TOSHIBA TB9081FG

TOSHIBA Bi-CMOS Integrated Circuit Silicon Monolithic

TB9081FG

Automotive GATE-driver for Brushless motor

TB9081FG is Pre-driver IC for automotive brushless motor.
Fail-safe relay pre-drivers are also built in in addition to
3-phase pre-drivers.
The charge pump, the motor current detection circuit, the
oscillator, and the SPI communication circuit are built in.
The miscellaneous abnormal detections are carried and the
operation after failure detection conditions and failure
detections can be set up. About each setup, these can set up
through a SPI communication.

Also, it has built-in ABIST / LBIST functions for diagnosing

the normal operation of the miscellaneous abnormal detection LQFP64-P-1010-0.50E
function. Weight: 0.35 g (typ.)
Features

e 3-phase pre-drivers : PWM control to 20kHz
e Build-in fail-safe relay pre-drivers
e Build-in Charge Pump
¢ High response Current Detection circuit
e Miscellaneous-abnormal-detection circuits
(Under voltage (VB, VCC) / Over voltage (VCC) / Over temp. / FET short-circuit detection)
e Build-in ABIST/LBIST functions
e Operating voltage range : VB=4.5 to 18V, VCC=3.0 to 5.5V
e Operational temperature range : -40 to 125°C
o Package : LQFP-64pin (0.5mm pitch)

The product(s) is/are compatible with RoHS regulations (EU directive 2011 / 65 / EU)
as indicated, if any, on the packaging label ("[[G]}/RoHS COMPATIBLE", "[[G])//RoHS
[[Chemical symbol(s) of controlled substance(s)]]", "RoHS COMPATIBLE" or "RoHS

COMPATIBLE, [[Chemical symbol(s) of controlled substance(s)]]>MCV").

Do not design your products or systems based on the information on this document. Please contact your Toshiba

