P-VQFN32-0505-0.50-007

2. Applications
TB67Z833SFTG/833HFTG
Brushless DC Motors, Fans, Pumps, Power Tools, etc. TB67Z853SFTG/853HFTG

3. Features

e  Gate driver for high-side and low-side N-channel MOSFET
e Adjustable gate drive capability
- Source current capability: 10 mA to 1 A (peak)
- Sink current capability: 20 mA to 2 A (peak)
e Operating Voltage Range: 8to 75 V
Built-in Voltage Regulator
e Built-in 3-channel current sense amplifiers

P-WQFN40-0606-0.50-003

(TB67Z833xFTG/853xFTG) Weight:
e SPI and Hardware interface P-VQFN32-0505-0.50-007 0.065g (typ.)
e 6-PWM Input Mode, 3-PWM Input Mode, Hall Input Mode, P-WQFN40-0606-0.50-003 0.09g (typ.)

and Independent PWM Mode
e Standby Mode (1 pPA @ VM =24 V)
e  Built-in Protection Function
Under voltage lockout, Charge pump under voltage lockout, Gate driver voltage monitoring,
Over current detection, High temperature warning, Thermal shutdown, and Flag Output (nFAULT)

Start of commercial production
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Table 3.1 Comparison table for each product

Product Name Built-in regulator | Number of CPTre”t Interface Package
voltage sense amplifiers
TB67Z830HFTG Hardware
Och P-VQFN32-0505-0.50-007
TB67Z830SFTG 33V SPI
TB67Z833HFTG ' Hardware
3ch P-WQFN40-0606-0.50-003
TB67Z833SFTG SPI
TB67Z850HFTG Hardware
Och P-VQFN32-0505-0.50-007
TB67Z850SFTG 5y SPI
TB67Z853HFTG Hardware
3ch P-WQFN40-0606-0.50-003
TB67Z853SFTG SPI
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4. Block Diagram

Some of the functional blocks, circuits or constants labels in the block diagram may have been omitted
or simplified for clarity.
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5. Pin Assignments
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6. Pin Description
Table 6.1 Pin Description for TB67Z830H/SFTG, TB672850H/SFTG

Pin No. Pin name Type Pin description

1 CPH TB67Z8x0H / SFTG Power Flying capacitor for charge pump pin

VCP TB67Z8x0H / SFTG Power Reservoir capacitor for charge pump pin

VM TB67Z8x0H / SFTG Power Power supply pin
4 VDRAIN TB6728x0H / SFTG Input (H)ir?;r:;dp?uc:r:?r:e\:‘zlrt:r?:ercglr:ziatcg)znrgopri;oring pin
5 GHA TB67Z8x0H / SFTG Output High-side gate drive output pin (A channel)
6 SHA TB67Z8x0H / SFTG Input High-side source voltage monitoring pin (A channel)
7 GLA TB67Z8x0H / SFTG Output Low-side gate drive output pin (A channel)
8 SLA TB67Z8x0H / SFTG Input Low-side source voltage monitoring pin (A channel)
9 SLB TB67Z8x0H / SFTG Input Low-side source voltage monitoring pin (B channel)
10 GLB TB67Z8x0H / SFTG Output Low-side gate drive output pin (B channel)
11 SHB TB67Z8x0H / SFTG Input High-side source voltage monitoring pin (B channel)
12 GHB TB67Z8x0H / SFTG Output High-side gate drive output pin (B channel)
13 GHC TB67Z8x0H / SFTG Output High-side gate drivel output pin (C channel)
14 SHC TB67Z8x0H / SFTG Input High-side source voltage monitoring pin (C channel)
15 GLC TB67Z8x0H / SFTG Output Low-side gate drive output pin (C channel)
16 SLC TB67Z8x0H / SFTG Input Low-side source voltage monitoring pin (C channel)
17 nFAULT TB67Z8x0H / SFTG Open Drain | Flag signal output pin
18 MODE TB67Z8x0HFTG Input PWM control mode setting pin

SDO TB67Z8x0SFTG Open Drain | Serial communication data output pin

IDRIVE TB67Z8x0HFTG Input Gate drive current setting pin

19 SDI TB67Z8x0SFTG Input Serial communication data input pin
20 VDS TB67Z8x0HFTG Input VDS monitoring threshold voltage setting pin

SCLK TB67Z8x0SFTG Input Serial communication clock pin

NC TB67Z8x0HFTG NC Non-connection
21 nCS TB67Z8x0SFTG Input Serial communication chip select pin
22 ENABLE TB67Z8x0H / SFTG Input Enable pin
23 AGND TB67Z8x0H / SFTG Ground Analog ground
24 DVDD TB67Z8x0H / SFTG Power Regulator voltage output pin
25 INHA TB67Z8x0H / SFTG Input High-side gate control pin (A channel)
26 INLA TB67Z8x0H / SFTG Input Low-side gate control pin (A channel)
27 INHB TB67Z8x0H / SFTG Input High-side gate control pin (B channel)
28 INLB TB67Z8x0H / SFTG Input Low-side gate control pin (B channel)
29 INHC TB67Z8x0H / SFTG Input High-side gate control pin (C channel)
30 INLC TB67Z8x0H / SFTG Input Low-side gate control pin (C channel)
31 PGND TB67Z8x0H / SFTG Ground Power ground
32 CPL TB67Z8x0H / SFTG Power Flying capacitor for charge pump pin

Note: When the SLx pins are not in use, do not leave them open but connect them to the ground.
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Table 6.2 Pin Description for TB67Z833H/SFTG, TB67Z853H/SFTG

Pin No. Pin name Type Pin description
1 CPL TB67Z8x3H / SFTG Power Flying capacitor for charge pump pin
2 CPH TB67Z8x3H / SFTG Power Flying capacitor for charge pump pin
3 VCP TB67Z8x3H / SFTG Power Reservoir capacitor for charge pump pin
4 VM TB67Z8x3H / SFTG Power Power supply pin
S VDRAIN TB6728x3H/ SFTG Input (H.‘,if?:r-gs;dp?u(:;?r:e\;ce)lrt:r?ceer:]/glr::;reinrgopr:;oring pin
GHA TB67Z8x3H / SFTG Output High-side gate drive output pin (A channel)
SHA TB67Z8x3H / SFTG Input High-side source voltage monitoring pin (A channel)
GLA TB67Z8x3H / SFTG Output Low-side gate drive output pin (A channel)
0 SPA | TBETZBGHISFTE | st | e e (e
10 SNA TB67Z8x3H / SFTG Input Current sense amplifier input pin (A channel)
11 SNB TB67Z8x3H / SFTG Input Current sense amplifier input pin (B channel)
2| SR | TBETZBGHISFTG | wmput | o O 6 ety
13 GLB TB67Z8x3H / SFTG Output Low-side gate drive output pin (B channel)
14 SHB TB67Z8x3H / SFTG Input High-side source voltage monitoring pin (B channel)
15 GHB TB67Z8x3H / SFTG Output High-side gate drive output pin (B channel)
16 GHC TB67Z8x3H / SFTG Output High-side gate drive output pin (C channel)
17 SHC TB67Z8x3H / SFTG Input High-side source voltage monitoring pin (C channel)
18 GLC TB67Z8x3H / SFTG Output Low-side gate drive signal output pin (C channel)
19| sPo | TBTZBGHISFTG | wput | ool B e ey
20 SNC TB67Z8x3H / SFTG Output Current sense amplifier input pin (C channel)
21 SOC TB67Z8x3H / SFTG Output Current sense amplifier input pin (C channel)
22 SOB TB67Z8x3H / SFTG Output Current sense amplifier input pin (B channel)
23 SOA TB67Z8x3H / SFTG Output Current sense amplifier input pin (A channel)
24 VREF TB67Z8x3H / SFTG Power Current sense amplifier power supply and reference voltage
25 nFAULT TB67Z8x3H / SFTG Open Drain | Flag signal output pin
6 MODE TB67Z8x3HFTG Input PWM control mode setting pin
SDO TB67Z8x3SFTG Open Drain | Serial communication data output pin
7 IDRIVE TB67Z8x3HFTG Input Gate drive current setting pin
SDI TB67Z8x3SFTG Input Serial communication data input pin
08 VDS TB67Z8x3HFTG Input VDS monitoring threshold voltage setting pin
SCLK TB67Z8x3SFTG Input Serial communication clock pin
29 GAIN TB67Z8x3HFTG Input Current sense amplifier gain setting pin
nCS TB67Z8x3SFTG Input Serial communication chip select pin
30 ENABLE TB67Z8x3H / SFTG Input Enable pin
31 CAL TB67Z8x3H / SFTG Input Current sense amplifier offset calibration pin
32 AGND TB67Z8x3H / SFTG Ground Analog ground
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Table 6.2 Pin Description for TB67Z833H/SFTG, TB67Z853H/SFTG (continued)

Pin No. Pin name Type Pin description
33 DVDD TB67Z8x3H / SFTG Power Regulator voltage output pin
34 INHA TB67Z8x3H / SFTG Input High-side gate control pin (A channel)
35 INLA TB67Z8x3H / SFTG Input Low-side gate control pin (A channel)
36 INHB TB67Z8x3H / SFTG Input High-side gate control pin (B channel)
37 INLB TB67Z8x3H / SFTG Input Low-side gate control pin (B channel)
38 INHC TB67Z8x3H / SFTG Input High-side gate control pin (C channel)
39 INLC TB67Z8x3H / SFTG Input Low-side gate control pin (C channel)
40 PGND TB67Z8x3H / SFTG Ground Power ground

Note: When the SPx pins are not in use, do not leave them open but connect them to the ground.
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7. Equivalent Circuit

Pin name Pin description Equivalent circuit

INHx

INLx ] |ﬂ
ENABLE |
nCS Digital input pin
SCLK
SDI
CAL

DVDD

MODE , , H»
GAIN 4-level input pin

] }

L
DVDD
IDRIVE 7-level input pin :
VDS e [] @ }
| ]

