TDF8599A

BUS 12C-bus controlled dual channel 135 W/4 Q, single channel
250 W/2 Q class-D power amplifier with load diagnostics
Rev. 3 — 2 May 2013 Product data sheet

1. General description

The TDF8599A is a dual Bridge-Tied Load (BTL) car audio amplifier comprising an
NDMOST-NDMOST output stage based on SOl BCDMOS technology. Low power
dissipation enables the TDF8599A high-efficiency, class-D amplifier to be used with a
smaller heat sink than those normally used with standard class-AB amplifiers.

The TDF8599A can operate in either non-12C-bus mode or 12C-bus mode. When in
I2C-bus mode, DC load detection results and fault conditions can be easily read back from
the device. Up to 15 12C-bus addresses can be selected depending on the value of the
external resistor connected to pins ADS and MOD.

When pin ADS is short circuited to ground, the TDF8599A operates in non-12C-bus mode.
Switching between Operating mode and Mute mode in non-12C-bus mode is only possible
using pins EN and SEL_MUTE.

2. Features and benefits

High-efficiency

Low quiescent current

Operating voltage from 8 V to 35 V

Two 4 Q/2 Q) capable BTL channels or one 1 Q capable BTL channel
Differential inputs

I2C-bus mode with 15 12C-bus addresses or non-12C-bus mode operation
Clip detect

Independent short circuit protection for each channel

Advanced short circuit protection for load, GND and supply

Load dump protection

Thermal foldback and thermal protection

DC offset protection

Selectable AD or BD modulation

Parallel channel mode for high current drive capability

Advanced clocking:

@ Switchable oscillator clock source: internal for Master mode or external for Slave
mode

@ Spread spectrum mode
€ Phase staggering
@ Frequency hopping
B No ‘pop noise’ caused by DC output offset voltage
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B 12C-bus mode:
@ DC load detection
@ AC load detection
€ Thermal pre-warning diagnostic level setting
@ I|dentification of activated protections or warnings
@ Selectable diagnostic information available using pins DIAG and CLIP
B Qualified in accordance with AEC-Q100

3. Applications

I2C-bus controlled dual channel class-D power amplifier

B Car audio

4. Quick reference data

Table 1. Quick reference data

Vp = 14.4 V unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Unit
Vp supply voltage 0l g 144 35 \Y;
Ip supply current off state; T;<85°C; Vp=14.4V - 2 10 pA
lq(tot) total quiescent current Operating mode; no load, snubbers and - 20 120 mA
filter connected
Po output power Stereo mode: ]
Vp=144V;THD=1%; R. =4 Q 18 20 - w
Vp=144V;THD=10%; R.=4Q 23 25 - w
square wave (EIAJ); R, =4 Q - 40 - W
Vp=35V; THD=10%; R. =4 Q - 135 - w
Vp=144V;THD=1%; R . =2Q 26 29 - w
Vp=144V;THD=10%; R.=2Q 34 38 - w
square wave (EIAJ); R, =2 Q - 60 - W
Parallel mode: 2]
Vp=144V; THD=10%; R . =2 Q - 50 - w
Vp=35V;THD=10%; R. =2 Q - 250 - w
Vp=25V;THD=1%; R . =1Q 135 150 - w
[1] In this data sheet supply voltage Vp describes Vp1, Vpz and Vpa.
[2] Output power is measured indirectly based on Rpson, measurement.
5. Ordering information
Table 2. Ordering information
Type number Package
Name Description Version
TDF8599ATH HSOP36 plastic, heatsink small outline package; 36 leads; low stand-off height SOT851-2

TDF8599A
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I2C-bus controlled dual channel class-D power amplifier

6. Block diagram
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Fig 1. Block diagram
TDF8599A All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.

