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(57) Abstract: A method for detecting a floating signal input terminal includes providing a common-mode input voltage to a first

amplifier (204) coupled to the signal input terminal (234), and providing an output signal (230) generated by the first amplifier (204)
to: a non-inverting input (222) of a second amplifier (202) coupled to the signal input terminal (234), an inverting input (220) of the

second amplifier (202), coarse detection circuitry, and fine float detection circuitry. The method also includes comparing, by the coarse

detection circuitry, the output signal (230) to a first threshold voltage, and determining the signal input terminal (234) to be not floating
responsive to the comparing indicating that the output signal (230) is greater than the first threshold voltage.
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FLOATING INPUT DETECTION
BACKGROUND
{8001} In an electronic device, a floating input terminal is an input terminal to which no signal
is applied, such as an input terminal to which no source or sink 18 connected {e.g., a voltage
source, a current source, a resistor, etc. ). A floating input terminal can indicate a fault condition
in or umntended disconnection of drive circuitry from the tnput terminal. Floating input
terminals can also cause undesirable effects in an electronic device. For example, a tloating
input terminal can result in excessive current flow in input circuitry of an electronic device.
SUMMARY
[0002] A method and circuitry for detecting a floating input terminal, and a data acquisition
system employing such circuitry, are described herein. In one example, a data acquisition system
includes a signal input terminal, an analog-to-digital converter (ADC), an analog front end (AFE)
circuit, and floating input detection circuitry. The AFE circuit is coupled to the ADC and the
signal input terminal. The AFE circuit includes a programmable gain amplifier, and a common
mode amplifier. The common mode amplifier is coupled to the programmable gain amplifier. The
common mode amplifier includes a first input, a second input, a third input, and an output. The
first input is coupled to a non-inverting input of the programmable gain amplifier. The second
input is coupled to an inverting input of the programmable gain amplifier. The third input is to
receive a common-mode input voltage. The output is coupled to the non-inverting input and the
inverting input of the programmable gain amplifier. The floating input detection circuitry is
coupled to the AFE circuit.
[0003] In another example, a method for detecting a floating signal input terminal includes
providing a common-mode input voltage to a first amplifier coupled to the signal input terminal,
and providing an output signal generated by the first amplifier to: a non-inverting input of a second
amplifier coupled to the input terminal, an inverting input of the second amplifier, coarse detection
circuitry, and fine float detection circuitry. The method also includes comparing, by the coarse
detection circuitry, the output signal to a first threshold voltage, and determining the signal input

terminal to be not floating responsive to the comparing indicating that the output signal is greater
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than the first threshold voltage.

[0004] In a further example, a circuit for detecting a floating input includes a signal input
terminal, a reference terminal, a first amplifier, a second amplifier, and float detection circuitry.
The first amplifier includes an inverting input coupled to the reference terminal, and a non-
inverting input coupled to the signal input terminal. The second amplifier includes a first input, a
second input, and an output. A non-inverting output and an inverting output of the first amplifier
are coupled to the first input or the second input. The output of the second amplifier is coupled to
the inverting input of the first amplifier, and to the non-inverting input of the first amplifier. The
float detection circuitry includes a digital-to-analog converter, a first comparator, a second
comparator, and control circuitry. The digital-to-analog converter includes a first output that is
coupled to one of the first amplifier or the second amplifier. The first comparator includes a first
input and a second input. The first input is coupled to the output of the second amplifier. The
second input is coupled to a second output of the digital-to-analog converter. The second
comparator includes a first input and a second input. The first input is coupled to the output of the
second amplifier. The second input is coupled to a third output of the digital-to-analog converter.
The control circuitry includes a first input, a second input, a first output, and a second output. The
first input is coupled to an output of the first comparator. The second input is coupled to an output
of the second comparator. The first output is coupled to an input of the digital-to-analog converter.
The second output is to indicate whether the input terminal is floating.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a block diagram of an example of a data acquisition system that includes
floating input detection in accordance with this description.

[0006] FIG. 2 shows a schematic diagram of an example of an analog front end (AFE) circuit
suitable for use in detecting a floating input in accordance with this description.

[0007] FIG. 3 shows an example of a common mode equivalent circuit corresponding to a
portion of the AFE circuit of FIG. 2.

[0008] FIG. 4 shows block diagram for an example of floating input detection circuitry in
accordance with this description.

[0009] FIG. 5 shows an illustration of an example of coarse float detection in accordance with
this description.

[0010] FIG. 6 shows an illustration of an example of fine float detection in accordance with this
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description.

[0011] FIG. 7 shows a flow diagram for a method for floating input detection in accordance with
this description.

[0012] FIG. 8 shows a schematic diagram of a second example of an AFE circuit suitable for use
in detecting a floating input in accordance with this description.

[0013] FIG. 9 shows a schematic diagram of a third example of an AFE circuit suitable for use in
detecting a floating input in accordance with this description.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0014] In this description, the term “couple” or “couples” means either an indirect or direct
connection. Thus, if a first device couples to a second device, that connection may be through a
direct connection or through an indirect connection via other devices and connections. Also, in this
description, the recitation “based on” means “based at least in part on.” Therefore, if X is based
on Y, then X may be a function of Y and any number of other factors.