SDO . .
AEAULT Open drain output pin J i %

VM

> >
DVvDD Linear regulator pin DVDD
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Pin name Pin description Equivalent circuit
VCP
}7
W >
e
}7
VM W N
VCP L F— VDRAIN
CPH Charge pump pin J K&
CPL H
[ ] cPL
}7
J K-z
}7
r77
VCP
[
W >
|
[ ]GHx
[
GHX . . . . }ézg ZE
SHx High-side gate driver pin L
P
[ ]SHx

VM
}7
Kx
}7
GLx
- ]
GLx ) ) ) &
SPx/SLx Low-side gate driver pin u —
?‘ E
4} [ ]SPx/SLx
” ’_‘:’:|_|:|
SPx
SNx Current sense amplifier ‘ SOx
input output pin
SOX
SNXx S
VBIAS
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8. Absolute maximum ratings

Table 8.1 Absolute Maximum Ratings (Ta = 25 °C unless otherwise specified)

Characteristics Symbol Rating Unit
Supply voltage Vvm -0.31t0 80 V
Differential voltage between GND pins (between PGND and AGND) AVe -0.3100.3 V
VDRAIN pin voltage VVDR -0.3t0 80 \Y,
VDRAIN voltage slew rate SRvbr 2 V/us
Voltage regulator Vbvob -0.3to6 (Note1)| V
Charge pump pin voltage (VCP, CPP) Vep -0.3 to Vvbr+13.5 (Note 1) \Y,
Charge pump pin voltage (CPM) Veem -0.3to Vvor (Note 1)| V
ENABLE, MODE, VDS, GAIN, IDRIVE, CAL, 03106 v
INHx, INLx, nSCS, SCLK, SDI, SDO, nFAULT
SHx (continuous) -5to Vvor +5 (Note 2)| V
SHx (200 ns pulse) -10 to Vvor +10 (Note 2)| V
Input voltage SLx (continuous) Vi -1to0 1 (Note 3)| V
SLx (200 ns pulse) -5t05 (Note 3)| V
SPx, SNx (continuous) -1to 1 (Note 3)| V
SPx, SNx (200 ns pulse) -5to5 (Note 3)| V
VREF -0.3t0 6 \
GHx (continuous) -5to Vvcp+0.5 (Note 2)| V
GHbx (200 ns pulse) -10 to Vvep+0.5 (Note 2)| V
Output Voltage Ghix ~ SHix Vout 0310135 v
GLx (continuous) -1t013.5 (Note 3)| V
GLx (200 ns pulse) -5t013.5 (Note 3)| V
SOx -0.3 to Vvrer+0.3 \%
Output current DVDD Iovbb 30 (Note 4)| mA
Input current nFAULT IN 10 mA
WQFN40 4.0 (Note 5)
Power dissipation Pp w
VQFN32 3.1 (Note 6)
Junction temperature during operation Ti(opr) -40 to 150 °C
Storage temperature Tstg -55t0 150 °C

The absolute maximum ratings are standards that must not be exceeded even momentarily.

Exceeding the rating(s) may cause destruction, degradation, or damage of device and may also cause
destruction, damage, or degradation other than the device. Design the application so that the absolute
Maximum ratings are not exceeded under any operating conditions. Use this device within the operating
range described in this data sheet.

Note 1: DVDD, VCP, VCPP, and VCPM voltages are generated inside the device.
Do not apply any voltages externally.
Note 2: The SHx and GHx voltages are limited by the VCP voltage.
Design the voltages of (VCP-SHx) and (VCP-GHXx) not to exceed the range from -0.5 to 96 V.
Note 3: GLx, SLx, SPx, and SNx voltages are limited by VM voltage. Design the voltages of (VM-GLx),
(VM-SLx), (VM-SPx), and (VM-SNXx) not to exceed the range from -0.5 V to 80 V.
Note 4: Output current may be limited by ambient temperature and mounting method.
Design the application so that the junction temperature is not exceeded.
Note 5: On PCB (JEDEC 4 layers) and Ta=25 °C. When Ta exceeds 25 °C, derating with 32 mW/°C is necessary.
Note 6: On PCB (JEDEC 4 layers) and Ta=25 °C. When Ta exceeds 25 °C, derating with 25 mW/°C is necessary.
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9. Operating range

Table 9.1 Operating range (Ta = -40 to 125 °C unless otherwise specified)

Characteristics Symbol Min Typ. Max Unit
VM supply voltage Vvm 8 - 75 \%
VDRAIN voltage VVDR 6 - 75 \Y
Input voltage VIN 0 - 5.5 \Y
Switching slew rate (SHXx) SRsH - - 2 Vins
PWM signal (INHx, INLx) fewm 0 - 200 (Note 1) kHz
High-side average drive current IGATE_HS 0 - 25 (Note 1) mA
Low-side average drive current IGATE_LS 0 - 25 (Note 1) mA
DVDD output current Iovbp 0 - 30 (Note 1) mA
Open drain pull-up voltage Vob 0 - 5.5 \%
Open drain sink current lop 0 - 5 mA
VREF voltage VVREF 3 - 5.5 \Y,
Operating ambient temperature Ta -40 - 125 °C

Note 1: Do not exceed absolute maximum ratings for the power dissipation and the junction temperature.
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10. Electrical Characteristics

Table 10.1 Electrical Characteristics (at VM = VDRAIN= 12 V, Ta = 25 °C unless otherwise specified)

