
An audio volume-unit meter dis-
plays peak-related audio ampli-

tudes to aid in accurately setting record-
ing levels or for displaying an amplifi-
er’s operating conditions. A simple
diode and capacitor network provides
a classic volume-unit meter’s peak-
weighted response, but the circuit typ-
ically limits response to about 23 dB of

displayable dynamic range, and the
meter suffers from errors that its point-
er’s inertia and mechanical “ballistics”
introduce. Contemporary displays
eliminate the inertia problem by using
arrays of lighted elements to form bar
graphs, but any shortcomings in re-
sponse and accuracy characteristics
now shift to the signal-processing

domain. You can use DSP techniques
and applied mathematics to replicate a
meter’s functions in firmware, but this
approach gets relatively expensive if
the device doesn’t already include DSP
functions to spare.

An inexpensive analog meter’s weak-
ness remains its peak-hold element, a
capacitor that must charge quickly to
accommodate large signals and accu-
rately for small signals—two mutually
exclusive goals. In addition, the non-
ideal characteristics of the diodes for

dedicated chip-selection line.
Given the perpetual demand for

higher sample rates and resolution, I2C’s
limited speed may restrict its use in
some applications and instead force
designers to select SPI. However, SPI
requires an additional I/O pin on the
host controller. In situations in which
extra pins are unavailable but the
application requires a fast SPI-bus con-
verter, you can apply the technique in
Figure 1.

For example, Texas Instruments’
ADS7816 comprises a 200k-sample/
sec, 12-bit-sampling ADC that re-
quires a bit rate of 3M samples/sec to
sample continuously at a 200k-sam-
ple/sec rate (Reference 1). Selecting
the ADS7816’s active-low CS (chip-
select) pin initiates a conversion cycle.
After toggling and holding CS low dur-
ing the data transfer, CS returns high
after transferring the data completes
the process.

When the clock line initially goes
low, it also asserts CS to a low state.
The time constant of the peak detec-
tor comprising D1, R1, and C1 ensures
that CS does not go high until the
clock line remains high for more than
one clock cycle (Figure 2). Although
the clock line toggles and retrieves data
from IC2, CS remains asserted low, and,
upon completion of retrieval, the clock
line goes high, and CS follows, ready-
ing the circuit for another conversion
cycle.

Because C1 must discharge at the end

of a conversion cycle, the controller
should delay the start of the next con-
version cycle until C1 fully discharges.
Careful choice of R1 and C1 minimizes
the delay to a minimum of three clock
cycles. In addition, the voltage across C1
must not fall below inverter IC1B’s input
threshold before the next clock pulse
arrives to refresh the capacitor’s voltage.
Inverter IC1A’s output voltage and cur-
rent capabilities affect C1’s recharge

time, and R1 and IC1B’s input impedance
affect the discharge time. To ensure a
robust design, include components’ tol-
erances and temperature coefficients
along with variations of logic-input and
-output thresholds.EDN
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ADS7816 data sheet, http://focus.

ti.com/docs/prod/folders/print/
ads7816.html, Texas Instruments.
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Figure 1 Two inverters and a few components can substitute for an SPI ADC’s
chip-select line.
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Figure 2 An SPI-clock waveform (top trace) evokes data (bottom trace), and
peak detection of the clock (the waveform at Point A in Figure 1) yields a signal
(next-to-bottom trace) that mimics the chip-selection line’s behavior.
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full-wave rectification and peak-hold
functions also limit an analog volume-
unit meter’s dynamic range. Preserving
20 dB of display dynamics and moni-
toring signal levels that can vary over
a 40-dB range, which is typical in con-
sumer electronics, call for a circuit with
a dynamic range on the order of 60 dB.

In most instances, traditional circuits
fail to simultaneously provide the
intended accuracy and slew rate, par-
ticularly at low signal levels over a wide
dynamic range. The circuit in Figure
1 offers a simple configuration that
delivers high accuracy over a dynam-
ic range that exceeds 60 dB and pro-
vides the rapid-attack/slow-decay char-
acteristics that a high-quality display
requires.

The heart of the circuit is a Linear
Technology LT1011 comparator, IC2,
which monitors the difference
between the incoming signal’s ampli-
tude and the peak-detected output. It
also delivers charging current to a 4.7-
�F hold capacitor, C6, whenever the
state of its charge is too low. Unfortu-

nately, the input-to-output delay
inherent in comparators and nonlin-
ear amplifiers determines the mini-
mum output-pulse width. If the hold
capacitor charges quickly to track large
input bursts, the minimum charge step
must greatly exceed the level of small
signals and thus limits the dynamic
range.

Inductor L1 solves the capacitor-
response problem by providing an
adaptively variable source of charging
current. Adding a 10-mH inductor
limits the maximum current rate when
the comparator generates narrow
pulses, thus reducing the minimum
charging amplitude step to a smaller
level of 1 mV or less. For wider charg-
ing pulses, the current automatically
ramps up to higher levels to provide
the desired high slewing rate. The
minimum charge step is essentially
proportional to the signal-step size,
ensuring a constant relative accuracy
of better than 1 dB over a 60-dB sig-
nal range. A signal level of �59 dB
corresponds to a 13-mV input, and a

meter-scale factor of 0 dB of 2V peak
corresponds to the input level neces-
sary for a typical gain-of-20 audio
power amplifier to deliver 100W rms
into an 8� load, or approximately 40V
peak output.

The circuit also includes two opera-
tional-amplifier stages based on Linear
Technology’s high-accuracy LT1469
dual op amp. The first stage, IC1A, pro-
vides gain of a factor of six in this
example, so that a 2V input peak pro-
vides a 12V output. The second op-
amp stage, IC1B, forms a precision
inverting half-wave rectifier. The out-
puts from IC1A and IC1B and the posi-
tive-peak-detected voltage across C6
combine at IC2’s input to provide a
zero-crossing threshold to the com-
parator. When its input falls below 0V,
IC2’s output switches on Q1 and deliv-
ers charge to C6 until the voltage across
C6 reaches or slightly exceeds the
amplified audio voltage. The feedback
network comprising R8 and C4 provides
an optimal volume-unit-metering dis-
charge.EDN
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Figure 1 This inductor-compensated voltage-unit meter displays a 60-dB dynamic range.

_

+

+

R2
30.1k

R1
4.99k

R3
4.99k

R4
4.99k

R5
15k

R9
1.5k

Q1
MMBT3906

R10
100

L1
VISHAY-DALE

IHSM-7832
10 mH

R6
30.1k

R8
30.1k

R12
22

R7
7.5k

C2
15 pF

C5
100 �F

IC1A
1/2 LT1469

C1
22 pF

C4
330 pF

C6
4.7 �F

C3
0.033 �F

15V

�15V

�15V

2
8

1

4

3

_

+

IC1B
1/2 LT1469

D1
CMPD6263S

D2
MBR0520

6

7

5

2V P-P
FULL-SCALE

IN

_

+

IC2
LT1011

15V

2

8

4

�

1

7

�

3

NOTE: SCHEMATIC DOES NOT SHOW THE 0.033-�F BYPASS CAPACITORS AT EACH IC POWER LEAD.

R11
1.5k

TO METER
12V FULL-SCALE
13 mV AT �59 dB

�

�

�

�

edn051101dix.qxd  10/27/2005  11:10 AM  Page 88




