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process variable. It is known that such 4-20mA two-wire systems This
invention relates to analog-to-digital con-  have an accuracy which is
limited to around 0.1% verters.
at best. These systems are also essentially un- Signal conversion of an
analog signal to a   5   idirectional with the transmitter being
essentially digital signal for digital processing in low power
uncontrolled and transmitting continuously. applications, such as pressure
transducers, is nor-     US Patent No.  US-A-3 414 898 discloses a mally
accomplished by a voltage to frequency (V/F)  converter for converting an
analog signal to a se- converter. Commercially available A/D converters
ries of pulses, the converter comprising: are not utilised due to their
excessive power con-   10  a first capacitor that can be connected to re-
sumption. There are no commercially available in-   ceive an analog signal
so as to be charged to a tegrated circuits for analog to digital conversion
charge level which is equal to the analog signal that are of sufficiently
low power, that is less than  level; 12 mW, to run from a 4-20 mA current
loop.              an output circuit connectable to the first ca- While V/F
converters can be utilised, they are   15  pacitor, the output circuit
including a second ca- relatively slow in response time and low in accu-
pacitor and a constant current source for discharg- racy. The slow
conversion of the VJF converter      ing the second capacitor; results from
the need for a counting interval that is  switching means for connecting
the analog sig- at least as long as the period for the lowest fre-  nal and
the output circuit one at a time to the first quency signal. The response
time is a fixed value   20  capacitor for charging the first capacitor to
its regardless of the frequency of the signal. This      charge level and
for transferring the charge on the means that a microprocessor used in
conjunction     first capacitor to the second capacitor to enable the with
the V/F converter will be tied up during this  second capacitor later to be
discharged by the conversion time. This limits the overall response of
constant current source during a discharging pe- the pressure transducer.
With regard to accuracy, a   25  riod; moderate-precision V/F circuit has
an accuracy          pulse generating means connected to the out- range of
about 0.4% to 0.1%. To obtain a high-      put circuit for generating a
pulse having a duration precision V/F circuit with an accuracy range of
equalling the discharging period, the pulse generat- 0.03%  to 0.01%
requires additional components     ing means comprising a multivibrator
which is set which result in greater power consumption and   30  at a time
subsequent to transfer of the charge to higher cost.
the second capacitor to start said pulse, which is A converter which
operates at low power con-     applied to a gate to enable discharge of the
second sumption and with high accuracy would be particu-   capacitor to
occur, and a trigger circuit which is larly useful for a. two-wire 4-20 mA
current loop.  responsive to discharge to a predetermined level Two-wire
analog transmission systems are  35  having occurred to reset the
multivibrator whereby known. Such systems include a transmitter which is
said pulse is ended; and connected to a power supply by two wires which
another gate enabled during said pulse to pass form a current loop. The
transmitter includes, as at  pulses from an oscillator to a counter, the
pulses least one of its features, a transducer which senses  from  the
oscillator constituting said series of a condition such as pressure or
temperature. This  40  pulses. condition is known as a process variable
(PV).          According to the invention there is provided a The power
supply is connected to the two         converter for converting a pair of
analog signals to wires to close the current loop. It is also known to  a
pulse, the converter comprising: provide a resistor in the current loop.
The transmit-   a capacitor; ter amplifies the signal from its transducer
and this  45  an input circuit that comprises a pair of amplifi- amplified
signal is used to draw a certain current  ers interconnected to form a high
impedance dif- from the power supply which is proportional or
ferential amplifier for receiving the analog signals otherwise related to
the process variable. It is also  and producing a differential signal
across a pair of known to draw from  a minimum of 4mA to a
outputs, and a first pair of switches for connecting maximum of 20mA. The
current between 4 and   50  the outputs of the high impedance differential
am- 20mA passes through the resistor to produce a        plifier across the
capacitor to charge the capacitor voltage drop across the resistor. This
voltage drop  to a charge level which is proportional to the dif- can be
measured to give a value for the process     ferential signal; variable.