Characteristics Symbol Condition Min Typ. Max | Unit
Power supply
[vm VM = VDRAIN =24V, ENABLE = 3.3 V, INHx / INLx =0 V - 15 20 mA
Normal H/W I/F: MODE =0 V
Power operation GAIN, MODE, IDRIVE, VDS = Open
supply IVORAIN | SPI I/F: default register setting - 4 6 mA
current
IsTBY VM =8to 75V, VDRAIN =8to 75V, ENABLE =0V
Standby (lvm+lvoraiN) | Tj=-40 to 125 °C - - 1 KA
Period from VM>Vvmup, ENABLE=3.3 V to output Ready.
Wake up time twakE Capacitor at DVDD: 1 pF - - 1 ms
Capacitor between VCP and VDRAIN: 1 yF
Standby transition time tsTBY Eggggifg?rgt%l\\l/pl\)%a TJg V to Standby mode. - - 1 ms
Reset time tRESET F;zrgo:i;r(ﬂ\nm_lle\lABLE =0V to error reset. 5 _ 40 Us
DVDD TB67Z83x VM =81to 75V, lout = 0 to 30 mA 3 3.3 3.6 \Y
volta Vovoo
ge TB67285x VM =810 75V, lout = 0 to 30 mA 4.5 5 5.5 Y
VM =13V Ivcp = 01to 25 mA 8.4 11 12.5
Charge pump voltage ~ ~
(VCP-VDRAIN) Vcp VM =10V lvcp = 0to 20 mA 6.3 10 \Y
VM=8VIvcp=0to 13 mA 5.4 8
Internal oscillator frequency fosc VM=81t075V, Tj=-401to 125 °C 17 20 24 MHz
Digital input pins
Vi Low input 0 - 0.8 Vv
Input voltage VIH High input 1.8 - 5.5 Vv
VHys - - 100 - mV
ENABLE I ViL=0V - - 5 MA
Input current
liH ViH=5V - 50 70 HA
Pull-down
resistor RpD - - 100 - kQ
ViL Low input 0 - 0.8 \%
ViH High input 15 - 5.5 \Y,
Input voltage
INHx Vpvop = 3.3V TB67283x - 140 -
’ VHys mV
INLX, Vovop =5V TB67285x - 60 -
nCs, I ViL=0V - - 5 MA
SCLK, Input current
SDI liH ViH=5V - 50 70 HA
CAL Pull-down
resistor Rep - - 100 - kQ
Fropagation o |INHx/INLx — GHx / GLx ~ s | - | ns
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Characteristics Symbol Condition Min Typ. Max Unit
4-level input pins
Mode 1 V1 Short to AGND - 0 -
Connect to AGND TB67283x - 1.2 -
Mode 2 V2 via 45 kQ + 5% resistor TB67Z85x _ 1.8 _
\%
. Mode 3 V3 Open
MODE P TB67285x - 3.1 -
Mode 4 Va Short to DVDD - VbvbD -
Pull-up resistor Rru - - 50 - kQ
Pull-down resistor RprD - - 84 - kQ
7-level input pins
Mode 1 V1 Short to AGND - 0 -
Connect to AGND TB67283x - 0.5 -
Mode 2 V2 1Via 18'kQ + 5% resistor TB67285x _ 08 _
Connect to AGND TB67283x - 1.1 -
Mode 3 Vs via 75 kQ * 5% resistor TB67Z85x _ 1.7 _
TB67Z83x - 1.65 -
Mode 4 Va Open \
VDS
Mode 5 Vs Connect to DVDD TB67283x - 2.2 -
via 75 kQ + 5% resistor TB67Z85x _ 3.3 _
Connect to DVDD TB67283x - 2.8 -
Mode 6 Ve |Via 18 kKQ + 5% resistor TB67285x _ 42 _
Mode 7 V7 Short to DVDD - VbvbD -
Pull-up resistor Reu - - 73 - kQ
Pull-down resistor RprD - - 73 - kQ
Open Drain pins
nFAULT Output Low voltage VoL lout =5 mA - - 0.1 \Y
SDO Output leakage current lon |Vour=5V - - 1.0 pA
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Characteristics Symbol Condition Min Typ. Max | Unit
Gate driver
VM =13V, lvcp = 0 to 25 mA,
Source current capability = 1 A (design value) 84 " 12.5
. : VM =10V, lvcp = 0 to 20 mA,
vgﬂgéséde VGsHH) | Source current capability = 1A (design value) 6.3 9 10 v
(GHx-SHx) VM =8V, lvcp = 0 to 13 mA, 5.4 7 8
Source current capability = 1 A (design value) )
Gate drive VasHL) |During HOLD period, Isink = 0.5 mA - - 0.5 \%
voltage VM =12V, leL = 0 to 25 mA, 9 1 12
Source current capability = 1 A (design value)
o VM =10V, leL = 0 to 20 mA,
bgn;gg’e VesLH) Source current capability = 1 A (design value) 75 9 10 v
(GLx-PGND) VM =8V, leL=0to 13 mA, 55 7 8
Source current capability = 1 A (design value) )
Vesuw) |During HOLD period, Isink = 0.5 mA - - 0.5 \
Reg = 0000b - 10 -
Reg = 0001b - 30 -
Reg = 0010b - 60 -
Reg = 0011b - 80 -
Reg = 0100b - 120 -
Reg = 0101b - 140 -
Reg = 0110b - 170 -
Reg = 0111b - 190 -
SPI
Reg = 1000b - 260 -
Reg = 1001b - 330 -
. Reg = 1010b - 370 -
Gate drive . IDRIVEP Reg = 1011b - 440 - mA
Source current capability
Reg = 1100b - 570 -
Reg = 1101b - 680 -
Reg = 1110b - 820 -
Reg = 1111b - 1000 -
IDRIVE = Mode 1 - 10 -
IDRIVE = Mode 2 - 30 -
IDRIVE = Mode 3 - 60 -
Hardware |IDRIVE = Mode 4 - 120 -
IDRIVE = Mode 5 - 260 -
IDRIVE = Mode 6 - 570 -
IDRIVE = Mode 7 - 1000 -
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Characteristics Symbol Condition Min Typ. Max | Unit
Reg = 0000b - 20 -
Reg = 0001b - 60 -
Reg = 0010b - 120 -
Reg = 0011b - 160 -
Reg = 0100b - 240 -
Reg =0101b - 280 -
Reg =0110b - 340 -
. Reg = 0111b - 380 -
Reg = 1000b - 520 -
Reg = 1001b - 660 -
Gate di Reg = 1010b - 740 -
Siilfcmjlr\r/snt capability IoRIVEN Reg = 1011b _ 880 _ mA
Reg = 1100b - 1140 -
Reg = 1101b - 1360 -
Reg = 1110b - 1640 -
Reg = 1111b - 2000 -
IDRIVE = Mode 1 - 20 -
IDRIVE = Mode 2 - 60 -
IDRIVE = Mode 3 - 120 -
Hardware IDRIVE = Mode 4 - 240 -
IDRIVE = Mode 5 - 520 -
IDRIVE = Mode 6 - 1140 -
IDRIVE = Mode 7 - 2000 -
Hold current IHoLp_src | Source current capability after tbrive - 10 - A
IHoLD_sNk | Sink current capability after torive - 60 -
Turn-on prevention current IstTronG | Sink current capability - 2000 - mA
Turn-on prevention resistor RorF ENABLE =0V - 150 - kQ
Reg = 00b - 600 -
Reg = 01b - 1000 -
Drive time torRIVE SPl Reg = 10b - 2000 - ne
Reg = 11b - 4000 -
Hardware - 4000 - ns
Reg = 00b - 50 -
Reg = 01b - 100 -
Dead time tbeEAD SP! Reg = 10b - 200 - ne
Reg = 11b - 400 -
Hardware - 100 - ns
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Characteristics Symbol Condition Min Typ. Max Unit
Current sense amplifier
CSA_GAIN = 00b 4.85 5 5.15
SPI CSA_GAIN = 01b 9.7 10 10.3
\C/EEEFEJI'V:OLb CSA_GAIN = 10b 194 20 20.6
Gain Gcsa CSA_GAIN = 11b 38.8 40 41.2 VIV
GAIN = Mode 1 4.85 5 5.15
Hardware GAIN = Mode 2 9.7 10 10.3
GAIN = Mode 3 19.4 20 20.6
GAIN = Mode 4 38.8 40 41.2
Vo step = 0.5V, Gesa =5 VIV (design value) - 200 -
Sett.ing.tirhe tser Vo_step = 0.5V, Gesa =10 VIV (design value) - 300 - s
(until within- £1%) Vo step=0.5V, Gesa=20 VIV (design value) - 600 -
Vo step = 0.5V, Gesa =40 VIV (design value) - 1200 -
Common mode input range Vecom |- -0.15 - 0.15 Vv
Differential mode input range VbIFF |- -0.3 - 0.3 \
Vspx = Vsnx = 0V, Vvrer = 3.3V, after calibration
Input offset Vorr | Bi-directional current detection mode, -3 - 3 mV
Ta=-40t0 125 °C
Drift VDRIFT |VsPx =Vsnx=0V (design value) - 10 - pv/eC
Linear output range VLNEAR |VVREr = 3 to 5.5 V, after calibration 0.25 - VXRZEE ) \Y
o | - e | v
Output bias voltage VBIAS \S/(R;EI;GItDpIL/t ; Sé)n - VVREF/2 - i
Hardware SOx output open - VVREF/2 - V
o SPx=8Nx=-0.3V . _ _ 12 mA
Input bias current IBlAas E:ggﬁfgg?:étion Current flowing out of SPx pin
mode gﬁi(r:ntsyngin-g gu\t/of SNXx pin - - 130 WA
Output slew rate SRso |Load capacitor = 60 pF (design value) - 10 - V/us
ﬁgﬁfﬂﬁi%’f ltage IvRer |VVREF =5V B 3 45 mA
Unity gain bandwidth UGB |[Load capacitor = 60 pF (design value) - 1 - MHz
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Characteristics Symbol Condition Min Typ. Max Unit
Protection Functions
Detect voltage VVMDN During VM voltage falling 5.4 5.6 5.8 \Y
://cl:l/lt:gneder Release voltage Vvmup During VM voltage rising 5.6 5.8 6 \%
detection Hysteresis VVM_UVHys  |— - 0.2 - \%
Filter time tvm_uvb During VM voltage falling - 10 - us
UVLO detect VVDRDN During VDRAIN voltage falling 5.4 5.6 5.8 \Y
VDRAIN UVLO release Vvbrup | During VDRAIN voltage rising 5.6 5.8 6 Y%
gg?e%rﬁ\é,%ltage Hysteresis VVDR_UVHys |- - 0.2 _ v
Filter time tvbr_uvD During VDRAIN voltage falling - 10 - us
DVDD UVLO detect VDVDDDN During VDD voltage falling 2.6 275 29 \Y
under voltage |UVLO release VbvbDUP During VDD voltage rising 2.7 2.85 3.0 \%
detection Hysteresis VVDD_UVHys |— - 0.1 - Vv
Detection voltage VvcPDN During VCP voltage falling VCP-VDRAIN 4.7 5 5.3 \Y,
Charge pump Recovery voltage Vvcpup During VCP voltage rising VCP-VDRAIN 5.2 5.5 5.8 \Y
under voltage
detection Hysteresis VVCP_UVHys | — - 0.5 - Vv
Filter time tvep_uvp During VCP voltage falling - 10 - us
High-side High output Ves_cLamPH | Ta =-40 to 125 °C 13.0 145 19.0 \%
clamp Low output VGs_cLAMPL | — - -0.7 - Vv
Reg = 0000b 0.03 0.06 0.09
Reg = 0001b - 0.13 -
Reg = 0010b - 0.2 -
Reg = 0011b - 0.26 -
Reg = 0100b - 0.31 -
Reg = 0101b - 0.45 -
Reg = 0110b - 0.53 -
SP Reg = 0111b - 0.6 -
Reg = 1000b - 0.68 -
Reg = 1001b - 0.75 -
Reg = 1010b - 0.94 -
gggcct’l‘c’)ﬁr\%‘l[ggg Vbs_ocp Reg = 1011b - 1.13 _ v
Reg = 1100b - 1.3 -
Reg = 1101b - 1.5 -
Reg = 1110b - 1.7 -
Reg = 1111b - 1.88 -
VDS = Mode 1 0.03 0.06 0.09
VDS = Mode 2 - 0.13 -
VDS = Mode 3 - 0.26 -
Hardware |VDS = Mode 4 - 0.6 -
VDS = Mode 5 - 1.13 -
VDS = Mode 6 - 1.88 -
VDS = Mode 7 - Disabled -
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Characteristics Symbol Condition Min Typ. Max Unit
Reg = 00b - 0.25 -
VSENSE S Reg =01b - 0.5 -
it %ﬁ;gg”e”t VSEN ocP Reg = 10b _ 0.75 - v
Reg = 11b - 1 -
Hardware - 1 -
Reg = 00b - 1 -
Reg =01b - 2 -
Over current filter time tocP_mAsk SP! Reg =10b - 4 - V&
Reg = 11b - 8 -
Hardware - 4 -
SP Reg = 00b - 4 - ms
Over current auto recovery time tRETRY Reg =01b - 50 - us
Hardware - 4 - ms
Gate drive voltage monitoring Vaes_LT Tj=-40to 125 °C, VDRAIN =810 75 V 0.5 1.0 1.5 \Y
threshold voltage Ves HT  |Tj=-40t0 125°C, VDRAIN=8t075V | 2.5 3.0 3.5 Vv
High Detect ToTtw (design value) 140 150 160 °C
temperature | Release Totwr (design value) 110 120 130 °C
warning Hysteresis ToTw_Hys (design value) - 30 - °C
Detect Ttsp (design value) 155 165 175 °C
TSD Release TTsbR (design value) 125 135 145 °C
Hysteresis TTSD_Hys (design value) - 30 - °C
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Characteristics Symbol Condition Min Typ. Max | Unit
SPI Timing
Preparation period tREADY \S/'I;’/II ?:c}/n;%ﬂ:ﬁigg{ilgg iiﬂrzglczi;l ABLE = 3.3 V unti - - 1 ms
SCLK cycle tek - 100 - - ns
SCLK H period tcLkH - 50 - - ns
SCLK L period toLkL - 50 - - ns
SDI setup time tsu_spl Period from SDI input to SCLK falling edge 20 - - ns
SDI hold time tHD_sDI Period of maintain SDI from SCLK falling edge 30 - - ns
SDO output Delay tp_spbo Period from SCLK High to SDO output - - 30 ns
nCS setup time tsu_ncs Period from nCS Low to SCLK rising edge 50 - - ns
nCS hold time tHD_ncs Preiod form SCLK falling edge to nCS High 50 - - ns
nCS H period tH_ncs High period until nCS Low 400 - - ns
nCS disable period tois_ncs Period from nCS High to SDO Hi-Z (design value) - 10 - ns

Note: Unless otherwise noted, electrical characteristics are shown for the conditions described.
When operating the product under different conditions, the characteristics shown in the electrical
characteristics may not be obtained.
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11. Feature Description

11.1. 3-Phase gate driver
11.1.1. PWM control modes

TB67Z830xFTG/833xFTG/850xFTG/853xFTG supports four types of PWM control modes. The PWM
control mode can be set by the MODE pin (Hardware I/F) or the PWM_MODE register (SPI I/F). Please
do not change the PWM control mode while driving external MOSFETs. Please ensure that the PWM
control mode is set when the INHx and INLx pins are all Low and all external MOSFETs are in the OFF
state.

