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(57) ABSTRACT 

The present invention teaches a system for selectably oscil 
lating at a ?rst or a second oscillating frequency. The system 
comprises an oscillator for providing an oscillating output. 
Moreover, the system comprises a switching device for 
selecting a ?rst or a second impedance in response to a select 
signal having a voltage. Each of the ?rst and second imped 
ances are ?xed independently of the select signal voltage 
such that the oscillating output oscillates at the ?rst oscil 
lating frequency When the ?rst impedance is provided and 
oscillates at the second oscillating frequency When the 
second impedance is provided. 

/ 255 

ll 



Patent Application Publication Sep. 20, 2001 Sheet 1 0f 6 

VIN 

2 §R1 6 gm I 
SAW Q1 ' T 

4" ° ==C1 
\ Q J 4/ 

8 

§R2 R3; ==C2 

if? 1 
@f/QTZTZ] 

11-ANTENNA 

FIRST 
RESONATING 

cmcun f 
{Ill ‘1-3 \\‘ ‘I,’ Z 

<5 g a <9 
12~~ : : E 

RESONATOR 

%J 2 

US 2001/0022540 A1 

SECOND 
RESONATING 
CIRCUIT 



Patent Application Publication Sep. 20, 2001 Sheet 2 0f 6 US 2001/0022540 A1 

’ / 
44 36 

R8? 

[52 

f 22 
SAW 

SERIES-RESISTANT TANK 

I l I i | l I | I I l l l.. 



Patent Application Publication Sep. 20, 2001 Sheet 3 0f 6 US 2001/0022540 A1 

-1o . 1 . 

0 TIME 1 nsec/DIV 4 

a??? 5 
86 W88 

,' t RESONATING CIRCUIT :I \| 

FIRST 100 ' ANTENNA SECOND 

RESONATING RESONATING 
mn?pmcun cmcun _______ __ 

74 " RESONATOR " 75 



US 2001/0022540 A1 

,/ 1 10 

144 

07 
:C10 

114 

115 

f 112 

SAW 

Sep. 20, 2001 Sheet 4 0f 6 

VIN 

28 

I 

\ 
145 

013 

K 

(:13 = 

142 
=c11 

R20; 

R17 

R13 128 

R15% : 
126 j 

130 

\20 

114 

116 

115 
R14; 

VIN 

a"? 9 

a??? 6’ 

R11 

28 

122 R12 

\ \ 

Patent Application Publication 

2 
120 132 

124 
R1 0 09:: 

136 

14 

C12== #1316 

150i 

*mém 



Patent Application Publication Sep. 20, 2001 Sheet 5 0f 6 US 2001/0022540 A1 

162 
I 

I___.__----____-------L-----------__-_‘ 

w u‘ m ,n 1 _ L _ .~ “ Aaglt n 
11.. u _ - 

~ - 
_ 4 _ 

_ _ i l I? n 

_ 

_, u 

M ...................................... 1 u 9 - 
./ n L n 

A? E? m 

_ 2 

__ R m. u 

_ C h 

" Ill? “ _ 2 _ 

__ MW 4 ob n 

n 1 8 . 

I ll | | I | I i | | I l l I I l | l I I l | I | I l l | l . i I I | K | |(\ 

I I | | I l I I I I I l 4 i I I I I I I I l I I I I | | I I | l | ' i I I l | 1 i i l l I I 'l— 

= . Z _ 

7 __ 

00 m _ 
D» L __ 

6 0 u 

N 1» . 

I Q _ 

V 

* ___ 8 0 ‘[I? m 

9 7 \i 8 _ 
4| 4/ 1 _ 

C _ 

6 _ 7 _ 

00 .7 _ 

“w l_ I n 

m m 

M 1 _ 

AD" t<<<l 2>P .. v % 2 n 

R R _ 

_ 

$9’ I” 

225 200 \ 

OSCILLATOR 
275 

SWITCHING 
DEVICE 

SELECT 
SIGNAL 



Patent Application Publication Sep. 20, 2001 Sheet 6 0f 6 US 2001/0022540 A1 

I I | l I4 

260 _ 



US 2001/0022540 A1 

FREQUENCY SHIFT KEY MODULATING 
OSCILLATOR 

RELATED APPLICATIONS 

[0001] The following application is related to pending 
application Ser. No. 08/342,721, ?led on Nov. 21, 1994, and 
pending application Ser. No. 08/448,759, ?led on May 24, 
1994. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to remote trans 
mitters and, more particularly, to a frequency modulated 
balanced oscillator. 

BACKGROUND OF THE INVENTION 

[0003] Compact radio frequency (“RF”) transmitters are 
Widely employed in connection With remote signal commu 
nication systems, primarily for remotely controlling auto 
matic garage door systems, electronic sound systems, tele 
visions and VCRs. In the automotive industry, compact RF 
transmitters are commonly used in remote keyless entry 
systems to provide remote control access to a vehicle, as 
Well as for enabling other vehicular functions including 
alarm system features and a trunk release, for eXample. 
Ideally, hand held transmitters are battery operated, energy 
ef?cient and intended to accommodate a compact enclosure. 