[0015] Because floating inputs can cause undesirable effects and/or indicate a malfunction of
circuitry driving the input, detection of floating input terminals is desirable. Various techniques of
floating input detection have been implemented. Some implementations add detection circuity that
taps the input terminal, which can affect input terminal impedance, and may require the use of high
voltage process components if the input signals are high voltage. Other implementations monitor
the behavior of signal at an input terminal, via digital samples of the signal, over a long period of
time, which slows detection. Some systems implement dedicated detection cycles that halt normal
circuit operation, for a time, for float detection.

[0016] The floating input detection circuits and methods described herein quickly detect floating
input terminals without affecting terminal impedance, without requiring dedicated detection cycles,
and without use of high voltage process components. Implementations of the floating input
detection circuitry monitor the gain of a common mode amplifier stage in the analog front end
(AFE) coupled to an input terminal. The gain of the common mode amplifier stage is a function of
whether the input terminal is floating or not. Implementations test the common mode amplifier
stage gain by varying a common mode input voltage. The common mode input voltage is rejected
in the AFE and therefore varying the common mode input voltage to determine whether the input
is floating has little or no effect on the performance of the AFE.

[0017] FIG. 1 shows a block diagram of an example of a data acquisition system 100 that
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includes floating input detection in accordance with this description. The data acquisition system
100 includes an analog-to-digital converter (ADC) 102, a voltage reference circuit 104, one or
more AFE circuit 106, and floating input detection circuitry 108. Some implementations of the
data acquisition system 100 include an analog multiplexer 110 and digital interface circuitry 112.
The ADC 102 is a successive approximation register (SAR) ADC or other type of ADC suitable to
digitizing analog signals. The digital interface circuitry 112 provides for transfer of the digital
signal values produced by the ADC 102 to circuitry external to the data acquisition system 100.
For example, the digital interface circuitry 112, implements a serial peripheral interface or an inter-
integrated circuit interface in some implementations. The voltage reference circuit 104 generates a
reference voltage that the ADC 102 applies to digitize the analog signals. The analog multiplexer
110 selectively routes an analog signal from one of the AFE circuits 106 to the ADC 102. For
example, a selection value received from external circuitry via the digital interface circuitry 112
controls routing of analog signals from the AFE circuit 106 to the ADC 102 in some
implementations.

[0018] The AFE circuit 106 conditions a received input signal for digitization by the ADC 102,
Each AFE circuit 106 is coupled to a signal input terminal 114 and a reference input terminal 116.
The reference input terminal 116 connects a ground voltage to the data acquisition system 100 in
some implementations. The signal input terminal 114 connects an input signal to be digitized to
the data acquisition system 100. The AFE circuit 106 includes circuitry to process the input signal
received at the signal input terminal 114 for digitization. For example, the AFE circuit 106
includes an amplifier to apply gain to the input signal. The AFE circuit 106 also includes circuitry
that is used in detect whether the signal input terminal 114 is floating. The floating input detection
circuitry 108 is coupled to the AFE circuit 106 and applies the circuitry of the AFE circuit 106 to
determine whether the signal input terminal 114 is floating.

[0019] FIG. 2 shows a schematic diagram of an AFE circuit 200. The AFE circuit 200 is an
implementation of the AFE circuit 106. The AFE circuit 200 includes a programmable gain
amplifier 202 and common mode amplifier 204 connected in a common mode loop. The
programmable gain amplifier 202 is a differential amplifier having a non-inverting output 218, a
non-inverting input 222, an inverting output 216, an inverting input 220, and a common mode
input 214. The common mode input 214 is to receive a common mode output voltage to apply to

the output signals produced at the inverting output 216 and the non-inverting output 218 of the
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programmable gain amplifier 202. The common mode amplifier 204 includes a non-inverting
input 228, an inverting input 224, an inverting input 226, and an output 230. The inverting output
216 of the programmable gain amplifier 202 is coupled, via a first variable resistor 206, to the non-
inverting input 222 of the programmable gain amplifier 202 and to the inverting input 224 of the
common mode amplifier 204. The non-inverting output 218 of the programmable gain amplifier
202 is coupled, via a second variable resistor 206, to the inverting input 220 of the programmable
gain amplifier 202 and to the inverting input 226 of the common mode amplifier 204. The
resistance of the variable resistors 206 is variable to control the gain of the programmable gain
amplifier 202.

[0020] The AFE circuit 200 includes a signal input terminal 234 and a reference input terminal
232. The signal input terminal 234 is an example of the signal input terminal 114, and the
reference input terminal 232 is an example of the reference input terminal 116. The signal input
terminal 234 is coupled, via a first input resistor 210, to the inverting input 224 of the common
mode amplifier 204, and to the non-inverting input 222 of the programmable gain amplifier 202.
The reference input terminal 232 is coupled, via a second input resistor 210, to the inverting input
226 of the common mode amplifier 204, and to the inverting input 220 of the programmable gain
amplifier 202. The resistor 210 has a resistance of about 1 megohm in some implementations of
the AFE circuit 200. In other implementations of the AFE circuit 200, the resistor 210 has a
different resistance value.