TB672830/833/850/853SFTG
TB672830/833/850/853HFTG

11.1.1.1. 6-PWM input mode

In 6-PWM input mode, each of the three half-bridges can be controlled independently. The state of each
half-bridge can be controlled to Low, High, and High impedance (Hi-Z) through the inputs of the INHx and
INLX pins.

Table 11.1 6-PWM input mode

INLx INHx GLx GHXx SHx
L L L L Hi-Z
L H L H H
H L H L L
H H L L Hi-Z

GLx / GHx = L: able to flow Sink/Hold current.
GLx / GHx = H: able to flow Source/Hold current.

11.1.1.2. 3-PWM input mode

Table 11.2 3-PWM input mode

INLx (Enable) | INHx (PWM) GLx GHx SHx
L X L L Hi-Z
H L H L L
H H L H H

GLx / GHx = L: able to flow Sink/Hold current.
GLx / GHx = H: able to flow Source/Hold current.
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11.1.1.3. Hall input mode

In the Hall input mode, it is easy to achieve square wave driving (120-degree energization). The three-
phase Hall signals are inputted to the INLA, INHB, and INLB pins. The INHA pin controls the frequency
and duty of the output PWM, while the INHC pin controls the rotation direction. Additionally, the INLC pin

is be used to enable the BRAKE.

The Hardware I/F version and SPI I/F version operate in synchronous rectification mode by default.
The operation of the device is as follows.

INLA (Hall_A)! [ oo INLA (Hall_A),
INHB(HaII_B)EJ BN IR R R INHB (Hall_By
NLB(HalC) | o [T [ |_ INLB(HaII_C)u R
o T o [ TN
S ||| S| S| s I
oo WL ML
GLA 011 o o GLA
GLB GLB
GLC GLC
CCW INHC = Low CCW INHC = High
Fig. 11.1 Timing chart of synchronous rectification mode
Table 11.3 Synchronous rectification mode (CCW)
Logic Input CCW (INHC =L) Gate drive output
STATE INLC INLA INHB INLB
(NBRAKE) | (Hall_A) | (Hall_B) | (Hall_C) GHA GLA GHB GLB GHC GLC
BRAKE L X X X L H L H L H
STOP L L L L L L L L L
Align H H H INHA /INHA L H L H
A—-C H L L INHA /INHA L L L H
A—B H H L H INHA /INHA L H L L
C—-B L L H L L L H INHA /INHA
C—-A L H H L H L L INHA /INHA
B—A L H L L H INHA /INHA L L
B—C H H L L L INHA /INHA L H
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Table 11.4 Synchronous rectification mode (CW)

Logic Input CW (INHC=H) Gate drive output
T | e | e | e | ey | o | o [ o [ oo [[ore [ aic
BRAKE L X L H L H L H
STOP L L L L L L L L L
Align H H H INHA /INHA L H L H
A—-C L H H INHA /INHA L L L H
A—B H L H L INHA /INHA L H L L
C—-B H H L L L L H INHA /INHA
C—A H L L L H L L INHA /INHA
B—A H L H L H INHA /INHA L L
B—C L L H L L INHA | /INHA L H
The SPI I/F version also supports asynchronous rectification mode, the operation is as follows.
Table 11.5 Asynchronous rectification mode (CCW) (SPI I/F version only)
Logic Input CCW (INHC = L) Gate drive output
TTE | ey o | | gy | o | oia | o | ais | o | ac
BRAKE L X X X L H L H L H
STOP L L L L L L L L L
Align H H H INHA L L H L H
A—-C H L L INHA L L L L H
A—B H L H INHA L L H L L
C—B : L L H L L L H INHA L
C—A L H H L H L L INHA L
B—-A L H L L H INHA L L L
B—>C H H L L L INHA L L H
Table 11.6 Asynchronous rectification mode (CW) (SPI I/F version only)
Logic Input CW (INHC=H) Gate drive output
" | erake) | gmi | g ey | oy | A | GLA | GMB | ols | aHc | Gic
BRAKE L X L H L H L H
STOP L L L L L L L L L
Align H H H INHA L L H L H
A—-C L H H INHA L L L L H
A—B H L H L INHA L L H L L
C—-B H H L L L L H INHA L
C—-oA H L L L H L L INHA L
B—-A H L H L H INHA L L L
B—-C L L H L L INHA L L H
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11.1.1.4. Independent PWM mode
In independent PWM mode, high-side and low-side gate drive is controlled separately.

Table 11.7 Independent PWM mode

INLx INHx GLx GHx
L L L L
L H L H
H L H L
H H H H

GLx / GHx = L: able to flow Sink/Hold current.
GLx / GHx = H: able to flow Source/Hold current.

When using both the high-side and low-side of the same half-bridge simultaneously in Independent PWM
mode, please disable the VDS over current detection function to avoid false detection.

11.1.2. External MOSFET gate drive

TB67Z830xFTG/833xFTG/850xFTG/853XFTG incorporate gate driver circuits that can drive external Nch
+ Nch MOSFETs. The gate drive current and drive time of the external MOSFETs are adjustable. In
addition, it also has a built-in drive sequence to prevent shoot-through.

VCP VDRAIN
I |IZ
GHx
Lgvel O F—
shifters
e K
K\SHx
)
l—
Control VM

Logic

T

GLx |
Level )

/
) )
shifters
|«

\SLx/SPx
V)

- ]

Fig.11.2 Block Diagram for Gate Drive circuit

)
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11.1.2.1. Drive current capability

To control the ON and OFF speed of the external MOSFET, the capability of the gate drive current (source
current and sink current) can be adjusted. The source current capability can be set from 10 mA to 1 A.
The sink current capability can be set from 20 mA to 2 A. In the SPI I/F version, the gate drive current
capability can be set by registers. In the Hardware I/F version, the gate drive current capability can be set

by the IDRIVE pin.

Table 11.8 SPI I/F Gate drive current setting register

Register Setting contents
IDRIVEP_HS High-side gate drive source current capability
IDRIVEN_HS High-side gate drive sink current capability
IDRIVEP_LS Low-side gate drive source current capability
IDRIVEN_LS Low-side gate drive sink current capability

Table 11.9 Gate drive current capability setting

Source current Sink current SPI I/F Hardware I/F
capability (mA) capability (mA) Register value IDRIVE
10 20 0000b Mode 1
30 60 0001b Mode 2
60 120 0010b Mode 3
80 160 0011b -
120 240 0100b Mode 4
140 280 0101b -
170 340 0110b -
190 380 0111b -
260 520 1000b Mode 5
330 660 1001b -
370 740 1010b -
440 880 1011b -
570 1140 1100b Mode 6
680 1360 1101b -
820 1640 1110b -
1000 2000 1111b Mode 7
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11.1.2.2. Driver sequence

A drive sequence is built into the device to prevent shoot-through. The details are explained using the 6-
PWM input mode as an example.

INHx
INLx i
i tep ' tep
lhoLp " lhoLp
| —— RO~~~ U IO -\ S o
GHx i lorive T Lo !
" ! IstRONG lhotp i
3 } : : P orIvVE
T - & : Vo
v i i1 Toeap | b
GHx-SHx i P b
HVes Lt Y —
lhoLp Do foEAD
lGLX ”””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” 2o s B
lhoLp 'HQLD lSTRONG HOLD
; 3 ;1
i rvE
Voix

Fig. 11.3 Example of gate drive sequence

The sequence for transitioning from a state where the high-side external MOSFET is ON and the low-
side external MOSFET is OFF, to a state where the high-side MOSFET is OFF and the low-side external
MOSFET is ON, is as follows:

After receiving the command to turn off the high-side external MOSFET (INHx = H — L), the gate drive
current of the high-side external MOSFET switches from source (lhoLp) to sink (Iprive). At the same time,
to prevent self-turn-on of the low-side external MOSFET, the gate drive sink current capability of the low-
side external MOSFET switches to the Istrone.

During the period of turning off the high-side external MOSFET, the gate-source voltage (Vgs) of the
external MOSFET is monitored. After it falls below the threshold (Vgs 1) of 1.0 V (typ.), a dead-time period
is inserted. The duration of the dead-time period, toeap, is fixed at 100 ns (typ.) in the Hardware I/F version
and can be set with the DEAD_TIME register in the SPI I/F version. If the Vgs voltage does not fall below
Vs LT even after torive has elapsed, it is detected as a gate drive voltage fault.

To prevent the shoot-through current, the low-side external MOSFET is turned on after the dead-time
period. The period for turning on the low-side external MOSFET is torive, during which the gate drive
source current capability of the low-side external MOSFET is Iprive. Also, to prevent self-turn-on of the
high-side external MOSFET, the gate drive sink current capability of the high-side external MOSFET
switches to Istrong. During the period of turning on the low-side external MOSFET, the Vgs voltage is
monitored, and if it exceeds the threshold (Vgs_n1) of 3.0 V (typ.), the device can transit to other states. If
the Vs voltage does not exceed Vs _wt even after torive has elapsed, it is detected as a gate drive voltage
fault.

The same shoot-through prevention sequence is also included when transitioning from a state where the
high-side external MOSFET is OFF and the low-side external MOSFET is ON, to a state where the high-
side MOSFET is ON and the low-side external MOSFET is OFF.
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In the Serial I/F version, when the DRV_SEQ register is set to Ob, the ON and OFF periods of the external

MOSFET are fixed at tprive. The drive sequence is as follows.

