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Basic components available to a designer

Resistors Capacitors Magnetics Semiconductors
E H E Linear Mode Switched
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Class D Components

Components used for Class D amplifiers must have low losses

Resistors Capacitors Magnetics Semiconductors

} ‘ ‘ { I¥inear Mo Switched
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| Class D Components

The Perfect Switch, an ideal component:

« Switch Open: I(t)=0 +

« Switch Closed: V(t) =0 V(t) \

* Ploss(t)=V({) " I(t)=0
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Switches A and B are alternately
on ON and OFF, whereby the
midpoint forms a PWM signal
with a high frequency

Duty Cycle,d =Ton / (Toy +
Torr)

The average of the PWM signal
is reconstructed with the LC
output filter removing the high
frequency carrier.

Vour(t) = Vi " d(t)

Average - | | 1

ov -

Vin —

L

Replaces catch diode
for higher efficiency

Vin -4----

Average ~

ov

\/
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Comparator

The PWM signal can be
generated by comparing the % , )
audio signal with a triangle s k T

wave
Switching frequency is /\/\/\/\/\/\/\ > B

determined by the frequency
of the triangle wave

This modulation is called
Natural Sampling

U Juudy
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| modulation (NADD), M=0.75
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BD Mode Control

BD mode only relevant in Brldge Tied Load (BTL)

There are 4 switches to control

Switches AP (BP) and AM (BM) must switch alternately to

avoid shoot through

Or be both open, Hi-Z

AP BP
pvDD (* N
- | I
AM BM
T
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Power Stage

* |deal Switches are implemented as less than ideal N-
Channel MOSFETS

— Rpson is finite changes with temperature

— Gates have capacitance and must be driven, hard, to switch correctly

« The MOSFETS are identified as High-side MOSFET and
L ow-side MOSFET

Vin —

—

e s
|_

m— Vout

—
—
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Vin —

|
|

HS

e N

L~

LS

W Gate Control (Low Side)

——  Vout

« Control of low-side MOSFET is relatively

easy - it is referenced to ground

 (ate drive circuit can therefore be

connected directly to the gate

i3 TEXAS
INSTRUMENTS




i N
| AJT

« High Side MOSFET is referenced to the
PWM output node, and the gate drive
circuit must therefore be supplied from a

Boot-Strap Capacitor

* |Input to the high-side gate driver must be

made through a level shifter
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Complete Analog Class D Amplifier (in

Power Supply Impedance

Power Supply
Analog Comparator Vin
M —> Bootstra
lnDUt i ) HS Cbst p 1
LO\HI E — m . — C1
/\/ D +12V a —
/\/WW\/\ - U Y Ls — L
Inversion
[C); ate Output Split
Triangular Waveform rive Filter Caps
* Must be linear Deadti
* Low Noise eadtme
e Low Jitter *HS & LS MOSFETS

must not switch at
the same time!
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o PWM Start and Stop

. C|ICk and Pop occur at start and stop of PWM

It can consist of DC voltage step and AC voltage
ripple

* Best test is a listening test using a system
applicable speaker
— But what speaker and who is listening?

 Listening test is difficult to compare across
regions — therefore a standardized test set-up is
proposed in SLEA044
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Start sequence

An example
PWM Voltage
1
N s i
1
0

Inductor Current

PWM start and stop

Time Domain

20m -

o S N DC Offset  “F |

10mE - - - - T ‘
[ | | |

<wma

_100* | | | | | | \ﬂ J | |
1k 2k 3k 4k 5k 6k 7k 8k 10k 20k 30k
Hz
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Stop sequence
An example

PWM Voltage

Inductor Current

<wWa

20m -
15m |-
10m[-

5ml-

-5mp
-10m-

-15mpE - - — - -

N O | L1
-500u 0 500u m

sec

-100"
1k

| | | | | | | | | | 1 a
2k 3k 4k 5k 6k 7k 8k 10k 20k 30k
Hz
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Equibit Processor

PWM
Audi0_>|nterpo|at.ion_> PWM error || Noise | | Uniform __QUtPUt
Input "| Up-sampling | ~ | Pre-correction Shaper PWM
2
Clock | On-chip .
Input PLL PWM bit clock
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PurePath Class D goesAII Dlgltal |

. The audlo |nput S|gnal |s

Digital I12S
« Digital 12S is in Pulse Code , PCM Word Value
Modulation format organized is an analog height

as “words” HH,
e

 Conversion from PCM to
PWM is done in a DSP

| DU

PWM word value is
 PWM signal frequency an analog of width

8 * 48kHz = 384kHz

« PWM signals controlled be a 1
digital clock

e Conversion from PCM to
PWM is non-linear and
demands pre-compensation
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« Definition from Wikipedia, the free encyclopedia:

— 12S, or Inter-IC Sound, or Integrated Interchip Sound, is an
electrical serial bus interface standard used for connecting
digital audio devices together.