[0021] The common mode input voltage terminal 212 of the AFE circuit 200 is connected to the
non-inverting input 228 of the common mode amplifier 204. The common mode input voltage
terminal 212 is to receive an input common mode voltage. The common mode amplifier 204
amplifies a difference of the input common mode voltage and an average of the signals received at
the inverting input 224 and the inverting input 226. The average of the signals received at the
inverting input 224 and the inverting input 226 is set equal to the input common mode voltage by
the common mode feedback loop. The output 230 of the common mode amplifier 204 is coupled
to the non-inverting input 222 of the programmable gain amplifier 202 by a resistor 208, and to the
inverting input 220 of the programmable gain amplifier 202 by a resistor 208. The output 230 of
the common mode amplifier 204 is also provided to the floating input detection circuitry 108 for
use in detecting whether the signal input terminal 234 is floating. Signal provided by the common

mode amplifier 204 on the output 230 is common mode and is rejected by the programmable gain
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amplifier 202.
[0022] FIG. 3 shows an example a circuit equivalent to a portion (the common mode amplifier
stage) of the AFE circuit 200. The equivalent circuit 300 includes an amplifier 304, a pair of
resistors 310, a resistor 300, a resistor 308, a signal input terminal 334, a reference input terminal
332, an input common mode terminal 312, and an output common mode terminal 314. The input
common mode terminal 312 is connected to the non-inverting input 328 of the amplifier 304. The
resistor 308 couples the output signal input terminal 334 of the amplifier 304 to the inverting input
324 of the amplifier 304. The resistor 308 has resistance of one-half of the resistance of the
resistor 208. The resistor 306 couples the output common mode terminal 314 to the inverting input
324 of the amplifier 304. The resistor 306 has resistance of one-half the resistance of the variable
resistor 206. A first instance of the resistor 310 couples the signal input terminal 334 to the
inverting input 324 of the amplifier 304. A second instance of the resistor 310 couples the
reference input terminal 332 to the inverting input terminal 324 of the amplifier 304. The resistor
310 has the same resistance as the resistor 210. The signal at the output 330 of the amplifier 304 is
the same as the signal at the output 230 of the amplifier 204.
[0023] The gain of the equivalent circuit 300 changes with the state of the signal input terminal
234. Based on analysis of the equivalent circuit 300, if the signal input terminal 234 is driven, the
gain of the equivalent circuit 300 is:

Gy == 1+ R #(Gry Gy

INCM

where:
G,, 1s the gain of the equivalent circuit 300 when the signal input terminal 234 is driven;
V. 1is the output of the amplifier 204;
Ve 18 the input common mode voltage received at the input common mode terminal 212;
R, 1s the resistance of the resistor 208;
G, 1s the conductance of the resistor 206; and

G, 1s the conductance of the resistor 210.

[0024] If the signal input terminal 234 is floating, the gain of the equivalent circuit 300 is:

GF = VX :1+RCM*[GFB+G2[NJ

INCM
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where:

G,. 1s the gain of the equivalent circuit 300 when the signal input terminal 234 is floating.

[0025] Implementations of the data acquisition system 100 evaluate the gain of the equivalent
circuit 300 (i.e., gain from Viyem to Vx) to determine whether the signal input terminal 114 is
floating. The data acquisition system 100 evaluates the gain of the equivalent circuit 300 in the
voltage domain by comparing a change in output voltage Vx (AVx) produced in response to a
change in input common mode voltage Vinem (AVinewm) to a threshold voltage. The threshold
voltage (AV1y) is a product of the change in Viyem and a gain threshold value (Vinem™®Gr), where
Gris:
G, = G, +G,
2

The comparison of AVx to AVry is referred to herein as fine float detection, which is further
described below.

[0026] FIG. 4 shows block diagram for an example of floating input detection circuitry 400 in
accordance with this description. The floating input detection circuitry 400 is an implementation
of the floating input detection circuitry 108. The floating input detection circuitry 400 includes
coarse detection circuitry 428 and fine detection circuitry 430. The coarse detection circuitry 428
includes a digital-to-analog converter (DAC) 402, coarse comparator circuitry 404, and control
circuitry 418. The fine detection circuitry 430 includes the DAC 402, a capacitive digital-to-
analog converter (CDAC) 406, a fine comparator 408, reference voltage switching circuitry 444, a
top plate switch 434, and the control circuitry 418. The reference voltage switching circuitry 444
includes a reference switch 414 and a reference switch 416. The reference switch 414 includes a
first terminal 414A that is coupled to the bottom plate 438B of the capacitor 438 and a second
terminal 414B that is coupled to a first reference voltage source 446. The reference switch 416
includes a first terminal 416A that is coupled to the bottom plate 438B of the capacitor 438 and a
second terminal 416B that is coupled to a second reference voltage source 448. The top plate
switch 434 includes a first terminal 434A that is coupled to the top plate 436T of the capacitor 436
and the top plate 438T of the capacitor 438, and a second terminal 434B that is coupled to ground.
The fine comparator 408 includes a first input 408A that is coupled to the top plate 436T of the
capacitor 436 and the top plate 438T of the capacitor 438, a second input 408B that is coupled to
ground, and an output 408C that is coupled to an input 418E of the control circuitry 418. The
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control circuitry 418 is coupled to, and controls the operation of, the DAC 402, the coarse
comparator circuitry 404, the reference switch 414, the reference switch 416, the top plate switch
434, and the fine comparator 408. The control circuitry 418 includes an output 418C that is
coupled to an input 402D of the DAC 402, an output 418D that indicates whether the signal input
terminal 114 is floating.

