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(57) Abstract: The present application discloses an apparatus and a method for transmitting an analog signal, and an analog signal
multiplexer. The apparatus comprises a photocoupler to receive an input analog signal and transform the input analog signal into an
output analog signal, which varies with the input analog signal in a manner of non-linearity. The apparatus further comprises a non-
linearity correcting unit to receive the output analog signal and correct the non-linearity to output a corrected output analog signal.
According to the application, an analog signal may be transmitted with a photocoupler.
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APPARATUS AND METHOD FOR TRANSMITTING AN ANALOG SIGNAL,
ANDANALOG SIGNAL MULTIPLEXER

Field of the Application

[0001] The present application relates to analog signal transmission, and in
particular, to an apparatus for transmitting an analog signal and a method for
transmitting an analog signal. An analog signal multiplexer using the apparatus for
transmitting an analog signal is also provided.

Background of the Application

[0002] Analog signal is widely used in industrial automation for applications such

as measurement input, analog control. In later 80s’, HART (Highway Addressable
Remote transducer) protocol adds frequency signal in the analog signal which
enhances the use of analog signal to high level industrial automation like intelligent
instrument and asset management. Such important usage as well as harsh
industrial environment needs higher requirement for both signal accuracy and
isolation for transmitting the analog signal.

[0003] There are three ways of analog signal isolation for now. The first is to use
isolated switch (PhotoMos) which has high voltage withstand, the second is to use
isolated linear amplifier with normal analog switch and the last is to use transformer
with better linearity together with normal analog switch. All these methods can
isolate analog signal and transfer signal with high linearity. Not to mention all of the
components used in these methods are quite expensive, they are also relatively
large and not suitable for minimizing product size.

Summary of the Application

[0004] Hereinafter, there is provided a brief summary about the present
application in order to provide a basic understanding on certain aspects of the
application. However, it should be understood that this summary is not an
exhaustive summary about the application. It is not intended to determine critical
portions or important portions of the application, nor does it intend to limit the scope
of the application. The object thereof is only to propose some concepts with respect
to the application in a simplified form, thereby to be a prelude of the more detailed
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description given later.

[0005] According to an aspect of the application, there is provided an apparatus
for transmitting an analog signal, comprising: a photocoupler configured to receive
an input analog signal, and transform the input analog signal into an output analog
signal, which varies with the input analog signal in a manner of non-linearity; and a
non-linearity correcting unit configured to receive the output analog signal and
correct the non-linearity to output a corrected output analog signal.

[0006] According to another aspect of the application, there is further provided an

analog signal multiplexer, comprising a multiplexing switch and a plurality of the
apparatus for transmitting an analog signal, with each switch channel of the
multiplexer controlling one of the apparatus.

[0007] According to another aspect of the application, there is further provided a
method for transmitting an analog signal, comprising: transforming, with a
photocoupler, an input analog signal into an output analog signal, which varies with
the input analog signal in a manner of non-linearity; and correcting the non-linearity
with a non-linearity correcting unit arranged on an output side of the photocopler.

[0008] According to another aspect of the application, there is further provided an
apparatus for transmitting an analog signal, comprising: an input unit comprising at
least one stage of input amplifier circuit to transform an input voltage signal into a
current signal as an input analog signal; a photocoupler configured to transform the
input analog signal into an output analog signal, which varies with the input analog
signal in a manner of non-linearity; a non-linearity correcting device configured to
compensate the non-linearity and generate a corrected output analog signal; and at
least one output power amplifier circuit to amplify the corrected output analog
signal; wherein the input unit further comprises a temperature drift compensating
device, a constant current source and a compensating power amplifier to introduce
into the input voltage signal a compensating temperature drift that corresponds to
the temperature drift caused by the non-linearity correcting device.

Brief Description of the Drawings

[0009] The application can be better understood by referring to the detailed
description given hereinafter in combination with the accompanying drawings in
which identical or similar components are denoted by identical or similar reference
numbers. The accompanying drawings together with the detailed description below
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are included in the specification and form parts of the specification for further
illustrating embodiments of the application and explaining principles and
advantages of the application by way of example. Wherein:

[0010] Figure 1 is a block diagram illustrating an apparatus for transmitting an
analog signal according to an embodiment of the present application;

[0011]  Figure 2 shows a current transfer ratio of a commonly used photocoupler;

[0012] Figure 3 shows a first embodiment of the circuit structure of the block
diagram shown in Figure 1;

[0013] Figure 4 shows a modification of the first embodiment of the circuit
structure of the block diagram shown in Figure 1;

[0014] Figure 5 shows a second embodiment of the circuit structure of the block
diagram shown in Figure 1;

[0015] Figure 6 shows a modification of the second embodiment of the circuit
structure of the block diagram shown in Figure 1;