sales representative for updated information before designing your products.
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Internal block diagram
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Notes 1: Some of the functional blocks, circuit, or constants in the block diagram may be omitted or
simplified for explanatory purpose. (including individual block diagram)
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TOSHIBA TB9081FG
Package pin layout (top view)
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AMP30O | 49 32 EN_CP
AMP3N 50 31 PGND3
AMP3P | 51 30 BR10O
AMP20 | 52 29 BR20
AMP2N 53 28 HUO
AMP2P | 54 27 HVO
VCC_OP | 55 26 HWO
AMP10 | 56 25 VB1
AMP1N 57 T89081 FG 24 VB2
AMP1P | 58 23 CP1H
AGND2 59 22 VCPH
NDIAG 60 21 CP2H
CLKOUT | 61 20 SHW
ALARM2 | 62 19 CP1L
TEST 63 Q 18 SHV
ALARM1 | 64 17 CP2L
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TOSHIBA TB9081FG
Pin description
Pin No. | Symbol | Input/output Definition Pull-Up/Down Notes
1 RUI IN Pre-Driver Input RU (Motor Relay) Pull-Down 50kQ -
2 RVI IN Pre-Driver Input RV (Motor Relay) Pull-Down 50kQ -
3 VCC2 Power supply | Power supply 2 (3.3V or 5V) - - -
4 RWI IN Pre-Driver Input RW (Motor Relay) Pull-Down 50kQ -
5 PGND1 GND Power GND1 - - -
6 RUO ouT Pre-Driver Output RU (Motor Relay) - - push-pull
7 RVO ouT Pre-Driver Output RV (Motor Relay) - - push-pull
8 RWO ouT Pre-Driver Output RW (Motor Relay) - - push-pull
9 NC - - - - -
10 LWO ouT Pre-Driver Output LW - - push-pull
11 LVO ouT Pre-Driver Output LV - - push-pull
12 LUO ouT Pre-Driver Output LU - - push-pull
13 PGND2 GND Power GND2 - - -
14 HS IN Pre-Driver High-side Drain Input - - -
15 SHU IN Motor Connect PIN U-phase - - -
16 VCPL Power supply | Charge-pump voltage (for low sides) - - -
17 CP2L ouT 2nd Charge Pump Drive Output - - push-pull
18 SHV IN Motor Connect PIN V-phase - - -
19 CP1L ouT 1st Charge Pump Drive Output - - push-pull
20 SHW IN Motor Connect PIN W-phase - - -
21 CP2H IN/OUT 2nd Charge Pump Output - - -
22 VCPH Power supply | Charge-pump voltage (for high sides) - - -
23 CP1H IN/OUT 1st Charge Pump Output - - -
24 VB2 Power supply | Power Supply2 (Battery 12V) - - -
25 VB1 Power supply | Power Supplyl (Battery 12V) - - -
26 HWO ouT Pre-Driver Output HW - - push-pull
27 HVO ouT Pre-Driver Output HV - - push-pull
28 HUO ouT Pre-Driver Output HU - - push-pull
29 BR20O ouT Pre-Driver Output BR2 (Power supply relay) - - push-pull
30 BR1O ouT Pre-Driver Output BR1 (Power supply relay) - - push-pull
31 PGND3 GND Power GND 3 - - -
32 EN_CP IN Charge-pump enable signal Pull-Down 50kQ -
33 BR2I IN Pre-Driver Input BR2 (Power supply relay) Pull-Down 50kQ -
34 BR1l IN Pre-Driver Input BR1 (Power supply relay) Pull-Down 50kQ -
35 HWI IN Pre-Driver Input HW Pull-Down 50kQ -
36 HVI IN Pre-Driver Input HV Pull-Down 50kQ -
37 HUI IN Pre-Driver Input HU Pull-Down 50kQ -
38 LUI IN Pre-Driver Input LU Pull-Down 50kQ -
39 LVI IN Pre-Driver Input LV Pull-Down 50kQ -
40 LWI IN Pre-Driver Input LW Pull-Down 50kQ -
41 /ICS IN SPI chip select Pull-Up 50kQ -
42 SCK IN SPI clock input Pull-Down 50kQ -
43 VCC1 Power supply | Power supply 1 (3.3V or 5V) - - -
44 SDIN IN SPl input Pull-Down 50kQ -
45 SDOUT | OUT SPI Output - - push-pull
46 AGND1 GND The GND 1 for analog circuits - - -
47 VRO ouT Reference voltage amplifier Output - - -
48 VRI IN Reference voltage amplifier input - - -
49 AMP30 | OUT Current-detection amplifier Output 3 - - push-pull
50 AMP3N IN Current-detection amplifier input 3 (-) - - -
51 AMP3P IN Current-detection amplifier input 3 (+) - - -
52 AMP20 | OUT Current-detection amplifier Output 2 - - push-pull
53 AMP2N IN Current-detection amplifier input 2 (-) - - -
54 AMP2P IN Current-detection amplifier input 2 (+) - - -
55 VCC_OP | Power supply | The power supply for Current-detection amplifier (5V/3.3V) - - -
56 AMP10O | OUT Current-detection amplifier Output 1 - - push-pull
57 AMP1N IN Current-detection amplifier input 1 (-) - - -
58 AMP1P IN Current-detection amplifier input 1 (+) - - -
59 AGND2 GND The ground 2 for analog circuits - - -
60 NDIAG ouT Error Output Pin - - push-pull
61 CLKOUT | ouT Clock output - - push-pull
62 ALARM2 | IN Pre-driver enable 2 Pull-Down 50kQ -
63 TEST IN Test terminal Pull-Down 50kQ -
64 ALARM1 | IN Pre-driver enable 1 Pull-Down 50kQ -
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TOSHIBA TB9081FG
eDescription of an internal signal name
Internal signal —r State
name Description v 3
abst_pass Normal signal of ABIST ABIST normal | ABIST abnormal
abst end | End signal of ABIST ABIST end ABIST
unfinished
gate_en_u Pre-driver output enabling signal (U phase) Enable Disable
gate_en_v Pre-driver output enabling signal (V phase) Enable Disable
gate_en_w Pre-driver output enabling signal (W phase) Enable Disable
gate_en_r Pre-driver output enabling signal (relay) Enable Disable
gate_off_u E;g)srec;utput signal (Pre-driver output enabling, U Enable Disable
gate_off v Err]g)srec;utput signal (Pre-driver output enabling, V Enable Disable
gate_off_w FIfrr]ratlnsrec;utput signal (Pre-driver output enabling, W Enable Disable
gate_off r EII:;)OUtpUt signal (Pre-driver output enabling, Enable Disable
cp_en Enabling signal for charge pump circuit Enable Disable
cp_off Error output signal (charge pump circuit enabling) Enable Disable
vbll VB1/VB2 under voltage detection signal 1 Detection Release
vbl2 VB1/VB2 under voltage detection signal 2 Detection Release
vcll VCC1/VCC2 under voltage detection signal 1 Detection Release
vcl2 VCC1/VCC2 under voltage detection signal 2 Detection Release
por_x Internal reset signal Reset release Reset
vch VCC1/VCC2 over voltage detection signal Detection Release
vphh VCPH clamp voltage detection signal Detection Release
tsdldet Over temperature detection signall Detection Release
tsd2det Over temperature detection signal2 Detection Release
tsd3det Over temperature detection signal3 Detection Release
shuho Short-circuit detection signal (U phase low side) Detection Release
shvho Short-circuit detection signal (V phase low side) Detection Release
shwho Short-circuit detection signal (W phase low side) Detection Release
shulo Short-circuit detection signal (U phase high side) Detection Release
shvlo Short-circuit detection signal (V phase high side) Detection Release
shwlo Short-circuit detection signal (W phase high side) Detection Release
<Usage power supply/GND list>
Symbol Pin name Function/Application
Vb VB1,VB2 Battery power supply
Vce VCC1,VCC2 External 5V/3.3V power supply
The power supply for current detection
Vecop vee o amplifier (5V/3.3V)
Vcph VCPH Charge pump voltage (for high sides)
Vepl VCPL Charge pump voltage (for low sides)
AGND AGND1,AGND2 GND for analog circuitry
PGND PGND1,PGND2,PGND3 | Power GND
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Functional descriptions