[0027] The DAC 402 is a resistive DAC, a capacitive DAC, a current DAC, or other type of
DAC in various implementations of the floating input detection circuitry 400. Outputs of the DAC
402 are connected to the AFE circuit 200 and the coarse comparator circuitry 404. The DAC 402
generates the common mode input voltage 420 provided to the AFE circuit 200. An output 402A
of the DAC 402 is coupled to one of the programmable gain amplifier 202 or the common mode
amplifier 204. The voltage of the common mode input voltage 420, generated by the DAC 402, is
controlled by the control circuitry 418. The control circuitry 418 changes the voltage of the
common mode input voltage 420 to evaluate the gain of the AFE circuit 200.

[0028] The floating input detection circuitry 400 applies a coarse determination and a fine
determination to identify the state of the signal input terminal 114. The coarse determination is
provided by the coarse detection circuitry 428. In the coarse detection circuitry 428, the control
circuitry 418 determines whether the signal input terminal 114 is driven by comparing the output
signal 426 to two threshold values. The DAC 402 is coupled to the coarse comparator circuitry
404 and provides threshold voltage 422 and threshold voltage 424 to the coarse comparator
circuitry 404. The coarse comparator circuitry 404 includes a comparator 410 and a comparator
412. The comparator 410 compares the output signal 426 generated by the common mode
amplifier 204 to a high threshold voltage 422, provided by the DAC 402, and the comparator 412
compares the output signal 426 to a low threshold voltage 424 provided by the DAC 402. The
comparator 410 includes a terminal 410A that is coupled to the output 230 of the common mode
amplifier 204, and a terminal 410B that is coupled to an output 402B of the DAC 402. An output
410C of the comparator 410 is coupled to an input 418A of the control circuitry 418. The
comparator 412 includes a terminal 412A that is coupled to the output 230 of the common mode
amplifier 204, and a terminal 412B that is coupled to an output 402C of the DAC 402. An output
412C of the comparator 412 is coupled to an input 418B of the control circuitry 418.

[0029] If the signal input terminal 234 is driven with a relatively large signal (e.g., +/- 10 volt

signal swing), then the output signal 426 will also have a large swing (e.g., from power supply rail
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to power supply rail). If the signal input terminal 234 is floating, then no current flows in the
resistor 210 and the output signal 426 will be a predetermined voltage. Similarly, if the signal
input terminal 234 is driven with a voltage that is the same as the input common mode voltage on
the common mode input voltage terminal 212, then the output signal 426 will be the same
predetermined voltage generated when the signal input terminal is floating. The threshold voltage
422 is higher than the predetermined voltage, and the threshold voltage 424 is lower than the
predetermined. If the output signal 426 is greater than the threshold voltage 422 or less than the
threshold voltage 424, then an output of the coarse comparator circuitry 404 indicates that the
signal input terminal 234 is driven rather than floating. If the output signal 426 is not greater than
the threshold voltage 422 or not less than the threshold voltage 424, then an output of the coarse
comparator circuitry 404 indicates that the signal input terminal 234 is possibly floating.

[0030] FIG. 5 shows an illustration of an example of coarse float detection in accordance with
this description. In FIG. 5, the threshold voltage 422 and the threshold voltage 424 are set about
the predetermined voltage 502. If the output signal 426 is greater than the threshold voltage 422 or
less than the threshold voltage 424, then the output signal 426 falls in a first amplitude region 504
that indicates the signal input terminal 234 is not floating. However, if the output signal 426 is not
greater than the threshold voltage 422 or less than the threshold voltage 424, then the output signal
426 falls in a second amplitude region 506 that indicates the signal input terminal 234 is possibly
floating. Thus, coarse determination alone is sufficient to determine whether the signal input
terminal 234 is not floating if the signal at the signal input terminal 234 is greater than the
threshold voltage 422 or less than the threshold voltage 424. However, coarse determination
cannot determine whether the signal input terminal 234 is floating if the signal at the signal input
terminal 234 is not greater than the threshold voltage 422 or less than the threshold voltage 424.
Implementations of the floating input detection circuitry 400 first apply coarse determination to
determine whether the signal input terminal 234 is not floating, and if the coarse determination is
inconclusive, apply fine determination. Use of the two-state detection process (coarse
determination followed by fine determination if coarse determination is inconclusive) allows for
fast and low-power detection of floating inputs with a variety of input signals.

[0031] If coarse detection is inconclusive as to whether the signal input terminal 114 is not
floating, then the floating input detection circuitry 400 applies the fine detection circuitry 430 to

