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SILENT START 

[0001] The invention relates to a push-pull ampli?er as 
described in the preamble of claim 1. 

[0002] From the US. Pat. No. 5,805,020 a silent start 
Class D ampli?er is known Wherein start-up noise is cor 
rected by adding an analog sWitch to the integrator circuit. 
In an alternate embodiment a silent start sWitch connects a 
variable resistance to a comparator input. The resistance 
gradually increases to overcome start-up noise. 

[0003] A disadvantage of this knoWn silent start Class D 
ampli?er is that activating the sWitching unit is done at a 
completely arbitrary moment. 

[0004] It is an object of the invention to provide a push 
pull ampli?er and a silent start circuit, Which do not have the 
disadvantages of the knoWn ampli?er and silent start circuit. 
To this end, a push-pull ampli?er comprises the features of 
claim 1. The invention provides the possibility to ?rstly 
bring the loop approximately at the required level and 
secondly to Wait With the sWitching on moment till the 
moment at Which the start up noise is as small as possible. 

[0005] Embodiments of the invention are described in the 
dependent claims. 

[0006] HereWith a cross-reference is made to the folloW 
ing co-pending applications of the same applicant and of the 
same date: “Carrousel handshake” applicant’s ref. No. 
ID603908, Application No. 0 201 818.2 “Level shifter” 
applicant’s ref. No. ID604680, Application No. 0 201 826.5 
“PWM limiter” applicant’s ref No. ID604682, Application 
No. 0 201 828.1 “Demodulation ?lter” applicant’s ref. No. 
ID604683, Application No. 0 201 829.9. 

[0007] These and other aspects of the invention Will be 
apparent from and elucidated With reference to the eXamples 
described hereinafter. Herein shoWs 

[0008] FIG. 1 schematically an eXample of a push-pull 
ampli?er, 

[0009] 
start-up, 

[0010] 
[0011] 
[0012] FIG. 5 an eXample of the comparator input signals 
in silent mode, 

FIG. 2 schematically the equivalent circuit during 

FIG. 3 the optimal start-up moments, 

FIG. 4 an eXample of the silent loop circuit, 

[0013] FIG. 6 a circuit With the silent start circuits, and 

[0014] FIG. 7 an eXample of the silent start logic imple 
mentation. 

[0015] FIG. 1 shoWs block-schematic an eXample of a 
push-pull ampli?er PPA according to the invention. Via an 
input unit IU the ampli?er receives the input signal. The 
input unit IU is coupled to a pulse-Width modulator PWM, 
Which is coupled With an output to a sWitching unit SU. The 
sWitching unit supplies an output signal via a demodulation 
?lter DF to the output O of the ampli?er. The pulse-Width 
modulator PWM is coupled in a feedback loop With a 
feedback element RF Which is coupled With one side to the 
output of the sWitching unit SU and With the other side to the 
input of the pulse-Width modulator. The pulse-Width modu 
lator further comprises a ?rst integrator FI and a second 
integrator SI and a comparator COM, the input of the ?rst 
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integrator is coupled to the output of the input unit IU and 
the input of the second integrator is coupled to an output of 
the ?rst integrator FI and also coupled to an oscillator OSC. 

[0016] The sWitching unit SU comprises a sWitch control 
unit SCU and a ?rst and second sWitch SW1, SW2, respec 
tively. The demodulation ?lter DF is in this eXample shoWn 
as an inductance L and a capacitance C can be a second order 
loW-pass demodulation ?lter, or higher order demodulation 
?lter. 

[0017] Instead of using tWo integrators it is also possible 
to use only one integrator. At the inverting input of the 
comparator for eXample a saW tooth signal can then be 
supplied. 
[0018] A common problem With audio ampli?ers is the 
occurrence of noises in the loudspeaker When the ampli?er 
is sWitched on. Considerable design effort is usually needed 
to reduce this start-up noise or ‘plop’. In a Class D feedback 
ampli?er tWo mechanisms contribute to start-up noise. 

[0019] First, When the ampli?er is started, the initial 
condition of the integrators (FI, SI see FIG. 1) in the loop 
is unde?ned and usually not even near the steady state 
region. Therefore, the loop needs some time to settle. Since 
the sWitching unit is active during this settling this can lead 
to audible noises in the loudspeaker. Ideally, the output of 
the ampli?er produces a 50% dutycycle squareWave signal 
directly after start-up. 

[0020] Second, before start-up the output of the sWitching 
unit is usually in a high-ohmic state to prevent DC current 
in the loudspeaker. At a certain moment in time the output 
starts sWitching. Even if the ampli?er is able to produce a 
perfect pulse Width modulated signal With 50% dutycycle 
directly after start-up this alWays results in a response in the 
loudspeaker because the demodulation ?lter needs to settle. 

[0021] Assuming that the ampli?er is able to produce the 
desired 50% dutycycle squareWave signal directly, the only 
degree of freedom that remains is the phase at Which the 
signal is started. 

[0022] FIG. 2 shoWs schematically the equivalent circuit 
during start up. 

