El ectronic Thermostat Control Unit and its use in Mul t poi nt Terrperature i-lljj.

-Controllerfor Refrigeration and Heati ng Systens This invention relates-to

an electronic digital thernmpstat control unit and its use in a Miltipoint 7./

Tenperature Controller for Refrigeration and Heating Systens. BACKGROUND ™ i -
El ectri‘cal controls in refrigeration/heating systens basically conprise a
sinple thernostat, motor starting relay and an over |oad protector for
controlling the notors. Larger nodels at so. |ncorporate atinmer and a sinple
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with change in tenperature is used to determ ne/ control the tenperature.
ii. Bi-metallic elements in which the deflection/defornmation of a bi-
metallic StM of tvvo mstals with widely different coefficients of thernmal
expansi-on terrper ature sensed by it. iii. Mechani cal

bell ows that are rrechanl cal | y pushed by the expandl ng gas/liquid and that
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pl ati num r ethesonats, cbasisg@fters. These sensors require conpl ex and
expensive interface circuits. This has nmade these therm)stats unaccept abl e
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the gas/liquid with change in temperature is used to determinc/
control the temperature.

i Bi#nc_tallic clements in which the deflection/deformation of a bi-

metallic strip of two metals with widely different coefficients of
thermal expansion, determines the temperature sensed by fit.

iti.  Mechanical bellows that are mechanically pushed by the expanding
gas/liquid and that in turn move the mechanical contact and actuate
the electrical circuit at a definite ‘set’ value.

iv.  The deflecting bi-metallic strips itself performs the function of a
moving mechanical switches that controls the electrical circuit.
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These traditional methods / apparatus suffer from the following drawbacks:
a. Imprecise and imperfect sensing of temperatures

b. Low reliability



i mproved reliability of operation, are not effectively realized, when these
are used with the conventional starting relay, over |oad protector, defrost
timer, and the |ike. Replacing each of these elenents with electronic
equi val ents or providing energy saving and ot her useful end-user functions,
has so far proved to be economcally viable in only the nost expensive
model s of refrigeration units Conventi gnal over | oad protection nmechani sns
are based og@one of the fol | owi ng nechani sns; Bi-nmetallic elements in
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el ement need to be matched with the load. in order to produce the correct
el ectrical behaviour. This imts flexibility and is 3 at best a
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characteri SH ﬁﬁu‘l?m% | oad Characteristics Is rar possi
t he conventiona hods of inplenenting the starting relay functions and
t he associ ated problens are: a. The use of a conventional nechani cal
rel ay, which sufd er s Biroetatleecletrentiainl whioh|then deffleetiondeforaiatiancofhg Bind
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determines the temperature at which the thermal trip action occurs

to perform the over load protection function.

b. Positive temperature coefficient (PT'C) resistance clements. the
eléctrical resistance of which increases dramatically with increase in
temperature beyond a certain ‘threshold’ temperature, so that the
resistance element effectively reduces the current in the electrical
circuit to an insignificant value.

Both these methods have drawbacks. The bi-metallic over-load protector is a
mechanically moving part that experiences electrical arcing every time it breaks
the electrical circuit, causing electrical interference while at the same time
resulting in corrosion of the contacts.

The PTC resistance element is similarly exposed to constant heat-cool cycles that
create thermal stress and reduce reliability. At the same time, the electrical and
temperature characteristics of the PTC element need to be matched with the load,
in order to produce the correct electrical behaviour. This limits flexibility and 1s



whi ch suffers fromthe sane problens that are encountered in the use of a
"PTC el ement for the over |oad protector function. The conventional defrost
timer in a refrigeration systemis an el ectro-nmechanical or notorized tiner
mechanism Since it has constantly noving nechani cal parts. and an arcing
el ectrical contact, its reliability is quite limted. Besides the problens
| i sted above, conventional electrical controls in refrigeration systens
have proved to_ _be unw el dy and even exptnsive in terns of inplenmentin
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refrigerati ochargstesstics torthtdoad clsraeterstidsrialphrelyf possilens that result in
energy saving or provide useful features for the end user, are inpractical

to i nplementgusing such control , nmechani . (Jhe object of -this invention is
to provide a%ﬁgli'%&ﬁﬁﬁ.cenmw MR avigyEafink 25c. s@tuing el fipglohs
oper at i onal | 3ndtieassogiated prablegis et urt her obj ect of this invention is to
provide a single, nultipoint conpact electronic control unit by using the
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conprises: a p-n junctlestricabepeutt ure sensing el ement, a constant current
source to drive the said p-n junction el enent, 4 the output of the said
p-n junction el egent t t.ed: ROMSsHRieHt & Lund O
produce a digi taIrH?out %qutg%?%sigﬁgj‘%#ﬁﬁp grﬁ{éu%@utmlegqt:gint]@c{eggw&;élgﬁﬁl {r cuit
for correcting the seMdlith SUEiers,gmyiEsame, proflemsythat are encognteged iy the
calibration data stor#s phaRdiC element for thewyey loadrotestardunetipmut put i s
connected to one input of at |east one digital conparator and the other
I nput of each digital conparator receives a digital reference value from