determine whether the signal input terminal is driven. In the fine detection circuitry 430, the
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control circuitry 418 determines whether the signal input terminal 114 is driven by evaluating the
gain of common mode amplifier stage (i.e., the gain from Vem to Vx) of the AFE circuit 200 or
the equivalent circuit 300. The fine detection compares multiple samples of the output signal 426
to determine whether the signal input terminal 234 is floating or driven. Each sample of the output
signal 426 is acquired with a different input common mode voltage 420 applied at the common
mode input voltage terminal 212. For example, prior to acquiring a sample of the output signal
426, the control circuitry 418 generates control signals 432 that cause the DAC 402 to change the
common mode input voltage 420 applied at the common mode input voltage terminal 212.
Changing the common mode input voltage 420 does not affect the differential output of the AFE
circuit 200 because the common mode input voltage 420 is rejected as common mode. In
conjunction with setting the common mode input voltage 420, the control circuitry 418 closes one
of the reference switch 414 and the reference switch 416 provide a reference voltage to the CDAC
406. The CDAC 406 includes a capacitor 436 and a capacitor 438. The capacitor 436 has a
bottom plate 436B that is coupled to the output 230 of the common mode amplifier 204 and a top
plate 436T that is coupled to the comparator 408. The capacitor 438 has a bottom plate 438B that
is coupled to the reference voltage switching circuitry 444 and a top plate 438T that is coupled to
the comparator 408 and the top plate 436T of the capacitor 436. The control circuitry 418 closes
the top plate switch 434 (i.e., connects the top plate 436T of the first capacitor 436 and the top
plate 438T of the second capacitor 438 to ground) to charge the capacitor 436 of the CDAC 406 to
the voltage of the output signal 426 and to charge the capacitor 438 of the CDAC 406 to the
reference voltage 440 provided via the reference switch 414 or the reference switch 416.
Thereafter, the top plate switch 434 is opened, the common mode input voltage 420 is changed,
and reference voltage 440 is changed by changing which of the reference switch 414 and the
reference switch 416 is closed. The output (i.e., the top plate voltage 442) of the CDAC 406 is:

a(AV

Xmeas AI/TH )
where:
« 1is an attenuation factor;

AV

Xmeas

is the difference in voltage of the output signal 426 with two values of the common

mode input voltage 420; and
AV, is the difference of two reference voltages generated in the CDAC 406.

10
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[0032] FIG. 6 shows an example of fine float detection in accordance with this description. In
configuration 600, the common mode input voltage 420 has been set, and the reference switch 414,
the reference switch 416, and the top plate switch 434 are set to acquire a sample of the output
signal 426 and the reference voltage 440. Selection of which of the reference switch 414 and the
reference switch 416 are closed in the configuration 600 is based on the direction of change to be
produced in the common mode input voltage 420 in configuration 620. If the voltage of the
common mode input voltage 420 is to be increased in the configuration 620, then the reference
switch 414 is closed and the reference switch 416 is open in the configuration 600. Similarly, if
the voltage of the common mode input voltage 420 is to be decreased in the configuration 620,
then the reference switch 416 is closed and the reference switch 414 is open in the configuration
600.

[0033] After expiration of a sample acquisition time, in configuration 610, the top plate switch
434 is opened to disconnect the top plate 436T of capacitor 436 and the top plate 438T of the
capacitor 438 from ground.

[0034] In configuration 620, the common mode input voltage 420 is changed (e.g., increased).
That is the control circuitry 418 provides the control signals 432 to the DAC 402 which changes

the common mode input voltage 420, and in turn, changes the output signal 426. The top plate

voltage 442 is:
C[N
N (., -V
C]N +CTH ( . Xl)
where:

C,, 1s the capacitance of the capacitor 436;
C,, 1s the capacitance of the capacitor 438;

LTI is the attenuation factor

C]N + CTH

V., 1s the voltage of the output signal 426 in configuration 600 and configuration 610; and
V., 1s the voltage of the output signal 426 in configuration 620 and configuration 630.

[0035] In configuration 630, the control circuitry 418 opens the reference switch 414 and closes
the reference switch 416 to change the reference voltage 440 provided to the capacitor 438. The
top plate voltage 442 is:

11
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CIN CTH
NV, -V (Y —V,
[CIN‘FCTH( X2 Xl)}—i_[CIN_i_CTH( REFP REFM)

where:

Vessp 1 the voltage of the reference voltage 440 in configuration 600, configuration 610,

and configuration 620;

Veerm, 18 the voltage of the reference voltage 440 in configuration 630; and

CTH
CIN

(VREFP _VREFMl) is AV, .
AV, isrelated to AV, , G,, and G, as:

CTH (VREF _VREFM) _ AV[NCM (GD +GF)
Cn 2

[0036] The fine comparator 408 compares the top plate voltage 442 to ground to determine
whether the gain from Vinem to Vx (in the AFE circuit 200 or the equivalent circuit 300) exceeds a
predetermined gain value (e.g., a gain value corresponding to the gain from Vinem to Vx if the
signal input terminal 234 is floating). In some implementations floating input detection circuitry
400, the control circuitry 418 changes the common mode input voltage 420 pseudo-randomly
and/or performs multiple iterations of comparison of two different values of the output signal 426
to ensure that changes in the common mode input voltage 420 does not follow any signal voltage
that is present at the signal input terminal 234. Thus, the control circuitry 418 avoids false
detection of the signal input terminal 234 as floating.

[0037] FIG. 7 shows a flow diagram for a method 700 for floating input detection in accordance
with this description. Though depicted sequentially as a matter of convenience, at least some of
the actions shown can be performed in a different order and/or performed in parallel. Additionally,
some implementations may perform only some of the actions shown. Operations of the method
700 may be performed by implementations of the data acquisition system 100.