an output circuit including a constant current It is noted that the 4mA
minimum current is  55  source and a second pair of switches for connect-
required to energise the circuitry of the transmitter.  ing the constant
current source to the capacitor for Any excess current above this 4mA level
is taken     discharging the capacitor from its charge level to a as a
value which can be used to determine the        selected low level during a
discharging period; 



2    3                 EP 0 212 898 B1        .4 switching control means
arranged to operate    .  voltages which correspond to a differential in
pres- the first and second pairs of switches such that the  sure being
measured by the sensor 16. Each out- outputs of the high impedance
differential amplifier,  put 18,20 is connected to a respective operational
on the one hand, and the constant current source,  amplifier 22 and 23,
which amplifiers are connected on the other hand, are connected one at a
time to   5   together to form a high input impedance differential the
capacitor for charging the capacitor to its    amplifier. In addition to
the amplifiers 22 and 23, charge level and for discharging the capacitor to
the input circuit 12 includes a pair of electronic the selected low level,
the switching control means  input switches 24 and 25 which can be closed
being operative to connect the capacitor to the high  simultaneously by a
signal on a line 26. By apply- impedance differential amplifier for a
sufficient time   10  ing an appropriate logical signal on the line 26, to
reach the charge level and to connect the ca-   both the switches 24 and 25
are closed. The ana- pacitor to the constant current source for a time  log
signal on the lines 18 and 20 is thus applied. longer than the discharging
period and            via the operational amplifiers, to the switching ca-
pulse generating means connected to the out-   pacitor 10. As long as the
switches 24,25 are put circuit for generating a pulse having a duration
15  closed for a long enough charging period the equalling the discharging
period.                  capacitor 10 will be charged up to a level which
is A preferred form of converter embodying the    proportional to the
differential signal on the lines 18 present invention  and  described
hereinbelow     and 20. utilises a voltage to pulse (V/P) principle which
The output circuit 14 includes a pair of output operates with less than 3
mW of power. The pulse   20  switches 34 and 35 which can be closed
simulta- duration of an output signal from the converter is  neously by a
line 36. The line 36 is connected to proportional to an analog input
signal. The conver-  an output of an inverter 40. A line 42 is connected
sion time and accuracy of the V/P converter, with  to an input of the
inverter 40 and also directly to minimal components for low power
dissipation, is  the line 26. In this way, a high or logical 1 signal an
improvement over known V/F converters. Fur-  25  applied to the line 42
will cause the switches 24.25 ther improvements in accuracy and conversion
to close while the switches 34,35 are held open. time are obtained by using
input auto-ranging. By  Conversely if a low or logical 0 signal is applied
to utilising such a V/P technique, an associated micro-  the line 42, the
switches 24,25 are open and the processor will be tied up only for the
pulse duration  switches 34,35 are closed. time period. The low power
consumption is a result  30  The output circuit 14 includes a constant cur-
of the minimal number of components needed to      rent supply or source 44
which, with the switches implement the V/P circuit and the utilisation of
low  34,35 closed, causes the switching capacitor 10 to power integrated
circuits. Even with this minimal  discharge at a fixed rate. The time it
takes the component count, the average tested accuracy of    capacitor 10
to discharge from its charged level to the V/P circuit is + 0.03%. The
preferred voltage-  35   a selected discharged or low level is utilised to
to-pulse converter has low power consumption,      generate a pulse having
a width which is equal to high accuracy and is simple in design, rugged in
that discharge period. The pulse is generated by a construction and
economical to manufacture.        comparator 46 which can be in the form of
a The invention will now be further described, by  differential amplifier
having a positive (non-invert- way of illustrative and non-limiting
example, with  40  ing) input connected to one side of the capacitor
reference to the accompanying drawings. in which:  10 and a negative
(inverting) input connected to a Figure 1 is a schematic block diagram of
one    terminal B. The terminal B receives a trip point voltage-to-pulse
converter embodying the inven-  voltage which determines the level at which
the tion;                                            comparator 46 will
output a signal on an output Figure 2 is a graph showing a pulse train
which   45  terminal A thereof. can be generated by the converter;
The discharging time for the capacitor 10 can Figure 3 is a graph, similar
to Figure 2, showing  also be modified by utilising a bias input which is a
pulse having a different duty cycle which can  applied to a terminal C of
