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DESIGN INFORMATION

A New, Fully Differential, No Latency
Delta-Sigma ADC Family by Michael K. Mayes

Introduction
In recent years, Linear Technology
has introduced a family of high reso-
lution delta-sigma analog-to-digital
converters. Originating from the
LTC2400, this product family fea-
tures high accuracy (10ppm total
error), ease of use (8-pins, on-chip
oscillator, no latency) and low drift
(user-transparent offset/full-scale
calibration). This product family
includes single-ended one-, two-, four-
and eight-channel input devices with
user-selectable 50Hz or 60Hz line-
frequency rejection.

A new family of differential-input
delta-sigma analog-to-digital convert-
ers is introduced here. These
converters offer features similar to
those of the previous family, with the
addition of differential input and dif-
ferential reference. All devices offer
compatible timing and interface with
the original LTC2400, as well as trans-
parent calibration, no latency, on-chip
oscillator and wide supply (2.7V–
5.5V), input and reference ranges.

 The first part, the LTC2410, fea-
tures 0.1ppm offset error, 2ppm INL,
0.16ppm RMS noise, and a common
mode reference/input range of GND
to VCC, all in a GN-16 package. The
second part, The LTC2411, is pack-
aged in a tiny 10-pin MSOP package
with differential input and differen-

tial reference. The third part, the
LTC2413, offers simultaneous 50Hz
and 60Hz rejection and is pin and
performance compatible with the
LTC2410.

These new differential delta-sigma
devices are presented here in applica-
tions exemplifying their performance
and ease-of-use, including a full-
bridge digitizer, a DC-accurate digital
voltmeter (DVM), a remote 4-wire half-
bridge interface and an application
that features simultaneous 50Hz/
60Hz rejection.

Full-Bridge Digitizer
As shown in Figure 1, the LTC2410
(the LTC2413 can be substituted in
any LTC2410 application) directly
interfaces to a 4- or 6-terminal bridge.
Its small size (GN-16, the same foot-
print as an SO-8) and the ease-of-use
(no external oscillator, no user cali-
bration required, 10nV/°C offset drift)
allow the LTC2410 to be incorporated
inside a load-cell body. This replaces
long analog wiring with a 2- or 3-wire
digital interface, simplifying input
protection, RFI suppression and
errors associated with these wires.

The LTC2410/LTC2413 noise per-
formance is 800nVRMS with a 5V
reference (22.6 noise-free bits). The
typical bridge produces 2mV/volt of

excitation, corresponding to a full-
scale output of 10mV. The LTC2410
produces over 12,000 counts for this
range without the added complexity
of a programmable gain amplifier
(PGA), offset calibration, full-scale
calibration or external amplification.
The absolute accuracy (offset + full-
scale + linearity) of the LTC2410 is 3
parts per million, independent of the
supply voltage and ambient tempera-
ture. This allows the user to reliably
average multiple readings from the
LTC2410. As a result, over 100,000
counts can be obtained by averaging
64 samples.

Digital Voltmeter (DVM)
An analog-to-digital converter used
as the front end of a digital voltmeter
requires excellent linearity and low
noise over a wide dynamic range.
Additionally, the converter’s offset
error, offset drift, full-scale error and
full-scale drift are critical to the over-
all performance. The LTC2410 offers
2ppm linearity with 0.16ppmRMS noise
over the complete 5V input range.
The part offers 0.1ppm offset with
10nV/°C drift and 2.5ppm full-scale
accuracy with 0.03ppm/°C drift. With
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Figure 1. Direct bridge connection Figure 2. DVM lead-reversal experiment
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overall errors typically summing to
less than 3ppm of VREF, this corre-
sponds to six digits of accuracy.