Product data sheet Rev. 3 — 2 May 2013 3 of 55



NXP Semiconductors

TDF8599A

7. Pinning information

I2C-bus controlled dual channel class-D power amplifier

TDF8599A

7.1 Pinning

H ]
! 1
GNDD/HW [36 e : Q [ 1] iNnap
Vpop [35] [ 2] NN
VSTABL [34 [ 3] iNn2P
OUTIN [33 [ 4] IN2N
BOOTIN [32 [ 5] ACGND
Vps [31] [ 6] EN
PGNDL1 [30 [ 7] sEL_MUTE
BOOT1P [29 [ 8] SVRR
OUT1P [28 [ 9] AGND
ouTop [ TDF8599ATH 0] Voon
BOOT2P [26 [11] ADS
PGND2 [25 [12] MoD
Vpy [24] [13] cLip
BOOT2N [23 [14] DIAG
OUT2N [22 [15] spA
VSTAB2 [21 16] scL
DCP [20 [17] ssm
osclo [19 N : 18] oscSET
I I
1 1

00l1aak072

Fig 2. Heatsink up (top view) pin configuration TDF8599ATH

7.2 Pin description

Table 3.  Pin description

Symbol
IN1P
ININ
IN2P
IN2N
ACGND
EN

SEL_MUTE
SVRR
AGND

Voba
ADS

MOD

Pin Typell Description

1 | channel 1 positive audio input

2 | channel 1 negative audio input

3 | channel 2 positive audio input

4 | channel 2 negative audio input

5 | decoupling for input reference voltage

6 | enable input:
non-12C-bus mode: switch between off and Mute mode
12C-bus mode: off and Standby mode

7 | select mute or unmute

8 | decoupling for internal half supply reference voltage

9 G analog supply ground

100 P analog supply voltage

1 1 non-12C-bus mode: connected to ground
12C-bus mode: selection and address selection pin

12 | modulation mode, phase shift and parallel mode select

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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8. Functional

I2C-bus controlled dual channel class-D power amplifier

Table 3. Pin description ...continued

Symbol Pin Typell Description

CLIP 13 O clip output; open-drain

DIAG 14 O diagnostic output; open-drain

SDA 15 1/O 12C-bus data input and output

SCL 16 |1 12C-bus clock input

SSM 17 master setting: Spread spectrum mode frequency

slave setting: phase lock operation

OSCSET 18 master/slave oscillator setting
master only setting: set internal oscillator frequency
OSCIOo 19 /O external oscillator slave setting: input
internal oscillator master setting: output
DCP 20 | DC protection input for the filtered output voltages
VSTAB2 21 decoupling internal stabilizer 2 for DMOST drivers
OUT2N 22 O channel 2 negative PWM output
BOOT2N 23 boot 2 negative bootstrap capacitor
Vpold 24 P channel 2 power supply voltage
PGND2 25 G channel 2 power ground
BOOT2P 26 boot 2 positive bootstrap capacitor
OouT2P 27 O channel 2 positive PWM output
OUT1P 28 O channel 1 positive PWM output
BOOT1P 29 boot 1 positive bootstrap capacitor
PGND1 30 G channel 1 power ground
Vpql2 31 P channel 1 power supply voltage
BOOTI1N 32 boot 1 negative bootstrap capacitor
OUTIN 33 O channel 1 negative PWM output
VSTAB1 34 decoupling internal stabilizer 1 for DMOST drivers
VbbpD 35 decoupling of the internal 5 V logic supply
GNDD/HW 36 G ground digital supply voltage

handle wafer connection

[1] 1=input, O = output, I/O = input/output, G = ground and P = power supply.

[2] In this data sheet supply voltage Vp describes Vp1, Vpy and Vpa.

description

TDF8599A

8.1

General

The TDF8599A is a dual full bridge (BTL) audio power amplifier using class-D technology.
The audio input signal is converted into a Pulse-Width Modulated (PWM) signal using the
analog input and PWM control stages. A PWM signal is applied to driver circuits for both
high-side and low-side enabling the DMOS power output transistors to be driven. An
external 2nd order low-pass filter converts the PWM signal into an analog audio signal
across the loudspeakers.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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TDF8599A

8.2

I2C-bus controlled dual channel class-D power amplifier

The TDF8599A includes integrated common circuits for all channels such as the oscillator,
all reference sources, mode functionality and a digital timing manager. In addition, the
built-in protection includes thermal foldback, temperature, overcurrent and overvoltage
(load dump).