an amplifier 48. The be generated by the converter when it receives
terminal C can be used for reference and auto- a different lower analog
signal; and       so  ranging to compensate for factors which might Figure
4 is a schematic block diagram showing    cause the sensor 16 to drift,
such as temperature another converter embodying the invention.       and
other pressure conditions. Figure 1 shows a voltage-to-pulse converter
The terminals A, B and C are connected to a which includes a switching
capacitor 10 that is    microprocessor 50 which is connected to a clock 



connectable selectively to an input circuit 12 and   ss  52. With the aid
of the clock 52, the microproces- an output circuit 14. A sensor 16, such
as a dif-  sor 50 outputs signals onto the line 42. In this way, ferential
strain gauge transducer, has a pair of   pulse trains similar to those
shown in Figures 2 and outputs at 18 and 20 which carry different analog  3
can be generated. Both Figures 2 and 3 assume 3    5                 EP 0
212 898 B1                    6 a pulse width or spacing  of 80 ms. It is
always     also controlled by the microprocessor 50. with assumed that the
width of the pulses is at least as  priming established by the clock 52. to
charge and great as the maximum time it takes the capacitor     discharge
the capacitor 10. The comparator 46 10 to be fully charged to its charged
level. and fully  generates output pulses while the amplifier 48 pro-
discharged to the selected low level.           5   cesses the reference
signal for auto-ranging. Figure 2 shows an example where the gen-
As with the embodiment of Figure 1, a constant erated pulse is on for
one-half of the pulse train   current supply or source 44 is utilised for
discharg- period. The capacitor 10 is assumed already to       ing the
capacitor 10 at constant rate to establish have been charged to its charge
level by the         the duty cycle for the output pulses. differential
signal on the lines 18 and 20. At a time   10 t = 0, it is assumed that the
microprocessor 50      Claims generates a logical 0 signal on the line 42.
This closes the switches 34,35 and opens the switches     1. A converter
for converting a pair of analog 24,25. The capacitor 10 then immediately
begins to       signals to a pulse, the converter comprising: discharge via
the constant current source 44. As   15       a capacitor (10); long as
this discharge takes place, the comparator          an input circuit (12)
that comprises a pair 46 outputs a high voltage signal. shown as 5 volts
of amplifiers (22, 23) interconnected to form a in Figure 2. This continues
until 40 ms into the first   high impedance differential amplifier for
receiv- pulse, whereupon the level at the positive input of      ing the
analog signals and producing a dif- the comparator 46 is equal to the trip
point voltage   20  ferential signal across a pair of outputs, and a
applied to the terminal B by the microprocessor 50.      first pair of
switches (24, 25) for connecting the At this point the output of the
comparator 46 drops      outputs of the high impedance differential am- to
0 as shown in Figure 2. As soon as the micro-         plifier across the
capacitor (10) to charge the processor 50 senses, over its input terminal
A, that     capacitor to a charge level which is propor- the pulse has
dropped to 0 it may immediately   25      tional to the differential
signal; generate a logical 1 signal on the line 42 to close          an
output circuit (14) including a constant the switches 24,25 and open the
switches 34,35.          current source (44) and a second pair of
Alternatively, an arbitrary time period can be taken     switches (34, 35)
for connecting the constant which assumes sufficient time has been provided
current source (44) to the capacitor (10) for for the discharge of the
capacitor 10. Enough time   30  discharging the capacitor (10) from its
charge must be provided for the capacitor 10 again to be        level to a
selected low level during a discharg- charged to its charge level by the
differential signal   ing period; on the lines 18 and 20 so that at t = 80
ms a new            switching control means (50, 40) arranged pulse can be
generated.                                  to operate the first and second
pairs of switch- Figure 3 shows the case where there is a lower  35   es
(24, 25; 34, 35) such that the outputs of the differential signal on the
lines 18 and 20 and there-    high impedance differential amplifier, on the
by a correspondingly shorter pulse width.                one hand, and the
constant current source The converter described above thus enables
(44), on the other hand, are connected one at a pulses having a variable
duty cycle to be gen-           time to the capacitor (10) for charging the
erated, the duty cycle being a digital representation   40  capacitor to
its charge level and for discharg- of the analog signal.
ing the capacitor to the selected low level, the Converters embodying the
invention can be             switching control means being operative to
utilised with a 4-20 mA current loop where maxi-         connect the
capacitor to the high impedance mum power dissipation is limited to. 48 mW.
