TOSHIBA TB2932HQ

TOSHIBA Bi-CMOS Linear Integrated Circuit Silicon Monolithic

TB2932HQ

Maximum Power 49 W BTL x 4-ch Audio Power IC

The TB2932HQ is 4ch audio amplifier for car audio application.

This IC can generate high power, high quality sound output,
PouTr MAX =49 W, using a pure complementary P-ch and N-ch
DMOS output stage.

The built-in self diagnosis function which is included can be
controlled via I2C BUS.

In addition, stand-by and mute function, and various protection
feature are included.

Features HZIP25-P-1.00F
Weight: 7.7 g (typ.)

e High power output
: Pour MAX (1) =49 W (typ.)
(Voo =152V, f=1kHz, JEITA max, R, =4 Q)
: Pour MAX (2) =43 W (typ.)
(Voo =14.4V, f=1kHz, JEITA max, R,=4 Q)
: PouT MAX (3) =70 W (typ.)
(Voo =14.4V, f=1kHz, JEITA max, R,=2 Q)
: Pout (1) =27 W (typ.)
(Vcec=14.4V,f=1kHz, THD = 10%, RL. = 4 Q)
: Pour (2) =23 W (typ.)
(Vce=13.2V,f=1kHz, THD = 10%, RL. = 4 Q)
: Pout (3) =45 W (typ.)
(Vcec=14.4V,f=1kHz, THD = 10%, RL, = 2 Q)
e Low distortion ratio: THD = 0.007% (typ.)
(Vecc=13.2V, f=1kHz, PouT=5W, RLL=4 Q)
e Low noise: VNO = 60 uVrms (typ.)
(Vce=18.2V,Rg =0 Q, BW =20 Hz to 20 kHz, RL. =4 Q)
e Built in stand by & muting function: controlled via I2C Bus (26/12dB)
e Built in clipping detection (pin 4)
e Built in I2C Bus for stand-by, mute, voltage gain control, self diagnosis: Output short detection, offset detection,
tweeter or speaker open detection (pin 22 and 25)
e Built-in various protection circuits (Note 1, Note 2)
Thermal shut down, over-voltage, out to GND, out to VC(, out to out short circuit
e Operating supply voltage: VCC (opr) =8 to 18 V(R =4 Q)
Ve (opr) =8t0 16 V(RL =2 Q)

Note 1: Install the product correctly. Otherwise, it may result in break down, damage and/or degradation to the
product or equipment.

Note 2: These protection functions are intended to avoid some output short circuits or other abnormal conditions
temporarily. These protect functions do not warrant to prevent the IC from being damaged.

- In case of the product would be operated with exceeded guaranteed operating ranges, these protection
features may not operate and some output short circuits may result in the IC being damaged.
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Block Diagram
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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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Caution and Application Information (description is made referring only on the single

channel.)
1.Clip Detection

The output clip detection terminal, pin 4, has an open collector output structure on chip as shown in

Figure 3. In the case when the output waveform is clipping, the clip detection circuit is operated and the

NPN Tr. is turned on.

It is possible to improve the audio output quality by controlling the volume and/or tone control circuits

through a low pass filter (L.P.F.) smoothing circuit as shown in Figure 1.
The sensitivity of the circuit to clipping level can be selected T.H.D. = 1% or 10% via I2C bus.

In the event that this function is not used, pin4 should be left open circuit.
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2.External Component Values

Component | Recommended P Effect Not
Name Value urpose Lower than Recommended | Higher than Recommended otes
Value Value
c1 0.22 uF To eliminate DC C_ut-off frequency becomes | Cut-off frequency becomes
higher lower
To reduce ripple
c2 10 uF To determine the | Power ON/OFF time and turn | Power ON/OFF time and turn
time of turn on ON diag cycle shorter ON diag cycle longer
diag Pop noise is
To provide concerned with
C3 0.1 uF sufficient Reduces noise and provides sufficient oscillation margin this capacitor.
oscillation margin
Common
c4 1.0 uF reference voltage |Pop noise is suppressed when C1: C4 = 1:4.
for all input
C5 3900 puF Ripple filter Power supply ripple filtering
Note 3: In case of the recommended value not used.

3.Fast Mute Mode

This feature will normally be used to suppress pop noise resulting from VC(C transients during engine
cranking condition.

The fast mute mode can be entered on receipt of a command via I2C bus.

Using the IB2 register and setting to ‘one’ the bit D6, it is possible to generate a fast I2C mute command.

If a fast mute command is received, this IC will operate and will discharge the built-in capacitor .

Therefore the Pop sound will be reduced compared to the condition when Fast Mute is not used in the
engine cranking condition.

4.IC start up procedure

As for this product, to decrease an quiescent current with the stand-by state, the I2C BUS communication
possible condition and the simple condition in case of the turning on exist.
Please confirm of the request the following contents in the limit of the set design.

1) The hardware stand-by state
It doesn't impress the external voltage (5V / 3.3V) and it says the time when the Ripple voltage potential is
large to the ClipDet terminal (4 pins).In case of this condition, it becomes Istby=0.

2) The software stand-by state

When impressing the external voltage (5V / 3.3V) on the ClipDet terminal (4 pins), the internal reference of

VDD amplifier starts-up, it becomes 12C BUS communication will possible condition.

In case of this condition, it becomes Istby=30uA.

3) The IC operation condition

In I2C BUS command (Stby L—H), when sending by the Write command, the charging by the Ripple voltage

(terminal) begins after the switchover to the condition of the above 2).

When the Ripple voltage(terminal) reaches the value of the wish by this, it becomes an IC operation condition.
Therefore, before communicating in [2C BUS, it impresses voltage on the ClipDet terminal once and VDD must
be started.

VDD stands up and after the I2C BUS communication becomes possible, because this terminal functions as the
ClipDet terminal, only in IC start-up, it requests sequence setting to impress potential.
Incidentally, because it touches much more by the separate section about the conduct of the ClipDet terminal, .

