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REMOTEL y CONTROLLED DOOR LOCK svsteM AND METHOD 

Background of the Invention 

This invention relates generally to door lock systems, and more particularly 

to radio remote controlled door lock systems. 

5 Radio remote controlled (or "remotely controlled" or "remote control") door 

locks for automobiles are well known. A small transmitter is carried by the vehicle 

owner, typically as part of the door key. or in the form of a small "fob" attached to 

a key chain. A button is pressed on the transmitter to cause various doors of the 

automobile to lock and unlock. This is typically effectuated within the automobile 

1 o by a number of small solenoids coupled to the mechanical lock system of the doors 

and controlled by a radio receiver responsive to the remote control transmitter. 

There are also other types of radio remote controlled door operating 

systems. For example, there is the remote control-type garage door opener. 

These systems include a radio receiver coupled to a door opening motor. A remote 

15 control unit (typically hand held) sends out a coded radio frequency (r.f.) signal to 

cause the garage door to open and close. 

While these prior art systems are convenient and effective, they are not well 

suited for use within conventional doors found in residential and commercial 

buildings. This is because a typical door does not include a power source, and only 

20 provides a very small area in which a receiver, actuator and control circuitry can be 

located. Typically, from a practical point view, the entire remote control locking 

system must be contained within the lock assembly housing. 

The aforementioned radio remote controlled car lock systems and radio 

remote controlled garage door systems are typically unconcerned with both power 

25 and size constraints. In the case of the automobile lock system, the remote control 

radio transmitter can be located in any number of places in the non-passenger 

areas of the automobile. Furthermore, automobile lock systems are powered by 

large lead-acid batteries. from which relatively little power is drawn. With radio 

remote controlled garage door openers. the power source is typically a.c. household 

30 current. and the receiver can be placed in any convenient location, e.g., along a 

wall or near the ceiling of the garage. Therefore, radio remote control systems in 

the automotive door and garage door arts tend not to address the problems of low 

power consumption and compact space. 
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There have been a nu111ber of attempts to create a remote •door lock system 

in the prior art. For example,. !J.S. Patent No. 4,907 ,429 of Kenneth et al. teaches 

a remote controlled door lock apparatL1s including a solenoid for remotely locking 

and unlocking t~e door. Likewise, iri U.S. Patent No. 5,678,436 of Alexander, a 

5 remote controlle~ door lock system is provided for remotely unlocking or locking a 

dead bolt. In th~ Alexander device, an electric motor Is ·used to move the dead bolt 

between the open ~nd closed positions. . . . . 

While there' are a number of disclosures of remote controlled door lock 

systems in the prior art, none of them adequately address the problem of energy 

10 consumption. Since the overall lock mechanism size must be relatively small, a 

practical design . re(luires relatively small batteries, such as AA size batteries. 

However, a reasonable number, e.g., four AA size batteries do not provide enough 

power to operate these prior art syStems for a sufficient period of time. 

It would be a highly desirable feature for a remotely controlled door lock 

15 SyStem to have orie or more light emitting diode (LED) displays to indicate the 

status of the lock. However, LEDs are big consumers of electrical power. For 

example, a single LED that is continuously illuminated can consume the majority 

of the total power budget for a remote controlled door lock system. This is, of 

course, unacceptable since the lock actuator (i;e., a solenoid, motor, etc.) and the 

20 electronics of the controller also require considerable power. 

U.S. Patent No. 4,866,430 of Qm!s teaches a low voltage LED driver circuit 

that uses a small magnitude inductor in combination·with an astable multivibrator 
' 

' 

to supply sufficient voltage to illuminate an LED from a supply voltage source that 

is less than the LED's typical operating voltage. By use of the high pulse rate of 

25 the multivlbrator in conjunction with the small magnitude inductor, the LED is turned 

on and off at a rate at which it appears to be continuously illuminated to the human 

eye. 