(1) Charge pump circuit
TB9081FG build in Charge pump for Pre-Drivers and it can control external Nch MOSFETSs directly. Two
charge pump voltages the object for the high side drive of a motor and the object for the relay drive of a
motor, and for the low side drive of a motor is generated.
The charge pump voltage (Vcph) for a high side drive and a relay drive control by an internal circuit, and
if Vcph goes up to Vb+12V (Typ.), a charge pump will suspend operation. Furthermore, in consideration
of an overvoltage state, if Vcph goes up to 37V, a charge pump will stop, and if Vcph is less than 36.5V, a
charge pump will resume operation.
The charge pump voltage (Vcpl) for a low side drive is generated from Vcph. If Vcpl goes up to (16V), a
clamp will start and it will not become the voltage more than clamp voltage.
It is possible to build the switching circuit (CP_SW) in the Vb side of a charge pump circuit, to make a
transistor turn off by CP_SW, and to stop the supply to Vcph from Vb. Vcc voltage turns off the transistor
of CP_SW on condition of the conditions as for which below Vcc voltage detection voltage becomes, or
EN_CP=L. For details, please refer to a (7) EN_CP circuit.
Moreover, it is possible to operate or stop a charge pump by terminal EN_CP. The charge pump
operates at the time of EN_CP="H",and it stops at the time of EN_CP="L" and also suspends the supply
to Veph from Vb .
A Vcph output voltage is set to OV at the time of the charge-pump stop by EN_CP="L."
When the charge pump is stopped by the control in the IC, Vcph output voltage will become the

"Vb-3VF".
-Q—Vcc Vb
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—! -
N
I ______ Vge e (por x) -Q—Vcc
Logic | SR1 —|
| Divider | > y Ccp=0.1pF
I (por,x)(l, CP1H
| | O-Veo - Vb
\Y
5 | l,> I Charge Pumpl oPIL ?
EN_CP z | —\_ [(cpen) | q Rcp=15Q
50k @ I [¢ v )
I (cp_off) Control * DI_" e _(P_VCC
X o q
I Error Logic Circuit I SR2 E
| | > p Ccp=0.1pF
I (por_x)(l, P CP2H
I I -(P—Vcc -LTJ—Vb
| CP2L ?
Ch P 2
!_ —[>c | - arge Pump Rep=150
TT- "¢ - - - = N
(por ) (por x) -(P—Vcc
q
SR3 —|
(por )7 VGPH
Vece, Vb
¢ T ? 1
VB+12V T T
detector Pre-drv. Clamp
(Hi-side) (16V) Cvcphl=10uF
Cvcph2=0.1pF
VCEQ' VCPL
q
(vphh) 36V
detector Pre—drv. ; —|77;
(Lo-side) Cvcpll=4.7uF
Cvcpl2=0.1pF

Fig.1-a Charge pump circuit Block Diagram
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(2) Pre-drivers
TB9081FG has the pre-driver circuit it is for the motor relay drive, for the power relay drive, for the
low-side drive of the motor and for the high-side drive of the motor. Each pre-driver circuit has a
respective input and output terminals are controlled by a signal inputted to the input terminals.

