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for Driving Headphones
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Abstract: This paper describes the design and implementation of a low noise,low power,programmable-gain audio

power amplifier used as a headphone driver. It obtains a 0. 1% THD + N with a 5V power-supply,a 1kHz frequen-

cy audio signal,and a 120mW continuous average output power into a 16Q load. In addition, the gain can be set

from + 12 to —34.5dB in 32 discrete steps of 1. 5dB. The amplifier is used as the core of a programmable gain au-

dio power amplifier for driving headphones. The audio power architecture,the main module circuits of the ampli-

fier design,the test results,and the chip layout are included. Experimental results using a CSMC 0. 6;.m double poly

double metal CMOS process show that the required performance can be obtained.
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1 Introduction

Currently, portable electronic devices such as
cellular phones, MP3 players, CD players, DVD
players,and PDAs are widely used, increasing the
need for an audio power amplifier that drives
headphones to create sound. A programmable gain
amplifier is realized in this paper. Its voltage gain
range is from +12 to —34.5dB by 1. 5dB steps. It
must also have low power consumption and be a-
ble to run with a 5V power supply. According to
the AC97 Specification Rev. 2. 3", it must have
very low noise.

This paper describes a programmable-gain,
differential-difference amplifier for an audio
power amplifier chip. It begins by discussing the
architecture of the audio power amplifier. Then a
number of key circuits used in the amplifier are
described. Finally,some results and conclusion are
presented.

2  Audio power amplifier architecture

A differential-difference amplifier solution*
presents high input impedance and weak linearity
performance. The realization uses bipolar devices
but is not applicable to a system on a chip (SOC).
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We have chosen a full CMOS approach for the au-
dio power amplifier and a differential resistor
string with logarithmically spaced taps for volt-
age-gain programming.

The audio power amplifier mainly includes an
amplifier,a bias voltage generator, a digital gain
control,and other circuits,as shown in Fig.1. The
amplifier is composed of an input differential
stage,a middle stage,and an output stage.
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Fig.1 Architecture of the audio power amplifier
3  Amplifier

The core of the amplifier circuit is composed
of 3 main blocks:a differential input stage,an out-
put stage, and a frequency compensation stage.
The low noise requirements, 1p,Vrms in the band
100Hz~44kHz,dictate rather low input and feed-
back resistors. A low impedance output stage en-
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sures constant accuracy and speed for load chan- be reached.

ges with programmed gain.
3.1 Differential input stage

A schematic of the differential input stage is
shown in Fig. 2. A pMOS input pair is preferred
&m
WLC?,
where K is the coefficient of the MOSFET, and
the K of the pMOS typically equals 10" C*/m?*,
which is much smaller than that of nMOS. At the
same time,the thermal noise of pMOS is also less

than that of nMOS.
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Fig.2 Amplifier differential input stage

The load is active in order to realize a high
gain voltage with only two stages. In this way,the
frequency compensation is simplified. Therefore,
we did noise optimization only on this first stage
because the noise voltage of the following stages is
divided by the first stage voltage gain'*'. Follow-
ing the guidelines for a low 1/f noise, two steps
are taken: (1) high aspect ratio for input devices;
(2) long channel active loads. The important fact
here is that for the active loads M3 and M4, which
are static devices,there is no tradeoff between the
low 1/f noise requirements and speed. Therefore
M3 and M4 are very long channel devices. The
W/ L ratio is kept reasonable in order to ensure a
good saturation margin.

In order to get a high gain, the second gain
stage is built with a cascode structure biased at a
constant 50pA. The noise contribution from the
biasing stages appears in the common mode on
nodes Al and AZ,and it is cancelled by the differ-
ential topology. If perfect symmetry is respected
in the layout of the four devices M1~M4, cancel-
lation is effective. In this case,optimum noise per-
formance can be predicted by simulation and can

3.2 Output stage

The output stage has to deliver power to the
load (headphone) in response to the input signal.
In other words,it has to realize a power gain that
usually consists in a current gain. The audio output
stages general require low harmonic distortion,
high voltage dynamics,low output resistance,driv-
ing capability of high reactance loads, high relia-
bility,and protection against overloads and short-
circuits”> . The output stage of the amplifier is re-
presented in Fig. 3. A class AB output stage is se-
lected"™ , in which M12 and M13 are common-

source.
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Fig.3 Amplifier output stage and frequency compen-
sation

3.3 Frequency compensation

The amplifier frequency compensation is
shown in Fig. 3. In order to obtain frequency com-
pensation,compensation networks R, ,C; and R,
C, are inserted between the gate and the drain
terminals of M13 and M12. The output stage dom-
inant poles are located on the gates of M13 and
M12 and have to be slowed down. The capacitors
C, and C, can move these poles toward lower fre-
quencies. This frequency compensation is more ef-
ficient because the capacitance effect is magnified
by a factor of C,/C, (of M13) or C,/C, (of
M12)'7.

A special effort was spent on this frequency
compensation of the output stage. The whole am-
plifier is stabilized with the capacitor C,,which is
connected between IN- and Vour.

4 Other circuits

Some other circuits are included in the audio
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power amplifier driving headphone. The bias cir-
cuit provides three voltage biases,and a row of re-
sistances can be selected to serve as feedback re-
sistance. ESD should be considered in this chip.

5 Conclusion

A low noise, low power, low distortion fully
differential audio power amplifier with program-
mable gain for driving headphones has been pres-
ented. The system is based on an operational am-
plifier,which is discussed particularly. It has been
implemented in a CSMC 0. 6pm, 2 poly, 2 metal
5V CMOS process. The layout (including two au-
dio amplifiers and digital controls) of the audio
power amplifier is shown in Fig. 4. The nominal
operating voltage for this chip is 5V, and it can

Fig.4 Layout of the audio power amplifier

operate from 2.5 to 5. 5V. It obtains a 0. 1% THD
+ N with 5V power-supply.a 1kHz frequency au-
dio signal,and a 120mW continuous average out-
put power into a 16Q load. The gain can be set
from + 12 to — 34.5dB in 32 discrete steps of
1. 5dB. The specifications of the amplifier are
summarized in Table 1.

Table 1 Specifications of the amplifier

Vop =5V, T=25C Measured
DC open loop gain 90dB
Phase margin 62°
Offset voltage 50V (typical)
THD @ 1kHz - 95dB
Power consume 1. 2mAX Vpp
Area 0.65mm?
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