INHx

INLx

IHOLD

IDRIVE

”””””””” JHOL’D"’”""’""”’"’""’”""""’""""’""Tlﬁ"""’""""" TTTTTTTTETETETTTTTTTTTT
| '

i1 loeap

! ‘
GHx ! IprRIVE

IHOLD

lnoLo
‘

Lo orivE

ISTRONG

IDRIVE

IHOLD

e
i loeap

IHOLD

]
| InoLo
STRONG '

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

IDRIVE

‘
i lorive
‘

Fig. 11.4 Example of gate drive sequence (DRV_SEQ = 0b)

Note that in the case of DRV_SEQ = 0b, the gate drive voltage fault detection is performed at the end of
the torive period. If the gate-source voltage (Vas) of the external MOSFET is above Vgs 1t when turning
off the external MOSFET, or below Vgs 1t when turning ON the external MOSFET, at the timing of the
completion of the tprive period, it is detected as a gate drive voltage fault.
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11.1.3. Power supply system

The power supply for driving the low-side external MOSFETs is from VM. The voltage is clamped to 11 V
by the Vgis voltage inside the device. However, if the VM voltage is less than 12 V, the voltage decreases
according to the VM voltage.

OVDRAIIJ\I_
l ~VCcP TT
VM J A=
T kR
T T MCPH
o %
VGLS |k
LDO 4,I—} VM
i O |1
- O 6lx e }
— )—r mCPL
i3 =
|_
<
” Ji:
Fig. 11.5 Low-side driving power supply Fig. 11.6 Charge pump and charge current flow

The power supply for driving the high-side external MOSFETs is generated from a charge pump. The
charge pump voltage is VDRAIN+11 V and is capable of outputting an average current up to 25 mA.
However, if the VM voltage is less than 12 V, the charge pump voltage decreases according to the VM
voltage.

Use a ceramic capacitor with a capacitance of 1 uF, a withstand voltage of 16 V or more, and a tempera-
ture characteristic of X5R or X7R, between VCP and VDRAIN. Also, use a ceramic capacitor with a
capacitance of 47 nF, a withstand voltage above the VDRAIN voltage, and a temperature characteristic
of X5R or X7R between CPH and CPL.

If the CPL terminal is shorted to the power supply, there is a risk of device destruction. As the destruction
of the device may lead to smoke or fire, please use an appropriate power fuse to ensure that a large
current does not continuously flow in such a case.

Since the charge pump voltage is referenced to VDRAIN, it is possible to apply separate power supplies

to VM and VDRAIN. The power supply to the device is provided from VM. Therefore, by applying a lower
voltage to VM, the power consumption of the device can be reduced.

)

TB6728xx

7 MOSFETs / MOSFETs

i

TB67Z8xx

Single power supply configuration Dual power supply configuration

Fig. 11.7 Example of power supply configuration

© 2024 - 2025 29 2025-04-18
Toshiba Electronic Devices & Storage Corporation Rev. 1.4



TOSHIBA TB672830/833/850/853SFTG

TB672830/833/850/853HFTG

11.2. DVDD Regulator
TB67Z830xFTG/833xFTG incorporates a regulator with an output voltage of 3.3 V (typ.) and output cur-
rent of 30 mA (max). TB672850xFTG/853xFTG incorporates a regulator with an output voltage of 5.0 V
(typ.) and output current of 30 mA (max).

Add a ceramic capacitor with a capacitance of 1 yF, a withstand voltage of 6.3 V or more, and a tempera-
ture characteristic of X5R or X7R, between the DVDD and AGND pins, and place it as close to the device
as possible.

When using the regulator as a power supply for externally circuits, the power consumption of the regulator,
PLpo, can be calculated using the following formula.
PLoo = (Vvm - Vbvobp) X Ibvbp

Please note that if the VM voltage is high, the power consumption of the regulator will increase. Please
be mindful of the heat generation of the device.

11.3. Current sense amplifier

TB67Z833xFTG/TB67Z853xFTG has three built-in amplifiers for sensing the current of the low-side shunt
resistor. In addition to the bi-directional current detection, the SPI I/F version also supports uni-directional
current detection, VDS voltage detection, and input reverse mode.

The VREF pin is the power supply and reference voltage for the amplifier circuit. Please supply voltage
to VREF either from DVDD or from an external power source.

When the current sense amplifier is not in use, please connect SPx and SNx to the ground.

11.3.1. Bi-directional current detection

For bi-directional current detection, the relationship between the SOx voltage and the voltage between
SPx and SNx is as follows.
Vsox = VVvrer / 2 — (Vspx - Vsnx) X Gesa
= VRrer / 2 — Isense % Rsense X Gesa

Note: Under the conditions that the voltage between SPx and SNx is within the differential mode input
range, and the VSOx voltage is within the linear output range.
The offset and temperature drift of the amplifier also affect the output voltage.
When the current flowing through the shunt resistor is 0, the variation range of the output voltage is
Vvrer / 2 + (Vorr + VoriFT) X Gesa.

The current flowing through the shunt resistor can be calculated as follows.
Isense = (Vvrer / 2 — Vsox) / (Rsense % Gesa)

VLNEAR

VSPX - VSNX

Fig. 11.8 Bi-directional current detection output
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The gain of current sense amplifier (Gcsa) can be set to four levels: 5 V/V, 10 V/V, 20 V/V, and 40 V/V. In

the Hardware I/F version, the gain is set by the GAIN pin. In the SPI I/F version, the gain is set by the
CSA_GAIN register.

Table 11.10 Current detection gain setting
Gain SPI I/F Hardware I/F
CSA_GAIN GAIN
5VIV 00b Mode 1
10 VIV 01b Mode 2
20 VIV 10b Mode 3
40 VIV 11b Mode 4

11.3.2. Uni-directional current detection (SPI I/F version only)

By setting the VREF_DIV register to Ob, the reference voltage of the amplifier becomes Vvrer, and the
uni-directional current detection mode is enabled. For unidirectional current detection, the relationship
between the SOx voltage and the voltage between SPx and SNx is as follows.
Vsox = VVvrRer — (Vspx - Vsnx) X Gesa
= Vvrer — Isense X Rsense X Gesa

Note: Under the condition is that the voltage between SPx and SNx is within the differential mode
input range, and Vsox voltage is within the linear output range.
The offset and temperature drift of the amplifier also affect the output voltage.

Note: When the current flowing through the shunt resistor is 0, the output voltage is near Vvrer
and is outside the linear output range.

The current flowing through the shunt resistor can be calculated as follows.
Isense = (Vvrer — Vsox) / (Rsense * Gesa)

VLUiNEaR

Vspx - Vsnx

Fig.11.9 Uni-directional current detection output
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11.3.3. VDS voltage sense mode (SPI I/F version only)

In addition to amplifying the voltage of the shunt resistor and outputting it from SOx, the drain-source
voltage of the external low-side MOSFETs can be amplified and outputted from SOx This function is
enabled by setting the CSA_FET register to 1b.

When VDS voltage sense is enabled, the voltage between SHx and SNx is amplified and output form
SOx. However, to prevent high voltage at SHx from damaging the amplifier, the output is available after
the external low-side MOSFET is turned ON (after the tprive period).

The relationship between the SOx voltage and the voltage between SHx and SNx is as follows.
Vsox = VWrer / 2 — (Vshx - Vsnx) X Gesa

Note: Under the conditions that the voltage between SHx and SNx is within the differential mode input
range, and the Vsox voltage is within the linear output range. The offset and temperature drift of the
amplifier also affect the output voltage.

Additionally, when VDS voltage detection is enabled, the LS _REF register is automatically set to 1b, and
VDS over current is detected by the voltage between SHx and SNx of the external low-side MOSFET."

11.3.4. Input reverse mode (SPI I/F version only)
The inputs of the current sense amplifiers can be reversed by set INV_SEN register to 1b.

Table 11.11 Input setting for current sense amplifier

INV_SEN CSA_FET Amp input (+) Amp input (-)

Ob SNx SPx

Ob
1b SNx SHx
Ob SPx SNx

1b
1b SHx SNx
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11.3.5. Input offset calibration

A calibration function is incorporated to minimize the input offset of the current sense amplifiers.
Calibration can be performed by CAL pin or register settings (SPI I/F version only).

Before executing the calibration, ensure that all external MOSFETs are turned off by setting the INHx and
INLx pins. Also, set SPx and SNx to the ground level.

During calibration executing, the device automatically switches to bi-directional current detection while
the gain setting remains unchanged. Since the offset varies depending on the gain setting, it is
recommended to perform calibration again after changing the gain setting.

The required time for the calibration process is 100 ys (max). The calibration state is maintained after the
calibration process is completed unless the CAL pin or register settings are released. In the calibration
state, the INHx and INLx signals are not accepted.

When performing calibration using the CAL pin, the calibration process is started by set CAL pin to High.
Calibrations for all three amplifiers are executed simultaneously. Once the calibration process is complete
and the CAL pin becomes Low, the calibration state is released, and the device is resumed to normal
operation. The mode setting of the current sense amplifiers are automatically returned to the setting
before the calibration.

