ILA8933

CLASS D AUDIO AMPLIFIER

(compatible to ILA8933)
The ILA8933 is a high efficiency class-D amplifier with low power dissipation.
The continuous time output power is 2 x 10 W in a stereo half bridge application (R, = 8Q) or 1
x 20 Win a mono full bridge application (R. =16 W). Due to the low power dissipation the de-
vice can be used without any external heat sink, even for application with high supply voltages
and/or lower load impedances.
The device has two full differential inputs driving two independent outputs. It can be used in a
mono full bridge configuration (Bridge-Tied Load (BTL)) or a stereo half bridge configuration
(Single-Ended (SE)).
The ILA8933 is designed for TV sets, monitors Multimedia systems, home sound sets

Main features

= High efficiency
= Application without heat sink
= Operating voltage

o 10V to 36V asymmetrical

0 =5Vtoz+ 18V symmetrical
Thermal protection
Current limiting to avoid audio holes
Short circuit protection
Switchable internal / external oscillator
(master-slave setting)
= No pop noise
» Low power dissipation
= Mono bridge-tied load (full bridge) or
stereo single-ended (half bridge) applica-
tion Full differential inputs

Fig. 1. General view
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Fig. 2. Block Diagram
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Table 1 —Pin Description

ILA8933

Symbol Pin Description

VsspHw) 1 Negative digital supply voltage and handle wafer connection

IN1P 2 Positive audio input for channel 1

INTN 3 Negative audio input for channel 1

DIAG 4 Diagnostic output; open-drain

ENGAGE 5 Engage input to switch between Mute mode and Operating mode

POWERUP 6 Power-up input to switch between Sleep mode and Mute mode

Cano 7 Control ground; reference for POWERUP, ENGAGE and DIAG

Vbpa 8 Positive analog supply voltage

Vssa 9 Negative analog supply voltage

OSCREF 10 Input internal oscillator setting (only master setting)

HVPREF 11 Decoupling of internal half supply voltage reference

INREF 12 Decoupling for input reference voltage

TEST 13 Dest signal input; for testing purpose only

IN2N 14 Negative audio input for channel 2

IN2P 15 Positive audio input for channel 2

Vssprw) 16 Negative digital supply voltage and handle wafer connection

VsspHw) 17 Negative digital supply voltage and handle wafer connection

DREF 18 Decoupling of internal (reference) 5 V regulator for logic supply

HVP2 19 Half supply output voltage 2 for charging single-ended capaci-
tor for channel 2

Vbpp2 20 Positive power supply voltage for channel 2

BOOT?2 21 Bootstrap high-side driver channel 2

OuUT2 22 Pulse Width Modulated (PWM) output channel 2

Vssp2 23 Negative power supply voltage for channel 2

STAB2 24 Decoupling of internal 11 V regulator for channel 2 drivers

STAB1 25 Decoupling of internal 11 V regulator for channel 1 drivers

Vssp1 26 Negative power supply voltage for channel 1

OUT1 27 PWM output channel 1

BOOT1 28 Bootstrap capacitor for channel 1

Vppp1 29 Positive power supply voltage for channel 1

HVP1 30 Half supply output voltage 1 for charging single-ended capaci-
tor for channel 1

OSCIO 31 Oscillator input in slave configuration or oscillator output in
master configuration

VsspHw) 32 Negative digital supply voltage and handle wafer connection
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ILA8933

Table 2 — Maximum rating & recommended operating conditions

Recommended op-
erating conditions

Maximum rating

Parameter, unit Symbol Taraet Target
Min Max Min Max
Ambient temperature, °C Ta -40 85 -55 +150
Dissipated power", W . 150°C- Ty,
I:QTjA
f:lpspdyé‘\)/lilt?/ge for asymmetri- Up 10 36 0.3 +40
IN1P, IN1N,
IN2P, IN2N 2 B B - S
OSCREF, Ussp(Hw) -
Voltage on 0SCIO ¥ Ux - - 0.3 S
ins, V
Pins, POWERUP, Uceno -
ENGAGE, — - 0.3 6
DIAG ¥
Rest of pins — — Uss-0.3]| Upp+0.3
Repetitive output peak cur- 6)
rent, A loru ~ ~ 2,3 -

" Typical value R, =44°C/W

) Measured with respect to pin INREF; Ux< Upp + 0,3 B.