[0016] Figure 7 shows another block diagram illustrating an apparatus for
transmitting an analog signal according to an embodiment of the present
application;
[0017] Figure 8 shows an exemplified circuit structure of the block diagram shown
in Figure 7;
[0018] Figure 9 shows another exemplified circuit structure of the block diagram

shown in Figure 7;

[0019] Figure 10 shows yet another exemplified circuit structure of the block
diagram shown in Figure 7;

[0020] Figure 11 shows a block diagram illustrating another embodiment of an
apparatus for transmitting an analog signal, wherein a temperature drift
compensating unit is provided in the input unit;

[0021] Figure 12 shows an exemplified embodiment of the apparatus for
transmitting an analog according to the block diagram illustrated in Figure 11; and

[0022] Figure 13 shows an exemplified circuit structure of an analog signal
multiplexer according to an embodiment of the present application.



10

15

20

25

30

WO 2014/063306 PCT/CN2012/083375

Detailed Description of the Application

[0023] Hereinafter, an exemplary embodiment of the application will be described

in combination with the drawings. For the purpose of clarity and simplicity, not all
the features of the actual embodiment are described in the specification. However,
it should be appreciated that it has to make a lot of decisions specific to the
embodiments during a process for developing any such actual embodiments in
order to achieve specific targets of developers, for example, complying with those
restrictive conditions related to systems and operations, and these restrictive
conditions may vary with different embodiments. Further, it should also be
appreciated that although developing work may be very complex and
time-consuming, such developing work is merely a routine task for those skilled in
the art who benefit from the present disclosure.

[0024] Further, for preventing unnecessary details from obscuring the application,
only the device structures and/or processing steps closely related to the scheme
according to the application are shown in the drawings, and other details having
little to do with the application are omitted.

[0025] In addition, the term “connect” and its variations used in this disclosure are
intended to cover both “direct connection” and “indirect connection”. That is, when it
is mentioned that one device or circuit is connected to another device or circuit,
there may be or may be not other device(s) and/or circuit(s) interposed between the
one device or circuit and the other device or circuit.

Schematic configuration of the apparatus

[0026] Compared with the PhotoMos and isolated linear amplifier, photocoupler is

quite small and also has high voltage withstand. Moreover, the price of commonly
used photocoupler is quite cheaper compared to other components used for
isolation. However, generally the current transfer ratios of photocouplers are
discrete and nonlinear. Thus when using different photocouplers to transmit an
analog signal, non-linearity (discreteness) will be caused between the input analog
signal and the different output analog signals with respect to different
photocouplers.

[0027] In order to overcome the above mentioned problem, the inventor of the
present application proposes that, when a commonly used photocoupler is used to
transmit and isolate an analog signal, said non-linearity can be corrected by adding
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at the output side of the photocoupler a non-linearity correcting unit. The
non-linearity between the input and output analog signal can then be corrected by
the non-linearity correcting unit before the analog signal being output. Thus, the
high cost for eliminating the non-linearity during the transmission, such as using
quite expensive isolated switch (e.g. PhotoMos and isolated linear amplifier), can
be greatly reduced.

[0028] The above mentioned non-linearity correcting unit may be configured to be
capable of generating at least a non-linear signal variation that corresponds to the
non-linear variation between the input and output analog signals transmitted
through the photocoupler. The non-linearity correcting unit is provided at the output
side of the photocoupler, thus the non-linear variation between the input and the
output analog signals output by the photocoupler can be corrected (compensated)
by the corresponding non-linear signal variation generated from the non-linearity
correcting unit.

[0029] The inventor of the application notices that the current transfer ratios of

most photocouplers are linear for a small current in the characteristic curve in
log-log coordinates of the current transfer ratio. Therefore, the inventor proposes to
make use of the log-log linear region of the photocoupler, and provide a correcting
device having the same non-linearity property to correct the non-linearity in the
output of the photocoupler. In this case, as explained above, the photocoupler is
configured to work at least in a linear area of a characteristic curve in log-log
coordinates of its current transfer ratio and a non-linearity transmitting relationship
is found between the input and output analog signals transmitted through the
photocoupler. Meanwhile, the non-linearity correcting unit provided at the output
side of the photocoupler is configured to also work on at least part of its
characteristic curve in log-log coordinates, and thus generate a corresponding
non-linear signal variation so that the non-linearity relationship between the input
and output signals is corrected by the non-linear signal variation generated from
the non-linearity correcting unit. As will be described below, at least one diode or a
junction of at least one transistor can be used as an example of the non-linearity
correcting unit having the linear characteristic curve in log-log coordinates. By
doing so, an isolated analog signal can be transferred in linear manner with high
accuracy and the solution is quite cheaper with smaller product size, compared
with the prior art.