[0038] In block 702, the floating input detection circuitry 108 is set to a base or reset state. A
float indicator (e.g., a float flag bit) corresponding to the signal input terminal 234 is reset. A
common mode input voltage 420 is provided to the common mode amplifier 204. The switches
414, 416, and 424 are set as per the configuration 600. An output signal 426 generated by the

common mode amplifier 204 is provided to the coarse detection circuitry 428, the fine detection
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circuitry 430, the non-inverting input 222 of the programmable gain amplifier 202, and the
inverting input 220 of the programmable gain amplifier 202.

[0039] In block 704, the floating input detection circuitry 108 performs a coarse detection to
determine whether the signal input terminal 234 is driven. The coarse detection includes
comparing the output signal 426 generated by the common mode amplifier 204 to a threshold
voltage 422 and a threshold voltage 424.

[0040] In block 706, if the coarse detection indicates that the signal input terminal 234 is being
driven (i.e., is not floating), then the control circuitry 418 continues floating input detection ## by
going back to block 702. The signal input terminal 234 is determined to be driven if the output of
the common mode amplifier 204 is greater than the threshold voltage 422 or less than the threshold
voltage 424.

[0041] If in block 706, the coarse detection indicates that the state of the signal input terminal
234 1s ambiguous (i.e., the signal input terminal 234 may be driven or floating), then the floating
input detection circuitry 108 performs fine detection in block 708 to determine whether the
common mode amplifier stage (e.g., the equivalent circuit 300) indicates that the signal input
terminal 234 is floating. The fine detection includes repetitively acquiring a sample of the output
signal 436 and a sample of a reference voltage 440 on the CDAC 406. The common mode input
voltage 420 and the reference voltage 440 is changed for each iteration of the fine detection. The
top plate voltage 442 of the CDAC 406 is compared to ground.

[0042] In block 710, if the fine detection indicates that the signal input terminal 234 is being
driven (i.e, the top plate voltage 442 is higher than ground), then the control circuitry 418
continues floating input detection by going back to block 702.

[0043] If, in block 710, the fine detection indicates that the signal input terminal 234 is floating
(i.e., the top plate voltage 442 is not higher than ground), then, in block 712, the floating input
detection circuitry 108 determines whether the fine detection of block 708 has been executed a
predetermined number of times. If the fine detection of block 708 has been executed a
predetermined number of times, each time indicating that the signal input terminal 234 is floating,
then the float indicator for the signal input terminal 234 is set in block 714. If the fine detection of
block 708 has not been executed the predetermined number of times, then fine detection continues
in block 708. Requiring that multiple consecutive fine detections indicate that the signal input

terminal 234 is floating reduces false detection of a floating condition.
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[0044] FIG. 8 shows a schematic diagram of a second example of an AFE circuit 800 that is
suitable for use in detecting a floating input in accordance with this description. The AFE circuit
800 is an implementation of the AFE circuit 106. The AFE circuit 800 includes a programmable
gain amplifier 802 and common mode amplifier 804 connected in a common mode loop. The AFE
circuit 800 senses the common mode voltage at the output of the programmable gain amplifier 802
and corrects the common mode voltage via the common mode loop. As with the AFE circuit 200,

the transfer function difference from V., to V, is used by the floating input detection circuitry

400 determine whether the signal input terminal 234 is floating.

[0045] The programmable gain amplifier 802 is a differential amplifier having a non-inverting
output 818, a non-inverting input 822, an inverting output 816, an inverting input 820, and a
common mode input 814. The common mode input 814 is to receive a common mode input
voltage and is coupled to the common mode input 214. The common mode amplifier 804 includes
a non-inverting input 828, an inverting input 824, and an output 830. The inverting output 816 of
the programmable gain amplifier 802 is coupled, via a first variable resistor 806, to the non-
inverting input 822 of the programmable gain amplifier 802 and, via a first resistor 826, to the non-
inverting input 828 of the common mode amplifier 804. The non-inverting output 818 of the
programmable gain amplifier 802 is coupled, via a second variable resistor 806, to the inverting
input 820 of the programmable gain amplifier 802, and, via a second resistor 826, to the non-
inverting input 828 of the common mode amplifier 804. The resistance of the variable resistors
806 is variable to control the gain of the programmable gain amplifier 802.

[0046] The AFE circuit 800 includes a signal input terminal 234 and a reference input terminal
232. The signal input terminal 234 is an example of the signal input terminal 114, and the
reference input terminal 232 is an example of the reference input terminal 116. The signal input
terminal 234 is coupled, via a first input resistor 810, to the non-inverting input 822 of the
programmable gain amplifier 802. The reference input terminal 232 is coupled, via a second input
resistor 810, to the inverting input 820 of the programmable gain amplifier 802.

[0047] The resistors 826 are coupled to the non-inverting input 828 of the common mode
amplifier 804, and average signal received from the inverting output 816 and the non-inverting
output 818 of the programmable gain amplifier 802.

[0048] The common mode amplifier 804 amplifies a difference of the output common mode

voltage received at the inverting input 824 and an average of the signals received from the
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programmable gain amplifier 802. The output 830 of the common mode amplifier 804 is coupled
to the non-inverting input 822 of the programmable gain amplifier 802 by a resistor 808, and to the
inverting input 820 of the programmable gain amplifier 802 by a resistor 808. The output 830 of
the common mode amplifier 804 is also provided to the floating input detection circuitry 108 for
use in detecting whether the signal input terminal 834 is floating. Signal provided by the common
mode amplifier 804 on the output 830 is common mode and is rejected by the programmable gain
amplifier 802.