[0023] In order to determine the optimal starting phase 
consider the situation shoWn in FIG. 3. Here the voltage 
source VS generates a square Wave With amplitude AS and a 
frequency 005 much higher than the cut-off frequency 00O of 
the ?lter. Initially, sWitch S1 is open and no energy is stored 
in the ?lter, i.e. both inductor current IL and capacitor 
voltage Vc are Zero. 

[0024] After sWitch S1 is closed and the ?lter has settled to 
steady state the inductor current IL and capacitor voltage Vc 
change periodically. The energy stored in the inductor and 
capacitor are expressed as: 

[0025] In steady state the total energy stored in the ?lter 
also changes periodically. The optimal time to close the 
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switch is in the phase of the source signal Where the stored 
energy reaches the minimal value. 

[0026] In the stopband the energy stored in the compo 
nents in a LC-?lter decreases rapidly from source to load and 
is dominated by the element nearest to the source to load and 
is dominated by the element nearest to the source. In the 
second order ?lter shoWn in FIG. 2. the total stored energy 
is dominated by the inductor. Therefore the stored energy is 
nearly minimal When the inductor current IL is Zero. The 
source signal VS and inductor current IL during steady state 
are shoWn in FIG. 3. 

[0027] As can be seen in FIG. 3 the inductor current IL 
becomes Zero tWice each in each period of the source. 
Consequently, the optimal start-up moment is at 1A1 or 3A1 of 
the period. For the output response both moments are 
equivalent. HoWever, since in is preferred that the output is 
sWitched to the loWside ?rst in order to charge the bootstrap. 
Therefore, the optimal phase to start sWitching is at 3A 
period. This derivation is also valid for higher order 
demodulation ?lters. 

[0028] NoW tWo problems have to be solved to realiZe the 
optimal startup behavior. First, the control loop needs to be 
in steady state before the output is enabled and second the 
output has to be enabled at the optimal moment. 

[0029] The ?rst problem can easily be solved by using a 
secondary feedback loop. As eXplained earlier, the signal 
that is fed back to the virtual ground of the ?rst integrator in 
the loop is a squareWave current With amplitude Ifb=Vp/R1. 
This current can be emulated by a sWitched current source 
that is controlled by the same comparator output as used to 
control the sWitching unit. 

[0030] This results in the system shoWn in FIG. 4. The 
pulse Width modulator PWM4 operates as folloWs. As long 
as the sWitching unit (SU, see FIG. 1) is not enabled, no 
current is fed back through resistor R1. In this case the 
sWitched current source (SCU, see FIG. 1) is enabled and a 
current +ISilent or 45mm is fed back to the virtual ground. As 
far as the loop is concerned this situation is equivalent to the 
situation Where the sWitching unit is enabled and the 
sWitched current source SS4 is disabled as long as ISilent 
equals Ifb. Consequently, the loop converges to steady state. 
After steady state is reached, Which is Within a feW clock 
cycles, the sWitched current source is disabled and the 
sWitching unit is enabled simultaneously. This secondary 
feedback con?guration is called the silent loop since it 
operates only if the sWitching unit is disabled. 

[0031] The second problem is to determine the optimal 
moment to sWitch betWeen the silent loop and the main loop. 
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For this purpose the internal signals can be exploited. Since 
the silent loop is equivalent to the main loop the internal 
signals in silent mode are identical to those in normal mode. 
These signals are shoWn in FIG. 5. 

[0032] In FIG. 5 can be seen that the optimal moment to 
enable the sWitching unit is When the plus signal crosses 
Zero. This moment can easily be detected by a second 
comparator COM62 as shoWn in FIG. 6. The output signal 
of this comparator is called the sync signal. In order to have 
optimal startup behavior the signal that enables the sWitch 
ing unit has to be synchroniZed With the rising edge of the 
sync signal. For this purpose a simple logic circuit SSLOG6 
can be used. 

[0033] Note that the inverting input of the second com 
purgator is not connected to the signal ground but to a loW 
pass ?ltered version of the plus signal. This has been done 
to compensate for offset errors Which cause a DC component 
to the internal signals Which in?uences the timing. 

[0034] The signal path contains tWo sWitched current 
sources. The function of these sources is to either sink or 
source a current of constant magnitude depending on a logic 
control signal. 

[0035] FIG. 7 shoWs an implementation of the silent start 
logic circuit SSLOG7. 

[0036] It is to be noticed that above the invention has been 
described on the basis of an eXample but that the man skilled 
in the art is Well aWare of amendments Without departing 
from the invention. 

1. Push-pull ampli?er having an input for receiving an 
input signal and an output for supplying an output signal 
Which push-pull ampli?er comprises a pulse Width modu 
lator comprising at least tWo integrators, comparator and a 
feedback element, a sWitching unit having at least tWo 
sWitches coupled to the output of the pulse Width modulator 
and a demodulator ?lter coupled to the output of the sWitch 
ing unit characteriZed in that the pulse Width modulator 
comprises a silent start circuit for obtaining a start-up of the 
ampli?er Without start-up noise, Which silent start circuit 
having a sudden loop for disabling the sWitching unit during 
start-up. 

2. Apush-pull ampli?er as claimed in claim 1, character 
iZed in that the push-pull ampli?er is a class D ampli?er. 

3. Silent start circuit for use in a push-pull ampli?er as 
claimed in claim 1. 