[0030] Here, the inventor notices that the linearity on at least part of the
characteristic curves in log-log coordinates of the photocoupler and the diode or
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transistor is an inherent performance thereof, and what need be done is just to
make them work in the linear areas of their characteristic curves in log-log
coordinates.

[0031] Specifically, as shown in Figure 1, the apparatus for transmitting an analog

signal comprises a photocoupler 102 configured to receive an input analog signal
and transform the input analog signal into an output analog signal, which varies
with the input analog signal in a manner of non-linearity; and a non-linearity
correcting unit 104 configured to receive the output analog signal and correct the
non-linearity to output a corrected output analog signal.

[0032] In the following description, the principle of the present application will be
further described in detail. Referring to Figure 2, assuming that the current transfer
ratio of the photocoupler is linear in the characteristic curve in log-log coordinates
of the current transfer ratio with slope k for small current (less than 1 mA), and Ig4
and lc1 are values of Ir and I¢ in linear log-log coordinates, then the following
Equation 1 can be obtained:

[0033]  10lg/. =k*101g], —k *101g],, +101gl., ....(Eq1)

[0034] As can be seen from the figure, although the current transfer ratio is
different from sample to sample (namely, different photocoupler samples lead to
different Ic or Ic1), the slope k of these samples in log-log coordinates can be
deemed as almost the same. So we can get Equations 2, 3 and 4 based on
Equation 1.

[0035] I.=1I;*I.}*I, ...(Eq 2)
ol
alc =kl x0T ...(Eq 3)
F
[0036]
[0037] Al =kl =15 *1. *Al, ...(Eq 4)

[0038] As can been seen from later description, when a dynamic resistance Rp
(expressed as V1/lc) of a diode D or a junction of a transistor, which is used as a
non-linearity correcting device, is introduced as the output resistance of the
photocoupler, the discreteness between Alc and Alg caused by discrete Ic (lc1)
(namely the same forward input analog signal (current signal) I resulting to
different or discrete output currents Ic with respect to different photocoupler
samples (shown by Eq 3 and Figure 2)), can be corrected by eliminating the
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discrete Ic (Ic1) from the final expression of the output voltage Uo based on the
above mentioned equations, thus a linear transmission between the input voltage
U, and output voltage Uo can be obtained, as shown in Eq 10 which will be
described later.

Embodiments of the non-linearity correcting unit of the apparatus for transmitting
analog signal

[0039] As shown in Figures 3-6, the non-linearity correcting unit may comprise a
correcting device. The correcting device may comprise a diode or a transistor but is
not limited thereto. As shown in Figures 3-6, the correcting device may be in series
with the output side of the photocoupler, and the assembly comprising the
correcting unit and the photocoupler is connected to a constant voltage supply, with
a voltage across the output side of the photocoupler or a voltage across the
correcting unit taken out as a corrected output analog signal.

[0040] As shown in Figures 3 and 5, the correcting device may be connected
between the constant voltage supply and a collector side of the photocoupler, with
a voltage across the photocoupler taken out as the corrected output analog signal.
Or, as shown in Figures 4 and 6, the correcting device may be connected to an
emitter side of the photocoupler, with a voltage across the correcting device taken
out as the corrected output analog signal.

[0041] The first embodiment of the non-linearity correcting unit will be described
by referring to Figure 3. It can be seen there from that the photocoupler receives at
the input side the input analog signal Ir and transforms the same into output analog
signal Ic at the output side. As described above, the non-linearity between the input
analog signal Ir and the output analog signal Ic can be expressed as Eq 3 and Eq 4.
Moreover, in this figure a diode D2 is used as the non-linearity correcting device.
The forward biased input of the non-linearity correcting diode D2 is connected to a
constant voltage source Vs and the reverse biased input is connected to the
collector side of the photocoupler. Furthermore, the dynamic resistance Rpy of
diode D2 can be formulated by the following equation 5:

[0042] R, =-L ...(Eq5)

~|=

[0043] Thermal voltage V1 of diode D2 is formulated by equation 6:
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sk
[0044] V= KTy ...(Eq 6)
e

[0045] Where kg is the Boltzmann constant, Tk is environmental temperature
(absolute temperature), e is elementary charge. So the thermal voltage of diode is
linear to the environmental temperature.

[0046] From equations 2,4,5 and 6, if Alcis small enough compared to Ic, we can
get following equation 7

[0047]
VT

kg 7k %
IF IFl ICl

AU, =-AI * Ry, =K #1541, * A, * = KAl Ve (Eq7)

[0048] It can be seen from Eq 7 that by introducing the dynamic resistance Rp; of

the correcting device D2, the non-linear or discrete change caused by Ic (Ic1)
between the output voltage 2 Uo and the input analog signal Alr is eliminated.
Namely the discreteness (non-linearity) between the input analog signal and the
output analog signal caused by using different photocoupler is eliminated.