[0049] FIG. 9 shows a schematic diagram of a third example of an AFE circuit 900 that is
suitable for use in detecting a floating input in accordance with this description. The AFE circuit
900 is an implementation of the AFE circuit 106. The AFE circuit 900 includes a programmable
gain amplifier 902 and common mode amplifier 904 connected in a common mode loop. The AFE
circuit 900 senses the common mode voltage at the input terminals 232 and 234 and corrects the
common mode voltage via a feedforward path. As with the AFE circuit 200, the transfer function

difference from V., to V, is used by the floating input detection circuitry 400 determine

whether the signal input terminal 234 is floating.

[0050] The programmable gain amplifier 902 is a differential amplifier having a non-inverting
output 918, a non-inverting input 922, an inverting output 916, an inverting input 920, and a
common mode input 914. The common mode input 914 is to receive a common mode output
voltage to apply to the output signals produced at the inverting output 916 and the non-inverting
output 918 of the programmable gain amplifier 902. The common mode amplifier 904 includes an
inverting input 928, a non-inverting input 924, and an output 930. The inverting output 916 of the
programmable gain amplifier 902 is coupled, via a first variable resistor 906, to the non-inverting
input 922 of the programmable gain amplifier 902 and, via a resistor 926, to the inverting input 928
of the common mode amplifier 904. The non-inverting output 918 of the programmable gain
amplifier 902 is coupled, via a second variable resistor 906, to the inverting input 920 of the
programmable gain amplifier 902, and, via a second resistor 926, to the inverting input 928 of the
common mode amplifier 904. The resistance of the variable resistors 906 is variable to control the
gain of the programmable gain amplifier 902.

[0051] The AFE circuit 900 includes a signal input terminal 234 and a reference input terminal
232. The signal input terminal 234 is an example of the signal input terminal 114, and the

reference input terminal 232 is an example of the reference input terminal 116. The signal input
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terminal 234 is coupled, via a first input resistor 910, to the non-inverting input 922 of the
programmable gain amplifier 902. The reference input terminal 232 is coupled, via a second input
resistor 910, to the inverting input 920 of the programmable gain amplifier 902.

[0052] The resistors 926 are coupled to the inverting input 928 of the common mode amplifier
904, and average signal at the signal input terminal 234 and the reference input terminal 232.
[0053] The common mode amplifier 904 amplifies a difference of the output common mode
voltage received at the non-inverting input 924 and an average of the signals received from the
programmable gain amplifier 902. The output 930 of the common mode amplifier 904 is coupled
to the inverting input 928 of the common mode amplifier 904 by a resistor 912, to the non-
inverting input 922 of the programmable gain amplifier 902 by a resistor 908, and to the inverting
input 920 of the programmable gain amplifier 902 by a resistor 908. The output 930 of the
common mode amplifier 904 is also provided to the floating input detection circuitry 108 for use in
detecting whether the signal input terminal 934 is floating. Signal provided by the common mode
amplifier 904 on the output 930 is common mode and is rejected by the programmable gain
amplifier 902.

[0054] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A data acquisition system, comprising:
a signal input terminal,
an analog-to-digital converter (ADC);
an analog front end (AFE) circuit coupled to the ADC and the signal input terminal, the
AFE circuit comprising:
a programmable gain amplifier; and
a common mode amplifier coupled to the programmable gain amplifier, the
common mode amplifier comprising: a first input coupled to a non-
inverting input of the programmable gain amplifier; a second input coupled
to an inverting input of the programmable gain amplifier; a third input to
receive a common-mode input voltage; and an output coupled to the non-
inverting input and the inverting input of the programmable gain amplifier;
and
floating input detection circuitry coupled to the AFE circuit.
2. The data acquisition system of claim 1, wherein the floating input detection circuitry
comprises coarse detection circuitry comprising;
a first comparator configured to compare the signal provided at the output of the common
mode amplifier to a first threshold voltage; and
a second comparator configured to compare the signal provided at the output of the
common mode amplifier to a second threshold voltage;
wherein the floating input detection circuitry is configured to find the signal input terminal
to be not floating based on:
an output of the first comparator indicating that an amplitude of the signal provided
at the output of the common mode amplifier is greater than the first
threshold voltage; or
an output of the second comparator indicating that an amplitude of the signal
provided at the output of the common mode amplifier is less than the
second threshold voltage.