The TDF8599A operates in either 12C-bus mode or non-12C-bus mode. In 12C-bus mode,
DC load detection, frequency hopping and extended configuration functions are provided
together with enhanced diagnostic information.

Mode selection

The mode pins EN, ADS and SEL_MUTE enable mute state, 12C-bus mode and
Operating mode switching.

Pin SEL_MUTE is used to mute and unmute the device and must be connected to an
external capacitor (Coy). This capacitor generates a time constant which is used to
ensure smooth fade-in and fade-out of the input signal.

The TDF8599A is enabled when pin EN is HIGH. When pin EN is LOW, the TDF8599A is
off and the supply current is at its lowest value (typically 2 uA). When off, the TDF8599A is
completely deactivated and will not react to I2C-bus commands.

I2C-bus mode is selected by connecting a resistor between pins ADS and AGND. In
I2C-bus mode with pin EN HIGH, the TDF8599A waits for further commands (see
Table 4). 12C-bus mode is described in Section 9 on page 23.

Non-12C-bus mode is selected by connecting pin ADS to pin AGND. In non-12C-bus mode,
the default TDF8599A state is Mute mode. The amplifiers switch idle (50 % duty cycle)
and the audio signal is suppressed at the output. In addition, the capacitor (Csyrgr) is
charged to half the supply voltage. To enter Operating mode, pin SEL_MUTE must be
HGH with S1 open, enabling capacitor (Con) charged by an internal pull-up (see

Figure 3). In addition, pin EN must be driven HIGH.

S2 EN S2 EN
33V — o 33V — o 1—
ADS ADS
TDF8599A TDF8599A
SEL_MUTE SEL_MUTE
RADS

AGND AGND

CON CoNn

&) ]
001aak073 001aak074

a. Non-12C-bus mode b. 12C-bus mode

See Table 13 for detailed information on
Raps.

Fig 3. Mode selection

I2C-bus mode and non-12C-bus mode control are described in Table 4 on page 7 and
Table 5 on page 7. Switches S1 and S2 are shown in Figure 3.
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I2C-bus controlled dual channel class-D power amplifier

Table 4.  12C-bus mode operation

Pin EN Pin SEL_MUTE  Bit IB1[DO] Bit IB2[DO] Mode

HIGH (S2 closed) HIGH 1 0 Operating mode
LOW 1 1 Mute mode
LOW 0 X[ Standby mode

LOW (S2 open) Xl X[ X[ off (default)

[1] X =do not care.

Table 5.  Non-I2C-bus mode operation

Pin EN Pin SEL_MUTE Mode

HIGH (S2 closed) HIGH (S1 open) Operating mode
LOW (S1 closed) Mute mode (default)

LOW (S2 open) X off

[1] X =do not care.

8.3 Pulse-width modulation frequency

The output signal from the amplifier is a PWM signal with a clock frequency of fosc. This
frequency is set by connecting a resistor (Rqsc) between pins OSCSET and AGND. The
optimal clock frequency setting is between 300 kHz and 400 kHz. Connecting a resistor
with a value of 39 kQ, for example, sets the clock frequency to 320 kHz (see Figure 5).
The external capacitor (Cysc) has no influence on the oscillator frequency. It does
however, reduce jitter and sensitivity to disturbance. Using a 2"d order LC demodulation
filter in the application generates an analog audio signal across the loudspeaker.

8.3.1 Master and slave mode selection

In a master and slave configuration, multiple TDF8599A devices are daisy-chained
together in one audio application with a single device providing the clock frequency signal
for all other devices. In this situation, it is recommended that the oscillators of all devices
are synchronized for optimum EMI behavior as follows:

All OSCIO pins are connected together and one TDF8599A in the application is
configured as the clock-master. All other TDF8599A devices are configured as
clock-slaves (see Figure 5).