While the Chek circuit is useful in that it illuminates a LED with reduced 

magnitude of current, it is a relatively complex circuit, primarily due to the circuit 

30 elements required for the astable multlvibrator. That is, the astable multivibrator 

requires, as a minimum, two transistors and a number of passive support elements. 

This high component count adds to the cost of the circuit and reduces its efficiency 

in that each of the circuit elements, being less than Ideal, consume some of the 

energy available to the syStem. 
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. Summarv of the Invention '"· .. ·.· ¥!.'. -~· 

The pr&~~t invention provides a remote b'&itllblled door lock system and 

method that is very power-efficient. In addition. the present invention includes an 

energy-efficient method for receiving encoded data, and an uncomplicated, yet very 

5 efficient, low-power LED power circuit. 

More particularly, a remote control door lock system in accordance with the 

present invention includes a radio frequency transmitter for transmitting a coded 

sequence; a battery-power controller including a radio frequency receiver receptive 

to the coded sequence, and a lock mechanism including an actuator and a bolt 

1 o coupled to the actuator. The controller decodes the coded sequence during an 

••awake" mode and develops an actuator signal if the coded sequence is proper. 

The controller also has a "sleep" mode which alternates with the awake mode to 

reduce the overall power consumption. 

A remote controlled system of the present invention includes a radio 

15 frequency transmitter for transmitting a coded sequence, a battery-power controller 

including a radio frequency receiver receptive to the coded signal. and an LED 

indicator. The LED indicator is energized only during an awake mode of the 

controller. although stored energy may cause it to be illuminated during the sleep 

mode. In addition, during the awake mode the controller may decode the code 

20 sequence and develop an actuator signal if the coded sequence is proper. A sleep 

mode of the controller alternates with the awake mode, where reduced current is 

drawn from the battery during the sleep mode. 

A method for receiving encoded data in accordance with the present 

invention includes generating an interrupt to enter into an awake mode from a sleep 

25 mode, retrieving an interrupt count, turning on a radio receiver when the count 

reaches a power-on value, monitoring with the radio receiver for encoded data, 

decrypting the encoded data, comparing the decrypted encoded data with 

manufacturer key data, providing an output signal if the decrypted encoded data is 

a correct key. and reentering the sleep mode. Preferably, before reentering the 

30 sleep mode. the radio receiver is turned off to reduce power consumption. 

A slow power LED driver circuit of the present invention includes a pulse 

generator creating a series of pulses and a flyback circuit including a transistor 

having a first node, a second node and a control node. The control node of the 

transistor Is coupled to the pulse generator to receive the series of pulses, and the 
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first node is coupled to a firs~ potential by the parallel connection o.f an inductor and 

the LED. The se(X)nd node is coupled to a second potential. The combination of 

the pulse gen1arator and the flyback circuit provide the illusion that the LED is 

continuously Ii!, while drawing relatively little power from the battery. 

5 These and other advantages of the present invention will become apparent 

upon reading the following detailed descriptions and studying the various figures of 

the drawings.·. 

Brief Description of the Drawings 

Figure 1 Illustrates a remote controlled door lock system in accordance with 

1 O the present invention; 

15 

Figure 1A is a view taken along line 1A-1A of Fig. 1; 

Figure 18 is a view taken along line 1B-1B of Fig. 1A; 

Figure 2 is a schematic diagram of a radio frequency transmitter in accordance 

with the present invention; 

Figure 3 is a block diagram of a battery-powered controller including a radio 

frequency (r.f.) receiver; 

Figure 4 is a. flow diagram illustrating· a method for receiving encoded data 

in accordance·with ttie present invention; 

Figure 5 is a timing diagram illustrating a coded sequence used with the 

20 present invention; 

25 

30 

Figure SA is an illustration of the data portion. of the coded sequence of Fig. 