*: Add start-up voltage (5.0V / 3.3V) through limitation resistance (10k typ.).
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5.Explanation for Self Diagnosis Via I’C

Bus map
[Slave Address]
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Details Hex
0 Write Mode
1 Read Mode
1 1 0 1 1 0 0 — D8H
[WRITE]
e Sub address
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Details Hex
0 Page Mode (auto increment) OFF
1 Page Mode (auto increment) ON
— 0 0 0 0 0 0 1 Control Byte1 01H
— 0 0 0 0 0 1 0 Control Byte2 02H

Control bytel (01H)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Function
0 0 0 0 0 0 0 1 Clip Det 1% to 10% change
0 0 0 0 0 0 1 0 Rch Muting off (play)
0 0 0 0 0 1 0 0 Fch Muting off (play)
0 0 0 0 1 0 0 0 Rch Gain 26dB to 12dB
0 0 0 1 0 0 0 0 Fch Gain 26dB to 12dB
0 0 1 0 0 0 0 0 Offset Det Enable
0 1 0 0 0 0 0 0 Diag Cycle Enable
1 — — — — — — — Turn-on Select (normal/repeatedly)

o Control byte2 (02H)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Function
0 0 0 0 0 0 0 1 Rare short DET
0 0 0 0 0 0 1 0 Soft Mute delay time (40ms/20ms)
0 0 0 0 0 1 0 0 Current Detection Enable
0 0 0 0 1 0 0 0 Line Drive Diag
0 0 0 1 0 0 0 0 Stand By OFF (play)
0 0 1 0 0 0 0 0 Clip Det Pin change to Offset Det
— 1 — — — — — — Fast mute ON/OFF
1 0 0 0 0 0 0 0 Current Detection. Level change from 500 mA

(max) to 300 mA (max)

Note 4: Self mute circuit is included on chip and is in independent from I°C bus stage.
Self mute operating voltage is Vcc = 7.6 V(rise),7.3V(falls)

Note 5: Auto Increment is available.
If control byte 1 is chosen by sub address, it is not necessary to send byte 2 in cases when both byte 1 and
2 are to be written.

Ex) In case of sub address = byte1 chosen:
Sub address byte 1 — byte 1 writing — Sub address byte 2 — byte 2 writing: available
Sub address byte 1 — byte 1 writing — byte 2 writing: available
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[READ]
Byte 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 At “Bit = 1” Condition
0 0 0 0 0 0 0 1 Ch1 Short to GND
0 0 0 0 0 0 1 0 Ch1 Short to Vcc
0 0 0 0 0 1 0 0 Ch1 Open load or Offset Detected
0 0 0 0 1 0 0 0 Ch1 Short load
0 0 0 1 0 0 0 0 Ch1 Diagnosis condition (bit = 1: permanent, 0: turn-on)
Ch1 Current Detection (at IB2 D2 = 1 = enable only)
0 0 1 0 0 0 0 0 (IB2 — D7 = 0: bit = 1: <250 mA, 0: >500 mA)
(IB2 — D7 = 1: bit = 1: <100 mA, 0: >300 mA)
0 1 0 0 0 0 0 0 Bit = 1: Diag. Cycle terminated, 0: Not terminated
1 0 0 0 0 0 0 0 TSD Mute ON (thermal warning)
Byte 2
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 At “Bit = 1” Condition
0 0 0 0 0 0 0 1 Ch2 Short to GND
0 0 0 0 0 0 1 0 Ch2 Short to Ve
0 0 0 0 0 1 0 0 Ch2 Open load or Offset Detected
0 0 0 0 1 0 0 0 Ch2 Short load
0 0 0 1 0 0 0 0 Ch2 Diagnosis condition (bit = 1: permanent, 0: turn-on)
Ch2 Current Detection (at IB2 D2 = 1 = enable only)
0 0 1 0 0 0 0 0 (IB2 — D7 = 0: bit = 1: <250 mA, 0: >500 mA)
(IB2 — D7 = 1: bit = 1: <100 mA, 0: >300 mA)
0 1 0 0 0 0 0 0 Current sensor activated (D6 = 1)
1 0 0 0 0 0 0 — Offset detection activated (D7 = 1)
Byte 3
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 At “Bit = 1” Condition
0 0 0 0 0 0 0 1 Ch3 Short to GND
0 0 0 0 0 0 1 0 Ch3 Short to Ve
0 0 0 0 0 1 0 0 Ch3 Open load or Offset Detected
0 0 0 0 1 0 0 0 Ch3 Short load
0 0 0 1 0 0 0 0 Ch3 Diagnosis condition (bit = 1: permanent, 0: turn-on)

Ch3 Current Detection (at IB2 D2 = 1 = enable only)
0 0 1 0 0 0 0 0 (IB2 — D7 = 0: bit = 1: <250 mA, 0: >500 mA)
(IB2 — D7 = 1: bit = 1: <100 mA, 0: >300 mA)

_ 1 — — — — — — Diagnotic status (= IB1 — D6 bit = 1: diag enable)
1 — — — — — — — | Stand-by status (= IB2 — D4 bit = 1: play)
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Byte 4
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 At “Bit = 1” Condition
0 0 0 0 0 0 0 1 Ch4 Short to GND
0 0 0 0 0 0 1 0 Ch4 2 Short to VCC
0 0 0 0 0 1 0 0 Ch4 Open load or Offset Detected
0 0 0 0 1 0 0 0 Ch4 Short load
0 0 0 1 0 0 0 0 Ch4 Diagnosis condition (bit = 1: permanent, 0: turn-on)

Ch4 Current Detection (at IB2 D2 = 1 = enable only)
0 0 1 0 0 0 0 0 (IB2 — D7 = 0: bit = 1: <250 mA, 0: >500 mA)
(IB2 = D7 = 1: bit=1: <100 mA, 0: >300 mA)

0 1 0 0 0 0 0 0 Rare short
1 0 0 0 0 0 0 0 LDT DET

Note 6: Short circuit protection can be operated channel by channel.

EX) If channel 1 output is shorted, channel 1 is protected but other channels are available.

Caution: sub address 0x15 (15H) is for our internal testing only. Do not apply for your using.
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Description for turn on diagnosis
This IC can determine whether the conditions listed below occur or not at turn ON:

-Short to GND

-Short to V¢

-Output to output short
-Speaker open

As first “switch on”, the write data is sent to “turn ON” the IC.

If the turn on diagnostic is activated at this time, the write data, with the diagnostic cycle byte: IB1
D6 set at 1, is sent at the same time

The result of self diagnosis can be obtained from the read data sent after the turn on diagnostic
data permitted time, as below Figure3:

WRITE DATA READ DATA READ DATA

Pin10

ripple
voltage

Permanent diagnostic

enable
Turn On diagnostic DATA Permanent diagnostic
Turn On diagnostic permitted time DATA permitted time

acquisition time (80 ms typ.)