[0049] It should also be noted that although in Figure 3 only one diode is used as
the non-linearity correcting unit, two or more diodes connected in series can be
used as the non-linearity correcting unit. In other words at least one diode can be
used as the non-linearity correcting device.

[0050] Figure 4 shows a modification of the non-linearity correcting unit shown in
Figure 3. In this modification the diode D2, which is used as the correcting device,
is connected to the emitter side of the photocoupler and the voltage across D2 is
taken out as the corrected output analog signal. It can be seen from Figure 4 that
the principle of this modification is the same with the first embodiment, the only
difference there between is that the phase of the output analog signal is the same
with the input analog signal, therefore Eq 7 should be presented as:

VT

ks gk %
IF IFl ICl

AU, =AI %R, =kl *15 %1 %Al * =kI; *Al, *V,

[0051] As described in the first embodiment, more than one diode that is
connected in series can be used as the non-linearity correcting device in this
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modification.

[0052] In the above described embodiments, at least one diode is used as the
non-linearity correcting device. However, except for the diode, at least one
transistor can also be used as the non-linearity correcting unit.

[0053] The second embodiment of the non-linearity correcting unit is shown in
Figure 5. The configuration of the second embodiment is the same with that of the
first embodiment except for the non-linearity correcting device D2 is replaced with
at least one transistor T2. Specifically, as shown in Figure 5, a junction of a
transistor T2 is used as the non-linearity diode. In the case, the base of the
transistor T2 is connected to the constant voltage source while the emitter of the
transistor T2 is connected to the collector side of the photocoupler. In other words,
the junction between the base and the emitter of the transistor T2 is used as the
non-linearity correcting device. It is can be seen clearly from Figure 5 that the
principle of the second embodiment is the same with the first embodiment because
in this configuration of the transistor T2, the junction between the base and the
emitter thereof can actually be deemed as a forwardly biased diode and can be
used as the correcting device.

[0054] Figure 6 shows a modification of the second embodiment of the
non-linearity correcting unit. As can be seen from Figure 6, the circuit structure is
the same with that of the modification of the first embodiment, except that the diode
D2, which is used as the non-linearity correcting device, is replaced with a
transistor T2. In other words, a junction of the transistor T2 is used as the
non-linearity correcting device. It can be understood according to the above
description that the principle of the modification of the second embodiment is the
same with the above mentioned embodiment, namely a junction of the transistor T2
is used as a forward biased diode so as to function as a non-linearity correcting
device.

[0055] Moreover, it can be seen from figure 3 to figure 6 that the non-linearity
correcting unit also comprises a capacitor Co and/or an output amplifying circuit Uo.
In this application the capacitor Co may be used to filter off unwanted DC
component from the photocoupler or the correcting device and the output
amplifying circuit Uo may be configured to further amplify the corrected output
analog signal if necessary.

[0056] From above it could be seen that in the embodiments, Ic is the bridge
between Eq 4 and Eq 5 and is finally cancelled off. Therefore, in the embodiments
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where the non-linearity correcting unit is in series with the output side of the
photocoupler, the current Ic shall be in both the linear area of the characteristic
curve in log-log coordinates of the current transfer ratio of the photocoupler, and the
linear area of the characteristic curve in log-log coordinates of the diode or
transistor.

Embodiments of the apparatus for transmitting an analog signal with an input unit

[0057] Figure 7 shows another block diagram illustrating an embodiment of an
apparatus for transmitting an analog signal according to the present application.
The difference between this block diagram and that shown in Figure 1 is that an
input unit 702 is added in Figure 7.

[0058] When using a photocoupler to transmit/isolate an analog signal, generally a
current signal is required to be used as the input signal. Accordingly, when the input
signal is a voltage signal, a transformation from voltage signal into current signal is
required. Therefore the input unit is provided so as to transform an input analog
signal, which is usually in the form of a voltage signal, to be a current signal. As an
example, the input unit 702 comprises an amplifying unit comprising at least one
stage of amplifying circuit to amplify the input voltage signal.

[0059] In one embodiment of the amplifying circuit, at least one stage of amplifying
circuit comprises at least one power amplifier. Figure 8 shows an exemplified circuit
structure of the block diagram shown in Figure 7. In Figure 8 the input unit 702 or
the amplifying unit may comprise a power amplifier Az, which can be referred to as
transforming amplifier, and resistors R2, R3 and R4. When the provided input
signal is in the form of voltage signal U, this input signal can then be transformed
to be a current signal Ir as presented blow.

_Ur
R4

F

[0060] Moreover, other embodiments of the input unit are also shown in Figures 9
and 10. For instance, the last stage of the amplifying circuit may comprise a
transistor. Figure 9 shows an exemplified circuit structure in which an amplifying
transistor T3 is added at the output of the transforming amplifier A, so as to further
amplify the current component Ir. While Figure 10 shows that a multiple stage
amplifying circuit comprising more than one transforming power amplifier Az is used
to amplify the current component Ir.