t he said nom~Vvol at il I r. from vari.abl e control. neans,. the output of
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actuating the device in the consuner/industrial product that perforns the

temperature gesides the problems listed above, conventional electrical controls in
refrigeration systems have proved to be unwieldy and even expensive in terms of
implementing multi-zone temperature control functions, that are desirable in
larger refrigeration systems. In fact, some desirable functions that result in
energy saving or provide uscful features for the end user, are impractical to
implement using such control mechanisms.

The object of this invention is to provide an electronic digital thermostat which is
cost effective, operationally safe and reliable.

A further object of this invention is to provide a single, multipoint compact
electronic control unit by using the said electronic digital thermostat that
overcomes all the above-mentioned drawbacks and provides the advantages of
the expensive electronic controls currently available, at low cost.

-

To achieve the said objective this invention provides an electronic digital
thermostat control unit which comprises:

- a p-n junction temperature sensing element,

- a constant current source to drive the said p-n junction element,



correction. The output of the said control latch is connected to an out put
. drive and protection circuit which nonitors the [oad conditions

conti nuously and deactivates the drive to the solid state switch, if
overload conditions are encountered in the said consumer/industri al
product. These overload conditions nmeans themal overload, over-current and
turn-on inrush current conditions. ACCCF)j{ dingly, the Qutput Drive and
Protection Circuit includes a Thermal otection circuit, an Over-current
Protection Circuit and a 'Soft Start' circuit. The Thermal Protection

G rcuit  nonitors-the thenpatpat wfetlef saideptogdnctidi leferhéret v eonmactednd an
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during the initial period.of the turn-on and thereby decreases the inrush
current stress pf oduc‘éﬂ Sg?ffi.)ldl‘&‘tqidaﬁpphlst ranRected & aneireit Jom comeetng theads.
The tenperature di splsepsitivity asd adfsee otabukst of dhe sehsarhasingpealtbratiort ldatasai d

di gi tal conpar at or ( s)stéfelddh HoRCRINER themokylput from the output of t he
sensitivity and offset correction circuit and a selection switch permts
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S mul tiplexer for adjysiaBRomfolldi&ngontrol limts of the tenperature. The

said variable control neans 1s a potehtioneter or switch which is connected
to a switch debounce circuit and digital counter to renove spurious swtch
transitions and to i rtbe Svaprt ok theseid camparatersl isc filigres usingedigitah moisst
which is connected t dilters; torghistinate sputigist altpuns! dridoisesteredtia aledretrolilagch
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circuit. The sai d di gor@ttiemnpar at or conpares the corrected and sensed

tenperature with the reference value and generates a '"true'/'fal se' output
to set/reset a control latch after filtering through noise filters to

elimnate SEHU ous out pé} S. .gﬁe of lI_Hiue ﬂLgi t al (‘:or’?ar ators receives a fixed
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or from a udeictivatk athice dewot uplthdegslidlisi@e switch, if overload conditions arc
encountered in the said consumer/industrial product. These overload conditions
means thermal overload, over-current and turn-on inrush current conditions.
Accordingly, the Output Drive and Protection Circuit includes a Thermal
Protection circuit, an Over-current Protection Circuit and a ‘Soft Start’ circuit.
The Thermal Protection Circuit monitors the temperature of the load, while the
Over-current Protection Circuit monitors the current drawn by the load, and the
soft start circuit provides an effective reduced voltage start-up to the load during
the initial period of the turn-on and thereby decreases the inrush current stress
produced on the load in the case of motor and heater loads.

The temperature display unit is connected to one of the inputs of the-said digital
comparator(s) which receives its input from the output of the sensitivity and
offset correction circuit and a selection switch permits the selective display of
either the sensed temperaturc or the reference value from the digitized output
from the potentiometer/switch.

A variable control means is provided in series with analogue-to-digital converter
for varying the reference digital value fed to the digital comparator through a



upon the state of a selector switch that toggles the selection The power
supply used for powering the electronic digital thernostat control -unit
preferably consists of a |low | oss capacitive voltage droppi ng network

foll owed by a voltage clanmping device, a rectifier and a filter network to
provide a D.C. voltage. The said D.C. power supply provides an output in
the 3-6 volts range. A clock oscillator is connected to each circuit of the
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flexibility of control in multipoint applications. 6 To achieve the
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tenperature in the required nunber of places in the refrigeration/ heating
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hy a voltage clamping dcvmc, a rectifier and a filter network to provndc, aD.C.
voltage. The said D.C. power supply provides an output in the 3-6 volts range.