When performing calibration using register settings, calibration is executed only for the amplifier that the
CAL_x register is set to 1b. Do not change the register settings during calibration execution. Once the
calibration process is complete and all CAL_x registers become 0b, the calibration state is released, and
the device is resumed to normal operation. The mode setting of the current sense amplifiers are
automatically returned to the setting before the calibration.
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11.4. Protection function

Table 11.12 List of protection functions

Function Dete(?tllon Setting nFAULT the Charge L.oglc.: Release condition
condition driver pump circuit
DVDD under GLx = OFF Auto Recovery:
voltage VbvoD < VDVDDDN B L GHx = OFF Stop Stop VpvoD > VbvDDUP
VM under GLx = OFF . Auto Recovery:
voltage VM < Vvion B L GHx = OFF Stop Active Vvm > Vymup
VDRAIN under GLx = OFF . Auto Recovery:
voltage VVDR < VVDRDN - L GHx = OFF Stop Active VDR > VVDRUP
- GLx = OFF . Auto Recovery:
Charge pump DIS_CPUV =0b L GHx = OFF Stop Active Vuep > V/
under voltage Vvep < Vvepon vep ~ VvePuP
DIS_CPUV =1b No change Normal Active Active -
- GLx=L . . Latched:
OCP_MODE = 00b L GHx = L Active Active CLR_FLT, ENABLE pulse
VDS over = GLx=L . . Auto Recovery:
current Vps > VDS_OCP OCP_MODE 01b L GHx =L Active Active after tRETRY
OCP_MODE = 10b L Normal Active Active -
OCP_MODE = 11b | No change Normal Active Active -
_ GLx=L . . Latched:
OCP_MODE = 00b L GHx = L Active Active CLR_FLT, ENABLE pulse
GLx =L . . Auto Recovery:
OCP_MODE =01b L _ Active Active
VSCEUSITEBI'?gler Vsp > VseN_ocp - GHx =L after tRETRY
OCP_MODE = 10b L Normal Active Active -
OCP_MODE = 11b . .
or DIS_SEN = 1b No change Normal Active Active -
. Vas fails to DIS GDF = 0b L GLx = OFF Active Active Latched:
Gate drive cross threshold — GHx = OFF CLR_FLT, ENABLE pulse
voltage fault after t
DRIVER DIS_GDF = 1b No change Normal Active Active -
High OTW_REP = 1b L Normal Active Active Auto Recovery:
temperature Tj>Totw Tj < Totwr
warning OTW REP=0b | Nochange | Normal Active Active -
Thermal : GLx = OFF . Auto Recovery:
shutdown Tj> TtsD - L GHx = OFF Stop Active T < TrsoR
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11.4.1. DVDD under voltage lockout

The voltage on the DVDD pin is monitored. If the voltage falls below Vpvppon, all blocks, including the
internal logic circuit, will stop. In this case, the gate driver output goes to high impedance, and all external
MOSFETs are turned off by the internal turn-on prevention resistor. The nFAULT output becomes Low,
but if the DVDD voltage falls below a certain threshold, it enters the high impedance state.

When the voltage on DVDD pin rises above Vpvopup, the logic is reset, and operation resumes.

11.4.2. VM under voltage lockout

The voltage on the VM pin is monitored. If the voltage falls below Vywpn, all external MOSFETs are turned
off as a low voltage protection feature. By default, the soft shutdown function is enabled, so the external
MOSFETs are turned off using the soft shutdown sink current.

Table 11.13 External MOSFETSs turn-off operation

Register setting Sink current Sink period
DRV_SEQ =0b ISOFTSINK 40 us
DIS_SOFT = 0b
DRV_SEQ = 1b ISOFTSINK Util cross Ves_LT
DRV_SEQ =0b IDRIVEN 40 us
DIS_SOFT = 1b
DRV_SEQ =1b IDRIVEN torive

After turning off the external MOSFETSs, the gate driver output goes to high impedance, and the internal
turn-on prevention resistor maintains the external MOSFETs in the OFF state. Additionally, the charge
pump also stops.

The nFAULT output becomes Low after detecting VM under voltage. The FAULT register and UVLO
register become 1b. When the VM voltage exceeds Vymup, the charge pump and gate driver automatically
resume operation. The low output of nNFAULT is also released. However, the UVLO register remains at
1b. It can be cleared by CLR_FLT or a pulse on ENABLE.

11.4.3. VDRAIN under voltage lockout

The voltage on the VDRAIN pin is monitored. If the voltage falls below Vypron, all external MOSFETs are
turned off as a low voltage protection feature. By default, the soft shutdown function is enabled, so the
external MOSFETSs are turned off using the soft shutdown sink current.

After turning off the external MOSFETSs, the gate driver output goes to high impedance, and the internal
turn-on prevention resistor maintains the external MOSFETSs in the OFF state. Additionally, the charge
pump also stops.

The nFAULT output becomes Low after detecting VDRAIN under voltage. The FAULT register and UVLO
register become 1b. When the VDRAIN voltage exceeds Vvprur, the charge pump and gate driver auto-
matically resume operation. The low output of nNFAULT is also released. However, the UVLO register
remains at 1b. It can be cleared by CLR_FLT or a pulse on ENABLE.

11.4.4. Charge pump under voltage lockout

The charge pump voltage between the VCP pin and VDRAIN pin is monitored. If the voltage falls below
Vvcron, all external MOSFETSs are turned off as a low voltage protection feature. By default, the soft shut-
down function is enabled, so the external MOSFETSs are turned off using the soft shutdown sink current.
After turning off the external MOSFETSs, the gate driver output goes to high impedance, and the internal
turn-on prevention resistor maintains the external MOSFETSs in the OFF state.

The nFAULT output becomes Low after detecting charge pump undervoltage. The FAULT register and
CPUV register become 1b. When the charge pump voltage exceeds Vvceur, the gate driver automatically
resume operation. The low output of nNFAULT is also released. However, the CPUV register remains at
1b. It can be cleared by CLR_FLT or a pulse on ENABLE.
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11.4.5. VDS over current detection

The Vps voltage of the external MOSFET is monitored. If the Vps voltage remains above Vps ocp for a
duration longer than tocp mask, it is detected as an overcurrent state.

In the SPI I/F version, the behavior after detecting overcurrent can be chosen from four modes by the
OCP_MODE register.

1. Stop (Latch)
The gate driver output goes Low to turn off the external MOSFETs. The nFAULT output becomes Low.
The FAULT register, OCP register, and the VDS _xx register corresponding to the detected overcurrent
MOSFET become 1b.
When the Vps voltage falls below the threshold voltage Vps ocp, the gate drive can be resumed by
CLR_FLT or a pulse on ENABLE. In this case, the registers are also cleared.

2. Auto-Recovery
The gate driver output goes Low to turn off the external MOSFETs. The nFAULT output becomes Low.
The FAULT register, OCP register, and the VDS _xx register corresponding to the detected overcurrent
MOSFET become 1b.
If the CBC register is Ob, the registers are cleared after the auto recovery time tretry, and the gate
drive is resumed. If the CBC register is 1b, the registers are cleared and the gate drive is resumed after
treTry Or when the input state changes.

3. Report
The gate driver continues operating, but the nFAULT becomes Low. The FAULT register, OCP register,
and the VDS_ xx register corresponding to the detected overcurrent MOSFET become 1b.
When the Vps voltage falls below the threshold voltage Vps oce, setting CLR_FLT or a pulse on
ENABLE can release the nFAULT and clear the registers.

4. Disabled
The VDS over current detection function is disabled.

In the Hardware I/F version, it is auto-recovery and the tretry is 4 ms. Additionally, the VDS over current
detection function can be disabled by setting VDS pin to DVDD.

When turning off the external MOSFETSs, in the SPI I/F version, the OCP_ACT register can choose which
half-bridge to turn off. If the OCP_ACT register is Ob, only the half-bridge with detected overcurrent is
turned off. If the OCP_ACT register is 1b, all three half-bridges are turned off. In the Hardware I/F version,
all three half-bridges are turned off. By default, the soft shutdown function is enabled, so the external
MOSFETs are turned off using the soft shutdown sink current.
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11.4.6. VSENSE over current detection

The Vsp voltage on shunt resistor is monitored to detect over current in the external MOSFETSs. If the Vsp
voltage remains above Vsen_ocp for a duration longer than toce_mask, it is detected as an overcurrent state.

In the SPI I/F version, the behavior after detecting overcurrent can be chosen from four modes using the
OCP_MODE register:

1. Stop (Latch)
The gate driver output goes Low to turn off the external MOSFETs. The nFAULT output becomes Low.
The FAULT register, OCP register, and the Sx_OC register corresponding to the detected overcurrent
half-bridge become 1b.
When the Vsp voltage falls below the threshold voltage Vsen_oce, the gate driver can be resumed by
CLR_FLT or a pulse on ENABLE. In this case, the registers are also cleared.

2. Auto-Recovery
The gate driver output goes Low to turn off the external MOSFETs. The nFAULT output becomes Low.
The FAULT register, OCP register, and the Sx_OC register corresponding to the detected overcurrent
half-bridge become 1b.
If the CBC register is Ob, the registers are cleared after the auto recovery time tretry, and the gate
drive is resumed. If the CBC register is 1b, the registers are cleared and the gate drive is resumed after
treTry Or when the input state changes.

3. Report
The gate driver continues operating, but the nFAULT becomes Low. The FAULT register, OCP register,
and the Sx_OC register corresponding to the detected overcurrent half-bridge become 1b.
When the Vsp voltage falls below the threshold voltage Vsen_ocp, setting CLR_FLT or a pulse on
ENABLE can release the nFAULT and clear the registers.

4. Disabled
The VSENSE over current detection function is disabled. Beside OCP_MODE, setting the DIS_SEN
register to 1b can also disable the VSENSE over current detection function.

In the Hardware I/F version, it is auto-recovery and the tretry is 4 ms. The detection level is fixed at 1 V.

When turning off the external MOSFETS, in the SPI I/F version, the SEN_ACT and OCP_ACT registers
determine which half-bridge to turn off. If SEN_ACT register is Ob, it follows the OCP_ACT setting. If
SEN_ACT register is 1b, all three half-bridges are turned off. In the Hardware |/F version, all three half-
bridges are turned off. By default, the soft shutdown function is enabled, so the external MOSFETs are
turned off using the soft shutdown sink current.
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11.4.7. Soft shutdown

After detecting under voltage in VM, VDRAIN and charge pump, as well as over current, the sink current
capability is automatically adjusted to gradually turn off the external MOSFETSs. The sink current capability
during soft shutdown is dependent on the Ipriven setting.

Table 11.14 Ipriven Setting and sink current capability during soft shut down

Ioriven Setting sink current capability during
(mA) soft shutdown (mA)
2000 880
1640 740
1360 660
1140 520
880 380
740 340
660 280
520 240
380 160
340 120
280 60

20 to 240 20

11.4.8. Gate drive voltage monitor

When turning on and off the external MOSFETSs, the voltages at the GLx and GHx terminals are monitored.
If the target voltage is not reached after tprive period, a gate drive voltage fault is detected. After the fault
is detected, the gate driver output goes to high impedance, and all external MOSFETs are turned off by
the internal turn-on prevention resistor. Also, the nFAULT output becomes Low. The FAULT register, GDF
register, and the VGS_ xx register corresponding to the detected gate output become 1b.