BRI1I
50kQ

BR2I

- Vcph

o
o]

N N/¢
5 5

77

BR10

Battery

50kQ
O-Vce _?_ Vee
Hut [X] b
50kQ
Vce
HVI zZ B
50kQ Pre fjrv.
logic
Vee
HWI Z
50kQ — |
Vce
RUI zZ
50kQ
Vce
RVI Z
50kQ
Vce
RWI Z
50kQ
O-Vce
i [ b
50kQ
O-Vce .ﬂ o | «
e b x}_i\vhv‘kv * | [—
50kQ i ) :
O-Vce 3
LWO
wi X b ! \Q o I
50kQ _(P_ Voo ——— E ﬂ )
output current
switching time (gate en_w)
(clk4m) — . (gate_en_v)
control logic (gate en.u)
(gate_en_r)

(por_x)

Fig.2- a Pre-driver circuit Block Diagram
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<A power supply relay drive circuit, a motor relay drive circuit>

A power supply relay drive circuit is a circuit which controls FET for a relay on the battery power-supply

side.

A motor relay drive circuit is a circuit which controls FET for a relay on the motor side.

A truth table is shown in table 2-a and 2-b. Refer to the (6) ALARM input circuit for the details of the

internal signal (gate_en_r) in a truth table.

Moreover, resistance 1kQ is built in the output of a power supply relay drive and a motor relay drive.
Furthermore, the diode for prevention of backflow at the time of reverse connection is built in the output of
a power supply relay drive circuit.

- Table 2- a Input/output truth table 1 (power supply relay drive circuit)

- Power supply relay drive circuit 1

Input Internal signal Output
Notes
BR1lI (gate_en_r) BR1O
L H L -
H H H -
* L L -
*:Don't care
- Power supply relay drive circuit 2
Input Internal signal Output
Notes
BR2I (gate_en_r) BR20O
L H L -
H H H -
* L L -
*:Don't care
- Table 2- b Input/output truth table 2 (motor relay drive circuit)
- Motor relay drive circuit 1 (U phase)
Input Internal signal Output
Notes
RUI (gate_en_r) RUO
L H L -
H H H -
* L L -
*:Don't care
- Motor relay drive circuit 2 (V phase)
Input Internal signal Output Notes
RVI (gate_en_r) RVO
L H L -
H H -
* L L -
*:Don't care
- Motor relay drive circuit 3 (W phase)
Input Internal signal Output
Notes
RWI (gate_en_r) RWO
L H L -
H H H -
* L L -
*:Don't care
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<A high side drive circuit, a low side drive circuit>

A high side drive circuit is a circuit which drives FET of the high side of a motor. A low side drive circuit is
a circuit which drives FET of the low side of a motor. A high side drive circuit and a low side drive circuit
built in each 3ch.

An input signal (HUI/HVI/HWI, LUI/LVI/LWI) is changed by a control block, and output (HUO/HVO/HWO,
LUO/LVO/LWO) is outputted. A truth table is shown in table 2-c. Refer to the (6) ALARM input circuit for
the details of the internal signal (gate_en_u, gate_en_v, gate_en_w) in a truth table.

When HUI/LUI, HVI/LVI, and HWI/LWI are H/H, an output will be L/L (prohibition input). The operation at
the time of prohibition input detection can be set up through a SPI communication.

Moreover, the current at the time of Turn on/Turn off of a high side drive circuit and a low side drive circuit
is the current limit after 8 ps (typ). This current-limiting time can be set up a 3 value or no limit time
through a SPI communication.

When gate_en_u, gate_en_v, and gate_en_w switch from “H” to “L” by the failure detection and
ALARM1 or ALARM2 outputing low, and then, the high side drive circuit and the low side drive circuit
output high, it switches to “L”. At this time, it has an output current capability which is decided by the ON
resistance and the gate resistance of the output driver during the current limit time. However, only Vcc
under voltage detection, the output current capability will be the output limit current lolmtl even within the
current limit time.

- Table 2- ¢ Input/output truth table 3 (a high side drive circuit, a low side drive circuit)

- FET drive circuit 1 (U phase)

Input InFernaI Output
signal Notes
HUI LUI (gate_en_u) HUO LUO
L L H L L -
L H H L H -
H L H H L -
H H H L L Inhibit input mode
* * L L L -
*: Don’t care
- FET drive circuit 2 (V phase)
Input InFernaI Output
signal Notes
HVI LVI (gate_en_v) HVO LVO
L L H L L -
L H H L H -
H L H H L -
H H H L L Inhibit input mode
* * L L L -
*: Don’t care
- FET drive circuit 3 (W phase)
Input InFernaI Output
signal Notes
HWI Lwi (gate_en_w) HWO LWO
L L H L L -
L H H L H -
H L H H L -
H H H L L Inhibit input mode
* * L L L -
*: Don’t care
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(3) Current detector

TB9081FG are built three amplifiers for motor-current detection and one amplifier for reference voltage

generation (Fig3- a).