10
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[0061] Please note that although in Figures 8-10 the right side of the figures is
shown as the same as Figure 3, it can also be embodied as the same as Figures
4-6.

Embodiments of the apparatus for transmitting an analoq signal with a temperature
drift compensating unit

[0062] The above embodiments according to the present application can correct
the non-linearity transmission caused by the photocoupler by eliminating the
discreteness in the output current Ic of the photocoupler. However, as can be seen
from Eq 7, although the non-linearity (discreteness) caused by I¢ is eliminated, the
thermal voltage V+ of the correcting device, which varies depending on temperature
Tk, is introduced into the output voltage A Uo This equals that the output voltage
A Upis affected by a temperature drift of the non-linearity correcting diode D2.

[0063] The above mentioned embodiments can be applied to the case of constant

temperature environment, in which the effect of the environment can be ignored
and the temperature drift caused by Vr is not significant. Thus the non-linearity
between the input analog signal and output analog signal is corrected without
needing further temperature drift compensation.

[0064] Nevertheless, there are also cases in which the environmental temperature,

such as that in the working environment for practicing HART protocol, is not
constant and the effect of the same cannot be ignored. For the purpose of practical
utilization of HART, the temperature drift caused by such correcting diode may be
compensated. The inventor of the present application accordingly proposes a
circuit structure using a temperature drift compensating unit to compensate a
temperature drift caused by the non-linearity correcting unit. As an example, similar
to the non-linearity correcting unit, the temperature drift compensating unit may
comprise a compensating device, which may comprises at least one diode or at
least one transistor so as to compensate the temperature drift caused by the
non-linearity correcting unit. However, the compensating device is not limited to the
diode or the transistor. The structure of the circuit will be described in detail as
follows.

[0065] Referring to Figure 11, wherein the input unit 1100 may comprise a
temperature drift compensating unit 1102 and an amplifying unit 1104. It should be
noted that the amplifying unit 1104 indicated in this block diagram functions as the
input unit 702 shown in Figure 7, whereas the temperature drift compensating unit

11



10

15

20

25

30

35

WO 2014/063306 PCT/CN2012/083375

1102 is introduced as a new component for compensating the temperature drift
caused by the thermal voltage Vy of the non-linearity correcting device.

[0066] Figure 12 shows an exemplified circuit structure of the apparatus for
transmitting the analog signal. The left part of this circuit shows an embodiment of
the temperature drift compensating unit for compensating the temperature drift
caused by the thermal voltage Vr of the non-linearity correcting device D2. Please
note that although the other parts in Figures 12 and 13 are shown as the same as
in Figure 8, it should be appreciated that the other parts in Figures 12 and 13 may
be implemented according to any embodiment discussed above.

[0067] Referring to Figure 12, the temperature drift compensating unit 1102 may
comprise a compensating device, a constant current source and a compensating
power amplifier circuit to introduce into the input voltage signal a compensating
temperature drift that corresponds to the temperature drift caused by the correcting
device. The compensating power amplifier circuit may comprise a compensating
power amplifier A configured to amplify and transmit the temperature drift
compensating signal generated from the diode D1 to the input side of the
amplifying unit 1104. A capacitor C1 may be provided at the output side of the
amplifier A4, which is used to filter off the unnecessary DC component output from
the amplifier A¢. In the amplifier A; the non-inverting input thereof is connected to a
reference voltage V. so as to keep the amplifier A1 work in a proper linear working
region while the inverting input of the amplifier A4 is connected to the forward input
of the temperature compensating diode D1. A constant current source Is is
connected to the reverse input of the diode D1.

[0068] Further, it should also be noted that in the middle part of Figure 12 a
common analog switch S with no isolation may be provided for transmitting the
analog signal. In the present application the isolation is realized by means of
commonly used photocoupler rather than expensive isolating linear switch such as
PhotoMos, therefore the cost of the analog signal transmitting apparatus can be
greatly reduced.

[0069] According to the circuit structure as shown in the left part of Figure 12, the
forward biased voltage of D1 is clamped at the reference voltage V., thus ensuring
that the compensating diode D1 is forward biased and conducted. Meanwhile,
since the constant current source ls is connected to the reverse input of the diode
D1, the dynamic resistance of D1 can be expressed as Rp1=V+/ls (EQ 8). It is also
seen from Figure 12 that the AC analog signal source U, is superimposed on the

12
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direct voltage component V. so that the signal of the analog signal source U,
together with the temperature drift compensating signal generated from the
compensating unit can be delivered to the subsequent circuit part till the input side
of the photocoupler.