[0004] In one knoWn compact remote system design, an 
RF transmitter radiates an RF signal With a predetermined 
carrier frequency encoded according to an on/off sWitched 
pattern. This radiating signal is subsequently received by a 
remote receiver. Once received, the signal is processed, if 
necessary, and then provided as a control signal to control a 
function or feature of the system. 

[0005] Currently, a number of compact remote RF trans 
mitters employ a single oscillator design for providing a 
local oscillation signal. As illustrated in FIG. 1, a conven 
tional transmitter circuit 5 is shoWn With a single oscillating 
circuit commonly referred to as the Colpitts oscillator. 
Transmitter circuit 5 generates a local oscillation signal 
Which is transmitted from an antenna element L1. In light of 
its simplicity, circuit 5 has been the transmitter component 
of choice in automotive, remote controlled, keyless entry 
systems. 

[0006] Referring to FIG. 1 in greater detail, the Colpitts 
oscillator of circuit 5 comprises a Colpitts con?gured tran 
sistor Q1 and an input resonant tank circuit. The tank circuit 
typically comprises a resonator, such as a surface acoustic 
Wave (“SAW”) device 2, and a pair of feedback capacitors, 
C1 and C2. Further, the oscillator also includes a number of 
biasing resistors to facilitate the proper operation of tran 
sistor Q1. Transmitter circuit 5 also comprises an inductor L1 
Which acts as an antenna element for radiating the RF output 
signal. 

[0007] Structurally, transistor Q1 comprises a base 4, col 
lector 6 and emitter 8. Base terminal 4 is coupled With 
surface acoustic Wave resonator 2, and collector 6 is coupled 
With inductor L1, While emitter 8 is coupled to ground 
through a resistor R3. Additionally, feedback capacitor C2 is 
coupled betWeen emitter 8 and ground, and as such, is in 
parallel With resistor R3. Feedback capacitor C1 is coupled 
betWeen collector 6 and emitter 8. Moreover, a third capaci 
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tor C3 is coupled betWeen inductor L1 and ground for 
providing a large capacitance to maintain a constant DC 
voltage. 
[0008] Circuit 5, and more particularly L1 and C3, is 
coupled to a direct current (“DC”) voltage source to receive 
a DC bias input VIN, typically 6V. Transmitter circuit 5 also 
receives a data input signal VDATA for encoding the RF 
carrier signal. As detailed hereinabove, circuit 5 generates a 
radiating output signal via inductor L1. In doing so, transis 
tor Q1, acting as an ampli?er, in combination With the 
resonating tank circuit, generates a resonating signal Which 
is provided to inductor L1 as an oscillating current signal I. 
The conduction of current I through inductor L1 in turn 
causes the radiating output signal to be transmitted as an 
electromagnetic ?eld. 

[0009] The above described Colpitts oscillator is Well 
suited for the RF signal transmission applications of a 
remote keyless entry system. HoWever, such an oscillator 
design provides a limited amount of poWer output. Further, 
the alternative of a greater inductance value for radiating 
inductor L1 may not feasibly achieve a corresponding 
increase in poWer due to the inherent limitations of such 
components. Similar attempts to enhance output poWer 
through the optimiZation of component values has proved 
futile in vieW of the matching losses created thereby. More 
over, rail-to-rail voltage sWings in transistor Q1 tend to 
con?ne the amount of current ?oW through the circuit Which, 
in turn, diminishes the available poWer output realiZed by a 
given transmitter circuit. 

[0010] As a result of the limited poWer available from 
compact remote transmitters using Colpitts oscillators, 
another problem has arisen With their application in compact 
remote transmitters. Typically, compact remote transmitters 
are hand grasped and directed generally toWard a receiver of 
the system. By so doing, a parasitic impedance is created by 
the user’s hand. This additional impedance reduces the 
amount of transmitted energy toWards the receiver. This 
becomes an issue of particular signi?cance in vieW of the 
limited poWer available from a traditional Colpitts oscillator. 

[0011] Moreover, present compact remote transmitters 
employ a frequency shift key (“FSK”) modulation scheme. 
RealiZations of these designs have incorporated expensive 
components such as a PIN or varactor diode. One such FSK 
oscillator is depicted in US. Pat. No. 5,367,537. In these 
circuits, the PIN or varactor diode changes capacitance in 
response to a change in the control voltage applied. Unfor 
tunately, this control voltage changes With the life of the 
battery supply voltage. As such, the center frequency of the 
FSK oscillator in turn drifts. This frequency drifting phe 
nomenon is highly undesirable to the long term ef?cacy of 
a compact remote transmitter design. 