3. The data acquisition system of claim 2, wherein the floating input detection circuitry
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comprises a digital-to-analog converter coupled to the first comparator and the second comparator,
the digital-to-analog converter configured to generate the first threshold voltage and the second
threshold voltage.
4. The data acquisition system of claim 3, wherein the digital-to-analog converter is coupled
to the common mode amplifier and is configured to generate the common-mode input voltage.
5. The data acquisition system of claim 2, wherein the floating input detection circuitry
comprises fine detection circuitry configured to determine whether the signal input terminal is
floating; wherein the floating input detection circuitry is configured to activate the fine detection
circuitry responsive to the coarse detection circuitry determining that the amplitude of the signal
provided at the output of the common mode amplifier is less than the first threshold voltage and
greater than the second threshold voltage.
6. The data acquisition system of claim 5, wherein the fine detection circuitry is configured to
determine whether the signal input terminal is floating based on a change in the amplitude of the
signal provided at the output of the common mode amplifier as a function of a change in the
common-mode input voltage.
7. The data acquisition system of claim 5, wherein the fine detection circuitry comprises:
reference voltage switching circuitry configured to selectively provide one of a plurality of
reference voltages;
a capacitive digital-to-analog converter (CDAC) comprising:
a first capacitor comprising a bottom plate coupled to the output of the common
mode amplifier; and
a second capacitor comprising: a bottom plate coupled to the reference voltage
switching circuitry; and a top plate coupled to a top plate of the first
capacitor;
a fine comparator configured to compare a voltage on the top plate of the first capacitor and
the top plate of the second capacitor to ground; and
a switch configured to selectably ground the top plate of the first capacitor and the top plate
of the second capacitor.
8. The data acquisition system of claim 7, further comprising control circuitry configured to:
evaluate a gain of a common mode amplifier stage comprising the common mode amplifier

by: changing the common-mode input voltage to change the output of the common mode
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amplifier; and selecting one of the reference voltages to provide to the CDAC based on whether
the common mode input voltage is being increased; and

determine whether the signal input terminal is floating based on the gain of the common
mode amplifier stage.
9. The data acquisition system of claim 8, wherein the control circuitry is configured pseudo-
randomly change the common-mode input voltage.
10. A method for detecting a floating signal input terminal, the method comprising:

providing a common-mode input voltage to a first amplifier coupled to the signal input
terminal;

providing an output signal generated by the first amplifier to: a non-inverting input of a
second amplifier coupled to the signal input terminal; an inverting input of the second amplifier;
coarse detection circuitry; and fine detection circuitry;

comparing, by the coarse detection circuitry, the output signal to a first threshold voltage;
and

determining the signal input terminal to be not floating responsive to the comparing
indicating that the output signal is greater than the first threshold voltage.
11. The method of claim 10, further comprising:

comparing, by the coarse detection circuitry, the output signal to a second threshold
voltage; and

determining the signal input terminal to be not floating responsive the comparing indicating
that the output signal is less than the second threshold voltage.
12. The method of claim 11, further comprising;

responsive to not determining the signal input terminal to be not floating: acquiring, by the
fine detection circuitry, a sample of the output signal on a first capacitor of a capacitive digital-to-
analog converter; and acquiring, by the fine detection circuitry, a sample of a first reference voltage
on a second capacitor of the capacitive digital-to-analog converter.
13. The method of claim 12, further comprising;

changing the common-mode input voltage provided to the first amplifier to change the
output signal on the bottom plate of the first capacitor; and

applying a second reference voltage to the second capacitor.

14. The method of claim 13, further comprising comparing voltage on a top plate of the first
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capacitor and a top plate of the second capacitor to a ground voltage.
15. The method of claim 14, further comprising;

determining the signal input terminal to be not floating responsive to the voltage on the top
plate of the first capacitor and the top plate of the second capacitor being higher than the ground
voltage; and

setting the float indicator responsive to the voltage on the top plate of the first capacitor and
the top plate of the second capacitor not being higher than the ground voltage.

16. A circuit for detecting a floating input, comprising:

a signal input terminal,

a reference terminal;

a first amplifier: comprising: an inverting input coupled to the reference terminal; and a
non-inverting input coupled to the signal input terminal;

a second amplifier, comprising: a first input and a second input, wherein a non-inverting
output and an inverting output of the first amplifier are coupled to the first input or the second
input; and an output coupled to the inverting input of the first amplifier, and to the non-inverting
input of the first amplifier; and

floating input detection circuitry comprising:

a digital-to-analog converter comprising a first output coupled to one of the first
amplifier or the second amplifier;

a first comparator comprising: a first input coupled to the output of the second
amplifier; and a second input coupled to a second output of the digital-to-
analog converter;,

a second comparator comprising: a first input coupled to the output of the second
amplifier; and a second input coupled to a third output of the digital-to-
analog converter; and

control circuitry comprising: a first input coupled to an output of the first
comparator; a second input coupled to an output of the second comparator;
a first output coupled to an input of the digital-to-analog converter; and a
second output to indicate whether the signal input terminal is floating.

17. The circuit of claim 16, wherein the floating input detection circuit further comprises a

capacitive digital-to-analog converter comprising:
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a first capacitor comprising a bottom plate coupled to the output of the second amplifier;
and

a second capacitor comprising a top plate coupled to a top plate of the first capacitor.
18. The circuit of claim 17, further comprising:

a first switch comprising: a first terminal coupled to a bottom plate of the second capacitor;
and a second terminal coupled to a first reference voltage source;

a second switch comprising: a first terminal coupled to the bottom plate of the second
capacitor; and a second terminal coupled to a second reference voltage source.
19. The circuit of claim 17, further comprising:

a switch comprising: a first terminal coupled to the top plate of the first capacitor and to
the top plate of the second capacitor; and a second terminal coupled to ground.
20. The circuit of claim 17, further comprising a fine comparator, the fine comparator
comprising:

a first input coupled to the top plate of the first capacitor and to the top plate of the second
capacitor;

a second input coupled to ground; and

an output coupled to a third input of the control circuitry.
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