[0070] Further referring to the left part of Figure 12, as for the AC voltage
components U, and Ug, we can obtain the following equation:

[0071] ?1 - R,,

[0072] Furthermore, by means of the voltage-current conversion amplifying circuit
described above, we can obtain the following relationship between the input analog
signal Alrand Ur,

_ UF
" R4

[0073] Then we can obtain from the above two equations together with the

dynamic resistance Rp1=V+/ls (EQ 8) the following equation 9:

_ sk
[0074] ar, =Yoo R, ZLPRL .(Eq9)

R4 R, *R4 V, *R4

[0075] From equations 7 and 9, we can get the following equation 10, wherein Vt
is eliminated in the final equation and change of the output voltage 2 Upis linear to
the input voltage U, because Is, R1, R4 and I can be controlled as constants and k
is the same for all photocouplers, and the temperature drift caused by the
non-linearity correcting device D2 is compensated.

I, %Rl I, *RUFKI

AU, =kl *V, *=—U, = U
N A T R4 ! (Eq 10)

[0076] It should be noted that in this embodiment only one diode is used as the
non-linearity correcting device or the temperature drift compensating device.
However, more than one diode, such as two, three or more diodes, can be used as
the linearity correcting device or the temperature drift compensating device.

13



10

15

20

25

30

35

WO 2014/063306 PCT/CN2012/083375

[0077] It should also be noted that, as shown in equation Eq 6, the value of the
thermal voltage Vt only depends on the Boltzmann constant kg, the environmental
temperature Tk (absolute temperature) and elementary charge e. Therefore there is
no special restriction on the types or parameters of the diode used as the
temperature drift compensating device. Namely, as far as the dynamic resistance
Rp=V1/ls is introduced to compensate the temperature drift, any commonly-used
diode can be used.

[0078] Moreover, as indicated above, not only diode but also transistor (at least
one transistor) can also be used as the temperature drift compensating device.

[0079] From above description, it could be seen that also provided are the
following technical solutions. As one embodiment of the apparatus for transmitting
an analog signal with photocoupler, it comprises: an input unit comprising at least
one stage of input amplifier circuit to transform an input voltage signal into a current
signal as an input analog signal; a photocoupler configured to transform the input
analog signal into an output analog signal, which varies with the input analog signal
in a manner of non-linearity; a non-linearity correcting device configured to
compensate the non-linearity and generate a corrected output analog signal; and at
least one output power amplifier circuit to amplify the corrected output analog
signal; wherein the input unit further comprises a temperature drift compensating
device, a constant current source and a compensating power amplifier to introduce
into the input voltage signal a compensating temperature drift that corresponds to
the temperature drift caused by the non-linearity correcting device.

[0080] In another embodiment, the photocoupler may be configured to work at
least in a linear area of a characteristic curve in log-log coordinates of its current
transfer ratio and the non-linearity correcting device comprises at least one diode
or at least one transistor with linear property in at least part of its characteristic
curve in log-log coordinates, the non-linearity correcting device is in series with the
output side of the photocoupler, and the assembly comprising the non-linearity
correcting device and the photocoupler is connected to a constant voltage supply,
with a voltage across the output side of the photocoupler or a voltage across the
non-linearity correcting device taken out as a corrected output analog signal.

[0081] Inyet another embodiment, the temperature drift compensating device may
comprises at least one diode or at least one transistor. Moreover, a forward input of
the temperature drift compensating device is connected to an inverting input of the
compensating power amplifier, with an inverse input of the temperature drift
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compensating device being connected to the constant current source and an
analog signal source, and a reference voltage being connected a non-inverting
input of the compensating power amplifier.

Embodiments of Analog signal multiplexer

[0082] The application also provides an analog signal multiplexer, comprising a
multiplexing switch and a plurality of the apparatus for transmitting an analog signal
according to any embodiment discussed above, with each switch channel of the
multiplexer controlling one of the apparatus (not shown).

[0083] In one embodiment, the plurality of the apparatus for transmitting an analog
signal may share a common temperature drift compensating unit arranged
upstream of the multiplexing switch. Figure 13 shows an exemplified circuit
structure of such an analog signal multiplexer. The circuit structure of the analog
signal multiplexer is the same with the embodiments of the apparatus for
transmitting an analog signal discussed above, except that a plurality of analog
switches with no isolation So, S1, Sp, Ss...are added at the output of the
compensating power amplifier A¢. In this embodiment each switch channel of the
multiplexer controls one of the apparatus and a second capacitor C, may be added
downstream of the multiplexing switch so as to isolate disturbing components from
the other switch channels of the multiplexing switch.