FAULT
event

Figure 2 Diagnosis Timing Chart

WRITE DATA
WRITE DATA To become standby off
Set the READ DATA READ DATA (turning or power ON)
diagnostic

Pin10
ripple
voltage ‘\

Turn On diagnostic  Turn On diagnostic
acquisition time between On and Off time
(80 ms typ.) (100 ms typ.)

Figure 3 Number of Times Turn ON Diagnosis Timing Chart
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As initially, the write data is set when the on diagnostic cycle enable (IB1 D6 = 1), the turn on
diagnosis can be available for repeated use by sending the read command repeatedly after the initial
set up as shown as Figure 5.

Therefore, it is useful to check number of cycles from Power ON to the output appearance.

This IC has two built-in diagnostic modes dependent on the Turn-on timing.

A) Normal mode (one shot) of Turn-on diagnostics (data of IB1, D7 = 0)
B) Repeatability mode of Turn-on diagnostics (data of IB1, D7 = 1)

A) Normal mode (one shot diag.)
For example, if you want to get two valid readings, you have to send the command to read three
times.
True data are second data and third data.

This is trigger to enable the The Data just received was detected
You have to read for an

di le. th i di ti le.
iag cycle interval of 150 ms of more to on the previous diagnostic cycle

get a valid reading.

R A

Writing '

(diag cycle enable = 1) Reading 1 Reading 2 Reading 3
(stand by OFF = 0) ' : i

Pin 10

DB1 D6

Diag enable

Fault event

L g e X

EmENy ' M LI I LLT Y
n® e, H “-‘ e, n® "y,
. H . . -
* * v *

* AN * * *
- ¢ o . * *
) A ) . a .
) " - ) oy

U U Py U
“ ’0 ‘Q ’0 * *
* . *

““‘ LN “,t"
When “Diag enable” goes
high, “Latch” is reflected at the

“Fault event”.

For example
Short Load, Open Load etc.

Diag cycle with Turn-ON
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B) Repetition mode

Maximum interval:
You can select the acquisition time.
Minimum interval:
It is determined by the speed of microcomputer.

Writing >
(diag cycle enable = 1) Reading 1 Reading 3 Reading 5 Reading 6
(stand by OFF = 0) Reading 2 Reading 4
I°C command H H
Pin 10
About 100 ms
DB1 D6 About 80 ms

(acquisition time with only turn-ON)

About 80 ms
Diag enable

Fault event

Latch ‘

The turn ON diagnostic acquisition time is determined by the ripple filter capacitance C2 and

the equivalent internal resistance Rr as below expression.
Acquisition time = 2 x C2 x Rr = 4400 x C2 (typ.)

Rr is fixed in internal circuit and it is not varied by the fluctuation of power supply Vcc voltage.
C2 value determines the time from power ON (standby off) to the appearance of sound signal
from output and the characteristic for ripple rejection ratio, too. So, take care with the decision on

C2 value.

If the turn ON diagnosis is not used, in other words the diagnostic cycle defeat command is sent,
the waveform of ripple terminal voltage will change but the time from turning on to the output
signal appearance will not change as illustrated below in Figure4.

WRITEDATA | = @————— Turn ON diagnosis enable

) Turn ON diagnosis defeat

Pin10 —
—
ripple ' \
pin \ —=
voltage _- -
\ -
N/
W

Figure 4 Turn on Diagnosis Timing Chart when Turn on diagnosis not used.
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Description for permanent diagnosis
This IC can provide permanent diagnosis under the following conditions, whether they occur before

or after turning ON:

-Short to GND

-Short to VCC

-Output to output short circuit
-Output offset detection

-Current detection for tweeter open

This permanent diagnosis is available not only with the diagnostic cycle byte: IB1 D6 set at 1 but
also when set at 0.

Additionally, the signal can be obtained by entering just a read command. It is not necessary to
write the data.

With permanent diagnosis fault detection, the first read data after fault removal will still show a
Fault. Therefore, it is necessary to obtain 3 or more readings in order to prevent a miss judgment.
For example, the speaker sometimes makes a large counter electro motive force which this IC could
recognize as a fault event.

Additionally, this permanent diagnosis is automatically on after the turning on diagnosis operation
finished therefore there is no need to send the extra command.

READ DATA READ DATA READ DATA READ DATA
WRITE DATA result faulty result faulty result not faulty
Pin10
ripple
voltage

Permanent diagnostic DATA
permitted time

Turn On diagnostic
DATA permitted time

Turn On diagnostic
acquisition time (80 ms typ.)

FAULT FAULT
event removed

Figure 5 Permanent Diagnosis Timing Chart for Each Short Detection
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Regarding operation of the output offset detection, The software always detects the output offset
but the result is not latched internally as shown in the Figure below:

Pin10

ripple
voltage

READ DATA READ DATA READ DATA
WRITE DATA result faulty result not faulty result not faulty
Correct Tvos Correct Tvos

permitted time

Permanent diagnostic DATA

Turn On diagnostic
DATA permitted time

Turn On diagnostic

acquisition time (80 ms typ.)
FAULT
event

FAULT
removed

Figure 6 Software Output Offset Detection Timing Chart

However, this detection has to be performed in real time: Time voltage offset (Tvos) between read
and next read is set at Tvos = 1/the lowest signal frequency ,or more. For instance Tvos > 50 ms if the
lowest output signal frequency is 20 Hz, and to obtain 2 or more readings in order not to make a

misjudgment

Additionaly, the threshold level is designed at +/-2 V.

12
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Output
waveform

Offset detector
output pin 4

Waveform
L.P.F output

L.P.F.
Offset detector smoothing
circuit

The output from the terminal of pin 4 can be changed from clip detector to offset detector output by
sending the write command via I2C.

If the L.P.F output voltage has become a half of pull up voltage for a while, firstly the signal output
volume goes down (cliping detector function). After that, it can be judged that the abnormal output
offset has occurred, if the L.P.F. output voltage does not rise above half of pull up voltage.

——

.