A clock oscillator is connected to each circuit of the electronic digital thermostat
control unit for providing the timing signals for the operation of each circuit. The
said clock oscillator is a quartz clock oscillator operatmg in the 4-§ MHz
frequency range.

The entire control circuit is implemented as a custom Application Specific
Integrated Circuit (ASIC) to provide a miniature and cost effective thermostat
excluding the sensor, a variable user control potentiometer/switch, the selector
switch, temperature display unit and the solid state switch.

In other embodiments the said ASIC excludes non-volatile memory, clock circuit
and the power supply in order to provide larger non-volatile memory capacities
for storage of temperature data and interfaces to different types and sizes of
displays in one embodiment, and in other embodiment further excludes the
output drive and protection circuit in order to facilitate the use of higher power
solid state switch, or to provide flexibility of control in multipoint applications.



out put drive and protection circuits for enabling or disabling the said

el ectronic thernostat control units and output of said drive and protection
circuits dependi ng upon the conbination of the output fromthe el ectronic

t hernmostat control unit and the user control input received from the
potentioneter or digital counters, as well as the occurrence of fault

condi tions. a systemtiners un|t whi ch generates the timng signals
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the user control signal required to operate the said electronic nulti-point
tenperature control unit, The entire cont circuit is inplenented as a
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of the output from the clectronic thermostat control unit and

the user control input received from the potentiometer or

digital counters, as well as the occurrence of fault conditions.

ii.  a system timers unit which generates the timing signals for
enabling/disabling one or more of the said Output Drive and
protection circuits during special modes of operation,

1ii.  a starting relay circuit which provides the signals required to
control one or more output drive and protection circuits at the
time when the said load is to be switched on.

Any one or more of the Output Drive and Protection Circuit includes a thermal
protection circuit, an over-current protection circuit and a ‘Soft Start’ circuit, the
thermal protection circuit monitors the temperature of the load, while the over-
current protection circuit monitors the current drawn by the load and the “Soft
Start” circuit provides an effective reduced voltage start-up to the load, during
the initial period of the turn-on, and thereby decreases the in-rush current stress
produced on the load in case of motor and heater loads.



The invention wll now be described with reference to the acconpanying
drawi ngs: Fig. 1 shows the electronic digital thernostat control unit
according to this invention using a potentioneter for varying the
tenperature control value. Fig. |(a) shows the output drive and protection
circuit in the electronic digital thernostat control unit. Fig. 2 shows an
al ternate enbodi nent of the unit usi ng A swtch to vary the tenperature
control value Fig. 3 shows the transforner |ess pomer supply used to
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capacmes for storage temperature data and interfaces to different types and
sizes of displays.

The invention will now be described with reference to the accompanying
drawings:

Fig. 1 shows the electronic digital thermostat control unit according to this
invention using a potentiometer for varying the temperature control value,

Fig. 1(a) shows the output drive and protection circuit in the electronic digital
thermostat control unit.

Fig. 2 shows an alternate embodiment of the unit using a switch to vary the
temperature control value

Fig. 3 shows the transformer less power supply used to provide power to the
electronic thermostat unit.

Fig, 4 shows an application of the electronic thermostat control unit.

Fig. 5 shows an embodiment in which the entire control circuit is implemented
as an Application Specific Integrated Circuit (ASIC) excluding the sensor,
variable user control potentiometer/switch, selector switch, temperature display
unit and solid state switch.



Referring to Figs. | and 1(a), item (l) shows a sensor consisting of a
single sem -conductor p-n junction (eg. a diode). A constant current source
(2) provides the bias current for the said sensor (1). The signal fromthe
sensor (I) which is an analogue D.C. voltage that decreases linearly with
the tenperature is converted to digital form by an anal ogue-to-digital
converter (3). The digital output is adjusted for sensor offset and
sensitivity by a sensitivityand offset8 correction digital circuit (4) that
receives the correction factor data in digital formfroma non-volatile
menory (19) Fight showgianaalteonatpigt embodipsink anl the farhypf ASICompahichothe nos-& 6) .
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user-control st gna romthe ‘potentioneter, or the constant value fromthe
non- volatile nmenory is to be used as the 'cut-out' reference for the
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( _ ) switches. the non-volatile memory and the display unit is implemented as an

Application Specific Integrated Circuit (ASIC).