— It is most commonly used to carry PCM information between
the CD transport and the DAC in a CD player.

— The I2S bus separates clock and data signals, resulting in a
very low jitter connection.

— Jitter can cause distortion and noise in a digital-to-analog
converter. The bus consists of at least three lines:

« BCLK, Bit clock line (64 x Fs)
 LRCLK, Word clock line (also called word select line) (@ Fs)
« SDCLK, at least one multiplexed data line

e For TI PWM modulators, and most DACs and ADCs
— MCLK, Master Clock (256 x Fs)
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| Digital PWM Generator
. PWM eror: | o

— Harmonic + IM Distortion (rising with signal frequency)

— Intermodulation noise due to interactions with the noise
shaper (we will explain later)

 Errors are corrected by digital signal processing
in PCM domain prior to PWM (Equibit®
algorithms):
— Harmonic + IM Distortion
— Inter-Modulation (IM) Noise
— Quasi-Symmetry (QS) Noise
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Intermodulation Noise

Intermodulation or intermod is ) IM Noise
the result of two or more signals of
different frequencies being mixed

together, forming additional o
signals at frequencies that are not - iy |
in general at harmonic frequencies - ‘MMM

(integer multiples) of either. -

Ap

o L EEEEEEELEE TR T TR e P
2k 4k 6k 8k 10k 12k 14k 16k 18k 20k

The largest intermodulation products e

appear at f; + £, or f; - f>(second-
order intermodulation), and less so at
2f; + for 2f; - f,(third order
intermodulation).

oo LLEEEEEEEEEE TR T e e e E L P T T
2k 4k 6k 8k 10k 12k 14k 1

(RN AR RRRRY
6k 18k 20k

Normal
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Power Stage is S1 and S2
: :
N L1 12
X 143 A RL X
D 241112 1 2 1'rm2—0/03 ML
0T & o 10uH T YNl OTE
- -2 -2 -
® ~15 NS ®
OTQ OTQ
N‘_ N‘_ 4444444444444444444444444444444444444444
0.1ufd/X7R
VT
L
C6
1000ufd_FC
14 2
1
C5
r—
LRINT1 ‘W_L
Y
GND
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" Amplifier Component Considerations

« Choice of components sets the « Decoupling capacitor
audio performance _ Use X7R

— Series resistance

« MOSFET Switches (taken care — Series inductance

of by the power stage)

- PWM Filter Capacitor (Use a * Bulk Capacitor
film capacitor) — Use low ESR
— Stability with voltage — ESR
— Ripple Current — ESL

— Ripple Current

* Inductor (Use Tl recommended)
— Series resistance (dc), skin - PSU

effect (ac) — Output impedance
— Parallel resistance — Current limitation

(hysteresis loss)
— Parallel capacitance — Current Slew-rate

— Saturation in core material — Surge Capability
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« Choice of components sets
the audio performance

« MOSFET Switches S1 & S2
(Power Stage)
— TAS5132, OW to 25W, 2
Channels

— TAS5142, OW to 100W, 2
Channels

— TAS5152, OW to 125W, 2
Channels

— TAS5162, OW to 210W, 2
Channels

— TAS5261, OW to 315W, 1
Channel

— TASH5186, 210W Total Power, 6
Channel

 Modulators

— TAS5086, Low cost, 6 Channel

— TAS5508B, 8 Channel, Feature
Rich

— TAS5518A, 8channel, Feature
Rich, High Performance

PWM Filter Capacitor (Use a film
capacitor)

— Generally .47p for AD Mode Filter
PWM Filter Inductor (Use TI
recommended)

— Generally 10uH for 7,,,, = 384 kHz

Decoupling capacitors (Use X7R)

— 0.1pF is a good rule of thumb

— Select voltage for PVDD + Overshoot
+ Temperature Derating (ABS Max)

Bulk Capacitors (Use low ESR)

— 1000uF Good rule of thumb
— Select voltage for PVDD + Overshoot
+ Temperature Derating

PSU Considerations
— Output impedance
— Current limited
— Current Slew-rate
— Surge Capability
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" Clock Requirements

PCM signals are coded in
the sample values
— CD uses 44.1 kHz sampling
with 16 bit resolution
PWM signals are coded in
the pulse width

— Pulse height is fixed by
PSU voltage

— A Dynamic Range of 110dB
demands a clock precision
of 10ps !

Eliminate jitter with good

PCB and circuit design!

v
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we? C nclusion )

« PWM and Class-D amplifiers present new
solutions and applications with a rich
feature set

 BUT this technology also requires a high
level of system knowledge in digital and
power electronics.
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Amplifier Diagram
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