The amplifiers for motor-current detection can amplify the difference voltage which produces according
to the current which flows through the shunt resistance connected to the motor actuator.
The amplifier for reference voltage generation is used as buffer amplifier for reference voltage

generation.

As an external configuration of the current detection, it is available in either 1 shunt configuration or 3

shunt configuration.

AMP1P Dd——

AMP1IN ——

AMP2P Dd——

AMP2N D——

AMP3P DF—

AMP3N ——

VRI }—

Vccop

i

(vbgl)
Vccop

i

(vbgl)

Vccop

i

(vbgl)

Vccop

v

(vbg1)

AMP10

AMP20

AMP30

VRO

Fig.3-a Motor-current detection circuit Block Diagram
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(4) Oscillator /divider

The oscillator has composition with built-in CR, and an Oscillation frequency is Fc=4MHz (typ.). An
oscillator will start operation after internal signal (por_x) release.

4 MHz (clk4m) is used as the system clock of a logic circuit, and an operation clock of the digital filter of the
short-circuit detector of external FET.

Clock 1MHz (clkim), it is used as an operation clock of the digital filter of an ALARM detector.

Clock 500kHz (clk500K), it is used as an operation clock of a charge pump.

Clock 16kHz (clk16k), it is used as an operation clock of ABIST.

CLKOUT output (terminal) will output a clock set by the SPI (clk4m, clk500k, clk16k).

Vee

(clk500k)

(clkim) N ALARM
g filter
(clk16k) N ABIST
d control
output current

I | switching time I

control I
| |
I T
\ |
' |

N Charge
g Pump

Divider (clk4m)
VCC1 |§§ | FET Short
VCC2 T g filter
Vee (clk4m) =\ Voo
Low voltage 0SsC t> P mux CLKOUT
monitoring > 100Q
SPI
(vel2) (vell) communication
;> circuit
e e e — _Q_ — — —— — —

-(por,x)

Fig.4- a Oscillator, divider Block Diagram
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(5) Abnormal detection circuit

TB9081FG is built in miscellaneous abnormal detection circuit, such as the under voltage detection
(VB1, VB2, VCC1, VCC2), over voltage detection (VCC1, VCC2), over temperature detection, external
FET short-circuit detection and frequency abnormal detection.

(6) ALARM input circuit

As an input terminal of an ALARM signal, TB9081FG have two terminals of ALARM1 and ALARM?2.

An ALARM signal controls Enable/Disable of the Pre-drivers (a FET drive circuit, a motor relay drive
circuit, a power supply relay drive circuit).
In the case of ALARM1= "L" or ALARM2= "L", the Pre-drivers will be Disable. In the case of
ALARM1="H" and ALARM2="H", Enable/Disable is decided by the input and internal signal of each

Pre-drivers.

Also, the input side of the ALARM1 and ALARM2 terminal has a built-in digital filter (DF) for noise

removal. Digital filter time can be set through the SPI communication.

If ALARM1="L" or ALARM2="L" is detected, the short-circuit detection function is enabled.

(alm1)

(alm2)

Voo : Logic
ALARM1 B4 . Z : oF
50k Q =
|
|
|
Vce |
|
ALARM2 * 1Z I oF
50k Q : >
: (clk1m)
|
|
|
|
|
L

(gate_en_u)
-

(gate_off_u)

Pre-Dr.
U phase

H-side/L-side

v

(gate_off v)

(gate_en_w)

Pre-Dr.
V phase

H-side/L-side

v

(gate_off w)

|
|
I
I
|
|
|
| (gate_en_v)
|
|
|
|
|
|
|
|

(gate_en_r)
-

Pre—Dr.
W phase

H-side/L-side

E

(gate_off r)

Error Logic

Pre-Dr.
Relay

Fig.6-a FET drive circuit control Block Diagram
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Table 6-a FET drive circuit control truth table