5; 

Figure 6 is a timing diagram illustrating certain logical states during the 

operation of the controller of Fig. 3; 

Figure 7 Is a low power LED driver circuit in accordance with the present 

invention; and 

Figure 8 is a timing diagram illustrating several voltage and current signals 

created during the operation of the driver circuit of Fig. 7. 

Detailed Description of the Preferred Embodiments 

In Fig. 1, a remote controlled door lock system 1 O in accordance with the 

present invention includes a radio frequency (r.f.) transmitter 12 for transmitting a 

coded sequence 14 to a controller 16. The controller 16 Is powered by a battery 
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18, and includes an r.f. receiver 20. The remote,controlled door lock system 10 

also includes a;i6tk mechanism 22 having an act~1'6P (e.g., a smalt electric motor) 

24 and a bolt 26 coupled to the actuator 24 by a drive mechanism 28. The lock 

mechanism also preferably includes a number of switches 30, and Is preferably 

5 powered by the same battery 18 that is used to power the controller 16. A suitable 

lock mechanism 22 is disclosed in copending U.S. Patent Application No. 

09/002,821, filed January 5, 1998, on behalf of Aunstrong. the disclosure of which 

is incorporated herein by reference. 

The controller 16, battery 18, and lock mechanism 22 are preferabty mostly 

10 enclosed within a common enclosure 32 as suggested by the broken lines 32'. The 

enclosure 32 Is attached to one side of the door 34. A rotatable knob 36 can be 

used to manually extend and retract the bolt 26 as suggested by the arrow 38. In 

addition, the remote control system of the present invention can be used to 

remotely extend and retract the bolt 26 by use of the r.f. transmitter 12. Preferably, 

15 an interior LED 40 is provided in the enclosure 32, for purposes to be discussed 

subsequently. 

Fig. 1A is a view taken along line 1A-1A of Fig. 1. In this view. the 

enclosure 32 is shown to be attached to the inside portion 42 of the door 34. The 

bolt 36 is extendable through a bolt plate 44 attached to an edge 46 of the door 34. 

20 An external lock enclosure 48 is attached to an outside portion 50 of the door 34. 

As will be appreciated by those skilled in the art, the entlre door tock assembly 52 · 

is assembled by placing the bolt 26 within a bolt hole 54 formed into the edge 46 

of the door 34, and then assembling the enclosures 32 and 48 from opposing sides. 

Screws (not shown) are provided through enclosure 32 to engage with the 

25 enclosure 48 to hold the door lock assembly 52 together. 

Fig. 18 is a view taken along line 18-18 of Fig. 1A. The external lock 

enclosure 48 inctudes a cylinder 56 with a keyway 58. The external lock enclosure 

48 is also preferably provided with a pair of LEDs 60 and 62. The Jock assembly 

within the external lock enclosure 48 is a standard. mechanical lock mechanism, as 

30 will be appreciated by those skilled in the art. 

Fig. 2 is a schematic diagram of an r.f. transmitter 12 ln accordance with the 

present invention. The r.f. transmitter 12 includes a small battery 64, a number of 

switches 66, 68, 70, and 72, a pair of encoders 7 4 and 76, an OR gate 78, and a 

Colpitts oscillator 80. 
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The battery 64 is preferably a small, .six-volt battery of the type used in 

hearing aids and electronic watches. The switches 66 - 72 are simple SPST 

normally open switches that can be activated by the; buttons 82 - 88, respectively, 

of Fig. 1. "'fhe .encoders 7 4 and 76 are preferably controllers available from 

5 Microchip Technology, Inc. of Chandler, Arizona, ur,der the Keeloq TM trademark. 

More particularly, controllE!r 74 is preferably a Microchip Technology, Inc. model 
:: ·: : 

HCS360, and tj>ntroller 76 is preferably a model 331920. 

