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a home hi-fi system. In the upper diagram, any differ-
ence between the two GND references (represented by
VNOISE) causes current to flow through the screen of
cable between the two devices. This can cause noise
pickup at the receiver due to the potential divider
action of the audio screen cable impedance and the
GND wiring of the amplifier.

Introducing impedance between the jack socket and
GND of the notebook helps (as shown in the lower dia-
gram). This has the following effect:

Current flow (from GND potential differences) in the
cable screen is reduced, which is a safety issue.

It allows the MAX9722A/MAX9722B differential sensing
to reduce the GND noise seen by the receiver (amplifier).

The other side effect is that the differential headphone
jack sensing corrects the headphone crosstalk (from
introducing the resistance on the jack GND return).
Only one channel is depicted in Figure 9.

Figure 9 has some example numbers for resistance,
but the audio designer has control over only one series
resistance applied to the headphone jack return. Note
that this resistance can be bypassed for ESD purposes
at frequencies much higher than audio if required. The
upper limit for this added resistance is the amount of
output swing the headphone amplifier tolerates when
driving low-impedance loads. Any headphone return
current appears as a voltage across this resistor.

Piezoelectric Speaker Amplifier
Low-profile piezoelectric speakers can provide quality
sound for portable electronics. However, piezoelectric
speakers typically require large voltage swings 
(>8VP-P) across the speaker element to produce usable
sound pressure levels. Power sources in portable
devices are usually low voltage in nature. Operating
from batteries, conventional amplifiers cannot provide
sufficient voltage swing to drive a piezoelectric speak-
er. However, the MAX9722’s DirectDrive architecture
can be configured to drive a piezoelectric speaker with
up to 12VP-P while operating from a single 5V supply.

The stereo MAX9722 features an inverting charge
pump that takes the positive +5V supply and creates a
negative -5V supply. Each output of the MAX9722 can
swing 6VP-P. This may be sufficient to drive a piezo-
electric speaker. If a higher output voltage is desired,
configuring the MAX9722A as a bridge-tied load (BTL)
amplifier (Figure 10) doubles the maximum output
swing as seen by the load to 12VP-P. In a BTL configu-
ration, the right channel of the MAX9722 serves as the
master amplifier, setting the gain of the device, driving
one side of the speaker, and providing signal to the left

channel. The left channel is configured as a unity-gain
follower, inverting the output of the right channel and
driving the other leg of the speaker. Use precision
resistors to set the gain of the left channel to ensure low
distortion and good matching.

The MAX9722 was tested with a Panasonic WM-R57A
piezoelectric speaker, and the resulting THD+N curves
are shown (Figures 11 and 12). Note in both graphs, as
frequency increases, the THD+N increases. This is due

5V, Differential Input, DirectDrive, 130mW
Stereo Headphone Amplifiers with Shutdown

14 ______________________________________________________________________________________

MAX9722A

INR

OUTR

INL

OUTL

AUDIO
INPUT

1μF 10kΩ

10kΩ

10kΩ

10kΩ

Figure 10. MAX9722 BTL Configuration
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Figure 11. MAX9722 THD+N vs. Output Voltage



to the capacitive nature of the piezoelectric speaker, as
frequency increases, the speaker impedance decreas-
es, resulting in a larger current draw from the amplifier.

Furthermore, the capacitive nature of the speaker can
cause the MAX9722 to become unstable. In these
tests, the MAX9722 exhibited instabilities when driving
the WM-R57A. A simple inductor/resistor network in
series with the speaker isolates the speaker’s capaci-
tance from the amplifier, and ensures the device output
sees a resistive load of about 10Ω at high frequency
maintaining stability. Although the MAX9722 was not
stable with the WM-R57A, a different speaker with dif-
ferent characteristics may result in stable operation,
and elimination of the isolation components.

Layout and Grounding
Proper layout and grounding are essential for optimum
performance. Connect PGND and SGND together at a
single point on the PC board. Connect all components
associated with the charge pump (C2 and C3) to the
PGND plane. Connect PVDD and SVDD together at the
device. Connect PVSS and SVSS together at the device.
Bypassing of both supplies is accomplished by charge-
pump capacitors C2 and C3 (see the Typical Application
Circuit). Place capacitors C2 and C3 as close to the
device as possible. Route PGND and all traces that carry
switching transients away from SGND and the traces
and components in the audio signal path. Refer to the
MAX9722A Evaluation Kit for layout guidelines.
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TOTAL HARMONIC DISTORTION PLUS
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Figure 12. MAX9722 THD+N vs. Frequency

Figure 13. MAX9722 Capacitive-Load Stability Waveform: 
(a) Falling Edge, (b) Rising Edge

Figure 14. Isolation Network Improves Stability
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System Diagram
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The thin QFN package features an exposed paddle that
improves thermal efficiency of the package. The
MAX9722A/MAX9722B do not require additional

heatsinking. The exposed paddle can be either connect-
ed to PVSS or a small electrically isolated copper plane.
Do not connect to PGND, SGND, PVDD, or SVDD.
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Typical Application Circuit
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Chip Information
TRANSISTOR COUNT: 1100

PROCESS: BiCMOS

Pin Configurations
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EXPOSED PAD VARIATIONS

CODES
PKG.

T1233-1
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PKG

REF. MIN.

12L 3x3

NOM. MAX. NOM.

16L 3x3

MIN. MAX.

0.35 x 45°

PIN ID JEDEC

WEED-1

T1233-3 1.10 1.25 0.95 1.10 0.35 x 45°1.25 WEED-10.95

T1633F-3 0.65

T1633-4 0.95

0.80 0.95 0.65 0.80

1.10 1.25 0.95 1.10

0.225 x 45°0.95 WEED-2

0.35 x 45°1.25 WEED-2

T1633-2 0.95 1.10 1.25 0.95 1.10 0.35 x 45°1.25 WEED-2

PACKAGE OUTLINE

21-0136 2
2

I

8, 12, 16L THIN QFN, 3x3x0.8mm

WEED-11.251.100.95 0.35 x 45°1.251.100.95T1233-4

T1633FH-3 0.65 0.80 0.95 0.225 x 45°0.65 0.80 0.95 WEED-2

NOTES:

 1.   DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M-1994.
 2.   ALL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.

 3.   N IS THE TOTAL NUMBER OF TERMINALS.
 4.   THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL CONFORM TO  
       JESD 95-1 SPP-012.   DETAILS OF TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE LOCATED  
       WITHIN THE ZONE INDICATED. THE TERMINAL #1 IDENTIFIER MAY BE EITHER A MOLD OR 
       MARKED FEATURE.
 5.   DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0.20 mm AND 0.25 mm 
       FROM TERMINAL TIP.  
 6.   ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.
 7.   DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION.

 8.   COPLANARITY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS .
 9.   DRAWING CONFORMS TO JEDEC MO220 REVISION C.
10.  MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
11.  NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY.
12.  WARPAGE NOT TO EXCEED 0.10mm.
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