* The clock-master pin OSCIO is configured as the oscillator output. When a resistor
(Rosc) is connected between pins OSCSET and AGND, the TDF8599A is in Master
mode.

* The clock-slave pins OSCIO are configured as the oscillator inputs. When pin
OSCSET is directly connected to pin AGND (see Table 6), the TDF8599A is in Slave
mode.

Table 6. Mode setting pin OSCIO

Mode Settings

'Pin OSCSET Pin OSCIO
Master Rosc > 26 kQ output
Slave Rosc = 0 Q; shorted to pin AGND input

TDF8599A All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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8.3.2

TDF8599A

I2C-bus controlled dual channel class-D power amplifier

The value of the resistor Rygc Sets the clock frequency based on Equation 1:

_ 12.45x10°

osc — R

f [Hz] 1)

osc

00laai771
50

Rosc
(kQ)
40 \\\
\
30
\\
20
10
0
300 350 400 450 500
fosc (kHz)

Fig 4. Clock frequency as a function of Ryg

OSCSET OSCSET OSCSET

TDF8599A @R"SC IC"“ TDF8599A 1 TDF8599A 1
OSCIO OSCIO OSCIO

Master ? fosc R Slave 1 W W

|
I

Slave 2

001aak075

Fig 5. Master and slave configuration

In Master mode, Spread spectrum mode and frequency hopping can be enabled. In Slave
mode, phase staggering and phase lock operation can be selected. An external clock can
be used as the master-clock on pin OSCIO of the slave devices. When using an external
clock, it must remain active during the shutdown sequence to ensure that all devices are
switched off and able to enter the off state as described in Section 8.2 on page 6.

In Slave mode, an internal watchdog timer on pin OSCIO is triggered when the TDF8599A
is switched off by pulling down pin EN. If the external clock fails, the watchdog timer forces
the TDF8599A to switch off.

Spread spectrum mode (Master mode)

Spread spectrum mode is a technique of modulating the oscillator frequency with a slowly
varying signal to broaden the switching spectrum, thereby reducing the spectral density of
the EMI. Connecting a capacitor (Cssy) to pin SSM enables Spread spectrum mode (see
Figure 6). When pin SSM is connected to pin AGND, Spread spectrum mode is disabled.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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I2C-bus controlled dual channel class-D power amplifier

The capacitor on pin SSM (Cssy) sets the spreading frequency when Spread spectrum
mode is active. The current (Issy) flowing in and out of pin SSM is typically 5 pA. This
gives a triangular voltage on pin SSM that sweeps around the voltage set by pin OSCSET
+ 5 %. The voltage on pin SSM is used to modulate the oscillator frequency.

The spread spectrum frequency (fssy) can be calculated using Equation 2:

— ISSM
fssM = 5 ooy x Vy x 1096 2)

where the voltage on pin OSCSET = V; and is calculated as 100 pA x Rgsc (V) with
ISSM =5 ].lA

100 pA l 100 pA l
OSCSET OSCSET

et e $e
] b I T

SSM SSM

-1
s

Cssm
001aai774

001aai773

a. Off b. On
Fig 6. Spread spectrum mode

The frequency swings between 0.95 x fogc and 1.05 x fogc; See Figure 7.

S T U U L L LA L L L

max(V)

min(V)

t(ms
SSM (ms)

001aai775

Fig 7. Spread spectrum operation in Master mode

8.3.3 Frequency hopping (Master mode)

Frequency hopping is a technique used to change the oscillator frequency for AM tuner
compatibility. In Master mode, the resistor connected between pins OSCSET and AGND
sets the oscillator frequency (fysc). In 12C-bus mode, this frequency can be varied by

+ 10 %. Set bit IB1[D4] to logic 1 and bit IB1[D3] to either logic 0 (0.9 x fo5c) or logic 1
(1.1 x fosc)-