[0084] In the embodiment shown in Figure 13, a plurality of the channels for
transmitting the analog signal using photocoupler may share one temperature drift
compensating unit comprising diode D1, amplifier A1 and the first capacitor C4. The
analog signal multiplexer according to the present embodiment can selectively
choose an analog transmitting channel by means of the switches Sy, S1, Sy, Sas....
A plurality of signal transmitting channels sharing one temperature drift
compensating unit can further reduce the cost of the analog signal multiplexer. It
should also be noted that, as can be seen from Figure 13, the second capacitor C»
may also be used as the first capacitor Cs for filtering off the unnecessary DC
components. That is, for each switch channel, the capacitor C1 and the capacitor C»
may be merged as one. That is, the capacitor C1 may be omitted.

Method for transmitting an analog signal

[0085] From above description of the apparatus for transmitting an analog signal,
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it can be seen that the present application also proposes a method for transmitting
analog signal with commonly used photocoupler as described below. When using a
photocoupler to transmit an analog signal, transform with the photocoupler an input
analog signal into an output analog signal, which varies with the input analog signal
in a manner of non-linearity, then correct the non-linearity of the photocoupler with
a non-linearity correcting unit arranged on an output side of the photocopler.

[0086] In the method as described above, the photocoupler may be configured to
work at least in a linear area of a characteristic curve in log-log coordinates of its
current transfer ratio and the non-linearity correcting unit may comprise a correcting
device with linearity property in at least part of its characteristic curve in log-log
coordinates.

[0087] Further, the correcting device used to correct the non-linearity can
comprise at least one correcting diode or at least one correcting transistor, which is
forward biased by a constant voltage supply.

[0088] In another embodiment, the temperature drift caused by the non-linearity

correcting unit can be compensated with a temperature drift compensating unit
arranged on an input side of the photocoupler. The temperature drift compensating
unit may comprise a compensating device comprising at least one compensating
diode or at least one compensating transistor, and the compensating diode or a
junction of the compensating transistor being forward biased to introduce into the
input analog signal a compensating temperature drift that corresponds to the
temperature drift caused by the non-linearity correcting unit.

[0089] Although the application and advantages thereof have been described in
detail herein, it shall be understood that various changes, replacements and
modifications may be made by one skilled in the art without departing from the spirit
and scope of the application defined by the appended claims. Furthermore, the
terms "comprise”, "include" or any other variation thereof are intended to cover a
non-exclusive inclusion, so that a process, method, article, or device that
comprises a list of elements includes not only those elements but also other
elements not explicitly listed or inherent to such process, method, article, or device.
Unless further defined, a sentence "comprises a/an..." which defines an element
does not preclude the existence of additional identical element(s) in the process,

method, article, or device that comprises the element.
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WE CLAIM:

1. An apparatus for transmitting an analog signal, comprising:

a photocoupler configured to receive an input analog signal and transform the
input analog signal into an output analog signal, which varies with the input

analog signal in a manner of non-linearity; and

a non-linearity correcting unit configured to receive the output analog signal
and correct the non-linearity to output a corrected output analog signal.

2. The apparatus according to Claim 1, wherein the photocoupler is configured
to work at least in a linear area of a characteristic curve in log-log coordinates of
its current transfer ratio and the non-linearity correcting unit comprises a
correcting device with linear property in at least part of its characteristic curve in

log-log coordinates.

3. The apparatus according to Claim 2, wherein the correcting device is in
series with the output side of the photocoupler, and the assembly comprising
the correcting unit and the photocoupler is connected to a constant voltage
supply, with a voltage across the output side of the photocoupler or a voltage
across the correcting unit taken out as the corrected output analog signal.

4. The apparatus according to Claim 3, wherein the correcting device is
connected between the constant voltage supply and a collector side of the
photocoupler, with a voltage across the photocoupler taken out as the corrected
output analog signal.

5. The apparatus according to Claim 3, wherein the correcting device is
connected to an emitter side of the photocoupler, with a voltage across the

correcting device taken out as the corrected output analog signal.
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6. The apparatus according to any one of Claims 3 to 5, wherein the correcting
device comprises at least one correcting diode or at least one correcting
transistor, the correcting diode or the junction of the correcting transistor is
forward biased by the constant voltage supply.

7. The apparatus according to any one of Claims 1 to 6, wherein the non-linear
correcting unit further comprises at least one output amplifying circuit to amplify

the corrected output analog signal.

8. The apparatus according to any one of Claims 1 to 7, wherein the non-linear
correcting unit further comprises a capacitor to filter a DC component off the

corrected output analog signal.

9. The apparatus according to any one of Claims 1 to 8, further comprising an
input unit to transform an input voltage signal into a current signal as the input

analog signal.

10. The apparatus according to Claim 9, wherein the input unit comprises an
amplifying unit comprising at least one stage of amplifying circuit to amplify the

input voltage signal.

11. The apparatus according to Claim 10, wherein the at least one stage of

amplifying circuit comprises at least one power amplifier.

12. The apparatus according to Claim 10, wherein the last stage of the at least
one stage of amplifying circuit comprises a transistor.