Referring to Figs. 1 and 1(a), item (1) shows a sensor consisting of a single
semi-conductor p-n junction (eg. a diode). A constant current source (2) provides
the bias current for the said sensor (1). The signal from the sensor (1) which is
an analogue D.C. voltage that decreases linearly with the temperature is
converted to digital form by an analogue-to-digital converter (3). The digital
output is adjusted for sensor offset and sensitivity by a sensitivity and offset
correction digital circuit (4) that receives the comrection factor data in digital
form from a non-volatile memory (19). This digital output is applied to digital
comparators (5 & 6). Each digital comparator receives a digital reference value
along with the digital value received from the sensitivity and offset correction
digital circuit (4) at its input terminals. The digital comparator (5) receives a
fixed value from the non-volatile memory (19) and the other digital comparator
(6) receives its reference value from either the non-volatile memory (19) or from



(20) and a power supply (21 ) is connected to the entire circuit as shown
in figure 1. In fig. 2, the user variable control originates froma swtch
(22) instead of a potentionmeter ( 12). The signal fromthe switch (22) is
fed to Switch Debounce circuit (23) that feeds a pulse on every switch
depression to a digital counter (24) which represents the sel ected control
limt value supplied to the digital co arator (6) through digital
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In fig. 2. the user variable control originates from a switch (22) instead of a
potentiometer (12). The signal from the switch (22) is fed to Switch Debounce
circuit (23) that feeds a pulse on every switch depression to a digital counter (24)
which represents the selected control limit value supplied to the digital
comparator (6) through digital multiplexer (15), which determines whether the
output of the digital counter (24) or the fixed value from the non-volatile
memory (19) is supplied to the input of the digital comparator (6). The digital
multiplexer (15) receives its control input from the output of the Debounce
switch (17) that interfaces the selector switch (16).

Fig. 3 shows the transformer less power supply (21) of 3 to 6 volts, used to
provide power to the electronic digital thermostat control unit. A capacitive
voltage dropping network (25), with a voltage clamping zener diode (26) reduces
the input high A.C. voltage to a low value. This low value AC voltage is then
rectified by a diode (27) and then filtered by a capacitor (28) to produce a low
voltage D.C. supply that feeds power to the circuit.



menory (19), clock oscillator (20) and the power supply (21) are external
to the ASIC in order to provide for larger non-volatile nmenory capacities
and interfaces to several different types and sizes of displays. The |arger
capacity of the non-volatile menory ( 19) permits nore storage of
tenperature data. Fig. 7 shows yet anot her enbodi mrent of the electronic
digital thernostat control unit in the rmof ASIC (34), wherein the
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sui tabl e forrigdi gishalwscampabaieenitidimbnconticeeitcesic afiitglomeatodtdBgontrol
unit in the form of ASIC (34), wherein the putout drive and protection circuit
(10) is also external in order to facilitate the usc of higher power solid state
switches that require more drive current than is provided by a single chip. This
enables the control of significantly: higher capacity loads
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WORKING:

A sensor consisting of a single semi-conductor p-n junction diode (1) under a
constant current bias provided by a constant current source (2) produces a DC
voltage that decrcases in direct proportion to the increase in the sensed
temperaturc. This DC voltage is fed to the input of an analogue-to~d1gltal
converter (3). The analogue-to-digital converter produces a digital output that is
equal to the DC voltage supplied at its input. This digital output is then fed to the
input of a sensitivity and offset correction digital circuit (4) that corrects it for
sensor offset and sensitivity by applying a correction factor that is received by it
in digital form from non-volatile memory (19). This produces a corrected, sensed
temperature value. :



drives the potentioneter to ensure its output is independent of power
-supply fluctuations. The output of the anal ogue-to-digital converter (14)
is fed to a digital nultiplexer (15) that determ nes whether the user -.
control signal fromthe potentioneter (12), or the constant value fromthe
non-vol atile menory (19), is to be used as the reference for the digital
conparator (6). Wiere the user control is supplied froma switch (22)
i nstead of potentionmeter (12) (see figlirle 2), the switch signal is first
passed t hrough a switch debounce circuit (23) to renbve spurious switch
transitions, _.and then used to increnment/ decrenent a digital counter (24).
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Where the user control is supplied from a switch (22) instead of potentiometer
(12) (see figure 2), the switch signal is first passed through a switch debounce
circuit (23) to remove spurious switch transitions, and then used to increment/
dccr.cment a digital counter (24). The output of the digital counter (24) is then
applied to the input of digital multiplexer (15) which determines whether the
user-control signal from the switch (22), or the constant value from the non-
volatile memory (19), is to be used as a ‘reference’ value for the digital
comparator (6).

The output of digital multiplexer (15) is controlled by the signal from selector
switch (16) after processing by the switch debounce circuit (17§ to remove
spurious switch transitions. Digital comparator (6) compares the corrected,
sensed temperature value with the reference value and generates a ‘true’/ false’
output that is used to ‘set’ control latch (9) after filtering through digital noise
filter (8) to eliminate spurious outputs..