) Measured with respect to pin Usspnw); Ux< Upp + 0,3 B.
; Measured with respect to pin CGND; Ux< Upp + 0,3 B.
)

2
3

o B

6

Uss = Ussp1 = Ussp2; Upp = Uppp1 = Uppp.
Current limiting concept.
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ILA8933

Table 3 — Electric parameters

(Up =25V, Fosc = 320 kHz, Ta = 25°C, unless otherwise specified.)

Target
Parameter, unit Symbol Measurement mode -
Min Max
1 2 3 4 5
Supply voltage, V U Asymmetrical supply 10 36
P Symmetrical supply +5 +18
Supply current, mA I Sleep mode B 10
Total quiescent current, mA Iq(tot) No load — 50
Pin POWERUP" input voltage, V U — 0 6,0
Pin POWERUP input current, uA lis Ug=3V - 20
. i) .
Pin POWERUP" low level input ULe B 0 08
voltage, V
. T .
Pin POWERUP " high level input Unns B 2 6
voltage, V
Pin ENGAGE" output voltage, V Uos — 4,2 5,0
Pin ENGAGE" input voltage, V Us — 0 6,0
Pin ENGAGE output current, puA los Us=3V — 40
. ) . -
Pin ENGAGE " low level input volt ULs B 0 08
age, V
. T . -
Pin ENGAGE " high level input volt Uns B 3 6
age, V
Pin DIAG " output voltage,V U Protection activated — 0,8
o4 Operating mode 2 3,3
Pins HVP1, HVP2 output voltage, V Uoso, B 0,5Up- 0,5Up+0,2
Uo1o 0,2
HVPREF pin output voltage, V Uons B O,gtép- 0,5Up+0,2
Ver.1.1/30.11.2009
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ILA8933

Table 3 (continued)

1 2 3 4 5
\R/’eference voltage for digital part, Uots B 45 5.1
Output offset voltage OUT1, Two channel mode with respect to
ouT2, mV HVPREF
Mute mode — 15
Uoffset Operating mode - 100
BTL
Mute mode — 20
Operating mode — 150
Pins STAB1, STAB2 stabilized | Usrtag24, | Mute mode, operating mode 10 12
output voltage, V USTABZS with respect to Ussp1, Usspz
Undervoltage protection thresh-
old supply voltage, V Up(uvp) ~ 8,0 9.9
Overvoltage protection threshold
supply voltage, V Up o) ~ 36,1 40
Low unbalance protection _
threshold supply voltage, V Up(iny(uop) Unverer = 118 - 18
High unbalance protection _
threshold supply voltage, V Upinuopn Unverer = 118 29 B
Overcurrent protection output | _ 20 B
current, A O(ocp) ’
Th | protecti tivati
n rﬁggg tErr'g’eocC:; ion activation Tt prot) B 155 160
Th | fol k activati
e b activation Tactin_fo) - 140 | 150
Pin OSCIO ? high level input
voltage, V Utiat B 4.0 50
Pin OSCIO 2, low level input
voltage, V Uiiss B 0 0.8
Pin OSCIO ? high level output
voltage, V Uors1 - 4,0 5,0
Pin OSCIO ?, low level output
voltage, V UoLss ~ 0 038
Maximum number of slaves N B 12 3
driven by one master slave(max)
Internal oscillator frequency, kHz Fosc — 300 500

SE mode (Up =25 V, R.= 2x8 Q, Fosc = 320 kHz, f;= 1 kHz, Rs < 0,1 Q ¥, Ta = 25°C)

RMS output power, W

Porums)

Ri=4Q,Up=17V*

THD+N = 0,5%, fi= 1 kHz

5,9

THD+N = 10%, fi=1 kHz

7,5

Ri=8Q,Up=25V

THD+N = 0,5%, fi= 1 kHz

7,3

THD+N = 10%, fi= 1 kHz

9,3

R =8Q,Up=31V

THD+N = 0,5%

11,2

THD+N = 10%

14,1
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ILA8933

Table 3 (continued)