As           differential amplifier for a sufficient time to shown in
Figure 4, which illustrates another em-   45    reach the charge level and
to connect the bodiment of the invention, a differential input mul-
capacitor (10) to the constant current source tiplexer 60 is used with a
plurality of inputs 62 from   (44) for a time longer than the discharging a
plurality of transducers, and a plurality of inputs    period; and 64 which
can be used for auto-ranging The four              pulse generating means
connected to the inputs of the multiplexer 60 can be dedicated for  so
output circuit (14) for generating a pulse hav- 



the transducer inputs 62 and four other inputs for       ing a duration
equalling the discharging period. the inputs 64. The multiplexer 60
sequentially se- lects one of the eight available inputs at a time for  2,
A converter according to claim 1, wherein the the amplifiers 22 and 23 of
the input circuit 12. In     pulse generating means comprises a compara-
Figure 4, the same reference numerals are utilised   55  tor (46) having
one input connectable to one to designate same or similar parts as in
Figure 1.       side of the capacitor (10) via the output circuit The
multiplexer 60 is controlled by the micro-       (14) and another input
connected to a refer- processor 50. The switches 24,25 and 34,35 are
ence voltage for establishing the selected low 4    5                 EP 0
212 898 B1                     6 a pulse width or spacing of 80 ms. It is
always      also controlled by the microprocessor 50. with assumed that the
width of the pulses is at least as  priming established by the clock 52. to
charge and great as the maximum time it takes the capacitor    discharge
the capacitor 10. The comparator 46 10 to be fully charged to its charged
level, and fully  generates output pulses while the amplifier 48 pro-
discharged to the selected low level.            5   cesses the reference
signal for auto-ranging. Figure 2 shows an example where the gen-
As with the embodiment of Figure 1, a constant erated pulse is on for
one-half of the pulse train   current supply or source 44 is utilised for
discharg- period. The capacitor 10 is assumed already to       ing the
capacitor 10 at constant rate to establish have been charged to its charge
level by the         the duty cycle for the output pulses. differential
signal on the lines 18 and 20. At a time   to t = 0. it is assumed that the
microprocessor 50      Claims generates a logical 0 signal on the line 42.
This closes the switches 34,35 and opens the switches     1. A converter
for converting a pair of analog 2425. The capacitor 10 then immediately
begins to       signals to a pulse. the converter comprising: discharge via
the constant current source 44. As   15       a capacitor (10): long as
this discharge takes place, the comparator          an input circuit (12)
that comprises a pair 46 outputs a high voltage signal, shown as 5 volts
of amplifiers (22, 23) interconnected to form a in Figure 2. This continues
until 40 ms into the first   high impedance differential amplifier for
receiv- pulse whereupon the level at the positive input of      ing the
analog signals and producing a dif- the comparator 46 is equal to the trip
point voltage   20  ferential signal across a pair of outputs, and a
applied to the terminal B by the microprocessor 50.       first pair of
switches (24, 25) for connecting the At this point the output of the
comparator 46 drops      outputs of the high impedance differential am- to
0 as shown in Figure 2. As soon as the micro-         plifier across the
capacitor (10) to charge the processor 50 senses, over its input terminal
A, that     capacitor to a charge level which is propor- the pulse has
dropped to 0. it may immediately   25      tional to the differential
signal; generate a logical 1 signal on the line 42 to close          an
output circuit (14) including a constant the switches 24,25 and open the
switches 34,35.          current source (44) and a second pair of
Alternatively, an arbitrary time period can be taken     switches (34, 35)
for connecting the constant which assumes sufficient time has been provided
current source (44) to the capacitor (10) for for the discharge of the
capacitor 10. Enough time   30  discharging the capacitor (10) from its
charge must be provided for the capacitor 10 again to be       level to a
selected low level during a discharg- charged to its charge level by the
differential signal   ing period; on the lines 18 and 20 so that at t = 80
ms a new           switching control means (50, 40) arranged pulse can be
generated.                                  to operate the first and second
pairs of switch- Figure 3 shows the case where there is a lower  35   es
(24. 25; 34, 35) such that the outputs of the differential signal on the
lines 18 and 20 and there-    high impedance differential amplifier, on the
by a correspondingly shorter pulse width.                one hand, and the
constant current source The converter described above thus enables
(44), on the other hand, are connected one at a pulses having a variable
duty cycle to be gen-           time to the capacitor (10) for charging the
erated, the duty cycle being a digital representation   40  capacitor to
its charge level and for discharg- of the analog signal.
ing the capacitor to the selected low level, the Converters embodying the
invention can be             switching control means being operative to
utilised with a 4-20 mA current loop where maxi-         connect the
capacitor to the high impedance mum power dissipation is limited to 48 mW.