[0012] In vieW of these problems, a need remains for a 
frequency shift key modulating oscillator circuit having a 
predictable center frequency Which is not prone to drifting. 
A demand further eXists for a frequency shift key modulat 
ing oscillator circuit Which is more cost effective. Moreover, 
industry requires a frequency shift key modulating oscillator 
circuit draWing less energy from the poWer supply, and as 
such having an eXtended life span. 

SUMMARY OF THE INVENTION 

[0013] The primary advantage of the present invention is 
to overcome the limitations of the knoWn art. 
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[0014] Another advantage of the present invention is to 
provide for a frequency shift key modulating oscillator 
circuit having a predictable center frequency Which is not 
prone to frequency drifting. 

[0015] A further advantage of the present invention is to 
provide for a frequency shift key modulating oscillator 
circuit Which is more cost effective. 

[0016] Still another advantage of the present invention is 
to provide for a frequency shift key modulating oscillator 
circuit draWing less energy from the poWer supply, and as 
such having an eXtended life span. 

[0017] In order to achieve the advantages of the present 
invention, a system for selectably oscillating at a ?rst or a 
second oscillating frequency is disclosed. The system com 
prises an oscillator for providing an oscillating output. 
Moreover, the system comprises a sWitching device for 
selecting a ?rst or a second impedance in response to a select 
signal having a voltage. Each of the ?rst and second imped 
ances are ?Xed independently of the select signal voltage 
such that the oscillating output oscillates at the ?rst oscil 
lating frequency When the ?rst impedance is provided and 
oscillates at the second oscillating frequency When the 
second impedance is provided. 

[0018] These and other advantages and objects Will 
become apparent to those skilled in the art from the folloW 
ing detailed description read in conjunction With the 
appended claims and the draWings attached hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention Will be better understood 
from reading the folloWing description of non-limitative 
embodiments, With reference to the attached draWings, 
Wherein beloW: 

[0020] FIG. 1 illustrates a circuit diagram illustrating a 
conventional single Colpitts-type oscillator and transmitter 
circuit; 

[0021] FIG. 2 illustrates a block diagram of a balanced 
oscillator and transmitter system; 

[0022] FIG. 3 illustrates a ?rst circuit realiZation of the 
balanced oscillator and transmitter system; 

[0023] FIG. 4 illustrates a second circuit realiZation of the 
balanced oscillator and transmitter system; 

[0024] FIG. 5 illustrates a circuit realiZation of a series 
resonant tank circuit; 

[0025] FIG. 6 illustrates a graphical representation of 
voltage Waveforms achieved by the balanced oscillator and 
transmitter system of FIG. 2; 

[0026] FIG. 7 illustrates a block diagram of a preferred 
balanced oscillator and transmitter system; 

[0027] FIG. 8 illustrates a ?rst circuit realiZation of the 
system of FIG. 7; 

[0028] FIG. 9 illustrates a second circuit realiZation of the 
system of FIG. 7; 

[0029] FIG. 10 illustrates a buffered oscillator and trans 
mitter circuit; 

Sep. 20, 2001 

[0030] FIG. 11 illustrates a block diagram of a system for 
selectably oscillating at a ?rst or second frequency; 

[0031] FIG. 12 illustrates a ?rst circuit realiZation of the 
system of FIG. 11; and 

[0032] FIG. 13 illustrates the preferred circuit realiZation 
of the system of FIG. 11. 

[0033] It should be emphasiZed that the draWings of the 
present disclosure are not to scale but are merely schematic 
representations and are not intended to portray the speci?c 
parameters or the structural details of the invention, Which 
can be determined by one of skill in the art by examination 
of the information herein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] Referring to FIG. 2, a balanced oscillator and 
transmitter system 10 is illustrated according to a ?rst 
embodiment of the present invention. System 10 comprises 
a resonator 18 for generating a reference signal having a 
resonating frequency. Resonator 18 preferably comprises a 
surface acoustic Wave (“SAW”) device, and the resonating 
frequency preferably falls Within the radio frequency (“RF”) 
spectrum. It should be obvious to one of ordinary skill in the 
art, hoWever, that other components, such as a bulk acoustic 
Wave (“BAW”) device for eXample, may also be employed 
to realiZe the functional purpose of the resonator. 

[0035] System 10 additionally comprises a ?rst and sec 
ond oscillator, 12 and 15, each for generating an oscillating 
output in response to the resonating frequency of the reso 
nator 18. First oscillator 12 comprises an ampli?er 14 for 
amplifying an input corresponding With the reference signal 
provided by resonator 18, and a resonating circuit 13, 
coupled With ampli?er 14, for generating an oscillating 
signal in response to output of ampli?er 14. Similarly, 
second oscillator 15 comprises an ampli?er 16 for amplify 
ing an input corresponding With the reference signal pro 
vided by resonator 18, and a resonating circuit 17, coupled 
With ampli?er 16, for generating an oscillating signal in 
response to output of ampli?er 16. While both oscillators 
preferably comprise identical functional components, it 
should be apparent to one of ordinary skill in the art that 
alternate oscillator designs may be realiZed While still 
achieving the advantages of the present invention. To pro 
vide a balanced design, the outputs of both oscillators 12 and 
15 are 180 degrees out of phase With one another, yet equal 
in magnitude. 