TDF8599A All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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I2C-bus controlled dual channel class-D power amplifier

8.3.4 Phase lock operation (Slave mode)

In Slave mode, Phase-Locked Loop (PLL) operation can be used to reduce the jitter effect
of the external oscillator signal connected to pin OSCIO. Phase lock operation is also
needed to enable phase staggering, see Section 8.4.2 on page 13. Phase lock operation
is enabled when the oscillator is in Slave mode by connecting two capacitors (Cp._s and
CpLL_p) and a resistor (Rp.L) between pin SSM and pin AGND (see Figure 8). Connecting
pin SSM to pin AGND disables phase lock operation and causes the slave to directly use
the external oscillator signal. Values for Cp| s, CpLL_p and Rp . depend on the desired
|00p bandwidth (BPLL) of the PLL. Rp is given by RpLL =8.4 x Bp . Q. The
corresponding values for Cp | _s and Cp|_p are given by Equation 3 and Equation 4:

0.032
Rpi X Bpre

CoLp = [F]

®3)

Remark: Cp._p is only needed when Y4 m phase shift is selected. See Section 8.4.2 for

more detailed information.

0.8
Rpie * BpLL

[F]

Cpus =

4)

When pin OSCIO is connected to a clock-master with Spread spectrum mode enabled,
the PLL loop bandwidth Bp | should be 100 x fggp.

100 pA l é
OSCSET

PLL SSM

100 pA l i
OSCSET

)

PLL

SSM

a. Off

77

001aai776

L cm_sJ_

RpLL CPLL_p(l)

001aai777

Fig 8. Phase lock operation

Table 7 lists all oscillator modes.

Table 7. Oscillator modes
OSCSET pin OSCIO pin
Rosc > 26 kQ output
Rosc > 26 kQ output
Rosc =0 Q input

Rosc =0 Q input

(1) Only needed when ¥, & phase shift is
selected

b. On

SSM pin

Csswm to pin AGND
shorted to pin AGND
CpLL + RppL to pin AGND
shorted to pin AGND

Oscillator modes

master, spread spectrum
master, no spread spectrum
slave, PLL enabled

slave, PLL disabled

TDF8599A All information provided in this document is subject to legal disclaimers.
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8.4

8.4.1

TDF8599A

I2C-bus controlled dual channel class-D power amplifier

Operation mode selection

Pin MOD is used to select specific operating modes. The resistor (Ryop) connected
between pins MOD and AGND together with the non-12C-bus/I2C-bus mode determine the
operating mode (see Table 8). The mode of operation depends on whether non-12C-bus
mode or 12C-bus mode is active. This in turn is determined by the resistor value connected
between pins ADS and AGND.

In non-12C-bus mode, pin MOD is used to select:

* AD or BD modulation (see Section 8.4.1).
* Y, n phase shift when oscillator is used in Slave mode (see Section 8.4.2).

¢ Parallel mode operation (see Section 8.4.3).

In 12C-bus mode, pin MOD can only select Parallel mode. In addition, the modulation
mode and phase shift are programmed using I2C-bus commands.

Table 8.  Operation mode selection with the MOD pin

Rmop (KQ) 12C-bus modelll Non-I2C-bus model2

0 (short to AGND) Stereo mode AD modulation: no phase shift in Slave mode
4.7 BD modulation: no phase shift in Slave mode
13 AD modulation: ¥, & phase shift in Slave mode
33 Parallel model3 BD modulation: %, © phase shift in Slave mode
100 AD modulation: no phase shift in Slave mode
o (open) BD modulation: no phase shift in Slave mode

[1] Raps > 4.7 kQ; See Table 13 on page 23.
[2] Raps =0 Q; pin ADS is short circuited to pin AGND.

[3] See Section 8.4.3 on page 14 for more detailed information.

In 12C-bus mode, pin MOD is latched using the I2C-bus command IB3[D7] = 1. This avoids
amplifier switching interference generating incorrect information on pin MOD.