As            differential amplifier for a sufficient time to shown in
Figure 4, which illustrates another em-   45    reach the charge level and
to connect the bodiment of the invention, a differential input mul-
capacitor (10) to the constant current source 



tiplexer 60 is used with a plurality of inputs 62 from   (44) for a time
longer than the discharging a plurality of transducers, and a plurality of
inputs    period; and 64 which can be used for auto-ranging. The four
pulse generating means connected to the inputs of the multiplexer 60 can be
dedicated for  so    output circuit (14) for generating a pulse hav- the
transducer inputs 62 and four other inputs for       ing a duration
equalling the discharging period. the inputs 64. The multiplexer 60
sequentially se- lects one of the eight available inputs at a time for  2.
A converter according to claim 1, wherein the the amplifiers 22 and 23 of
the input circuit 12. In     pulse generating means comprises a compara-
Figure 4, the same reference numerals are utilised   55  tor (46) having
one input connectable to one to designate same or similar parts as in
Figure 1.       side of the capacitor (10) via the output circuit The
multiplexer 60 is controlled by the micro-       (14) and another input
connected to a refer- processor 50. The switches 24,25 and 34.35 are
ence voltage for establishing the selected low    7               EP021289
B1    .                   8 level of charge for the capacitor.
Zeitdauer hat welche gleich der Entladedauer ist. 3. A converter according
to claim 1 or claim 2. wherein the switching control means com-        2.
Wandler hach Anspruch 1,wobei die Impulser- prises a microprocessor (50),
the first pair of   5  zeugungseinrichtung einen Komparator (46) switches
(24, 25) comprises a pair of electronic    aufweist, dessen einer AnschluB
mit einer Seite switches controllable by the microprocessor         des
Kondensators (10) Ober den Ausgangs- (50), and the second pair of switches
(34, 35)      schaltkreis (4) verbindbar ist und dessen ande- comprises a
pair of electronic switches control-    rer Eingang mit einer
Referenzspannung fur lable by the microprocessor.               10
die Bereitstellung des ausgewghlten niedrigen Ladungsniveaus des
Kondensators verbunden PatentansprUche
ist. 1. Wandler zum  Umwandeln eines Paares von          3. Wandler nach
Anspruch 1 oder 2, wobei die analogen Signalen in einen Impuls, wobei der
15   Schaltsteuereinrichtung einen Mikroprozessor Wandler aufweist:
(50) aufweist, das erste Paar von Schaltern (24, einen Kondensator (10),
25) ein Paar von elektronischen Schaltern auf- einen Eingangsschaltkreis
(12)., weicher ein     weist, die von dem Mikroprozessor stouerbar Paar von
Verstarkern (22, 23) aufweist, die so      sind, und das zweite Paar von
Schaltern (34, miteinander verbunden sind, daB sie einen Dif-  20  35) ein
Paar von elektronischen Schaltern auf- ferenzverstarker mit hoher Impendanz
bilden,        weist. welche von dem Mikroprozessor steuer- um die
Analogsignale aufzunehmen und ein            bar sind. Differenzsignal an
einem Paar von Ausgangen zu erzeugen, sowie ein Paar von Schaltern (24,
Revendications 25) aufweist fuir den AnschluB der Ausgange   25 des
Differenzverstarkers mit hoher Impedanz     1. Convertisseur permettant de
convertir deux si- an den Kondensator (10), urn den Kondensator
gnaux  analogiques en  une impulsion, le auf ein Ladungsniveau aufzuladen,
welches           convertisseur comportant: proportional zu dem
Differenzsignal ist,                un condensateur (10); einen
Ausgangsschaltkreis (14), der eine   30       un circuit d'entrde (12)
constitue d'une pai- Konstantstromquelle (44) und ein zweites Paar       re
d'amplificateurs (22, 23) interconnectes de von Schaltern (34, 35)