Tl?e control latch (9) outputs a digital signal that enables / disables the output
drive and protection circuit (10). The output drive and protection circuit (10)



output fromthe sensitivity and offset correction digital circuit (4), or
‘the user - selected reference tenperature as determ ned by the signal at
the output of the digital nultiplexer (15). A clock oscillator circuit (20)
based on a quartz crystal oscillator in the 4-8 MHz frequency range
generates all the timng signals necessary to operate each circuit bl ock,
whil e a power supply (21) supplies the {fquired vol tage and current to each
circuit block of the electronic dlgltal hernmostat control unit. In figs. 8
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operati on ohn' Isehefid %g R e L
whm,m iems ) to ( 9) show sing -PN-Junctlon (c,g, d|o c) temperaturc.
sensors connected to electronic thermostat control units (40) to (44) having a
common non-volatile memory (75) that stores reference and calibration data. The
outputs from control latch units of the electronic thermostat control units are
connected to a logic circuit (45) which selectively connects these outputs to the
inputs of one or more output drive and protection circuits (46 to 50) using the
data stored separately in the said non-volatile memory (75). The output from
each output drive and protection circuit goes to solid state switches (51) to (55)
which perform the ON/OFF action on the load (e.g. Refrigerator compressor
motor, blower, defrost heater and the like). Any one or more of the Output Drive
and Protection Circuits includes a ‘Soft Start’ circuit (46A), thermal over-load
protection circuit (46B) and over-current protection circuit (46C) to provide

ﬁ

- an effective reduced voltage start up to the load, during the initial
period of the turn-on, and thereby decreases the in-rush current
stress produced on the load in case of motor and heater loads.

- protection against thermal and current over-load conditions



timers for special functions such as automatic defrost and 'quick freeze',
. 'door open alarm 'autonmatic fault reset' features in the case of a
refrigerator application or "water fill timer', "mlk fill timer",

"autonmmtic turn-on at preset tine' and 'automatic turn-off at preset tine
features in the case of the coffee vending machi ne, connects to an input of
the central control unit (71), and provides signals that determ ne control
actions for enabling or disabling the electronic thernostat control units
(40) to (44) and the output drlve and Potection circuits (46) to (50). The
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cut- unit’s compressor motor. This signal is routed through the central control unit
(71) to one of the output drive and protection circuit blocks.

A clock oscillator (74) of frequency 4-8 MHz, is used to provide the timing
signals necessary for the operation of each circuit of the electronic multi-point
temperature control unit. The said clock oscillator is the same as used in the
electronic thermostat unit.

Non-volatile memory (75) is used to store all the control and calibration data
required for the said electronic thermostat control units and the said logic circuit.
A power supply (76) 1s used for powering the electronic multi-point temperature
control unit. The said power supply is connected to all the internal blocks of the
unit and is the same as used in the electronic thermostat control unit.

A display unit (77) is provided at the output of one of the electronic thermostat
control units.



limt and disabling it whenever the nonitored tenperature crosses the
cut-out' limt. The outputs fromthe five solid state switches (51) to
(55) are connected to the conpressor notor 'RUN wi nding, conpressor notor

" START' wi nding, the defrost heater elenent, blower #1 (86) |ocated in one
compartment of the refrigerator and bl ower #2 (87) |ocated in another
conpartment of the refrigerator. Fig. 10 shows an application of the

el ectronic multi-point tenperature contAadl unit in a coffee vendi ng nachi ne
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several di frefrigeratarypes and sizes of displays. WORKING Miltiple Electronic
Thernostat Control Units (40) to (44) havi ng a comon non-vol atile rrem)ry

75 noni t tjae Qi nts,.of .t enV| onnen
e 1o be S ro:al e a‘%’&?f*@%ﬁé th it R Ghoih ferfPifpd l&fﬁ&oekﬂi o
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nor e located in contact with the stainless-steel vessel (91) containing the water for the
coffee, measures the temperature of the watcr as it is heated. Second and third
sensors (92) and (93) located on the housing of the hot-water dispensing pump
(94) and the milk dispensing pump (95) monitor the temperature of the pumps in
order to provide thermal overload protection. The outputs from the three solid
state switches (51) to (53) are connected to the heater (96), and the said hot-
water dispensing pump (94) and said milk-dispensing pump (95) to monitor the
required temperature.

Fig. 11 shows an implementation of the electronic multi-point temperature
control unit in the form of a custom Application Specific Integrated Circuit
(ASIC) (97), in which the sensors (35) to (39) of the electronic thermostat
control units, user control switches (56) to (60), DC power supply (76) and solid
state switches (51) to (55) are excluded, to provide a solution that is both very
miniature and cost-effective.