The LTC2410’s 2-terminal refer-
ence and 2-terminal input have
common mode input ranges extend-
ing from GND to VCC, independent of
each other. As a result, ratiometric
voltage measurements can be made
directly with the LTC2410. As shown
in Figure 2, the absolute accuracy of
the LTC2410 enables reversal of input
leads without shifts in the output
code. For example, if VREF

+ is tied to
5V, VREF

– is tied to 0V, VIN
+ is tied to 3V

and VIN
– is tied to 0V, the ADC will

output a code corresponding to +3/5
of full-scale to within 3ppm. On the
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other hand, if VIN
+ is tied to 0V and

VIN
– is tied to 3V (the input leads

reversed), the ADC output will read
–3/5 of full-scale to within 3ppm.

Half-Bridge Interface
Applications using RTDs and ther-
mistors benefit from the large input
common mode range of the LTC2410.
As shown in Figure 3, this flexibility
allows the reference resistor to directly
drive the reference input and the RTD/
thermistor to directly drive the input.
Nonlinearity errors over the output
voltage span of the RTD are elimi-
nated using this configuration.

Simultaneous 50Hz
and 60Hz Rejection
Many applications require simulta-
neous 50Hz and 60Hz rejection. While
the LTC2410 offers pin-selectable
50Hz or 60Hz rejection, the LTC2413
simultaneously rejects both frequen-
cies to 140dB common mode and
87dB normal mode. This is useful in
applications where the destination
country (line frequency) is unknown
and a jumper or switch to select either
50Hz or 60Hz rejection is not practical.

Conclusion
Linear Technology has introduced a
new family of fully differential delta
sigma analog-to-digital converters.
The family consists of the LTC2410, a
800nVRMS noise device with 3ppm
total unadjusted error, a pin/perfor-
mance compatible simultaneous
50Hz/60Hz rejection device, the
LTC2413, and the tiny (10-pin MSOP)
LTC2411. These devices allow a direct
connection to bridge sensors as well
as a novel half-bridge interface. Their
absolute DC accuracy rivals the per-
formance of 6-digit DVMs.

Figure 3.Half-bridge interface

Figure 4. Simultaneous 50Hz/60Hz rejection

LTC2410/11/13, continued from page 25

In cases where the infinite sample-
and-hold is used to undersample a
higher frequency, the down conver-
sion that is performed exaggerates
the effects of phase jitter. This can be
both a blessing and a curse. The
blessed effect is that frequency sta-
bility and jitter effects are much easier
to measure. The curse is that the use
of a phase-locked loop as a tunable
sample clock for spectrum analysis
applications may simply expose the
phase jitter of the phase-locked loop,
rather than the incoming signal. Note
also that undersampling a signal
requires that the frequencies corre-
spondingly below the sampling clock
must be suppressed or they will fold
into the baseband and become
inseparable from the signal of interest.

An alternate down-conversion
scheme in a single stage can use
undersampling at a submultiple of an

offset frequency (see Figure 4). If, for
example, it is necessary to produce a
1kHz tone directly from a 455kHz IF
signal, sampling at 454kHz is beyond
the capability of the both the LTC1417
and the LTC1658. At the above
mentioned 55kHz output rate, the
output does not actually settle, but
because each step is well within the
slew limits of the DAC, the results are
reasonable. On the other hand, if the
ADC were sampling at 454kHz/10
(45.4kHz), the difference frequency
would be 1kHz but the DAC update
rate would allow plenty of time for
settling, and distortion would be lower
than would result from running at or
near the full rate of the ADC. If the
DAC update rate is 45kHz, the low-
pass filter following the DAC should
suppress the 45kHz update rate by
50dB or more.

Conclusion
The use of the infinite sample-and-
hold as a sample-and-hold is
straightforward and provides hold
times not possible with a capacitor-
based sample-and-hold amplifier. The
characteristics can be tailored to suit
many different applications by addi-
tion of circuitry before or after the
ADC/DAC combination. Other Lin-
ear Technology ADCs and DACs can
be used and multiple outputs derived
from a single waveform can be pro-
vided by many DACs driven by a
single ADC, as can multiple inputs be
sampled via a multiplexer.
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