The reason why two encoders 7 4 arc used. in the present design is that 

manufacturers. closely guard ·their manufacture~s· 'code (which is part of the key 

1 O system) for s~curity reasons. Therefore, if the transmitter 12 is to control devices 
''; . . ·. 

from multiple manufadurers, each of which has Its own secret manufadurer's code, 

a separate encoder can be provided for each manufacturer. In this instance, it is 

assumed that. the unlock sw!tch 66, light switch 68, and lock switch 72 operate 

under a first manufacturer's code, and are therefore coupled to various inputs of the 

15 encoder 7 4, while the garage switch 70 operates· under a different manufacturer's 

code, and is therefore coupled to encoder 76. The output of the encoders 74 and 

76 are input to an OR gate 78 to provide an ORed input to Colpitts oscillator 80. 

The co1pitts oscmator 80: is an amp11tude. <i.e., on/off) modulated by the 

output of the OR gate 78. That is, one or the other of encoders 7 4 and 76 will be 

20 developing a coded sequence of 1 's and O's which will tum on and off the oscillator 

80. The frequency of the oscillator is preferably ·set to about 390 MHz by a 

combination'of the indudance ofa loop antenna 90 and the series connections of 

two capacitors 92 and 94. A resistor 96 provides biasing for a transistor 98 through 

the loop antenna 90. 

25 The cont~ller 16 of the present invention is illustrated in block diagram form 

in Fig. 16. The controller 16 is based upon a microcontroller 100, which is 

preferably a PIC 
111 

family microcontroller available from Microchip Technology, Inc. 

of Chandler, Arizona. A preferred PIC microcontroller can be purchased from 

Microchip Technology, Inc. by product number 16LC62A-04. 

30 The power input from battery 18 is shown at 102 and powers the 

microcontroller 100 through a series connection of a Schottky diode 104 and a 

voltage regulator 106. Switches 30A, 308, and 30C (colledively, "switches 30") of 

the lock mechanism 22 are also coupled to the microcontroller 100. The outside 

LEDs 60 and 62 and the inside LED 40 can also be seen in this figure. A serial 
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EPROM 108 i~ coupled to the microcontroller. 10Q to .stored the encryption keys. 
counters, etc. tli<'&vise, an audible transducer 11 o\:fbupled to the microcontroller 
100 to provide audible feedback in the form of beeps, for example, to indicate an 
error condition, or the completion of a lock or unlock procedure. 

5 The inside LED 40 is coupled to the microcontroller 100 by a LED driver 112 
which will be discussed in greater detail subsequently. It should be noted that the 
diode 40 can be illuminated for extended periods of time, making it very important 
that its illumination be as low in power drain as possible. For example, the inside 
light is illuminated the entire time that the lock mechanism is in a locked mode. In 

1 o contrast, the outside LEDs 60 and 62 are only briefly illuminated to Indicate 
momentary status and/or functional errors, and therefore special precautions to 
reduce their power consumption is not required. 

The controller 16 also includes a motor driver 114 which can be coupled to 
the motor 24. It should be noted at this point, that the presently described 

15 embodiment of the invention uses a motor to impart a force on the bolt, other forms 
of actuators (such as electrical solenoids) can also be used. Therefore. as used 
herein, the term "actuator- will refer to an electrically powered transducer which can 
exert sufficient force upon the bolt, either directly or indirectly, to cause it to extend 
and retract. 

20 

25 

The controller 16 also includes an r.f. receiver 116. A preferred receiver is 
the well-known super.regenerative receiver due to its low cost, low power 
consumption, and fast tum-on time. The receiver is coupled to the microcontroller 
100 by a data fine 118, which can carry coded sequences, and a power line 120, 
which can be used to tum on and off the receiver. 

Also coupled to the microcontroller 100 is a low battery detector 122 and a 
voltage monitor 124. In the present embodiment. an outPUt 126 of the low battery 
detector 122 goes from high to low when the voltage at V ptd. drops below 4.5 volts. 
This allows software within the microcontroller 100 to detect a low battery condition 
and to act accordingly. The voltage monitor 124 has an output 128 which goes 

30 from high to low when the voltage Vdd drops 2.7 volts. This creates a complete and 
immediate shutdown of the microcontroller 100 to prevent false data from being 
written into the EEPROM 108. 