[0036] System 10 moreover comprises an antenna 11 for 
radiating an output signal having a single frequency. The 
output signal of antenna 11 corresponds With the sum of both 
?rst and second oscillating outputs. The relationship 
betWeen the output signal and the ?rst and second oscillating 
signals can be best understood by appreciating the output 
characteristics of system 10. Comprising an output imped 
ance, system 10 can be vieWed using a voltage divider 
model. Using this illustration, both ?rst and second oscilla 
tor outputs are representative of an input to the divider. The 
model further comprises a ?rst impedance associated With 
the impedance seen by each oscillator to ground, as Well as 
a second impedance in series With the ?rst impedance. 
Second impedance is a model of the output impedance of 
system 10. By Way of this voltage divider model, the output 
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signal generated by antenna 11 is representative of the 
voltage falling across the ?rst impedance. Thus, in vieW of 
its balanced characteristics, the output signal transmitted by 
antenna 11 of system 10 differs from the sum of the 
oscillating outputs in amplitude alone, though the current is 
the same. It is, nonetheless, conceivable that the output 
signal might be intentionally distinguishable from the sum 
of the oscillating outputs in frequency or phase, as Well as 
a combination thereof, for eXample, as Would be apparent to 
one of ordinary skill in the art. 

[0037] Antenna 11 preferably comprises an inductor hav 
ing a direct current (“DC”) center point. This DC center 
point partitions the inductor into a ?rst and second equiva 
lent inductors. Furthermore, antenna 11 comprises an alter 
nating current (“AC”) balanced oscillating point Which 
provides a location along antenna 11 Where the AC voltage 
magnitude of the oscillating outputs of ?rst and second 
oscillators 12 and 15 are both substantially Zero. In vieW of 
both the AC and DC center points, a “balanced” oscillator is 
realiZed. 

[0038] Tight tolerances for resonating circuits 13 and 17 
are not required for the present balanced oscillator design. 
This bene?t is achieved by Way of the DC center point and 
the AC center point, as Well as the balanced circuit itself. 
Moreover, as antenna 11 preferably transmits both oscillator 
outputs at a single primary frequency, the tolerances asso 
ciated With resonating circuits 13 and 17 are less critical to 
the overall operation of system 10. 

[0039] In a further embodiment of the present invention, 
antenna 11 comprises a primary Winding of a center tapped 
transformer for transmitting the oscillating outputs of both 
?rst and second oscillators 12 and 15 onto a secondary 
Winding. By this arrangement, secondary Winding may act 
as antenna itself by radiating the oscillating outputs. HoW 
ever, this approach is preferred for loW frequency operation. 
To support operation at other frequencies, an output inductor 
or the like should be employed in conjunction With a ?lter 
and matching circuit to radiate the oscillating outputs. 

[0040] Referring to FIG. 3, a circuit realiZation 20 is 
depicted of the balanced oscillator and transmitter system of 
FIG. 2. Balanced oscillator and transmitter circuit 20 com 
prises a ?rst and second pseudo Colpitts oscillator. Both 
pseudo Colpitts oscillators are balanced With respect to one 
another and share a common tank circuit and oscillating 
current signal I for poWer output ef?ciency. Circuit 20 
described herein is particularly applicable With automotive 
remote keyless entry systems. Other applications, hoWever, 
are clearly conceivable to one of ordinary skill in the art. 

[0041] According to a more detailed description, circuit 20 
comprises a balanced oscillator con?guration Which 
includes tWo pseudo Colpitts oscillator circuits for produc 
ing a local oscillation signal. The oscillator circuitry 
includes a ?rst transistor Q2 and a second transistor Q3 each 
coupled With a resonator device 22 therebetWeen. Resonator 
device 22 acts as a series resonant input tank for generating 
and stabiliZing the oscillating current signal I. By so doing, 
a resonance RF carrier frequency is achieved. 

[0042] First and second transistors, Q2 and Q3, each pref 
erably comprise a bipolar junction transistor (“BJT”). Alter 
natives, hoWever, such as a heterojunction bipolar transistor 
(“HBT”), should be apparent to one of ordinary skill in the 
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art. According to a further embodiment, transistors Q2 and 
Q3 are each MMBTHlO type bipolar transistors. 

[0043] Transistors Q2 and Q3 each operate as an ampli? 
cation stage to provide a unity loop gain for steady state 
operations. First transistor Q2 comprises a base, a collector, 
and emitter 30, 32 and 34, respectively. LikeWise, second 
transistor Q3 comprises a base, a collector, and emitter 36, 38 
and 40, respectively. Transistors Q2 and Q3 are each con 
?gured as a pseudo Colpitts oscillator having a tuned LC 
circuitry and positive feedback. It should be understood by 
one of ordinary skill in the art that various other transistor 
oscillator con?gurations may be substituted into the above 
arrangement to achieve the same functional purpose. 