Fig. 12 shows another embodiment electronic multi-point temperature control
- unit using an ASIC (98) in which the sensors (35) to (39) of the electronic
thermostat control units, user control switches (56) to (60), DC power supplyv.
(76) and solid state switches (51) to (55), and the non-volatile memory (75), are



out put drive and protection circuits (46) to (50), in accordance with the
data received fromthe said non-volatile nenory (75). Each electronic
t hernostat control unit nonitors the tenperature in the conmpartnent in
mhich it is |located and conpares it with the specified 'cut-out' and
‘cut-in' tenperature, enabling its correspondi ng output drive and
protection circuit whenever the nonitored tenperature crosses the 'cut in'
limt and disabling it whenever the nonllbored tenperature crosses the 'cut
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refrigerati oWNQBKING:systen . Any one or nore of the output drive and
protection circuits (46) include a 'Soft Start' Circuit (46A), thernmal
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p-n junction el enent, the output of the said p-n junction elenent is
connected to an - an eflective reduced voltage start-up to the load, during the mitial
period of tum-on and thereby decrease the in-rush current stress
produced on the load in case of motor and heater loads

- a protection against thermal and current over-load conditions

A central control unit (71) receives user control values from switches (56) to (60)
after routing through switch debounce circuits (61) to (65) to eliminate spurious
transitions and digital counters (66) to (70) to produce a digital value. The said
central control unit also receives inputs from a system timers unit (72) which
supplies control signals from one or more internal timers, as well as from a
starting relay circuit (73) which generates the signals required to supply timed
‘ON’ pulses to motor ‘START’ windings when these are turned ON. The said
Central Control circuit produces enable/disable control signals for each of the
electronic thermostat control units and output drive and protection circuits, based
on the values of its input signals, and thereby performs the control actions
necessary for the operation of the entire electronic multi-point temperature
control unit as well as of application-specific modes of operation (e.g. “Defrost™
and “Quick Freeze” modes in the case of a refrigerator). '



anal ogue-to-digital converter to produce a digital output,.the said digital

out put is conne ' |t for correcting the sensitivity and offset
val ues of the sﬁ Jm‘“ngubgm&ration data stored in non-volatile nenory,
the corrected outp L d to one input of at |east one digital

conparator and the other input of each digital conparator receives a
digital reference value fromthe said non-volatile nenory or fromvariabl e
control neans, the output of the said cdfparators are filtered using

di gi tal noi SElafiiist:ers, to elimnate spurious outputs and is stored in a
control latch to set/reset the input of a control |atch whenever the out put
of digital conparator is '"true' for actuating the device in the
consuner/industrial product that perforns the tenperature correction. 2.

An el ectronile di din electronicdigital thersinstasicopipk Uik COMBNSBE: i n clai m 1 wherei n
t he output of the said control latch is connected to an output drive and
protection circuLt whj kbR K lehie@S conti nuously and
deactivates the dri veaﬁgl{tﬁieéhgglt?gbg?g%rgggnv%ﬁ{e ie?ﬂoverl oad conditions are
encountered in the said consuner/industri all_iygr oduct . An. el ectronic

3. ;
digital thernostat cofCPRItaRi{WTCRLSQYISE iR ﬂlﬂ%’i“i@i‘%‘i‘@?‘@ﬁ‘ﬁ‘% ai d

output drive and protection circuit includes a thermal protection circuit,
an over-current prot egi Qﬁ'tpﬁi Effuﬂhb $did pn ﬁﬁfdioﬁigétienpiiﬁ m@hilecteﬂetotmr mal
protection circuit no 40 I ﬁfod &ﬁﬁi W e the

over-current prot ecti%{r#k? rc%)i g@%@tﬂgr@éﬁﬁ cuErlrezr‘\t ra\%nwby the | oad and
the "Soft Start' circuit provides an effective reduced voltage start-up to

the | oad during the ithietsaad digital cutpnt tsheonngetedote asarcutcfossprestipgdies t he
in- = 17 rush currendensitivitysand offseedatuestdfetieosehson usigg cakleratibn ndetar and

heat er | oads. 4. Arkt&leﬁcigrn%ﬂi-é‘olﬁiﬂeirﬁé}hoﬁherrmStat control unit as clained
a

inclaiml| wherein a'variable control nmeans is provided in series with
anal ogue-to-digital converter for varying ttgli reference digital value fed

a
to the digital conparBesomeried Py Ineonngsted & one inpitjof At deast opg digiil
control limts of thecamparetontandahe &ther input eff each digital domparatontreesivessa at

control unit as clai rggithNrefé@hée Valleefr&inthieRid abhablAile anémory oefiom i s a
potentioneter or a swiFeai chiis. o

- the output of the said comparators are filtered using digital noise
filters, to climinate spurious outputs and is stored in a control latch
to sctreset the input of a control latch whenever the output of
digital comparator is ‘true’ for actuating the device in the
consumer/industrial product that performs the temperature
correction.

2. An electronic digital thermostat control unit as claimed in claim 1 wherein
the output of the said control latch is connected to an output drive and
protection circuit which monitors the load conditions continuously and
deactivates the drive to the solid state switch, if overload conditions are
encountered in the said consumer/industrial product.

