DESIGN INFORMATION

Accurate and Simple AC
Measurement to 500kHz
Introduction

Figure 1. The LTC1967, LTC1968 are easy to
hook-up. The only external components are an
averaging capacitor and a bypass capacitor.

pendent of the input amplitude being
converted. This again is in contrast
to older implementations which have
their bias linked to the input amplitude, and therefore slow down with
smaller inputs.
Finally, the switched capacitor
architecture makes it easy to get railto-rail operation at the input and the
output. Level shifting the output is as
easy as tying the OUT RTN pin to the
desired output level.

Advantages
of the ∆Σ Topology

Selecting the
Averaging Capacitor

5V

The LTC1967 and LTC1968 provide
the easiest way to accurately measure
the RMS value of any AC waveform with
input signal frequencies as high as
500kHz. They have 1% gain accuracy
and noise out to 100kHz and 500kHz,
respectively. Their phenomenal linearity of 0.02%, derived from the use of
a Delta Sigma architecture, allows
easy RMS-to-DC conversion without
the need for the calibration that is expected in log-antilog implementations.
They also provide much more stable
performance over temperature.
Figure 1 shows how easy it is to
use the LTC1967 or LTC1968. Each
requires only one averaging capacitor and one supply bypass capacitor.
The input can be driven differentially
or single ended, AC or DC coupled,
with a common mode range anywhere
between GND and V+. The output has
a return pin that provides easy level
shifting anywhere between GND and
V+.
A designer needs only to select
an averaging capacitor big enough
to provide the required low and high
frequency accuracy, and small enough
to meet settling time requirements.
That is the only design decision.
Table 1 summarizes the features of
the LTC1967 and LTC1968.
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The ∆Σ topology used in the LTC1967
and LTC1968 has several advantages.
First, the linearity of the RMS-to-DC
conversion is unsurpassed. Figure
2 shows the output error versus input. Linearity is typically better than
0.02%. This linearity comes from the
fact that the multiplication and division performed using the modulator
operates at only two gains: –1 and 1.
A second advantage from this architecture is that not much changes
over temperature. For example, the
gain drifts less than 10ppm/°C. This
is an order of magnitude better then
converters made using older log-antilog implementations.
The bandwidth and response time
of the LTC1967 and LTC1968 is inde-

The only external component that
requires careful selection is the averaging capacitor. There are three
considerations when selecting the
averaging capacitor:
❑ The accuracy of the conversion at
low input frequencies,
❑ The noise at high input frequencies, and
❑ The settling time required.
There are two errors at low frequency to consider. One is the DC error in
the output and the second is the AC
ripple in the output. In the data sheet
are curves that show these two errors
versus frequency for different values
of the averaging capacitor. The larger
the averaging capacitor, the smaller
both of these errors become.
At higher input frequencies, the

Table 1. Feature summary
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LTC1967

LTC1968

Typical Linearity

±0.02%

±0.02%

Maximum Gain Error

±0.3%

±0.3%

Bandwidth to 0.1% Additional Error

40kHz

150kHz

Bandwidth to 1% Additional Error

100kHz

500kHz

Input/Output Common Mode Range

Rail-to-Rail

Rail-to-Rail

Supply Voltage

5V ±0.5V

5V ±0.5V

Supply Current

330µA

2.3mA

Package

8-lead MSOP

8-lead MSOP
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Figure 2. Linearity is typically
better than 0.02%.
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Figure 3. Output noise vs input frequency

noise in the DC output increases
because the noise increases with frequency in the ∆Σ modulator. This noise
aliases to low frequencies in the DC
output. The increased averaging from
a larger averaging capacitor lowers
this noise. Figure 3 shows the output
noise versus input frequency for the
LTC1967 and LTC1968. The LTC1968
has lower noise than the LTC1967 at
higher frequencies.
Finally, one must consider the settling time of the device. With larger
averaging capacitors, the settling time
increases. Since accuracy at low and
high frequencies both increase with a

larger averaging capacitor, one should
use the largest averaging capacitor
possible while still meeting settling
time requirements. The data sheet has
a graph of the settling time versus
averaging capacitor.

Power Good Detection

15V, the minimum gate drive voltage
is 4.5V, and a logic level MOSFET
must be used. When the input supply
voltage is higher than 20V, the gate
drive voltage is at least 10V, and a
MOSFET with a standard threshold
voltage can be used.

Conclusion
The LTC1967 and LTC1968 simplify AC measurement by providing
calibration-free accuracy, flexible
input/output connections, and temperature stability. They maintain their
accuracy over a large input frequency
range. Both are available in a tiny 8pin MSOP package.

LT4256-1/-2, continued from page 8

Automatic Restart and
Latch Off Operation

Following a current fault, the LT42562 provides automatic restart by
allowing Q1 to turn on when voltage
on the TIMER pin has ramped down
to 650mV. If the overcurrent condition at the output persists, the cycle
repeats itself until the overcurrent
condition is relieved. The duty cycle
under short-circuit conditions is 3%,
which prevents Q1 from overheating
(see Figure 4).
The LT4256-1 latches off after a
current fault (see Figure 5). After the
LT4256-1 latches off, it can be commanded to restart by cycling UV to
ground and then above 4V. This command can only be accepted after the
TIMER pin discharges below the 0.65V
(typ) threshold (to prevent overheating
transistor Q1).

The LT4256 includes a comparator
for monitoring the output voltage.
The output voltage is sensed through
the FB pin via an external resistor
string. If the FB pin goes above 4.45V,
the comparator’s output releases the
PWRGD pin so it can be externally
pulled up. The comparator’s output
(PWRGD pin) is an open collector
capable of operating from a pull-up
voltage as high as 80V, independent
of VCC.

GATE Pin
The GATE pin is clamped to a maximum of 12.8V above the VCC voltage.
This clamp is designed to sink the
internal charge pump current. An
external Zener diode must be used
from VOUT to GATE. When the input
supply voltage is between 12V and
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Figure 4. LT4256-2 current limit waveforms
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Conclusion
The LT4256’s comprehensive set of
advanced protection and monitoring
features make it applicable in a wide
variety of Hot Swap™ solutions. It can
be programmed to control the output
voltage slew rate and inrush current.
It has a programmable undervoltage
threshold, and monitors the output
voltage via the PWRGD pin. The
LT4256 provides a simple and ﬂexible
Hot Swap solution with the addition of
only a few external components.

10ms/DIV

Figure 5. LT4256-1 current limit waveforms
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