The controller 16 also includes a RC circuit 130 coupled to an oscillator 
input of the microcontroller 100. The resistance and capacitances are chosen, in 
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the present embodiment, to provide a microcontroller 100 clock frequency at a 

maximum of a~9ut 4 MHz. Preferably, a frequency of 3 MHz (plus or minus about 

20%) is chosej,-. 

A low ·'power 200 Hz oscillator 132 is provided at an interrupt of the 

5 microcontroller 100. As will be discussed in greater detail subsequently, the 200 

Hz oscillator perfonns a number of useful functions .. ·For one, the oscillator 132 is 

used to control when the microcontroller 100 is . awaken from a "sleep" state or 

mode to an "8W~ke" state or mode. That is, most of the time the microcontroller 

100 (and therefore most of the controller 16) is in a low-power or "sleep• state, and 

. 1 o. it is occasion~ly "awakened" into an operational state to perform the necessary 

detection, deeryption, housekeeping, and other functions. 

It should be noted that the microcontroller 100 often includes its own 

oscillator for interrupt purposes. However, it is important for the present invention 

. to have a -stable, repeatable oscillator since it is used for certain timing functions 

15 that require faiirly good tolerances. Therefore, a more accurate external oscillator 

132 is used in this case. 

In Fig. 4, a process 134 for receiving encoded data is illustrated in flow 

diagram form7 · It should be. noted that the process 134 is preferably a 

computer-implemented process with program instructions stored Internally to the 

20 microcontroller 100. That is, the microcontroller 100 includes some write-once 

memory (such as a EPROM) and some random aceess memory (RAM} for the 

computer-implemented process 134. 

The process 134 is usually in an idle or "sleep" mode as indicated at 136. 

However, this' sleep mode is interrupted every 5 milliseconds by the oscillator 132. 

25 An operation 138 determines whether the LED 40 should -be turned on. The LED 

is typically turned on when the locked assembly Is In the locked position so that a 

person within· the dwelling can tell at a glance whether the door is in an unlocked 

or locked state. This status can be learned by the microcontroller 100 from switch 

30C (see Fig. ·a). If It Is determined that the LED should be turned on, an operation 

30 140 sends a 12".'mlcrosecond pulse to the LED driver 112. After the pulse has been 

sent, or if it is determined the LED should not be turned on, an operation 140 

determines whether a variable COUNT is equal to 80. COUNT is a variable, stored 

by microcontroller 100, to indicate the number of times that the microcontroller has 

been interrupted· (11awakened") since the last time that the COUNT was set to zero. 
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If operation 142 determines that the COUNT is equal to 80, the radio (i.e., the r.f. 

receiver) 116 i,.tu1ned on. In an operation 144, C~T is incremented by one in 

an operation 146. The process 134 then returns to the sleep mode 136. 

If operation 142 detennines that the COUNT is not equal to 60, an operation 

5 148 determines whether the COUNT is equal to 94. If it is, it is determined whether 

the r.f. receiver 116 is receiving data in an operation 150. If no data is being 

receJved, the COUNT is then incremented by one in operation 146 and the process 

134 returns to sJeep mode 136. 

If operation 148 determines that COUNT is not equal to 94, an operation 

10 152 determines whether COUNT is equal in 99. If not, COUNT Is incremented by 

one in operation 146 and the process returns to the sleep mode 136. 

If, however, operation 152 determines that COUNT is equal to 99, an 

operation 154 determines whether any data is being detected by the r.f. receiver 

116. If not, the operation 154 concludes that no data is being currently transmitted, 

15 and reads the switches 30A-30C and the low battery detector 122 and acts 

accordingly. In operation 158 then resets COUNT to zero and tums off the r.f. 
receiver 116 to save power. 

