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The increasing acceptance of 
Class D amplifiers has helped 

them gain market share from their 

linear Class AB brethren. That 
acceptance is no surprise; the advan-
tages of Class D amplifiers are legion, 

but such amplifiers also require 
new techniques for evaluation. For 
example, consider a basic sine-wave 
test of a linear amplifier. You apply 
power, apply a sine wave of suitable 
amplitude to the input, and connect 
an oscilloscope probe to the output. 
You’ll see a replica of the input, usu-
ally offset by about half the power-
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R2 and R3 halve the voltage across 
C1 and apply it to IC1’s positive input 
voltage at Pin 3 for comparison with 
its built-in 1.245V reference. For 
voltages across C1 that do not exceed 
2.49V, IC1’s output at Pin 6 remains 
low. When C1’s voltage reaches 2.5V, 
Pin 3’s voltage exceeds the reference 
voltage, and IC1’s output goes high, 
turning on Q1 and Q2.

Several days must elapse before C1 
becomes fully charged, given its huge 
capacitance and a charging current of 
less than 10 �A. The voltage on C1 
can never exceed 2.5V because, once 
it reaches 2.49V, Q1 and Q2 turn on, 
connecting C1 to a switched-mode-
power-supply circuit. Because the 
power-supply current exceeds the 

charging current, the voltage across 
C1 starts to decrease when Q2 turns 
on. Transistor Q3 holds Q2 on when 
C1’s decreasing voltage causes Q1 to 
turn off.

The switched-mode-power-supply 
circuit comprises a Linear Technology 
(www.linear.com) LTC3459 micro-
power boost converter, IC2, and its 
associated components, which deliver 
5V at 10 mA. A fully charged C1 can 
supply power to a 10-mA load for 
approximately 40 sec. With no load, 
the circuit can sustain its 5V output for 
more than 10 hours. For greater out-
put current and shorter operating time, 
select another boost converter that can 
operate at a low input voltage.

Mechanical switches, open-drain 

MOSFETs, open-collector transistors, 
or a microcontroller’s open-drain out-
put pins can drive two external control 
inputs to force the circuit on and off. 
Pulling the On input low forces Q2 to 
turn on and deliver power from C1 to 
the power converter, and pulling the 
Off input low turns off Q2 and removes 
power from the converter. Note that 
the power converter’s output-return 
line connects to the telephone line 
and thus should not connect to an 
earth ground or to grounded equip-
ment.EDN
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 “Part 68,” Federal Communications 
Commission, www.fcc.gov/wcb/iatd/
part_68.html.

Active-filter circuit and oscilloscope 
inspect a Class D amplifier’s output
John Guy, Maxim Integrated Products Inc, Sunnyvale, CA
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Figure 1 Use this third-order, 30-kHz filter circuit to observe a Class D amplifier’s output signal on an oscilloscope.
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Although not an ADC in the 
classic “stream-of-ones-and 

zeros” sense, this voltage-to-pulse-
width converter produces a logic-level 
output pulse whose variable width 
represents an analog of the input 
voltage. Based on Atmel’s (www.
atmel.com) AT89LP4052 micropro-
cessor, IC1, this circuit makes efficient 
use of the target microprocessor’s 
limited analog-port pinout and code 
space by using a modified version of 
the classic timed-discharge-RC (resis-
tor-capacitor) ADC design.

The timed-RC ADC allows a 
capacitor to charge through a resis-
tor while the microprocessor incre-
ments a counter. When a compara-
tor detects that the capacitor voltage 

and analog- input voltage are equal, 
the count terminates, and its stored 
value represents the ADC’s output. 
However, an RC network’s exponen-
tial charging characteristic produces 
a nonlinear conversion. Various soft-
ware and hardware techniques can 
partially correct the nonlinearities, 
but all entail adding code, increas-
ing the circuit’s development time, or 
consuming additional I/O-port pins 
required for other purposes. 

To produce a linear-charging 
characteristic that needs no correc-
tion, the circuit in Figure 1 uses an 
LM334 constant-current source, IC2, 
to drive capacitor C2, which connects 
to IC1’s AIN0 analog-input port. An 
internal timer in the microcontroller 

measures the elapsed time from the 
charging ramp’s start to the instant 
when the ramp voltage crosses the 
analog-input-voltage threshold at 
IC1’s AIN1 port.