3. An electronic digital thermostat control unit as claimed in claim 2 wherein
the said output drive and protection circuit includes a thermal protection
circuit, an over-current protection circuit and a ‘Soft Start’ circuit, the
thermal protection circuit monitors the temperature of the load, while the
over-current protection circuit monitors the current drawn by the load and
the ‘Soft Start’ circuit provides an effective reduced voltage start-up to the
load during the initial period of the tum-on and thereby decreases the in-



connected to a switch debounce circuit and digital counter to renove
spurious switch transtns\wd to increnent/decrenent a digital counter

respectively, Hmmmum e said digital counter or the said
pot ent i onet er

the input of a digital nultiplexer to

det er mi ne whet fier “user control si gnal fromthe switch or the constant val ue
fromthe non-volatile nenory is to be uged as a reference value for the
digital conparator. 6. An el ectronic digital thernostat control unit as
clained in clai mrasiwearrentsttéss modiced owithe biaddnrtheicase sfimploe it lehtas a
custom Appl i cati ggadgpeci fic Integrated Crcuit (ASIC) to provide mniature
and cost effective thernostat excluding the sensor, a variable user control

potentionmetef/ switch the salector swtch te efatu di.splay unit and the
Solid state buit @ctromﬂrfie gnt@dﬁﬁw&sa it g3 clagued an oy biwhain as

claimed in clai mal vatiizhle contriod raeans trspmvmd@d uml serieso wvith laatldgaertordigital
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further excludes “I:Hff t-drive and protection circuit in order to
facilitate the use of hlgher power solid state switch. 8. An el ectronic
mul ti - poi nt Jtenpmélecteomo 1€dl thmﬁostmrmhtrﬁi gt as clanmedﬁ)rh ¢l | withein
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state switches, a central control gnlt connect ed to: each of the said
outputs fro§ thaneivrdic datieh thitinostad toftrélQiniody Slainhéd iPelasth ©WMefdth
units and the i Qte?m?é chRfoP @At i iPiefEhdE R cRiGheAhp Rt SHédific’ O
enabling or dis g
mcar ted Circuit (ASIC) to provide miniature and cost effective
thermostat excluding the sensor, a variable user control potentiometer/
switch. the selector switch, temperature display unit and the solid state
switch.

7. An electronic digital thermostat control unit as claimed in claim | wherein
the said ASIC excludes non-volatile memory, clock circuit and the power
supply in order to provide larger non-volatile memory capacities for
storage of temperature data and interfaces to different types and sizes in
one embodiment, and in other embodiment further excludes the output
drive and protection circuit in order to facilitate the use of higher power
solid state switch.

8. An electronic multi-point temperature control unit comprising;
- a plurality of electronic thermostat control units as claimed in claim
1. having a common non-volatile memory that stores reference and
calibration data, for controlling the temperature in the required
number of places in the refrigeration/heating systems, wherein

- the outputs from the control latch units of the said electronic
thermostat units are connected to logic circuit which selectively
connects the outputs to one or more Qutput Drive and Protection



the said electronic thernostat control units and output of said drive and .
‘protection circuits dependi ng upon the conbination of the output fromthe
el ectronic t ‘ unit and the user control input received from
the pOte”ticimﬂmm‘“mm““m counters, as well as the occurrence of fault
conditions. i4. ¢ @& systemtiners unit which generates the timng signals
for enabling/disabling one or nore of thg said Qutput Drive and protection
circuits during specigl nodes of operatiop, iii., .a,starti Jelay circuit
whi ch provides the s(Careauts qs@t&ﬁ*‘r‘*éﬁ“@-é‘%‘?fﬂ??ﬁﬂf““ﬁ”e‘“o _emvﬂﬂiw‘g@eme and
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An el ectronic nulti- pehtaktibe FRRGAS WikeCAH hUnitonithe d6ad;| thromgh isolid Isedten 8
wherein any one or mg@? Bgsthe out put drive and protection circuit includes
a thermal protection itrccuft, an over-current protection circuit and a '
"Soft Start' circuit the thermal protection circuit nonitors the
tenperature of t-he | aagntrah¢ondral nmitosomnectgditont protection circuit nonitors
the current drawn by the | oad, and the 'Soft Start' circuit provides an.

ef fect i ve reduced Vot ageqahali-t LAA! BephRadr ieOcbitfoll Mith Anigerod of
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operation of each circuitdiliaiesintefs. abevetll asathe ooturrécer ofofatlttcondtions|
unit. 12. An electronic digital thernostat control unit as clained in

clainms 1 and 8 wherei.n the power supply.used .faor rhng. repi c

digital thernostat cdhtrof S&ﬁ‘jefn _ eforgr"é‘d §/V%é<gh§f:§$’§w§fﬂh qf%vt\&wggﬁfs Rt

capaci tive vol tage droppi fga sbling orver msre HHBE saskOMRBIPAYE d8¢i ce,

arectifier and a filter pefteaidn ¢iecyitsoduriteg spebialmaddstadgperdiin, An

electronic digital thernostat control unit as claimed in clainms | and 8

wherein the tenperatuyge dhsngrﬁXg%fag' difeufORBRS &%vﬁ&sq{]g sPndid feduirtdt® Of
control one or more output drive and protection circuits at the
time when the said load is to be switched on.