13. The apparatus according to any one of Claims 9 to 12, wherein the input

unit further comprises a temperature drift compensating unit to compensate a

18



WO 2014/063306 PCT/CN2012/083375

temperature drift caused by the non-linearity correcting unit.

14. The apparatus according to Claim 13, wherein the temperature drift
compensating unit comprises a compensating device, a constant current source
and a compensating power amplifier to introduce into the input voltage signal a
compensating temperature drift that corresponds to the temperature drift

caused by the non-linearity correcting unit.

15. The apparatus according to Claim 14, wherein the compensating device
comprises at least one diode or at least one transistor, a forward input of the
diode or a junction of the transistor being connected to an inverting input of the
compensating power amplifier, with an inverse input of the diode or the junction
of the transistor being connected to the constant current source and an analog
signal source, and a reference voltage being connected a non-inverting input of

the compensating power amplifier.

16. The apparatus according to Claim 14 or 15, wherein the temperature drift
compensating unit further comprises a first capacitor connected to an output of
the compensating power amplifier so as to filter a DC component off the input

voltage signal.

17. An analog signal multiplexer, comprising a multiplexing switch and a
plurality of the apparatus for transmitting an analog signal according to any
one of claims 13 to 16, with each switch channel of the multiplexer controlling

one of the apparatus.

18. The analog signal multiplexer according to Claim 17, wherein at least one
switch channel comprises a second capacitor downstream of the multiplexing
switch and configured to isolate disturbing currents originated from the other

switch channels of the multiplexing switch.
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19. The analog signal multiplexer according to Claim 18, wherein the second
capacitor is also used as the first capacitor.

20. The analog signal multiplexer according to any one of Claims 17 to 19,
wherein the plurality of the apparatus for transmitting an analog signal share a
common temperature drift compensating unit arranged upstream of the

multiplexing switch.

21. A method for transmitting an analog signal, comprising:

transforming, with a photocoupler, an input analog signal into an output
analog signal, which varies with the input analog signal in a manner of
non-linearity; and

correcting the non-linearity with a non-linearity correcting unit is arranged on

an output side of the photocopler.

22. The method according to Claim 21, wherein the photocoupler is configured
to work at least in a linear area of a characteristic curve in log-log coordinates of
its current transfer ratio and the non-linearity correcting unit comprises a
correcting device with linear property in at least part of its characteristic curve in

log-log coordinates.

23. The method according to Claim 22, wherein the correcting device comprises
at least one correcting diode or at least one correcting transistor, which is
forward biased by a constant voltage supply.

24. The method according to any one of Claims 21 to 23, further comprising:

compensating a temperature drift caused by the non-linearity correcting
unit, with a temperature drift compensating unit arranged on an input side of the

photocoupler.
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25. The method according to Claim 24, wherein the temperature drift
compensating unit comprises a compensating device comprising at least one
compensating diode or at least one compensating transistor, the compensating
diode or a junction of the compensating transistor being forward biased to
introduce into the input analog signal a compensating temperature drift that

corresponds to the temperature drift caused by the non-linearity correcting unit.

26. An apparatus for transmitting an analog signal, comprising:

an input unit comprising at least one stage of input amplifier circuit to

transform an input voltage signal into a current signal as an input analog signal;

a photocoupler configured to transform the input analog signal into an output
analog signal, which varies with the input analog signal in a manner of
non-linearity;

a non-linearity correcting device configured to compensate the non-linearity
and generate a corrected output analog signal; and

at least one output power amplifier circuit to amplify the corrected output

analog signal;

wherein the input unit further comprises a temperature drift compensating
device, a constant current source and a temperature drift compensating power
amplifier to introduce into the input voltage signal a compensating temperature
drift that corresponds to the temperature drift caused by the non-linearity
correcting device.

27. The apparatus according to Claim 26, wherein the photocoupler is
configured to work at least in a linear area in a log-log coordinates of its current
transfer ratio and the non-linearity correcting device comprises at least one
diode or at least one transistor with linear property in at least part of its
characteristic curve in log-log coordinates, the non-linearity correcting device is
in series with the output side of the photocoupler, and the assembly comprising
the non-linearity correcting device and the photocoupler is connected to a
constant voltage supply, with a voltage across the output side of the
photocoupler or a voltage across the non-linearity correcting device taken out as
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a corrected output analog signal.

28. The apparatus according to Claim 26 or 27, wherein the temperature drift
compensating device comprises at least one diode or at least one transistor, and
wherein a forward input of the temperature drift compensating device is
connected to an inverting input of the temperature drift compensating power
amplifier, with an inverse input of the temperature drift compensating device
being connected to the constant current source and an analog signal source,
and a reference voltage being connected a non-inverting input of the
temperature drift compensating power amplifier.
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