[0044] Resonator device 22 is coupled betWeen the base 
terminals 30 and 36 of transistors Q2 and Q3 via resonator 
output lines 42 and 44, respectively. Resonator 22 is shoWn 
having an array of metallic ?ngers formed on a pieZoelectric 
substrate. Resonator 22 advantageously operates to stabiliZe 
oscillations of the carrier signal. Resonator device 22 pref 
erably comprises a series resonant input tank circuit surface 
acoustic Wave (“SA ”) device. HoWever, according to a 
further embodiment, SAW resonator 22 is a RO2073 SAW 
resonator manufactured and sold by RF Monolithics, Incor 
porated. 
[0045] Circuit 20 further comprises a pair of output tank 
circuits. Each output tank circuit includes a capacitor and 
inductor; ?rst input tank comprises ?rst inductor L2 and 
second input tank comprises second inductor L3. Inductors 
L2 and L3 each operate as antenna radiating elements for 
radiating an output signal in response to the commonly 
shared oscillating current signal I. First inductor L2 is 
coupled betWeen collector terminal 32 of transistor Q2 and 
node 28, While second inductor L3 is coupled betWeen 
collector terminal 38 of transistor Q3 and node 28. Accord 
ingly, inductors L2 and L3 are coupled together at node 28 in 
a series connection. Avoltage input source 24 is coupled to 
node 28 betWeen inductors L2 and L3 for applying a DC 
voltage input VIN thereto. According to one eXample of the 
present invention, voltage input signal VIN is a +3 volt DC 
signal. Application of the +3 volts betWeen inductors L2 and 
L3 biases transistors Q2 and Q3 to realiZe the necessary gain. 
Inductors L2 and L3 each operate as an antenna for trans 
mitting and radiating an electromagnetic ?eld eXhibiting the 
oscillating signal With the predetermined carrier frequency. 

[0046] Circuit 20 further comprises a data input 26 
coupled to both resonator output lines 42 and 44 though 
respective resistors R6 and R7. Data input 26 is adapted to 
receive an on/off data input signal VDATA Which is applied to 
both sides of SAW resonator 22. Each of the resonator 
output lines 42 and 44 is also coupled to ground via 
respective resistors R5 and R8. The data input signal VDATA 
encodes the carrier signal With a modulation scheme to 
provide information on the carrier signal. The preferred 
modulation format is frequency shift key (“FSK”), though 
other schemes including pulse Width modulation (“PWM”) 
and amplitude modulation (“AM”) may be easily substituted 
by one of ordinary skill in the art. The information provided 
on the carrier signal may control and/or initiate various 
system operations, such as a door lock actuation mechanism, 
as Well as the on/off operations of circuit 20. Application of 
data input signal VDATA may be initiated by manual control 
through an actuation mechanism such as, for example, a 
push-button pad, sWitch or other pulsed activation device. 
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[0047] SAW resonator 22 provides for an input tank circuit 
Which is commonly shared by the pair of pseudo Colpitts. 
Inductor L2, in combination With capacitors C4 and C5, 
furnishes a ?rst output tank circuit. Similarly, inductor L3, in 
combination With capacitors C6 and C7, creates a second 
output tank circuit. While the series resonant input tank 
stabiliZes oscillation of the resonating signal, the output 
tanks provide for radiation of the RF output signal. Capaci 
tors C4 and C5 also establish a voltage divider netWork, as 
Well as a positive feedback path to transistor Q2. LikeWise, 
capacitors C6 and C7 creates a voltage divider and a positive 
feedback path to transistor Q3. Energy is ef?ciently stored in 
the capacitors C4 through C7 and inductors L2 and L3 to 
enhance radiation efficacy by reducing the amount of energy 
that may otherWise be required for each cycle of transistors 
Q2 and Q3. 
[0048] Referring to FIG. 4, circuit 20 may alternately be 
con?gured to include a center-tapped transformer 46 in lieu 
of ?rst and second inductors L2 and L3. To this end, 
center-tapped transformer 46 comprises a primary Winding 
having a ?rst primary Winding portion 48a and second 
primary Winding portion 48b. Primary Winding portions 48a 
and 48b preferably are of substantially equal siZe. The 
voltage input source 24 is coupled to a center tap 49, located 
betWeen the primary Winding portions 48a and 48b, for 
supplying DC voltage input VIN thereto. 
[0049] Center-tapped transformer 46 further comprises a 
secondary Winding 50 located adjacent to the primary Wind 
ing portions 48a and 48b. Transformer 46 is adapted to form 
a ?rst magnetic coupling betWeen primary Winding portion 
48a and the secondary Winding 50, and a second magnetic 
coupling betWeen primary Winding portion 48b and second 
ary Winding 50. The secondary Winding 50 in turn is coupled 
on both ends to a ?lter and matching netWork 52. Apair of 
output lines extending from the ?lter and matching netWork 
52 are coupled to a radiating inductor L4 for radiating an 
output electromagnetic ?eld therefrom. 