einschlielt, um die Kon-     maniere a former un amplificateur differentiel
a stantstromquelle (44) an den Kondensator (10)       haute impedance
recevant les signaux analogi- anzuschlieten, um den Kondensator (10) von
ques et fournissant un signal differentiel sur seinem  Ladungsniveau auf
ein ausgewahites   35     une paire de sorties, et une premiere paire
niedriges Niveau wahrend einer Entladezeit zu       d'interrupteurs (24,
25) reliant les sorties de entladen,
I'amplificateur diff6rentiel a haute imp6dance eine Schaltsteuereinrichtung
(50, 40), wel-      au condensateur (10), afin de charger le che so
angelegt ist, daB sie das erste und das      condensateur a un niveau de
charge propor- zweite Paar von Schaltem (24, 25; 34, 35) so   40   tionnel
au signal diff6rentiel; betatigt, daB die Ausgange des Differerzver-
un circuit de sortie (14) comportant une starkers mit hoher Impedanz
einerseits und die      source de courant constant (44) et une secon-
Konstantstromquelle (44) andererseits jeweils       de paire
d'interrupteurs (34, 35) reliant la sour- getrennt (nacheinander) mit dem
Kondensator         ce de courant constant (44) au condensateur 



(10) verbunden werden, urn den Kondensator   45     (10 afin de d6charger
le condensateur (10) de auf sein Ladungsniveau aufzuladen und um ihn
son niveau de charge jusqu'a un niveau bas auf das zweite niedrige Niveau
zu entladen,         choisi, pendant le temps d'une duree de de- wobei die
Schaltsteuereinrichtung so betreib-       charge; bar ist, daB sie den
Kondensator fUr ausrei-            un moyen de controle de la commutation
chende Zeit an den Differenzverstarker mit ho-  50  (50, 40) commandant la
premiere et la secon- her Impedanz anschlielt, so daB er das La-
de paire d'interrupteurs (24, 25; 34, 35) de telle dungsniveau erreicht,
und daB der Kondensa-         manibre que les sorties de l'amplificateur
diffe- tor (10) fUr eine Zeitdauer an die Konstant-        rentiel a haute
impedance d'une part, et la stromquelle (44) angeschlossen wird, die lan-
source de courant constant (44) d'autre part, ger ist als die Entladedauer,
und           55      soient reliees alternativement au condensateur eine
lmpulserzeugungseinrichtung, welche        (10) afin de charger le
condensateur jusqu'au mit dem  Ausgangsschaltkreis (14) verbunden
niveau de charge et de d6charger le conden- ist, um einen Impuls zu
erzeugen, der eine          sateur au niveau bas choisi, le moyen contr8- 5
..I 9~~~~~E E 212 898B1"1 lant la commutation reliant le condensateur a
l'amplificateur diff6rentiel a haute impedance pendant une duree
suffisamment longue pour pouvoir atteindre le niveau de charge et pour
relier le condensateur (10) a la source de   5 courant constant (44)
pendant un temps supe- rieur a la dur6e de decharge; et un moyen de
g6neration des impulsions reli6 au circuit de sortie (14) et pouvant gen6-
rer une impulsion egale a la duree de d6char-  io ge. 2. Convertisseur
selon la revendication 1, carac- t6rise en ce que le moyen de g6neration
d'im- pulsions comporte un comparateur (46) dont  r5 I'une des entr6es peut
etre reli6e a une borne d'un condensateur (10) a travers le circuit de
sortie (14) et une autre entree reliee a une tension de r6f6rence afin de
determiner le ni- veau bas de charge choisi pour le condensa-  20 J.)
teur. 3 Convertisseur selon la revendication 1 ou 2, caracteris6 en ce que
le moyen de contr8le de la commutation comportet un microprocesseur  25
(50), la premiere paire d' interrupteurs (24, 25) comportant deux
interrupteurs 6lectroniques commandes par le microprocesseur (50), et la
seconde paire d'interrupteurs (34, 35) compor- tant deux interrupteurs
electroniques comman-  30 d6s par le microprocesseur. 35 40 45 50 55    