If data is detected by either operation 150 or 154, the data is read in an 

operation 160. The data is then decrypted in operation 162 and is determined in 

20 an operation 164 whether a correct key has been used. The decryption process 

is. in the present embodiment, set by the Keeloq standards. If a correct key has 

not been used, operational control is turned over to operation 156. However, if a 

correct key has been received, the motor (or other actuator) is powered with an 

output or actuator signal to run the motor. After the motor has run its course, as 

25 determined by switch 308, various housekeeping functions are performed by an 

operation 168 and operation control is returned to operation 156. 

Some of the operations of process 134 will be found into all embodiments 

of the present invention. Certain other operations are, however, dependent upon 

the particular code sequence format chosen for this system. In the present 

30 embodiment. the microchip data format of Microchip Technology, tnc. of Chandler, 

Arizona, has been chosen. This format is illustrated in Fig. 5. 

In Fig. 5, a transmission 170 in Microchip data format includes a preamble 

172 and data 174. There is an approximately 2 miflisecond delay 176 after the 

preamble 172, and an approximately 64 millisecond delay 178 after the data 174. 
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In Fig. 5A; the structure of the data 174 is illustrated. The data 174 is a 67-

bit transmissiori .and includes a 32-bit rolling cod~ fi~ld 180, a 28-bit serial number 

or "ID" field 18( a 4-bit function code field 182 (for the switches), a one-bit status 
. . 

field 183, and a 2-bit CRC checksum field 184 .. · This data structure is, again, in 

5 accordance \fiith standards set by Microchip Technology, Inc. with their KeeLoq 

technology. ': 

The re·ason why data is detected at two points in the process 134 of Fig. 4 

is because of the delays 176 and 178 in the Microchip Technology, Inc. data 

format It is possible that the radio Is turned on ~nd data is monitored during one 

10 of these delay periods, giving the false indicat!Qn··that no· data is being currently 

transmitted. This actually occurs about 10% of'the time. Therefore, the test for 

data is repeated a few milliseconds after the first teSt for data to ensure that there 

really is no data: being transmitted, rather than a first data test with the delay 176 

or 178. 

15 The timing of the process 134 is. illustrated in Fig. 6. As noted, the 

microcontroller 100 is awaken every 5 milliseconds. One of the design features of 

the present i~vention is that the signal from the ~nsmitter (i.e., decoded sequence) 

be recognized within one half second :of when. a · putton is first pushed on the 

transmitter. AS:noted by waveform 186, the mierocontroller 100 is active every 5 

20 milliseconds for·less·than ·about 20 microseconds.·.: If data is detected, it remains 

active until the coded sequence has been verified and the output or actuating signal 

is provided to ~e actuator. 

As noted; there is a relatively low "duty cycle" on the waveform 186 

indicating substantial power savings. : .. 

25 Still ref&mng to Fig. 6, at 400 milliseconds (i.e., a COUNT of 80) the radio 

Is turned on as indicated by waveform 188. The radio is allowed to settle until 470 

milliseconds (i.e., a COUNT of94). At thattime,"the data is considered to be valid 

as Indicated by:waveform 190. Data is then checked and processed as indicated 

by waveform -192, and after the data has been processed the switches are read as 

30 indicated by waveform 194. 

In Fig, 7, the LED driver 112 includes the LED 40 that is provided on the 

inside portion of the lock. The LED driver 112 includes a resistor 196, a transistor 

198, an inductor 200, and the LED 40. Preferably, the transistor 198 is a bipolar 

transistor having its emitter coupled to ground and having its collector coupled to 
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the VBAT by the parallel connection of the inductor 200 and the diode 40. The 
inductor 200 is\ypically in the range of 1000 micrd-ries, and the resistor 196 is 
about 470 ohms. The Gilway E233 Ultrabright red LED is suitable for the LED 40 
of the present invention. 