After the fault condition is removed, the gate driver can be resumed by CLR_FLT or a pulse on ENABLE.

In the SPI I/F version, the gate drive voltage monitor function can be disabled by setting the DIS_GDVM
register. In the Hardware I/F version, this function is always enabled.

11.4.9. High temperature warning

In the SPI I/F version, when the internal temperature of the device exceeds Torw, the OTW register is set
to 1b. When the internal temperature of the device falls below Torwr, the OTW register automatically
returns to Ob. Additionally, by setting the OTW_REP register to 1b allows the OTW status to be reflected
on the nFAULT pin and the FAULT register.

In the Hardware I/F version, this feature is not available.

11.4.10. Thermal shutdown (TSD)

When the internal temperature of the device exceeds Trsp, the gate driver output goes to high impedance,
and all external MOSFETs are turned off by the internal turn-on prevention resistor. The charge pump
also stops. Additionally, the nFAULT output becomes Low. The FAULT register and the TSD register
become 1b.

When the internal temperature of the device falls below Ttspr, the operation resumes automatically.
However, the TSD register maintains 1b until it is cleared by CLR_FLT or a pulse on ENABLE.

© 2024 - 2025 38 2025-04-18
Toshiba Electronic Devices & Storage Corporation Rev. 1.4



TOSHIBA TB672830/833/850/853SFTG

TB672830/833/850/853HFTG

11.5. Standby mode

When the ENABLE pin remains Low for longer than the treser period, the device goes to standby mode.
It takes a time of tstey from the falling edge of the ENABLE signal to enter standby mode.

Before entering standby mode, the gate driver output goes Low to turn off the external MOSFETs. By
default, the soft shutdown function is enabled, so the external MOSFETs are turned off using the soft
shutdown sink current. The drive time for turning off the external MOSFETs is 40 ps (typ.).

When entering standby mode, the DVDD regulator and charge pump are stopped. The gate driver output
becomes high impedance, and the internal turn-on prevention resistors keep all external MOSFETs off.
Additionally, the output of the current sense amplifiers become undefined.

If the Low period of the ENABLE signal is within treset period, it is recognized as an error reset pulse. It
clears any fault flags and allows operation to resume.

During standby mode, applying a High signal to the ENABLE pin will exist standby mode. It takes a time
of twake from exiting standby mode to accept other input signals. Also, the nFAULT output is low during
exiting standby mode.

The transitions of each state are as follows.

Vym > Vymup

Standby Power off

Vum > Vymup

VDVDD<Vth & ENA BLE= H
ENABLE =H
Shut down Wake up
A
After gate off
sequence
Gate OFF

Y
ENABLE =
Over 40y

Error reset

ENABLE backto H
w ithin 40us

Fig.11.10 State transition
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11.6. Control interface
11.6.1. Hardware interface

In the Hardware I/F version, functions are controlled by GAIN, IDRIVE, MODE and VDS pins.

Table 11.15 Recommendable setting for GAIN pin

GAIN pin setting

Current sense amplifier gain

Short to DVDD 40 VIV
OPEN (2500 kQ to AGND) 20 VIV
45 kQ * 5% to AGND 10 VIV
Short to AGND 5VIV

Table 11.16 Recommendabl

e setting for IDRIVE pin

IDRIVE pin setting

Gate drive current capability
(source / sink)

Short to DVDD

1A/2A

18 kQ + 5% to DVDD

570 mA/ 1140 mA

75 kQ+5% to DVDD

260 mA /520 mA

OPEN (2500 kQ to AGND)

120 mA /240 mA

75 kQ+5% to AGND

60 mA /120 mA

18 kQ + 5% to AGND

30 mA /60 mA

Short to AGND

10 mA/20 mA

Table 11.17 Recommendab

le setting for MODE pin

MODE pin setting

PWM control mode

Short to DVDD

Independent PWM mode

OPEN (2500 kQ to AGND)

Hall input mode

45 kQ = 5% to AGND

3-PWM input mode

Short to AGND

6-PWM input mode

Table 11.18 Recommendable setting for VDS pin

VDS pin setting

VDS over current detection
threshold voltage

Short to DVDD Disabled
18kQ + 5% to DVDD 1.88V
75 kQ+5% to DVDD 1.13V

OPEN (2500 kQ to AGND) 0.60 V
75 kQ+5% to AGND 0.26 V

18 kQ + 5% to AGND 0.13V
Short to AGND 0.06 V
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11.6.2. SPI interface

In the SPI I/F version, the nCS, SCLK, SDI and SDO pins are used to communication with the device and
control functions.

nCS is the chip select pin, communication is enabled when it is Low. SCLK is the clock input pin, SDI is
the data input pin, and SDO is data output pin. Additionally, since SDO is an open-drain pin, an external
pull-up resistor is required.

11.6.2.1. SPI communication format

Communication is enabled when nCS is Low. when nCS is High, inputs to SCLK and SDI are ignored,
and SDO is high impedance. SCLK should keep Low when nCS transitions from High to Low or from Low
to High. Additionally, keep nCS High for at least 400 ns between two communications.

The input data from SDI consists of a 1-bit command, a 4-bit address, and 11 bits of data. The first 1 bit
(RW) is the read/write command, where RW = Qb is for writing and RW = 1b is for reading. The following
4 bits are the address of the target register. The last 11 bits are the contents of the data.

Table 11.19 Format of SDI input data

R/W ADDRESS DATA

B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
RwW | A3 A2 A1 A0 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

The output data from SDO consists of the first 5 bits as Don’t care bits, and the remaining 11 bits as the
contents of the register.

Table 11.20 Format of SDO output data

DON'T CARE BITS DATA

B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
X X X X X D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Data is transmitted and received from the most significant bit (MSB), 16 cycles of the SCLK signal are
required for transmitting and receiving. If the data input to SDI is not 16 bits, a frame error occurs, and
that data is ignored.

The data on SDI is captured at the falling edge of SCLK. The output data to SDO is prepared from the
rising edge of SCLK. Additionally, in the case of a write command, after transmitting the address, the
current data of the target register is output from the SDO pin.

ncs T\ \\ \ /A

SCLK

SDI X WIR A3

A0 D10

X DON'T CARE X D10

— T T—
— T T—

SDO Hi-Z X DON'T CARE X DON'T CARE

Capture
timing

Propagate ) )

timing / //

Fig. 11.11 SPI communication timing chart
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11.6.2.2. Register maps

Table 11.21 Register map of TB67Z830SFTG and TB67Z850SFTG

Address| D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO Typel
0000b FAULT OCP GDF UVLO TSD VDS_HA | VDS_LA | VDS_HB | VDS_LB | VDS_HC | VDS LC | R
0001b | SA OC | SB_.OC | sc_oc oTW CPUV |VGS_HA | VGS LA |VGS_HB | VGS_LB |VGS HC|VGS LC| R
0010b |OCP_ACT|DIS_CPUV|DIS_GDVM|OTW_REP| PWM_MODE [1:0] COM DIR COAST | BRAKE |CLR_FLT | RW
0011b LOCK [2:0] IDRIVEP_HS [4:0] IDRIVEN_HS [4:0] RW
0100b CBC TDRIVE IDRIVEP_LS [4:0] IDRIVEN_LS [4:0] RW
0101b | TRETRY DEAD_TIME [1:0] OCP_MODE [1:0] OCP_MASK [1:0] VDS_LVL [4:0] RW
0110b DIS_SEN SEN_LVL [1:0] RW
0111b SEN_ACT[DIS_SOFT|DRV_SEQ RW

Table 11.22 Register map of TB67Z833SFTG and TB67Z853SFTG

Address| D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO ([Type
0000b FAULT OoCP GDF UVLO TSD VDS _HA | VDS_LA [ VDS_HB | VDS LB |VDS_HC | VDS _LC | R
0001b | SA OC | SB_.OC | Sc_ocC OoTW CPUV |[VGS HA|VGS LA |VGS HB|VGS LB |VGS HC|VGS LC| R
0010b |OCP_ACT|DIS_CPUV|DIS_GDVM|OTW_REP| PWM_MODE [1:0] COM DIR COAST | BRAKE |CLR_FLT | RW
0011b LOCK [2:0] IDRIVEP_HS [4:0] IDRIVEN_HS [4:0] RW
0100b CBC TDRIVE IDRIVEP_LS [4:0] IDRIVEN_LS [4:0] RW
0101b | TRETRY DEAD_TIME [1:0] OCP_MODE [1:0] OCP_MASK [1:0] VDS_LVL [4:0] RW
0110b |CSA_FET|VREF_DIV| LS _REF CSA _GAIN[1:0] |DIS_SEN| CAL A | CALB | CAL_C SEN_LVL [1:0] RW
0111b SEN_ACT|DIS_SOFT|DRV_SEQ| INV_SEN RW
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Table 11.23 Address = 0000b

Bit Name Type Default Description

10 FAULT R Ob OR logic of each error flag.

9 OCP R Ob Error flag for VDS or VSENSE over current detection

8 GDF R Ob Error flag for gate drive voltage fault detection

7 UvLO R Ob Error flag for VM or VDRAIN under voltage detection

6 TSD R Ob Error flag for thermal shut down detection

5 VDS_HA R Ob Error flags for VDS over current detection on A channel High-side

4 VDS_LA R Ob Error flags for VDS over current detection on A channel Low-side

3 VDS_HB R Ob Error flags for VDS over current detection on B channel High-side

2 VDS_LB R Ob Error flags for VDS over current detection on B channel Low-side

1 VDS_HC R Ob Error flags for VDS over current detection on C channel High-side

0 VDS_LC R Ob Error flags for VDS over current detection on C channel Low-side

Table 11.24 Address = 0001b

Bit Name Type Default Description

10 SA_OC R Ob Error flag of VSENSE over current detection on A channel

9 SB_OC R Ob Error flag of VSENSE over current detection on B channel

8 SC_OC R Ob Error flag of VSENSE over current detection on C channel

7 oTW R Ob Flag for high temperature warning

6 CPUV R Ob Error flag for charge pump under-voltage detection

5 VGS_HA R Ob Error flag for of gate drive voltage fault detection on A channel High-side
4 VGS_LA R Ob Error flag for of gate drive voltage fault detection on A channel Low-side
3 VGS_HB R Ob Error flag for of gate drive voltage fault detection on B channel High-side
2 VGS_LB R Ob Error flag for of gate drive voltage fault detection on B channel Low-side
1 VGS_HC R Ob Error flag for of gate drive voltage fault detection on C channel High-side
0 VGS_LC R Ob Error flag for of gate drive voltage fault detection on C channel Low-side
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Table 11.25 Address = 0010b