AN

4)—o
—>| Volume control circuit

—>| System shut down

Abnormal offset occured

Vth

Vth

Volume down| Judgement

Detection delay time Waiting time for Prevention
misjudgement

Figure 7 Hardware Output Offset Detection

13 2009-02-02



TOSHIBA

TB2932HQ

Play
Mute

Mute ON

Output

When the current detector for Tweeter open check is used, it is neccesary to take care as below:

- Need to input the pulse or signal which is the higher out of audience frequency for example f=
20 kHz

- The pulse or signal input timing has to be after mute off (play mode)

- At least, the read timing has to be after 1 cycle of input pulse or signal and more, the
recommadation cycles are 3 cycle and more if can.

- The level of input pulse or signal is more than the detection threshold level 300 mA or 500 mA.
For instance, if the tweeter impedance is 20 Q at f = 20 kHz which is same as input signal frequency,
the output minimum voltage is: Vout = 500 mA x 20 Q = 10 V and more.

WRITE DATA WRITE DATA
stand by off mute off
mute on
|
|
|
|
|
|
|
| |
READ DATA READ DATA READ DATA : READ DATA READ DATA
invalidity invalidity invalidity : validity validity
|
Current detector is not effective : Effective —
|
|
T
|
|
|

Figure 8 Tweeter Open Detection Timing Chart

Finally, if DB1 D7 = 1 then the temperature of IC chip is close to the thermal shutdown point.
This warning bit becomes high, about 10 degrees below the temperature at which the
overtemperature protection operates.

Note 7: Timing charts may have been simplified for ease of reading.

Note 8: Please arrange to read all self-diagnosis functions twice or more and apply judgment in order to
avoid false triggering.

<Since the first diagnostic result has low confidence, please diagnose 2 times or more.>
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Multiple faults
The self diagnosis shows as below tables when there are multi fault connection for the audio

outputs.

At Turning ON:

S.GND (out+) S.GND (out-) S.\Vce Out to Out. S Open L
S.GND (out+) S.GND S.GND SVCC+S.Load S.GND S.GND + No open
S.GND (out-) S.GND S.Load S.GND S.GND + No open
S.Vcc + S.Load +
S-Vee S-Vee S-Vee open or No open
Out to Out.S S.Load S.Load + No open
Open L Open
At Permanent:
S.GND (out+) S.GND (out-) S.\Vce Out to Out. S Open L
S.IéCi/AD or S.GND
S.GND (out+) S.GND S.GND -VCC S.GND
(Note 10) (Note 9)
S.GND or S.V¢cc S.GND
S.GND (out-) S.GND S.GND
(Note 10) (Note 9)
S.\Vce
S.Vce S.Vce S.Vce
(Note 9)
Out to Out.S S.Load + S.GND N/A
Open L Normal

Note 9:

If the DC offset detection mode is ON, the information which the DC offset is appeared is added.

Note10: The chance which they can read this exact information is only one time although in case of other
diagnosis, the more times sending read command, the higher the confidence of the result.

For example,

a) ch1+ is connected to GND
b) ch1- is connected to Vc(C
¢) They can read or get the “Short to GND” information when the uP send the Read command.

d) Next, however, they can not get the “Short to GND” or “Short to V¢¢” information when the uP
send the Read command again.

Note 11: Please arrange to read all self-diagnosis functions twice or more and apply judgment in order to
avoid false triggering.
Explanation of I2C bus commands
Below the “ADDRESS BYTE”, presently the address byte is fixed at 216 dec = D8hex = 101100xbin.

- Address Selection is D8hexa:

A7 Address bit 1
A6 Address bit 1
A5 Address bit 0
A4 Address bit 1
A3 Address bit 1
A2 Address bit 0
A1 Address bit 0
A0 (R/W) Read/Write bit X

X: 0 = Write instruction to device; 1 = Read instruction to device
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- If RIW = 0, the Up Sends Two Instruction Bytes, IB1 and IB2:
IB1 Instruction Byte:

Bit

D7 | Turn-on diag timing
Normal (D7 = 0)
Repeat (D7 =1)

D6 [ Diagnostic cycle enable (D6 = 1)
Diagnostic cycle defeat (D6 = 0)
D5 | Offset Detection enable (D5 = 1)
Offset Detection defeat (D5 = 0)
D4 [Front Channel

Gain = 26dB (D4 = 0)

Gain = 12dB (D4 = 1)

D3 [Rear Channel

Gain = 26dB (D3 = 0)

Gain =12dB (D3 =1)

D2 | Mute front channels (D2 = 0)

Unmute front channels (D2 = 1)

D1 [Mute rear channels (D1 =0)

Unmute rear channels (D1 =1)
DO |CD 1% (DO =0)
CD 10% (D0 =1)

IB2 Instruction Byte:

Bit

D7 | Current Det 500 mA (max) (D7 = 0)
Current Det 300 mA (max) (D7 = 1)
D6 | Fast mute on (D6 = 1) off (D6 = 0)
D5 | Pin4 Clip Detection (D5 = 0)

Pin4 Offset Detection (D5 = 1)

D4 | Std-by on-PA not working (D4 = 0)
Std-by off-PA working (D4 = 1)

D3 | Amplifier mode diagnostic (D3 = 0)

Line driver mode diagnostic (D3 = 1)
D2 | Current Det. diag enabled (D2 = 1)
Current Det. diag defeat (D2 = 0)

D1 | Software mute on and off delay time
select

Work standard 40ms delay (D1 = 0)
Work standard 20ms delay (D1 =1)

DO |Rare short detection
Harf-short diag defeat (D1 = 0)
Harf-short diag enable (D1 =1)
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- If RIW = 1, the Power Amplifier Sends Four Diagnostics Bytes, DB1, DB2, DB3 and DB4:
DB1 Diagnostic Byte:

Bit

D7

Thermal warning active (D7 = 1)

D6

Diag not actived or not terminated (D6 = 0)

Diag terminated (D6 = 1)

D5

Channel 1 current detection

Output peak current < 250 mA (IB2 — D7 = 0) — open load (D5 = 1)
Output peak current < 100 mA (IB2 - D7 = 1) — open load (D5 =1)

Output peak current > 500 mA (IB2 — D7 = 0) — normal load (D5 = 0)
Output peak current > 300 mA (IB2 — D7 = 1) — normal load (D5 = 0)

(
(
(
(

D4

Channel 1
Turn-on diagnostic (D4 = 0)