[0050] According to the alternate embodiment of FIG. 4, 
the ?rst and second primary Winding portions 48a and 48b 
of the center-tapped transformer 46 each produce an elec 
tromagnetic ?eld in response to the oscillating current signal 
I that is transmitted therethrough. The electromagnetic ?elds 
from each of primary Winding portions 48a and 48b are 
thereby transmitted and induced onto the secondary Winding 
50 of the center-tapped transformer 46. The signals induced 
onto secondary Winding 50 are summed together. The 
summed signal is in turn ?ltered to eliminate undesirable 
noise, and is impedance matched via ?lter and matching 
netWork 52. The ?ltered and impedance matched signal is 
then passed through a radiating inductor L4 to transmit a 
single radiating output signal. Use of the center-tapped 
transformer 46 advantageously separates out the even har 
monics and is generally better able to achieve enhanced 
control of the transmission of the single radiating output 
signal. 
[0051] It should be understood that the SAW resonator 22 
is a series-resonant input tank circuit Which may be imple 
mented With alternate comparable series resonant frequency 
stabiliZing devices. As an alternative to the SAW resonator 
22, the series resonant tank circuit may include a bulk 
acoustic Wave (“BA ”) device, crystal device, microstrip or 
any other series-resonant structure or device that may 
achieve the desired stabiliZing signal oscillation. 

Sep. 20, 2001 

[0052] With particular reference to FIG. 5, a series reso 
nant tank circuit 60 is depicted as an alternative to the SAW 
resonator 22 of FIGS. 2-4. Here, series resonant tank circuit 
60 comprises a resistor RM, capacitor CM and inductor LM. 
Each of these components are coupled in series to create 
series resonant tank circuit 60. The resonant frequency of the 
tank circuit 60 is generally dependant on the siZe of the 
inductor LM and capacitor CM. 

[0053] In operation, circuit 20 receives a DC input voltage 
signal VIN through voltage input source 24. Data input 
VDATA may also be received via data input 26 to encode the 
carrier signal With a predetermined modulation scheme. 
Initially, circuit 20 forms a resonating signal Which starts up 
and builds to a steady state energy level having oscillations 
at a knoWn frequency. In doing so, transistors Q2 and Q3 
cycle betWeen the collector terminal 38 and emitter terminal 
40 in response to noise or other induced signals and Will 
build until the steady state is reached. 

[0054] During start up, each ampli?cation stage provides 
a gain in excess of unity. At steady state, the gain of each 
ampli?cation stage is approximately equal to or slightly 
greater than unity to account for any energy loss. The series 
resonant tank circuit With SAW resonator 22 maintains and 
ensures the stability of the signal oscillation Within the 
circuit 20. The oscillating signal in turn is exhibited by 
current signal I ?oWing through the antenna radiating ele 
ments, inductors L2 and L3. In addition, the feedback paths 
provided via capacitors C4 and C5 and capacitors C6 and C7 
create a phase delay Which adjusts the loop time to realiZe 
the desired frequency. 

[0055] Referring to FIG. 6, a graphical representation of 
voltage Waveforms achieved by the ?rst embodiment of the 
present invention is depicted. Here, the inductors L2 and L3 
of circuit 20 of FIG. 2 each radiate a separate signal through 
separate electromagnetic ?elds, both of Which have the same 
carrier frequency in response to the commonly shared oscil 
lating current signal I. These radiating output signals from 
inductors L2 and L3 and the total summed radiating output 
are illustrated by the Waveforms 66 provided in FIG. 6. The 
?rst radiating output signal transmitted from inductor L2 is 
shoWn as voltage Waveform 62, While the second radiating 
output signal transmitted from inductor L3 is depicted as 
voltage Waveform 64. Voltage Waveforms 62 and 64 are 
characteriZed as having equal amplitudes and an approxi 
mate 180 degree phase shift relationship relative to one 
another. Radiating signals 62 and 64 emitted are measured 
With respect to voltage ground 28 and therefore exhibit the 
aforementioned phase shift of 180 degrees. As Waveforms 
62 and 64 are both measured relative to node 28, the 
summation of both Waveforms 62 and 64 relative to the 
commonly shared current signal I results in a voltage 
Waveform representing a single radiating output signal 66. 
Accordingly, Output signal 66 may be achieved using the 
pair of balanced oscillators and output tanks of the present 
invention. 

[0056] Single radiating output signal 66 in one embodi 
ment has a frequency of approximately 315 MHZ. Addition 
ally, the outputs from both inductor L2 and inductor L3 of the 
?rst and second output tanks are balanced signals Which are 
symmetrical relative to node 28 Which is preferably set at +3 
volts DC. In contrast, the separate radiating signals created 
by center-tapped transformer 46 of one of the alternate 
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embodiments of the present invention, may be summed and 
then ?ltered and impedance matched prior to transmission. 