In non-12C-bus mode or when IB3[D7] = 0, the information on pin MOD is latched when
one of the TDF8599A’s outputs starts switching.

Modulation mode
In non-12C-bus mode, pin MOD is used to select either AD or BD modulation mode (see
Table 8). In I2C-bus mode, the modulation mode is selected using an 12C-bus command.
* AD modulation mode: the bridge halves switch in opposite phase.
¢ BD modulation mode: the bridge halves switch in phase but the input signal for the
modulators is inverted.

Figure 10 and Figure 11 show simplified representations of AD and BD modulation.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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I2C-bus controlled dual channel class-D power amplifier

+Vp +Vp
INXP ~o : OUTP OUTN : ~ INXN
AD
/M
BD

001aai778

Fig 9. AD/BD modulation switching circuit

N\

AT

001aai779

NVZER A

001aai780
b. Bridge half 2 switched in the opposite phase to bridge half 1.
Fig 10. AD modulation
TDF8599A All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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I2C-bus controlled dual channel class-D power amplifier

| | | | P
VAN 2 7N

OUTXP - OUTXN = f—

001aai781

a. Phase switching cycle.

001aai782

b. Inverted signal to the modulator.

Fig 11. BD modulation

8.4.2 Phase staggering (Slave mode)

TDF8599A

In Slave mode with phase lock operation enabled, a phase shift with respect to the
incoming clock signal can be selected to distribute the switching moments over time. In
non-12C-bus mode, ¥, n phase shift can be programmed using pin MOD. In 12C-bus mode,
five different phase shifts (¥4 &, Y3 n, ¥ n, %3 m, ¥ n) can be selected using the 12C-bus
bits (IB3[D1:D3]). See Table 8 for selection of the phase shift in non-12C-bus mode with pin
MOD. An additional capacitor must be connected to pin SSM when ¥, & phase shift is
used (see Figure 8). An example of using %, = phase shift for BD modulation is shown in

Figure 12.
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I2C-bus controlled dual channel class-D power amplifier

OUT1P phase

OUTIN
master

OouT2P

OUT2N

OuT1P

OUTIN
slave
OouT2P

OUT2N %n

001aai783

Fig 12. Master and slave operation with %, = phase shift

8.4.3 Parallel mode

TDF8599A

8.5

In Parallel mode; the two output stages operate in parallel to enlarge the drive capability.
The inputs and outputs for Parallel mode must be connected on the Printed-Circuit Board
(PCB) as shown in Figure 13. The parallel connection can be made after the output filter,
as shown in Figure 13 or directly to the device output pins (OUTxP and OUTxN).

. IN1P OUTIN

_ ININ OUT1P

IN2N

TDF8599A S—I H

IN2P ouUT2P

+
MOD OUT2N
RMoD
001aak077
Fig 13. Parallel mode

In Parallel mode, the channel 1 12C-bus bits can be programmed using the 12C-bus.

Protection

The TDF8599A includes a range of built-in protection functions. How the TDF8599A
manages the various possible fault conditions for each protection is described in the
following sections:

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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8.5.1

8.5.2

8.5.3

8.5.4

TDF8599A

I2C-bus controlled dual channel class-D power amplifier

Table 9.  Overview of protection types

Protection type Reference

Thermal foldback Section 8.5.1
Overtemperature Section 8.5.2
Overcurrent Section 8.5.3
Window Section 8.5.4
DC Offset Section 8.5.5
Undervoltage Section 8.5.6
Overvoltage Section 8.5.6

Thermal foldback

Thermal Foldback Protection (TFP) is tripped when the average junction temperature
exceeds the threshold level (145 °C). TFP decreases amplifier gain such that the
combination of power dissipation and Rinj.) Create a junction temperature around the
threshold level. The device will not completely switch off but remains operational at the
lower output power levels. If the average junction temperature continues to increase, a
second built-in temperature protection threshold level shuts down the amplifier
completely.

Overtemperature protection

If the average junction temperature (T;) > 160 °C, OverTemperature Protection (OTP) is
tripped and the power stage shuts down immediately.