Permanent diagnostic (D4 = 1)

D3

Channel 1
Normal load (D3 = 0)
Short load (D3 = 1)

D2

Channel 1
Turn-on diag: No open load (D2 = 0)
Offset diag: No output offset (D2 = 0)

Open load detected (D2 = 1)
Output offset detected (D2 = 1)

D1

Channel 1
No short to Vgc (D1=0)
Short to Vgc (D1=1)

DO

Channel 1
No short to GND (DO = 0)
Short to GND (DO = 1)

17
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DB2 Diagnostic Byte:

Bit

D7

Offset detection not activated (D7 = 0)
Offset detection activated (D7 = 1)

D6

Current sensor not activated (D6 = 0)

Current sensor activated (D6 = 1)

D5

Channel 2 current detection

Output peak current < 250 mA (IB2 — D7 = 0) — open load (D5 = 1)
Output peak current < 100 mA (IB2 — D7 = 1) — open load (D5 = 1)
Output peak current > 500 mA (IB2 — D7 = 0) — normal load (D5 = 0)
Output peak current > 300 mA (IB2 — D7 = 1) — normal load (D5 = 0)

D4

Channel 2
Turn-on diagnostic (D4 = 0)

Permanent diagnostic (D4 = 1)

D3

Channel 2
Normal load (D3 = 0)
Short load (D3 = 1)

D2

Channel 2
Turn-on diag: No open load (D2 = 0) Open load detected (D2 = 1)
Offset diag: No output offset (D2 = 0) Output offset detected (D2 = 1)

D1

Channel 2
No short to Vg (D1 =0)
Short to Vgc (D1=1)

DO

Channel 2
No short to GND (DO = 0)
Short to GND (D0 = 1)

Note 12: DBx (D5) is effective only at the time of “Current detection enable”.
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TOSHIBA TB2932HQ
DB3 Diagnostic Byte:
Bit
D7 | Stand-by status (= 1B2 — D4)
D6 [ Diagnostic status (= IB1 — D6)
D5 | Channel 3 current detection
Output peak current < 250 mA (IB2 — D7 = 0) — open load (D5 = 1)
Output peak current < 100 mA (IB2 — D7 = 1) — open load (D5 = 1)
Output peak current > 500 mA (IB2 — D7 = 0) — normal load (D5 = 0)
Output peak current > 300 mA (IB2 — D7 = 1) — normal load (D5 = 0)
D4 [Channel 3
Turn-on diagnostic (D4 = 0)
Permanent diagnostic (D4 = 1)
D3 ([Channel 3
Normal load (D3 = 0)
Short load (D3 = 1)
D2 ([Channel 3
Turn-on diag: No open load (D2 = 0) Open load detected (D2 = 1)
Offset diag: No output offset (D2 = 0) Output offset detected (D2 = 1)
D1 [Channel 3
No short to Vg (D1 =0)
Short to Voc (D1 =1)
DO |Channel 3
No short to GND (DO = 0)
Short to GND (DO = 1)
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DB4 Diagnostic Byte:
Bit
D7 | Lad dump voltage detection enable (D7=1) Diseble(D6=0)
D6 | Rare short detection enable (D6=1) Diseble (D6=0)
D5 | Channel 4 current detection
Output peak current < 250 mA (IB2 — D7 = 0) — open load (D5 = 1)
Output peak current < 100 mA (IB2 — D7 = 1) — open load (D5 = 1)
Output peak current > 500 mA (IB2 — D7 = 0) — normal load (D5 = 0)
Output peak current > 300 mA (IB2 — D7 = 1) — normal load (D5 = 0)
D4 [Channel 4
Turn-on diagnostic (D4 = 0)
Permanent diagnostic (D4 = 1)
D3 [Channel 4
Normal load (D3 = 0)
Short load (D3 = 1)
D2 ([Channel 4
Turn-on diag: No open load (D2 = 0) Open load detected (D2 = 1)
Offset diag: No output offset (D2 = 0) Output offset detected (D2 = 1)
D1 [Channel 4
No short to Vg (D1 =0)
Short to Voc (D1 =1)
DO |Channel 4
No short to GND (DO = 0)
Short to GND (DO = 1)
Note 13: DBx (D5) is effective only at the time of “Current detection enable”.
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Examples of Bytes Sequence

1 - Turn-On Diagnostic - Write Operation

| Start | Address byte with DO = 0 | ACK |Sub-address DO =1 | ACK |IB with D6 = 1 | ACK | B2 | ACK |STOP|

Note 14: Auto increment

2 - Turn-On Diagnostic - Read Operation

| Start |Address byte with D0:1| ACK | DB1 | ACK | DB2 | ACK | DB3 | ACK | DB4 | ACK |STOP|

3a - Turn-On of the Power Amplifier with 26dB Gain, Mute On, Diagnostic Defeat.

|Start| Address byte with DO:0| ACK | Sub-address DO = 1 | ACK |IB 1 ACK |1B2 ACK |STOP
X0X0000X XXX1XOXX
Note 15: Auto increment
3b - Turn-Off of the Power Amplifier
|Start|Address byte with DO:0| ACK | Sub-address DO=1 | ACK |IB 1 ACK |1B2 ACK |sToP
XOXXXXXX XXXOXXXX
Note 16: Auto increment
4 - Offset Detection Procedure Enable
|Start|Address byte with D0:0| ACK | Sub-address DO~ 1 | ACK |IB 1 ACK |1B2 ACK |sToP
XX1IXX11X XXX1XOXX

Note 17: Auto increment

5 - Offset detection procedure stop and reading operation (the results are valid only for the

offset detection bits (D2 of the bytes DB1, DB2, DB3, DB4).

| Start |Address byte with D0:1| ACK | DB1 | ACK | DB2 | ACK | DB3 | ACK | DB4 | ACK |STOP|

21
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I2C Bus control format outline

Data Transmission Format

S Slave address 0|A Sub address A Data A|P

8 bit

T 7 bit T

MSB MSB

Note 18: It is transmitting, without forgetting. P conditions.

@

Start conditions & stop conditions

8 bit T
MSB

S: Start conditions
P: Stop conditions
A: Acknowledgement

(2) Bit transmission

oL [T

\ \

SCL

@ N[\

Start conditions Stop conditions /
SDA can not be changed

(3)  Acknowledgement

!