5 The circuit 112 is essentially a flyback or boost converter which provides 
about one third the current three times as long to the diode 40 then it would have 
if it was simply connected across the battery. This greatly inaeases efficiency. In 
addition, the flyback circuit is coupled with a pulse drive to provide even greater 
efficiency from the LED. That is. a pulse drive at high current for a short period of 

10 time is used to illuminate the LED much more efficiently than a d.c. current of the 
same average value. 

15 

The pulse drive V C1R1.. is provided by the microcontroller 100. That is. a new 
pulse begins every 5 milliseconds (due to the oscillator 132) and lasts for 
approximately 12 microseconds. 

The operation of the combination pulse drive/flyback LED driver is shown 
in Fig. 8. The waveform 202 is of V CTRL which, as explained above, is developed 
by the microcontroller 100. Wavefonn 204 illustrates the Vl. at the collector of 
transistor 198. Wavefonn 206 illustrates the current It through the inductor 200, 
and waveform 208 illustrates the current IL.Ee through the LED 40. Waveform 209 

20 is the current 18 drawn from the battery. 

As mentioned previously, VCTRL produces a pulse 210 of a duration of 12 
microseconds every 5 milliseconds. This causes the transistor 198 to turn on 

permitting a current IL to start flowing through the Inductor 200 as seen in waveform 
206. Initially, VL is pulled to ground due to the conductance of the transistor 198 

25 until V CTRL goes low. At this point, the current IL starts to flow through the LED 40 
at a discharge rate that is approximately one third of its charging rate. VL rises 
above VBATwhffe the current is flowing through the LED from the inductor. After the 
current IL through the LED 40 drops to zero, VL assumes a state of about V BAT until 
the next pulse 21 O Of V CTRL occurs. 

30 Therefore, the circuitry 112, when combined with the pulse generator 
implemented with the microcontroller 100 and the oscillator 132, reduces the power 
consumption of the LED in two ways. For one, the power is only drawn from the 
battery for 12 microseconds every 5 milliseconds. Secondly, the flyback converter 
takes the current that would have been dissipated within the 12 microsecond period 
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and stretches It out threefold, i.e., to about 36 microseconds. The flyback converter 

can be thought of as taking the higher battery voltage and reducing it to a lower 

voltage to drive the LED, and spreading the current over a longer time than the 

original pulse. The combination of these two synergistic energy saving mechanisms 

5 results in a LED 40 which consumes no more than about 25% of the power budget. 

If it is assumed that the lock is opened and closed an average of 10 times a day, 

the motor or actuator 24 typically consumes another 50% of the power budget with 

the remaining 25% being allocated to the controller 16. 

While this invention has been described In terms of several preferred 

10 embodiments, there are alterations, permutations; and equivalentswhich fall within 

the scope of this invention. It should also be noted that there are many alternative. 

ways of implementing both the process and apparatus of the present invention. For 

example, while this Invention has been described in terms of r.f. transmitters and 

receivers, other types of transmitters and receivers (such as l/R transmitters and 

15 · receivers) can be used to practice the present invention. It is therefore intended 

that the following appended claims be interpreted as including all such alterations, 

permutations, and equivalents as fall within the true spirit and scope of the present 

invention. 
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5 

What is cJaimed is~ 

. I lllllll 'f If Ill lllf I Jiii If 1111 
* C L " S * 

CLA1MS 

1. A remotely controlled door tock system comprising~ 

a radto frequency transmitter for transmitting a coded sequence; 

a controller powered by a battery and including a radio frequency 
receiver receptive to said coded sequence, said controller decoding said coded 
sequence during an awake mode and developing an actuator signal If said coded 
sequence Is proper, said controller having a sleep mode that alternates with said 
awake mode, wherein reduced current is drawn from said battery during said sleep 