Overcurrent protection

OverCurrent Protection (OCP) is tripped when the output current exceeds the maximum
output current of 8 A. OCP regulates the output voltage such that the maximum output
current is limited to 8 A. The amplifier outputs keep switching and the amplifier is NOT
shutdown completely. This is called current limiting.

OCP also detects when the loudspeaker terminals are short circuited or one of the
amplifier's demodulated outputs is short circuited to one of the supply lines. In either case,
the shorted channel(s) are switched off.

The amplifier can distinguish between loudspeaker impedance drops and a low-ohmic
short across the load or one of the supply lines. This impedance threshold depends on the
supply voltage used. When a short is made across the load causing the impedance to
drop below the threshold level, the shorted channel(s) are switched off. They try to restart
every 50 ms. If the short circuit condition is still present after 50 ms, the cycle repeats. The
average power dissipation will be low because of this reduced duty cycle.

When a channel is switched off due to a short circuit on one of the supply lines, Window
Protection (WP) is activated. WP ensures the amplifier does not start-up after 50 ms until
the supply line short circuit is removed.

Window protection

Window Protection (WP) checks the PWM output voltage before switching from Standby
mode to Mute mode (with both outputs switching) and is activated as follows:
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¢ During the start-up sequence:

— When the TDF8599A is switched from standby to mute (tg(sth-mute))- When a short
circuit on one of the output terminals (i.e. between Vp or GND) is detected, the
start-up procedure is interrupted and the TDF8599A waits for open circuit outputs.
No large currents flow in the event of a short circuit to the supply lines because the
check is performed before the power stages are enabled.

¢ During operation;

— A short to one of the supply lines trips OCP causing the amplifier channel to
shutdown. After 50 ms the amplifier channel restarts and WP is activated.
However, the corresponding amplifier channel will not start-up until the supply line
short circuit has been removed.

8.5.5 DC offset protection

DC Protection (DCP) is activated when the DC content in the demodulated output voltage
exceeds a set threshold (typically 2 V). DCP is active in both Mute mode and Operating
mode. Figure 14 shows how false triggering of the DCP by low frequencies in the audio
signal is prevented using the external capacitor (Cg) to generate a cut-off frequency.

TDF8599A

OuUT1P

Y Y M

OUTIN

YY)

ouT2P

OUT2N

~II—LtII~ ~II—LtII~

f
A

YY)

Vtol | | Vtol

Vref

IB1[D6] i 1B2[D6] i

50 kQ

DCP

1B1[D7]

switch off channels

Fig 14. DC offset protection and diagnostic output

DIAG

Cr

-

001aak078

In I2C-bus mode, DC offsets generate a voltage shift around the bias voltage. When the
voltage shift exceeds threshold values, the offset alarm bit DB1[D2] is set and if bit
IB1[D7] is not set, diagnostic information is also given. Any detected offset shuts down
both channels when bit IB2[D7] is not set. To restart the TDF8599A in 12C-bus mode, pin
EN must be toggled or DCP disabled by connecting pin DCP to pin AGND.
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8.5.7

8.6

8.6.1

TDF8599A

I2C-bus controlled dual channel class-D power amplifier

In non-12C-bus mode, when an offset is detected, DCP always gives diagnostic
information on pin DIAG and shuts down both channels.

Connecting a capacitor between pins DCP and AGND enables DC offset protection.
Connecting pin DCP to pin AGND disables DCP in both 12C-bus and non-12C-bus mode.

Supply voltages

UnderVoltage Protection (UVP) is activated when the supply voltage drops below the UVP
threshold. UVP triggers the UVP circuit causing the system to first mute and then stop
switching. When the supply voltage rises above the threshold level, the system restarts.

OverVoltage Protection (OVP) is activated when the supply voltage exceeds the OVP
threshold. The OVP (or load dump) circuit is activated and the power stages are
shutdown.

An overview of all protection circuits and the amplifier states is given in Table 10.