SDA can be changed

SDA from a \ { x / High impedance
master _———-

High impedance A7 | A6

AS | A4 [ A3 | A2 | Al |p/wy

SCL from a
master S

WanVaval

Start conditions

22

2009-02-02




TOSHIBA TB2932HQ

TB2932HQ I°C Bus Transmission Format

(1)  Write mode
In addition to usual transmission, it corresponds to continuation transmission and the auto
increment mode as a transmission format. After a transmission end, in case data transmission is
newly, it is necessary to open the term beyond 1 clock.

1)  Continuation transmission
(An address to change is specified. At this time, MSB of a sub-address is set as 0.)

|s| Slave ADD |0|A| Sub ADD a |A| DATA 7 t0 0 |A|—

—>| Sub ADD b |A| DATA7 100 |A|—

L[  supADDx |A| DATA7 10 0 |P|

2)  Auto increment
(Sub address are set to increment from N one by one. MSB of a sub-address is set as 1.)

[s| saverop [o]a| uapbDNjgson [A| DATA7I0O0 [A|—

—>| DATA 7100 |A| DATA7 100 |A|—»
(sUbADDN+1) | (sub ADD N +2)

—>| DATA 7100 |P|

(sub ADD N + m)

Read mode

The slave address became the read mode by changing the 8 Bit of the slave address from 0 to 1.

The data output from TB2932HQ starts after the micro controller receives the ACK 1 bit which
follows a slave address.

Stop condition are shown in the under the map.

The micro controller shall send the stop condition P after it sent the reversed Acknowledge (high) in
case of the read mode finished.

The data transmission became not available condition if the micro controller intended to send the
stop condition P expect for this procedure because this IC occupies the data bus until the micro
controller send the start conditions again.

| B | Slave ADD (R) | A |DATA1| A |DATA2| A |DATA3| A |DATA4|K | P |

|:| ........ send a DATA from microcontroller.

|:| ........ send a DATA from TB2932HQ.
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Absolute Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Peak supply voltage (0.2 s) Ve (surge) 50 \%
DC supply voltage Vce (Do) 28 \%
Operation supply voltage Vee (opr) 18 \%
Output current (peak) 10 (peak) 9 A

Pp
Power dissipation 125 w
(Note 19)

Operation temperature Topr -40to 85 °C
Storage temperature Tstg -55to 150 °C

Note 19: Package thermal resistance 0j-T = 1°C/W (typ.) (Ta = 25°C, with infinite heat sink)

The absolute maximum ratings of a semiconductor device are a set of specified parameter values, which must not
be exceeded during operation, even for an instant. If any of these rating would be exceeded during operation, the
device electrical characteristics may be irreparably altered and the reliability and lifetime of the device can no
longer be guaranteed. Moreover, these operations with exceeded ratings may cause break down, damage and/or
degradation to any other equipment. Applications using the device should be designed such that each maximum
rating will never be exceeded in any operating conditions. Before using, creating and/or producing designs, refer to
and comply with the precautions and conditions set forth in this documents.
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Electrical Characteristics
(unless otherwise specified, Vcc =13.2V, f=1 kHz, RL =4 Q, Ta =25°C)

Characteristics Symbol C-Ii-risutit Test Condition Min Typ. Max Unit
Quiescent current Icca — |VIN=0 — 160 320 mA
Pout MAX(1)| — [Vcc=15.2V, max POWER — 49 —
Pout MAX(2)| — [Vcc=14.4V, max POWER — 43 —
Output power w
PouTt (1) — |Vec =144V, THD = 10% 24 27 —
PouTt (2) — | THD =10% — 23 —
Pout MAX(3)| — |Vcc=14.4V, max POWER — 70 —
Pout MAX(4)| — [Vcc=13.7V, max POWER — 64 —
Output power (RL =2 Q) w
PouT (3) — |Vcc=14.4V, THD =10% 42 45 —
PouTt (4) — | THD =10% — 39 —
THD (1) — |Pout=5W — 0.007 0.1
Total harmonic distortion %
THD (2) — | Vo=2Vrms, Gv=12dB — 0.005 0.1
Gv (1) — [VouT=0.775Vrms 25 26 27
Voltage gain dB
Gv (2 — [VouT=0.775 Vrms, Gv=12dB 11 12 13
Voltage gain ratio AGy — [VouT=0.775Vrms -1.0 0 1.0 dB
VNo (1) — | Rg=0Q, DIN45405 — 70 —
Output noise voltage VNO (2) — |Rg=0Q, BW =20 Hz~20 kHz — 60 100 WVirms
VNG (3) __ |Rg=00Q, BW =20 Hz~20 kHz . 12 30
Gv=12dB
. _— . frip = 100 Hz, Rg = 620 Q
Ripple rejection ratio R.R. " | Vip=0.775 Vrms 50 65 — dB
Rq =620 Q
_ g _ _
Cross talk C.T. Vour = 0.775 Vrms 70 dB
Output offset voltage VOFESET — — -100 0 100 mV
Input resistance RiNn — — — 90 — kQ

Stand-by condition by
Standby current 1SB1 — | BUS(Vih=low) — 0.01 1 pA

Vst H — | For operation 2.4 — Vce
Start-up controlled voltage (pin4) \Y,
Vst L — | For STBY, Pin10=0V 0 — 0.9
Mute: ON
Mute attenuation ATTM — 80 90 — dB
VouT =7.75 Vrms — Mute: OFF
CD (1) — |Low (01H D =0) — 1 2.5
Clip det THD level %
CD (2) — | High (01HD =1) 5 10 15

Note 20: ISB specification will be decided to after final evaluation on tolerance spls.
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Diagnosis/Bus Specification