10 mode; and 

a tock mechanism including an actuator and a bolt coupled to said 
actuator, said actuator being responsive to said actuator signal and operative to 

exert a force on said boll 

2. A remote door lock system as recited in claim 1 wherein said coded 
15 sequence is first coded sequence encoded with a first manufacturer's key, and said 

controller is a first controller utilizing said first manufacturer's key, said radio 
frequency transmitter further being capable of transmitting a second coded 
sequence encoded with a second manufacturer's key that can be received by a 
second controller utilizing said second manufacturer's key, said second controller 

20 developing an output signal upon receiving a correct second coded sequence. 

3. A remote door lock system as recited in claim 1 wherein said 
controller further includes an LED indicator which can be energized during an 
awake mode of said controller. 

4. A remote door lock system as recited in claim 1 wherein said LED 
25 indicator is energized by a pulsed flyback converter. 

5. A remote door lock system as recited in claim 4 wherein pulses are 
provided to said flyback converter by a microcontrofler. 
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6. A remotely co11trolled system comprising: 

transmitter for transmitting a coded sequence; and 

controller powered by a battery and induding a receiver receptive to 

said coded sequence, said controller further having an LED Indicator which can be 

5 energized during an awake mode.of said controller, said controller decoding said 

coded sequence during said awake mode and developing an actuator signal if said 

coded sequence is proper, said controller having a sleep mode that alternates with 

said awake mode, wherein reduced current is drawn from said battery during said 

sleep mode. 

10 

15 

7. A remotely controlled system as recited in daim 6 wherein said 

controller is put into said sleep mode after said receiver has been turned on, but 

before said receiver has settled into a steady state. 

8. A remotely controlled system as recited in claim 7 wherein said LED 

indicator is part of a flyback circuit. 

9. A remotely controlled system as recited in claim 6 wherein said 

controller checks for data a plurality of times within the duration of a coded 

sequence. 

10. A method for receiving encoded data comprising: 

generating an interrupt to enter an awake mode from a sleep mode; 

20 retrieving an interrupt count; 

25 

value; 

turning on a radio receiver when said count reaches a power-on 

monitoring with said radio receiver for encoded data; 

decrypting said encoded data; 

comparing said decrypted encoded data with key codes, and 

providing an output signal if said decrypted encoded date is a correct key; and 

entering said sleep mode. 
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11. A method for receiving encoded data as recited in claim 1 O further 
comprising: 

determining whether an LED should be turned on; and 

providing a pulse to an LED driver circuit if it is determined that an 
5 LED should be turned on. 

10 

12. A method for receiving encoded data as recited in claim 10 further 

comprising: 

checking for data multiple times within the duration of a coded 
sequence. 

13. A low power LED driver circuit comprising: 

a pulse generator outputting a series of pulses; and 

a flyback circuit including a transistor having a first node, a second 
node, and a control node, said control node being coupled to said pulse generator 
to receive said series of pulses, said first node being coupled to a first potential by 

15 an inductor and a LED that are coupled in parallel, said second node being coupled 
to a second potential. 

14. A low power LED driver circuit as recited in claim 13 wherein said 
pulse generator includes a microcontroller. 

15. A low power LEO driver circuit as recited in claim 13 wherein said 
20 transistor is a bipolar transistor. 

16. A low power LED driver circuit as recited in claim 14 wherein said 
first node is a collector of said transistor, said second node is an emitter of said 
transistor, and said control node is a base of said transistor. 

17. A low power LED driver circuit as recited in claim 16 wherein said 
25 first potential is a positive potential, and wherein said second potential is a ground 

potential. 
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18. A low power LED driver circuit as recited in claim 17 wherein said 

base is coupled to said pulse generator by a resistive member. 

19. A low power LED driver circuit as recited in claim 17 wherein said 

series of pulses have a pulse duration that is at least two orders of magnitude less 

5 than a period for said pulses. 
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