[0057] Referring to FIG. 7, a buffered balanced oscillator 
and transmitter system 70 is illustrated. System 70 com 
prises a resonator 72 for generating a reference signal having 
a resonating frequency. Resonator 72 preferably comprises 
a surface acoustic Wave (“SA ”) device, and the resonating 
frequency preferably falls Within the radio frequency (“RF”) 
spectrum. It should be obvious to one of ordinary skill in the 
art, hoWever, that other components, such as a bulk acoustic 
Wave (“BAW”) device for example, may also be employed 
to realiZe the functional purpose of the resonator. 

[0058] System 70 additionally comprises a ?rst and sec 
ond oscillator, 74 and 76, each for generating an oscillating 
output in response to the resonating frequency of the reso 
nator 72. First oscillator 74 comprises an ampli?er 78 for 
amplifying an input corresponding With the reference signal 
generated by resonator 72, and a resonating circuit 80, 
coupled With ampli?er 78, for generating an oscillating 
signal in response to output of ampli?er 78. Similarly, 
second oscillator 76 comprises an ampli?er 82 for amplify 
ing an input corresponding With the reference signal gener 
ated by resonator 72, and a resonating circuit 84, coupled 
With ampli?er 82, for generating an oscillating signal in 
response to output of ampli?er 82. While both oscillators 
preferably comprise identical functional components, it 
should be apparent to one of ordinary skill in the art that 
alternate oscillator designs may be realiZed While still 
achieving the advantages of the present invention. To pro 
vide a balanced design, the outputs of both oscillators 74 and 
76 are 180 degrees out of phase With one another, yet equal 
in magnitude. 

[0059] As a means to substantially minimiZe the effects of 
parasitic impedances, such as those created by a user’s hand 
in holding or cupping a compact remote RF transmitter 
during operation, system 70 also comprises a ?rst and 
second buffer, 86 and 88. First and second buffer, 86 and 88, 
functionally isolate resonating circuits 80 and 84, respec 
tively, from an antenna 100. To this end, ?rst buffer 86 
comprises a buffer ampli?er 90 Which is coupled With a 
resonating circuit 93, While second buffer ampli?er 88 
comprises a buffer ampli?er 96 also coupled With resonating 
circuit 93. Resonating circuit 93 comprises a series or 
parallel tuned resonant tank and a radiating element 100. By 
this arrangement, the output impedance of system 70, as 
vieWed from the DC center point of antenna 100 along both 
paths created by oscillators 74 and 76, is substantially 
decreased, and the current is increased. This decrease in 
impedance and increase in current by Way of current gain 
result in the output signal, as radiated by antenna 100, 
comprising a larger percentage of the ?rst and second 
oscillating signals. With the output signal having a larger 
percentage of the ?rst and second oscillating signals, a more 
poWerful output signal, and as such, a more poWerful 
transmitter is realiZed. 

[0060] Moreover, system 70 comprises antenna 100 for 
radiating an output signal having a single frequency. The 
output signal of antenna 100 corresponds With the sum of 
both ?rst and second oscillating outputs. The relationship 
betWeen the output signal and the ?rst and second oscillating 
signals can be best understood by appreciating the output 
characteristics of system 70. Comprising an output imped 
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ance, system 70 can be vieWed using a voltage divider 
model. Using this illustration, both ?rst and second oscilla 
tor outputs are representative of an input to the divider. The 
model further comprises a ?rst impedance associated With 
the impedance as seen by each oscillator to ground, as Well 
as a second impedance in series With the ?rst impedance. 
Second impedance is a model of the output impedance of 
system 70. By Way of this voltage divider model, the output 
signal generated by antenna 100 is representative of the 
voltage falling across the ?rst impedance. Thus, in vieW of 
its balanced characteristics, the output signal transmitted by 
antenna 100 of system 70 differs from the sum of the 
oscillating outputs in amplitude alone. Nonetheless, it is 
conceivable that the output signal might be intentionally 
distinguishable from the sum of the oscillating outputs in 
frequency or phase, as Well as a combination thereof, for 
eXample, as Would be apparent to one of ordinary skill in the 
art. 

[0061] Antenna 100 preferably comprises an inductor, as 
part of resonant circuit 93, having a direct current (“DC”) 
center point. This DC center point partitions the inductor 
into a ?rst and second equivalent inductors. From this center 
point, a high impedance is created to ground through each 
oscillator. Furthermore, antenna 100 comprises an alternat 
ing current (“AC”) balanced oscillating point Which pro 
vides a location along antenna 100 Where magnitude of the 
oscillating outputs of ?rst and second oscillators 74 and 76 
are both substantially Zero. In vieW of both the AC and DC 
center points, a “balanced” oscillator is realiZed. 