Characteristics Test Condition Min Typ. Max Unit
Turn on diagnosis (power amplifier mode)
Short to GND det. Under stand-by condition — — 1.2 \%
Short to Ve det. veesl | — | v
Shorted load — — 0.5 Q
Open load 95 — — Q
Normal load 1.5 — 45 Q
Turn on diagnosis (line driver mode)
Short to GND det. Under stand-by condition — — 1.2 \%
Short to Ve det. vees | | — v
Shorted load — — 2 Q
Open load 370 — — Q
Normal load 6 — 180 Q
Permanent diagnosis (power amplifier and line driver mode)
Short to GND det. Power amplifier in mute or play — — 1.2 Y
Short to Ve det. V?%’ — | = v
Shorted load Power amp mode only — 0.5 — Q
Offset detection Power amplifier in play (no signal) — +-2 — \%
Current detector threshold 1 250 500 mA
Current detector threshold 2 100 300 mA
I°C bus interface
Clock frequency — | 400 | — | kHz
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Test Circuit
Py * . o}
W w w
spo Lol L L Epsiis
® 10— O g" o
Ripple  TAB Vce2  Veet
022 uF L N1
] \
o é|1 (11/ _i> _ 9 Out1 (+) .
»——Ww—I PW-GND1
s s RL=40Q
T :
Out1 (-)
:' > 7
i: I
0.22 uF
o é'_62>|N2 _|r> ~ SO (+)
1 LR
! J iPW-GNDZ HE RL—40
%» i» -
out2 (-)
:' e 3
i- I
0.22 puF
o % L _i> R 770ut3 (+)
1 RF
L * PW-GND3
13) Pre-GND %: B3 I_JE RL=4Q
IP——'W\P—l
out3 (-)
:' e 19
i"
022 uF L N4
o I 12) N Out4 (+)
—(19) ’ 21
C1 J_i/ ] RR
| 4 PW-GND4
s s RL=4Q
P En
out4 (-
. —(1©)AC-GND o 23244 )
i i: I
| 22 o SCL
2
[sw ] B SDA
47 kQ 4
w—e-(4) Clip detection/ Diagnosis
LPF % startup circuit.

Components in the test circuits are only used to obtain and confirm the device characteristics. These components

and circuits do not warrant to prevent the application equipment from malfunction or failure.
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Total harmonic distortion THD (%)

Total harmonic distortion THD (%)

THD - PouT (ch1)

100
Gy = 26dB
0lr =40
30| Filter
100 Hz : to 30 kHz
10 1kHz :400 Hz to 30 kHz
10 kHz : 400 Hz to ¥
5| 20kHz :400 Hz to
3
1
05 B —~——120 kHz Y
A e al
0. ““.-
10 kHz
0.1
0.05
0.03
f=1kH
0.01 By 1l |Z|
1S T
0.00 100 Hz
0.003
0.001
0.1 0305 1 3 5 10 30 50 100
Output power Poyt (W)
THD - PouT (ch3)
100
Gy = 26dB
50lRr =40
30| Filter
100 Hz : to 30 kHz
10 1kHz :400 Hz to 30 kHz
10 kHz : 400 Hz to i
5| 20 kHz : 400 Hz to I
1
o — 20 kHz.
0.5
2 s
0 TN
10 kHz
0.1
0.05
0.03
3 f=1kH
001 TN i
0.005] 1
100 Hz
0.003]
0.001
0.1 03 05 1 3 5 10 30 50 100
Output power Poyt (W)

Total harmonic distortion THD (%)

Total harmonic distortion THD (%)

THD - PouT (ch2)

100
Gy =26dB
50|R —40
30| Filter
100 Hz : to 30 kHz
10 1kHz :400 Hz to 30 kHz
10 kHz : 400 Hz to ¥
5| 20kHz :400 Hz to
3
1
- 20 kHz
B e ——
3
.3 S
10 kHz
0.1
0.05
0.03
~ f=1kH
0.01)— =y L
S
0.005
100 Hz
0.003|
0.001
0.1 0305 1 3 5 10 30 50 100
Output power Poyt (W)
THD - PouT (ch4)
100
Gy = 26dB
50lR =40
30| Filter
100 Hz : to 30 kHz
10 1kHz :400 Hz to 30 kHz
10 kHz : 400 Hz to .:
5| 20 kHz :400 Hz to
1
. = 20 kHz:
.5
2 — Bas
0. Suui]
10 kHz
0.1
0.05
0.03
N
0.01f— Ry f=1khzl 4
1
0.005 100 Hz
0.003]
0.001
0.1 0.3 05 1 3 5 10 30 50 100
Output power Poyt (W)
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THD - PouT (ch1)

THD - PouT (ch2)

100 100
o SoEe o Sz e
80§ 1kHz 0§ 1kHz 7
Filter Filter
. 10 400 Hz to 30 kHz e 10 400 Hz to 30 kHz l
2 5 2 5
a 3 [a) 3
T T
= [=
C 1 C 1
Ee] K]
g 0.5 g 0.5
5 0 5 0
kel ©
o 16.0 V] ° 16.0 VI
5 0.1 S 0.1
% 0.05 % 0.05
< 003 < 003 Vcc=9.0V
‘g VCC:Q.OV ‘g H 1 ,
oo o~ oo ™
0.005 0.005
0.003 0.003
0.001 0.001
0.01 003 01 03 1 3 10 30 100 0.01 003 01 03 1 3 10 30 100
Output power Poyt (W) Output power Poyt (W)
THD - Pouyrt (ch3) THD - Pourt (ch4)
100 100,
50 Gy = 26dB = 50 Gy = 26dB —H
s RL=49Q 13.2 VT g0| RL-4€ 13.2 vl
f=1kHz 1 f=1kHz 1
Filter Filter
. 10 400 Hz to 30 kHz / J . 10 400 Hz to 30 kHz J f
5 5 i
o [a) 3
I
= (=
1 1
c
2 o £ o5
= .9 .9
% 0 2 :o% 0 2
S el
£ 01 16.0V g 01 16.0V
g . S .
£ 1S - -
g 005 VCC=9.0V g 005 yoc-98Y
< 003 S 003
@ -
° o
'_
T oo ~‘ﬂs.@ 0.01 m= U ~
0.005 0.005
0.003 0.003
0.001 0.001
0.01 003 01 03 1 3 10 30 100 0.01 003 01 03 1 3 10 30 100

Output power Poyt (W) Output power Poyt (W)
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Mute attenuation muteATT (dB)

(dB)

Ripple rejection ratio R.R.

(%)

Total harmonic distortion THD

muteATT —f
0
Vce=132V
-20|RL=4Q
VOuUT =7.75 Vrms (20dBm)
-40
-60,
-80,
1ch to 4ch
-100|
-120
0.01 0.1 1 10 100
Frequency f (KHz)
R.R.-f
0
Vcec =132V
RL=4Q
RG=6200
~20] Vrip = 0.775 Vrms (0dBm)
Gy = 12dB
-40
4ch 2ch
-60) ¢ T
N
N — 1ch
3ch
_80 Il
0.01 0.1 1 10 100
Frequency f (KHz)
THD - f
k3
Vce=132V ! L
PouT=5W L," HH
0.3| No filter 132¥
0.1
0.03} 18 vV
|
v
0.01
0.003
0.001
0.01 0.1 1 10 100

Frequency f (KHz)

(dB)

Ripple rejection ratio R.R.