In this application, potentiometer 
RV1 provides an analog-input voltage 
proportional to its position. The width 
of the positive-going pulse at the out-
put, P1.5, varies in proportion to the 
analog-voltage input. Note that I/O-
port pin AIN1 serves a dual purpose as 
an analog input and as an open-drain 
output that discharges ramp-forming 
capacitor C2 before the next conver-
sion cycle.

An 8-bit voltage-to-pulse-width- 
conversion cycle completes in less 
than 4 msec. The code performs the 
conversion function and outputs a 
pulse train at IC1’s port P1.5 (Pin 
17) with a period of 100 msec and 
a positive-going pulse width propor-
tional to the analog-input voltage at 
Pin 13 (AIN1). Programming con-
nector J1 provides access to IC1 for 

designideas
supply voltage. Even if the linear 
amplifier drives a BTL (bridge-tied 
load), you’ll still see a recognizable 
replica of the input at either end of 
the load, albeit at half of the output 
signal that’s available.

Testing a Class D amplifier poses 
more difficulties. The amplifier’s 
output comprises a PWM (pulse-
width-modulated) signal that swings 
between ground and the supply volt-
age at a frequency that’s usually 200 
kHz to 2 MHz. However, when you 
view this PWM output on an oscillo-
scope, you’ll see no resemblance to the 
sine-wave input.

You can observe a Class D audio 
amplifier’s output if you introduce 
the filter circuit in Figure 1. Based 
on Maxim’s (www.maxim-ic.com) 
MAX-9727 quad-audio-line driver, 
IC1, the circuit combines separate 
single-ended filters—one for each 
of the BTL outputs’ phases—with a 
third amplifier that provides a differ-
ence signal with additional filtering. 
The first stage of each single-ended-
filter section contributes the com-

plex-conjugate pole pair of a third-
order, 30-kHz multiple-feedback 
Butterworth filter, for which many 
design guidelines and equations are 
available. Each third-order-filter sec-
tion comprises a complex-conjugate 
pole-zero pair and one real pole.

To improve the match between the 
signal paths, the two separate mul-
tiple-feedback filters share a real pole, 
which 470-pF capacitor C1 and 11-k� 
resistors R1 and R6 provide. The circuit 
implements that pole as a difference 
amplifier, thereby producing a filtered 
output that presents a single-ended 
version of the BTL amplifier’s outputs. 
The filters’ signal paths present 5.5-
k� impedances to each of the A and 
B amplifier sections’ inputs. By inspec-
tion, the net 5.5-k� impedance from 
Section B’s output to C1 comprises 
the Thevenin-equivalent impedance 
of resistors R6 and R7. Similarly, the 
net impedance from Section A’s out-
put to C1, also 5.5 k�, comprises the 
Thevenin impedance of resistors R1 
and R2. Note that the virtual ground 
from Amplifier D’s inverting input 

effectively grounds resistor R2.
Matched resistors attenuate each of 

Amplifier D’s differential inputs by 6 
dB (IN� by R1 and R2 and IN� by 
R6 and R7). A 22-k� feedback resis-
tor, R3, provides Amplifier D with a 
gain of two, which sets a unity-gain-
transfer function in the circuit’s pass-
band. The circuit’s single-ended out-
put with respect to ground allows the 
oscilloscope’s ground to also serve as 
the output signal’s ground. A version 
of this circuit using conventional op 
amps would require a negative-power-
supply-voltage source, but Maxim’s 
MAX9727 already includes a nega-
tive-voltage source, which its inter-
nal charge-pump circuit generates. 
When you operate the circuit from a 
5V supply, the circuit’s output deliv-
ers more than 2.5V rms. Although 
its third-order filter is inadequate for 
precise measurements of distortion or 
noise, the circuit provides an excel-
lent tool for troubleshooting and 
evaluating Class D-amplifier circuits 
and inspecting their outputs on an 
oscilloscope.EDN

Voltage-to-pulse-width converter 
spares microprocessor’s resources
James Christensen, Kris Design Co, El Cajon, CA
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