1 2 3 4 | 5
. . Po=1W
Total harmonic distortion-plus- —
noise, % THD+N fi=1kHz — 0,1
fi= 6 kHz — 0,1
Closed-loop voltage gain, dB Guycn) U= 100 mV, no load 29 31
Voltage gain difference, dB A|Gy| — 1
Channel separation, dB dcs Po=1W, fi=1kHz 70 —
Supply voltage ripple rejection, SVRR Operating mode
dB fi=1kHz 40 —
Input impedance, kQ |Z)| 70 —
. Operating mode, Rs=0 Q - 150
N level, uV U
Oise 1evel, 1 ") Mute mode — 100
Po=10W
Efficiency, % Npo Up=17V,R =4 Q 86 -
Up=25V,R =8Q 89 -

BTL mode (Up=25V, R =1

6Q, Fosc = 320 kHz, f;= 1 kHz, Rs< 0,1 Q ¥, Ta = 25°C)

R.=8Q,Up=17V?

THD+N = 0,5%, fi= 1 kHz

11,9

THD+N = 10%, fi= 1 kHz

15,4

R =16Q,Up=25V

RMS output power, W Porwms) THD+N = 0,5%, fi= 1 kHz 14,9 —
THD+N = 10%, fi= 1 kHz 18,9 —
R =16Q,Up=31V
THD+N = 0,5% 22,8 —
THD+N = 10% 28,8 —
. . . Po= 1TW - —
'rl]'git:é’h;ormomc distortion-plus- THD+N =1 KMz — 0.1
fi= 10 kHz — 0,24
Closed-loop voltage gain, dB Gv(c) - 35 37
Input impedance, kQ |Z)| - 35 —
Rs =0Q
Noise level, uV Un(o) Operating mode — 150
Mute mode — 100
Po=17W,Up=17V,R.=8
87 -
Efficiency, % Npo 02
Po=17W,Up=25V,R.= 90 _

16 Q

T

N

3

) Measured with respect to pin CGND.
) Measured with respect to pin Vsspgw).
) Rs is the series resistance of inductor and capacitor of low-pass LC filter in the application.

4) Output power is measured indirectly; based on RDSon measurement.
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ILA8933

Table 4 — Typical parameters (Up = 25V, Ta = 25°C)

Parameter, unit Symbol Measurement mode -\I;);IIOJZ?)I
Drain-source on-state R T;=25°C 350
resistance, mQ DSon T.= 125°C 545
Bias output voltage, V Uobias) With respect to Ussa 2,1
an\APt HVP2 pins output current, lore, loso Unver = Unypa = Uo— 1V 50
Internal oscillator frequency, kHz Fosc Rosc = 39 kQ 320
Output signal rise time, ns tr lo=0A 10
Output signal fall time, ns te lo=0A 10
Minimum output pulse width, ns tw(min) lo=0A 80
SE mode(Up =25V, R = 2x8 Q, Fosc = 320 kHz, f;= 1 kHz,

Rs<0,1Q?, Ta =25°C)
R.=40m, Up=17B"
THD+N = 0,5%, fi= 100 Hz 6,5
THD+N = 10%, fi= 100 Hz 8,3
RMS output power, W P - .
PP RS R.=8Q,Up=25V
THD+N = 0,5%, fi= 100 Hz 8,1
THD+N = 10%, fi= 100 Hz 10,3
L , Operating mode 60
Supply voltage rejection ratio, dB SVRR f.= 100 Hz
Output voltage, uVv Uo(mute) Mute mode, U;= 1V (RMS) 100
dClca)mmon mode rejection ratio |, CMRR Uiem = 1 V (RMS) 75
BTL mode (Up =25V, R .= 16Q, Fosc=320 kHz, fi=1 kHz,
Rs< 0,1 Q?, Ta = 25°C)
R.=8Q,Up=17V?®
THD+N = 0,5%, fi= 100 Hz 13,2
THD+N = 10%, fi= 100 Hz 17,1
RMS output power, W P — ’
PEEP ORMS) R=160Q,Up=25V
THD+N = 0,5%, fi= 100 Hz 16,5
THD+N = 10%, fi= 100 Hz 21
Output voltage, uV Uo(mute) Mute mode, U;= 1V (RMS) 100
Common mode rejection ratio |, CMRR Uem = 1V (RMS) 75

dB

V' Rg is the series resistance of inductor and capacitor of low-pass LC filter in the application.
2) Output power is measured indirectly; based on RDSon measurement.
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ILA8933