Voltage gain Gy (dB)

R.R.—f
0
Vcc =132V
RL=4Q
RG =620 Q
=20| vrip = 0.775 Vrms (0dBm)
Gy = 26dB
-40 ﬂ
'!
\ Z
60 Ui 4ch /
3ch
i q
Al
2ch 1ch
-80 l
0.01 0.1 1 10 100
Frequency f (KHz)
Gy-f
28,
26
/ 1ch to 4ch
24
22 Vcec=132V
RL=4Q
VouT =0.775 Vrms (0dBm)
20
0.01 0.1 1 10

Frequency f (KHz)
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VIN - Pour (ch1) VIN — Pour (ch2)
60 | 60 |
100 Hz 100 Hz
50 1 kH { 50 1 kH \
s N s N[
= Su = N
= 40 f =20 kHz = 40 f=20 kHz
8 10 kHz 8 10 kHz
- f - /
5 30 5 30
: T » ]
| |
5 3
=] =]
O (]
10 Vcec =132V 10 Vcec =132V
RL=4Q RL=4Q
No filter No filter
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Input voltage V|N  (Vrms) Input voltage V|N  (Vrms)
VIN - Pour (ch3) VIN - Pour (ch4)
60 | 60 |
100 Hz 100 Hz
50 1 kH { 50 1 kH \
s N X, s N[
< S =~ N
= 40 f =20 kHz = 40 f=20 kHz
3 10 kHz 3 10 kHz
o o
5 30 I 5 30 I
s T s
Q. Q.
R { 5 2 |
=) =]
o (@]
10 Vcec =132V 10 Vcec =132V
RL=4Q RL=4Q
No filter No filter
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Input voltage V|N  (Vrms) Input voltage V|N  (Vrms)
lcca—-Vee Pp MAX —Ta
250 120 — -
VIN=0 S (1) Infinite heat sink
= ROJC = 1°C/W
RL = o
< 200 é 100 (2) Heat sink (ROHS = 3.5°C/W)
£ p= = ROJC + ROHS = 4.5°C/W
o = ~ L 80 (3) No heat sink
8 c R6JA = 39°C/W
= 150 \/ s —F(1)
= / g e N
2 /
3 100 S
1 S 40
o) l 2
g | 2 N
S 50 2 20 S~ N
(€] © (2)
E ™~ N
o T3 — N
<=( (3) e~ :
0 0
0 5 10 15 20 25 30 0 25 50 75 100 125 150
Supply voltage Vge (V) Ambient temperature Ta (°C)
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(dB)

Cross talk C.T.

(dB)

Cross talk C.T.

Output noise voltage VNO (uVrms)

-20| VouT = 0.775 Vrms (0dBm)

-100

-20] VouT = 0.775 Vrms (0dBm)

-100

C.T.—f(ch1)

0
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RL=40Q
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RG =620 Q
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0.01 0.1 1

10 100
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200
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(%)

Total harmonic distortion THD

Total harmonic distortion THD (%)
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Pp - Pout
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Package Dimensions

HZIP25-P-1.00F Unit: mm
25.610.1 +0.1
17.040.2 ‘ 9259 4.5+0.15
| R1.55MIN 3 N
N — ; 9
b ~ %
o 1 | W <§(
© — - S| S
5.9+0.2 ‘ 52 [l 3 ®
I HENIE
- . m
- —0.05
2.4TYP 0.47+0.1 i
[${0.25) %
(o]
29.3MAX
28.810.2 * From center to parting line.

=
0.6
1.2

oo rordrert oot

1 25

Weight: 7.7 g (typ.)
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e 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.

e 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. For details on how to connect a
protection circuit such as a current limiting resistor or back electromotive force adsorption diode, refer to individual
IC datasheets or the IC databook. IC breakdown may cause injury, smoke or ignition.

o 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.

e Carefully select external components (such as inputs and negative feedback capacitors) and load components
(such as speakers), for example, power amp and regulator. If there is a large amount of leakage current such as
input or negative feedback condenser, the IC output DC voltage will increase. If this output voltage is connected to
a speaker with low input withstand voltage, overcurrent or IC failure can cause smoke or ignition. (The over
current can cause smoke or ignition from the IC itself.) In particular, please pay attention when using a Bridge Tied
Load (BTL) connection type IC that inputs output DC voltage to a speaker directly.

e Over current Protection Circuit
Over current protection circuits (referred to as current limiter circuits) do not necessarily protect ICs under all
circumstances. If the Over current protection circuits operate against the over current, clear the over current status
immediately. Depending on the method of use and usage conditions, such as exceeding absolute maximum
ratings can cause the over current protection circuit to not operate properly or IC breakdown before operation. In
addition, depending on the method of use and usage conditions, if over current continues to flow for a long time
after operation, the IC may generate heat resulting in breakdown.

e 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.

¢ Heat Radiation Design
When 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.

¢ Installation to Heat Sink
Please install the power IC to the heat sink not to apply excessive mechanical stress to the IC. Excessive
mechanical stress can lead to package cracks, resulting in a reduction in reliability or breakdown of internal IC
chip. In addition, depending on the IC, the use of silicon rubber may be prohibited. Check whether the use of
silicon rubber is prohibited for the IC you intend to use, or not. For details of power IC heat radiation design and
heat sink installation, refer to individual technical datasheets or IC databooks.

About solderability, following conditions were confirmed
o Solderability

(1) Use of Sn-37Pb solder Bath
- solder bath temperature = 230°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

(2) Use of Sn-3.0Ag-0.5Cu solder Bath
- solder bath temperature = 245°C
- dipping time = 5 seconds
- the number of times = once
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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 creating and producing designs and using, 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 that 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 intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document.
Product is neither intended nor warranted for use in equipment 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 or serious
public impact (“Unintended Use”). 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. Do not use Product for Unintended Use unless specifically permitted in this
document.

* 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
Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product
or related software or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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