Bit Name Type Default Description
Ob: Only the half-bridge with detected overcurrent is turned off
10 OCP_ACT RW 0b 1b: all three half-bridges are turned off when over current is detected.
Ob: Charge pump under voltage lockout is enabled.
9 DIS_CPUV RW Ob 1b: Charge pump under voltage lockout is disabled
Ob: Gate drive voltage monitor is enabled.
8 DIS_GDVM RW 0b 1b: Fate drive voltage monitor is disabled.
Ob: Not report to nFAULT pin and FAULT register when OTW occurs.
7 OTW_REP RW 0b 1b: Report to nFAULT pin and FAULT register when OTW occurs
00b: 6-PWM Input mode
) ) 01b: 3-PWM Input mode
6:5 | PWM_MODE [1:0] RW 00b 10b: Hall input mode
11b: Independent PWM mode
Ob: Synchronous rectification mode in Hall Input Mode
4 COM RW 0b 1b: Asynchronous rectification mode in Hall Input Mode
3 DIR RW ob Ob: In Hall input mode, INCH = Low for CCW, INCH = High for CW
1b: In Hall input mode, INCH = Low for CW, INCH=High for CCW
Ob: Normal operation
2 COAST RW 0b 1b: Turn off all the external MOSFETs
Ob: Normal operation
1 BRAKE RW Ob 1b: High-side MOSFETs OFF, Low-side MOSFETs ON
Write 1b to clear error flags.
0 CLR_FLT RW Ob CLR_FLT is automatically returned to Ob after writing.
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Table 11.26 Address = 0011b

Bit Name Type Default Description

011b: Unlock all the registers

10-8 LOCK [2:0] RW 011b 110b: Unable to write to registers other than the LOCK register

High-side source current capability
0000b: 10 mA
0001b: 30 mA
0010b: 60 mA
0011b: 80 mA
0100b: 120 mA
0101b: 140 mA
0110b: 170 mA
7-4 | IDRIVEP_HS [3:0] RW 1111b | 0111b: 190 mA
1000b: 260 mA
1001b: 330 mA
1010b: 370 mA
1011b: 440 mA
1100b: 570 mA
1101b: 680 mA
1110b: 820 mA
1111b: 1000 mA

High-side sink current capability
0000b: 20 mA
0001b: 60 mA
0010b: 120 mA
0011b: 160 mA
0100b: 240 mA
0101b: 280 mA
0110b: 340 mA
3-0 | IDRIVEN_HS [3:0] RW 1111b | 0111b: 380 mA
1000b: 520 mA
1001b: 660 mA
1010b: 740 mA
1011b: 880 mA
1100b: 1140 mA
1101b: 1360 mA
1110b: 1640 mA
1111b: 2000 mA
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Table 11.27 Address = 0100b

Bit

Name

Type

Default

Description

10

CBC

RW

1b

In case of auto-recovery after over current detection (OCP_MODE = 01b)
Ob: Fault is clear after tReTrY
1b: Fault is clear after trReTry or input state changes

9-8

TDRIVE [1:0]

RW

11b

Gate driver period with Iprive current capability
00b: 600 ns

01b: 1000 ns

10b: 2000 ns

11b: 4000 ns

7-4

IDRIVEP_LS [3:0]

RW

1111b

Low-side source current capability
0000b: 10 mA
0001b: 30 mA
0010b: 60 mA
0011b: 80 mA
0100b: 120 mA
0101b: 140 mA
0110b: 170 mA
0111b: 190 mA
1000b: 260 mA
1001b: 330 mA
1010b: 370 mA
1011b: 440 mA
1100b: 570 mA
1101b: 680 mA
1110b: 820 mA
1111b: 1000 mA

3-0

IDRIVEN_LS [3:0]

RW

1111b

Low-side sink current capability
0000b: 20 mA
0001b: 60 mA
0010b: 120 mA
0011b: 160 mA
0100b: 240 mA
0101b: 280 mA
0110b: 340 mA
0111b: 380 mA
1000b: 520 mA
1001b: 660 mA
1010b: 740 mA
1011b: 880 mA
1100b: 1140 mA
1101b: 1360 mA
1110b: 1640 mA
1111b: 2000 mA

© 2024 - 2025
Toshiba Electronic Devices & Storage Corporation

46 2025-04-18
Rev. 1.4




TOSHIBA

TB672830/833/850/853SFTG
TB672830/833/850/853HFTG

Table 11.28 Address =0101b

Bit Name Type Default

Description

10 TRETRY RW Ob

Auto recovery time after over current detection

Ob: 4 ms
1b: 50 us

9-8 DEAD_TIME [1:0] RW 01b

Dead time period
00b: 50 ns

01b: 100 ns

10b: 200 ns

11b: 400 ns

7-6 | OCP_MODE[1:0] | RW 01b

Operation mode after over current detection
00b: Stop (Latch)

01b: Auto-recovery

10b: Report

11b: Disabled

54 | OCP_MASK[1:0] | RwW 10b

Filter time of over current detection
00b: 1 us
01b: 2 us
10b: 4 ps
11b: 8 us

3-0 VDS_LVL [3:0] RW 1001b

Threshold voltage of VDS over current detection

0000b: 0.06 V
0001b: 0.13 V
0010b: 0.20 V
0011b: 0.26 V
0100b: 0.31 V
0101b: 0.45V
0110b: 0.53 V
0111b: 0.60 V
1000b: 0.68 V
1001b: 0.75V
1010b: 0.94 V
1011b: 1.13 V
1100b: 1.30 V
1101b: 1.50 V
1110b: 1.70 V
1111b: 2.00 V
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Table 11.29 Address =0110b

Bit Name Type Default Description

TB67Z833SFTG and TB67Z853SFTG only
10 CSA _FET RW ob Ob: The voltage between SPx and SNx is sensed

1b: The voltage between SHx and SNx is sensed
(LS_REF is set to 1b automatically)

TB67Z833SFTG and TB67Z853SFTG only
9 VREF_DIV RW 1b Ob: The reference voltage of current sense amplifier is VREF (Uni-directional)
1b: The reference voltage of current sense amplifier is VREF/2 (Bi-directional)

TB67Z833SFTG and TB67Z853SFTG only
8 LS_REF RW Ob Ob: VDS over current is detect by voltage between SHx and SPx
1b: VDS over current is detect by voltage between SHx and SNx

TB67Z833SFTG and TB67Z853SFTG only
Current sense amplifier gain

00b: 5 VIV
7-6 CSA_GAIN [1:0] RW 10b 01b: 10 VIV
10b: 20 VIV
11b: 40 VIV
5 DIS_SEN RW b 0b: VSENSE over current detection is enabled

1b: VSENSE over current detection is disabled

TB67Z833SFTG and TB672853SFTG only
4 CAL_A RW Ob Ob: Ach current sense amplifier normal operation
1b: Perform Ach current sense amplifier offset calibration

TB67Z833SFTG and TB67Z853SFTG only
3 CAL_B RwW (0]o] 0b: Bch current sense amplifier normal operation
1b: Perform Bch current sense amplifier offset calibration

TB67Z833SFTG and TB672853SFTG only
2 CAL_C RW Ob Ob: Bch current sense amplifier normal operation
1b: Perform Bch current sense amplifier offset calibration

Threshold voltage of VSENSE over current detection
00b: 0.25V

1-0 SEN_LVL [1:0] RW 11b 01b: 0.5V

10b: 0.75V

11b: 1.00 V

Table 11.30 Address =0111b

Bit Name Type Default Description
10-5 Reserved RW 000000b | Reserved
4 SEN_ACT RW ob Ob: follow OCP_ACT setting

1b: Turn off all three half-bridges

Ob: Soft shut down is enabled

3 DIS_SOFT RW Ob 1b: Soft shut down is disabled
Ob: Monitor Vs after torive
2 DRV_SEQ RW 1o 1b: Monitor Vas during tbrive
TB67Z833SFTG and TB67Z853SFTG only
1 INV_SEN RwW 0b Ob: Current sense amplifier input, + = SNx, - = SPx
1b: Reverse current sense amplifier input, + = SPx, - = SNx
0 Reserved RW 0b Reserved
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12. Example of Application Circuit
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Fig. 12.1 Example of Application Circuit of TB67Z833SFTG/Z853SFTG

Note: Add capacitors for noise rejection to the input pins as required.

Note: In the event of a short circuit between pins, or a ground/supply fault in output, there is a possibility
that device is destroyed or ignited, or over-voltage or over-current may be applied to peripheral
components. Therefore, be especially careful when designing the output lines, VM lines, VDRAIN
lines and ground lines.

In addition, rotary insertion (reverse insertion) of the device may also cause breakdown or ignition.

Note: The application circuit examples are not guaranteed for mass production design.

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.
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13. Package Dimensions
13.1. P-VQFN32-0505-0.50-007

Unit: mm
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Weight: 0.065 g (typ.)
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13.2. P-WQFN40-0606-0.50-003

Unit: mm
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14. 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. Toshiba does not grant any license
to any industrial property rights by providing these examples of application circuits.

15. IC Usage Considerations

15.1. 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.
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15.2. Points to Remember on Handling of ICs

[1] Over current Protection Circuit
Over current protection 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 (Tj) 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.

© 2024 - 2025 53 2025-04-18
Toshiba Electronic Devices & Storage Corporation Rev. 1.4



TOSHIBA TB672830/833/850/853SFTG

TB672830/833/850/853HFTG

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”.

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

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.

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.

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.

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.

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.

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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