FUNCTIONAL DESCRIPTION

The ILA8933 is a mono full bridge or stereo half bridge audio power amplifier using class-D
technology. The audio input signal is converted into a Pulse Width Modulated (PWM) signal
via an analog input stage and PWM modulator. To enable the output power DMOS transistors
to be driven, this digital PWM signal is applied to control and handshake block and driver cir-
cuits for both the high side and low side. A 2nd-order-low-pass filter converts the PWM signal
to an analog audio signal across the loudspeakers.

The ILA8933 contains two independent half bridges with full differential input stages. The loud-
speakers can be connected in the following configurations:

* Mono full bridge: Bridge Tied Load (BTL)

* Stereo half bridge: Single-Ended (SE)

The ILA8933 contains circuits common to both channels, such as: the oscillator, all reference
sources, the mode functionality and a digital timing manager.

The following protections are built-in: thermal foldback, temperature, current and voltage.

Operation modes

The ILA8933 can be switched to one of four operating modes using pins POWERUP and EN-
GAGE:

* Sleep mode: with low supply current;

* Mute mode: the amplifiers are switching idle (50 % duty cycle), but the audio signal at the
output is suppressed by disabling the VI-converter input stages. The capacitors on pins HVP1
and HVP2 have been charged to half the supply voltage (asymmetrical supply only);

* Operating mode: the amplifiers are fully operational with an output signal;

* Fault mode;

Both pins POWERUP and ENGAGE refer to pin CGND.

Table 4. Mode selection

Mode Pin

POWERUP" |[ENGAGE" DIAG
Sleep <08V <08V undefined
Mute 2Vto6V <08V >2V
Operating 2Vtob6V 3Vto6V >2V
Fault 2Vtob6V undefined <08V

[11 When there are symmetrical supply conditions, the voltage applied to pins POWERUP
and ENGAGE must never exceed the supply voltage (Vppa, Voop1 OF Vbpp2).

9 Ver.1.1/30.11.2009
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ILA8933

PWM frequency

The output signal of the amplifier is a PWM signal with a carrier frequency of approximately
320 kHz. Using a 2nd-order-low-pass filter in the application results in an analog audio signal
across the loudspeaker. The PWM switching frequency can be set by an external resistor
Rosc connected between pin OSCREF and Vsspnw). The carrier frequency can be set be-
tween 300 kHz and 500 kHz. Using an external resistor of 39 kQ, the carrier frequency is set to
an optimized value of 320 kHz.

If two or more ILA8933 devices are used in the same audio application, it is recommended to
synchronize the switching frequency of all devices. This can be done by connecting all the
OSCIO pins together and configuring one of the ILA8933 devices in the application as the
clock master. Configure the other ILA8933 devices as slaves.

Pin OSCIO is a 3-state input or output buffer. Pin OSCIO is configured in master mode as os-
cillator output, and in slave mode as oscillator input. Master mode is enabled by applying a re-
sistor between pin OSCREF and VSSD(HW), while slave mode is enabled by connecting pin
OSCREF directly to Vssprw) (without any resistor).

The value of the resistor also sets the frequency of the carrier and can be calculated with

12.45x10° .

fosc = R
osc

Where:
fosc = oscillator frequency (Hz)
Rosc = oscillator resistor (©2) (on pin OSCREF)

Table 5. Master/slave configuration

Configuration Pin

OSCREF OSCIO
Master Rosc > 25 kW to VSSD(HW) output
Slave Rosc = 0 W; shorted to Vsspmw input

Protections

The following protections are implemented in the ILA8933:

* Thermal Foldback (TF);

* OverTemperature Protection (OTP);

* OverCurrent Protection (OCP);

* Window Protection (WP);

* Supply voltage protections;
— UnderVoltage Protection (UVP);
— OverVoltage Protection (OVP);
— UnBalance Protection (UBP);

* ElectroStatic Discharge (ESD)

Ver.1.1/08.07.2010
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Fig.3 Application diagram for 2 x SE (symmetrical supply)
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