Input signal Internal input signal Internal control signal FETdrive
ALARM1| ALARM2 | (por_x) |(gate_off u)|(gate_off v)|(gate_off w)| (gate_off r)((gate_en_u)|(gate_en_v)|(gate_en_w)|(gate_en_r) circuit
L * * * * * * L L L L Disable
* L * * * * * L L L L Disable
* * L * * * * L L L L Disable
L - - - L - - - U phase
H H H Disable
H - - - H - - - U phase
H H H Enable
- L - - - L - - V phase
H H H Disable
- H - - - H - - V phase
H H H Enable
- - L - - - L - W phase
H H H Disable
- - H - - - H - W phase
H H H Enable
- - - L - - - L Relay
H H H Disable
- - - H - - - H Relay
H H H Enable

(Note 1) “*”: Don’t care
(Note 2) Although "-":gate_off _* and gate_en_* have logic dependence in phase, the logic dependence to other

phase is nothing.
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(7) EN_CP input circuit
EN_CP signal controls Enable/Disable of a charge pump circuit.
In the case of input signal EN_CP= "L", the charge pump circuit will be Disable. In the case of
EN_CP="H", Enable/Disable of the charge pump circuit is decided by an internal signal.
Also, the charge pump SW circuit (CP_SW) will be Disable in case of input signal EN_CP = "L" or the
internal signal (por_x) = "L". In the case of EN_CP = (por_x) = "H", it will be Enable.

Vce Vce Vb
. ____ <
Logic |
|
CP_SW
: Divider : —
I ?
| (por_x)
| s
Vce : |—> |
EN_CP zZ | R (cp.en) Control :
| ircui >
oo | Circuit : CP1H
: (cp_off) ] . I cPi _|
| rror Logic | cP2
| J| JEN CP2H
(por_x)
VCPH
Fig.7-a EN_CP input circuit Block Diagram
Table 7-a Charge-pump-circuit control truth table
. | i . | Internal control
Input signa Internal input signa signal Charge pump Charge pump
circuit SW circuit
EN_CP (por_x) (cp_off) (cp_en)
L * * L Disable Disable
H L * L Disable Disable
H H L L Disable Enable
H H H H Enable Enable

(Note) "":Don't care
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(8) ABIST function

At the time of IC starting, it is diagnosed whether miscellaneous abnormal detection is functioning
normally. At the time of IC starting, a divider starts operation after VCC1/VCC2 under voltage release,
and it starts diagnosis of ABIST after LBIST completion. Diagnosis of ABIST is performed even when a
judgment of LBIST is NG.

A diagnostic part is as follows.

VCC1/VCC2 over voltage detection, VCPH clamp voltage detection, over temperature detection, and
frequency abnormal detection (low frequency side)

(9) SPI Communication circuit

The SPI communication circuit consists of an SPI core circuit and a register read circuit block.

Only when /CS is L, communication with a microcomputer is attained. A microcomputer writes data in
SDIN at the rising edge of a clock, and IC reads data at the following falling edges. Moreover, IC writes
data in SDOUT at the rising edge of a clock, and a microcomputer reads data at the following falling
edges. SDIN receives the data bit from a microcomputer in order from MSB to LSB. SDOUT transmits a
data bit to a microcomputer in order from MSB to LSB. An output is push-pull composition and will be a
Hi-Z at the time of /CS="H". Moreover, inside IC, the /CS terminal have pull-up by resistance, and the
SDIN and SCK terminal have pull-down by resistance.

SPI communication circuit

[

Vee

{ﬁ—x SDOUT

SPI core circuit

A

|
|
]
T
|
[l
I
[l
I
I A
|
|
|
|
|
|
|

SDIN z

register read circuit
AGND Vee

SCK zZ >

A

y
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Fig.9-a SPI Communication circuit Block Diagram
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Reference circuit diagram
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* These circuit constants are reference circuit examples, and are not guaranteed.
The external circuit should be decided after certainly evaluating and confirming on the unit board supposing the

usage environment.

* The smoothing capacitor connected externally to the power supply terminals (VB1, VB2, VCC1, VCC2 and

VCC_OP) should be the layout on the IC as close as possible.
*The power supply of the resistance partial pressure connected to the VRI terminal should be used as the same

power supply as VCC_OP.
* AGND1, 2 and PGND1, 2, and 3 should be the solid GND (potential £0.3V) on the unit board.
*Consider notes of each block at the time of a unit design.
* Do not implement incorrectly. The destruction of the ICs or the damage to the devices may occur.
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PACKAGE
LQFP64-P-1010-0.50E
Unit: mm

Weight: 0.35 g (typ.)
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RESTRICTIONS ON PRODUCT USE

e Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively "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.

* 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 AWRITTEN 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.

o 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.
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