Overview of protection circuits and amplifier states

Table 10. Overview of TDF8599A protection circuits and amplifier states

Protection circuit name Amplifier state
Complete Channel Restart[1l
shutdown shutdown

TFP N2 N2 yi3l

OTP Y N YBI

OCP N Y v

WP N Y Y

DCP Y N NEI

UVvP Y N YL@l

OVP Y N Y

[1] When fault is removed.

[2] Amplifier gain depends on the junction temperature and size of the heat sink.

[3] TFP influences restart timing depending on heat sink size.

[4] Shorted load causes a restart of the channel every 50 ms.

[5] Latched protection is reset by toggling pin EN or by disabling DCP in 12C-bus mode.

[6] InI2C-bus mode deep supply voltage drops will cause a Power-On Reset (POR). The restart requires an
12C-bus command.

Diagnostic output

Diagnostic table

The diagnostic information for I2C-bus mode and non-12C-bus mode is shown in Table 11.
The instruction bitmap and data bytes are described in Table 14 and Table 15.

Pins DIAG and CLIP have an open-drain output which must have an external pull-up
resistor connected to an external voltage. Pins CLIP and DIAG can show both fixed and
I2C-bus selectable information.
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Pin DIAG goes LOW when a short circuit to one of the amplifier outputs occurs. The
microprocessor reads the failure information using the 12C-bus. The 12C-bus bits are set
for a short circuit. These bits can be reset with the 12C-bus read command.

Even after the short has been removed, the microprocessor knows what was wrong after
reading the 12C-bus. Old information is read when a single 12C-bus read command is
used. To read the current information, two read commands must be sent, one after
another.

When selected, pin DIAG gives the current diagnostic information. Pin DIAG is released
instantly when the failure is removed, independent of the 12C-bus latches.

Table 11. Available data on pins DIAG and CLIP

Diagnostic ‘IZC-bus mode Non-I2C-bus mode
‘Pin DIAG |Pin CLIP |Pin DIAG |Pin CLIP

Power-on reset yes yes yes yes

UVP or OVP yes no yes no

Clip detection no selectable no yes
Temperature pre-warning no selectable no yes
OCP/WP yes no yes no

DCP selectable no yes no

OTP yes no yes no

When OCP is triggered, the open-drain DIAG output is activated. The diagnostic output
signal during different short circuit conditions is illustrated in Figure 15.

shorted load short to GND or Vp line
AMPLIFIER NO
RESTART RESTART

pull up V

AGND =0V

=50 ms =50 ms =50 ms 001aai786

Fig 15. Diagnostic output for short circuit conditions

8.6.2 Load identification (I12C-bus mode only)

8.6.2.1 DC load detection

DC load detection is only available in I2C-bus mode and is controlled using bit IB2[D2].
The default setting is logic 0 for bit IB2[D2] which disables DC load detection. DC load
detection is enabled when bit IB2[D2] = 1. Load detection takes place before the class-D
amplifier output stage starts switching in Mute mode and the start-up time from Standby
mode to Mute mode is increased by tyetpcioad) (S€€ Figure 16).
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Fig 16. DC load detection circuit
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Fig 17. DC load detection procedure

The capacitor connected to pin SEL_MUTE (see Figure 3 on page 6) is used to create an
inaudible current test pulse, drawn from the positive amplifier output. The diagnostic
‘speaker load’ (or ‘open load’), based on the voltage difference between pins OUTxP and
OUTXxN is shown in Figure 18.

| SPEAKER LOAD I><| OPEN LOAD

\ \ \ \
0Q 25Q 350Q oc
00122j956

Fig 18. DC load detection limits

Remark: DC load detection identifies a short circuited speaker as a valid speaker load.
OCP detection, using byte DB1[D3] for channel 1 and byte DB2[D3] for channel 2,
performs diagnostics on shorted loads. However, the diagnostics are performed after the
DC load detection cycle has finished and once the amplifier is in Operating mode.

The result of the DC load detection is stored in bits DB1[D4