9. An electronic multi-point temperature control unit as claimed in claim 8
wherein any one or more of the output drive and protection circuit
includes a thermal protection circuit, an over-current protection circuit and
a ‘Soft Start’ circuit, the thermal protection circuit monitors the
temperature of the load, while the over-current protection circuit monitors
the current drawn by the load, and the ‘Soft Start’ circuit provides an
effective reduced voltage start-up to the load during the initial period of
the turn-on and thereby decreases the in-rush current stress produced on
the load in the case of motor and heater loads.

10. An electronic multipoint temperature control unit as claimed in claim 8
wherein a Central Control Unit is a Logic circuit for implementing special
functions ¢.g. Automatic Defrost and Quick-Freeze in the casc of
Refrigerators, and Timed Heating Cycles in case of Heating Systems.

11.  An electronic multi-point temperature control unit as claimed in claims 1
and 8 wherein a clock oscillator is provided for the timing signals



the said digital comparator(s) which receives its input fromthe output of
the sensitivity and offset correction circuit and a selection switch

permts the “ “mwmm of either the sensed tenperature or the
reference va “ m tized output fromthe potentioneter/switch in
case of the el*ecfrohi c" t Hermostat control unit and in case of electronic
mul ti point tenperature control unit it %s connected to the output of one of

the said el ectronic thernostat controllUnits for di spl ayi ng the sensed or
ref erence tenper anecessaryrfongthet bperatibacof eacts wiricail. elérhent Af teeelectronic

nul ti-point tenmpehahHbRaCOHtFPunitni t as clainmed in claim8 wherein at |east
one user control switch is connected through a switch debounce circuit and

a digital ter to ,the inQut of the said central control, i.t for
provi di ng t h us ehn elpptragsc lggﬁagﬂlwwwsanm Wbas claimgd i '%& aimg| leand &ni ¢
mul ti-point tenpewhergme thenpowkr wupply 1sed for pbeetingnite reléctrionoi digital

terrper?t ure colnt rtBermidktat ol %hi’tqﬁ'efdi'alﬂ %bﬂ%lﬂts‘@f%rl%W‘ldsl%‘ tiveeve1edde rolt
circuit is inple eqr LCui
T ) 1o provi opsitedRifofl IR W@ B c@@ﬁrﬁéb%&? RCOREC 21
sensors of the el'Ui&r IGHVOIKIQATRY orYolBeunits, variable user control

swtch(es), selector swtch, terrperat ure display unit and solid state
swi tches. 1613. AArkReOA @i itul tHermoktat cbﬂfﬁlﬁﬁﬁ“ﬂ@laﬁﬁ@d ﬁ@blmstl &ad 8
claimed in claim H%E‘fhe{h%'t@ &'1561% éb‘i’xﬁéc@g% ohe a&f* &8 dR BRrof:
clock circuit an dsffmﬁ%} xﬁgax%/i Eg? vola%llle
nmenory capaciti e§§ §H o &fgsé ée‘ffé‘(eéf' %H‘ﬂ“ﬁt zﬂ!%?uf
different types &heisenssbgty and sgmmqtmtclrwmandnaanl@mn swiish qlemmits
further excl udes theselentiveutisplay o€ either the sersetliterperaturgior thawreferdace value
facilitate the ugRmfthe dipfleBSRPub Hon thé Pofertiticidt/switch in case of the
electronic thermostat control unit and in case of electronic multipoint
temperature control unit it is connected to the output of one of the said
electronic thermostat control units for displaying the sensed or reference
temperature through the selection switch.

14.  An electronic multi-point temperature control unit as claimed in claim 8
wherein at lcast one user control switch is connected through a switch
debounce circuit and a digital counter to the input of the said central
control unit for providing the user control signal required to operate the
said electronic multi-point temperature control unit.

15.  An electronic multi-point temperature control unit as claimed in claim 1
wherein the entire control circuit is implemented as a custom Application
Specific Integrated Circuit (ASIC), to provide a miniature and cost
effective thermostat excluding the sensors of the electronic thermostat
control units, variable user control switch(es), selector switch, temperature
display unit and solid state switches.

16.  An electronic multi-point temperature control unit as claimed in claim 1
wherein the said ASIC excludes non-volatile memory, clock <circuit and
the power supply in order to provide larger non-volatile memory capacities
for storage of temperature data and interfaces to different types and sizes
in onc embodiment, and in another embodiment further excludes the
output drive and protection circuit in order to facilitate the use of a high
power solid state switch.