[0062] Tight tolerances for resonating circuits 80, 84 and 
93 are not required for the present balanced oscillator 
design. This bene?t is achieved by Way of the DC and AC 
center points, as Well as the balanced circuit itself. More 
over, as antenna 100 preferably transmits both oscillator 
outputs at a single primary frequency, the tolerances asso 
ciated With resonating circuits 80, 84 and 93 are less critical 
to the overall operation of system 70. 

[0063] In a further embodiment of the present invention, 
antenna 100 comprises a primary Winding of a center tapped 
transformer for transmitting the oscillating outputs of both 
?rst and second oscillators 74 and 76 onto a secondary 
Winding. By this arrangement, secondary Winding may itself 
radiate the oscillating outputs. In the alternative, an output 
inductor or the like may be employed in conjunction With a 
?lter and matching circuit for the purpose of radiating the 
oscillating outputs. 

[0064] In still another embodiment of the present inven 
tion, a device is also incorporated for increasing the output 
range of each of the ?rst and second oscillating output 
signals. Using aforementioned voltage divider model, this 
device further and more directly increases the output poWer 
to reduce the sensitivity of system 70 to the parasitic 
impedances de?ned above. The device preferably comprises 
a capacitor, though other impedances may be used, Which 
applies a greater amount of the voltage range associated With 
ampli?ers 78 and 82 to buffer ampli?ers 90 and 96, respec 
tively. 

[0065] Referring to FIG. 8, a circuit realiZation 110 of the 
buffered balanced oscillator and transmitter system of FIG. 
7 is illustrated. Buffered balanced oscillator and transmitter 
circuit 110 comprises a ?rst and second pseudo Colpitts 
oscillator. Both pseudo Colpitts oscillators are balanced With 
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respect to one another and share a common tank circuit and 
oscillating current signal I for poWer output ef?ciency. 
Circuit 110 described herein is particularly applicable With 
automotive remote keyless entry systems. Other applica 
tions, hoWever, are clearly conceivable to one of ordinary 
skill in the art. 

[0066] According to a more detailed description, circuit 
110 comprises a balanced oscillator con?guration Which 
includes the tWo pseudo Colpitts oscillator circuits for 
producing a local oscillation signal. The oscillator circuitry 
includes a ?rst transistor Q4 and a second transistor Q5 each 
coupled With a resonator device 112 therebetWeen. Resona 
tor device 112 acts as a series resonant input tank for 
generating and stabiliZing the oscillating current signal I. By 
so doing, a resonance RF carrier frequency is achieved. 

[0067] First and second transistors, Q4 and Q5, each pref 
erably comprise a bipolar junction transistor (“BJT”). Alter 
natives, hoWever, such as a heterojunction bipolar transistor 
(“HBT”), should be apparent to one of ordinary skill in the 
art. According to a further embodiment, transistors Q4 and 
Q5 are each MMBTHlO type bipolar transistors. 

[0068] Transistors Q4 and Q5 each operate as an ampli? 
cation stage to provide a unity loop gain for steady state 
operations. First transistor Q4 comprises a base, a collector, 
and emitter 120, 122 and 124, respectively. LikeWise, sec 
ond transistor Q5 comprises a base, a collector, and emitter 
126, 128 and 130, respectively. Transistors Q4 and Q5 are 
each con?gured as a pseudo Colpitts oscillator having a 
tuned LC circuitry and positive feedback. It should be 
understood by one of ordinary skill in the art that various 
other transistor oscillator con?gurations may be substituted 
into the above arrangement to achieve the same functional 
purpose. 

[0069] Resonator device 112 is coupled betWeen the base 
terminals 120 and 126 of transistors Q4 and Q5 via output 
lines 132 and 134, respectively. Resonator 112 is shoWn 
having an array of metallic ?ngers formed on a pieZoelectric 
substrate. Resonator 112 advantageously operates to stabi 
liZe oscillations of the carrier signal. Resonator device 112 
preferably comprises a series resonant input tank circuit 
surface acoustic Wave (“SAW”) device. HoWever, according 
to a further embodiment, SAW resonator 112 is a RO2073 
SAW resonator manufactured and sold by RF Monolithics, 
Incorporated. 
[0070] Circuit 110 further comprises a pair of output tank 
circuits, Which in combination With transistors Q4 and Q5 
form a ?rst and second oscillator. Each output tank circuit 
includes a capacitor and inductor; ?rst input tank comprises 
?rst inductor L5 and second input tank comprises second 
inductor L6. First inductor L5 is coupled betWeen collector 
terminal 122 of transistor Q2 and node 118, While second 
inductor L6 is coupled betWeen collector terminal 128 of 
transistor Q5 and node 118. Accordingly, inductors L5 and L6 
are coupled together at node 118 in a series connection. A 
voltage input source 114 is coupled to node 118 betWeen 
inductors L5 and L6 for applying a DC voltage input VIN 
thereto. According to one eXample of the present invention, 
voltage input signal VIN is a +3 volt DC signal. Application 
of the +3 volts betWeen inductors L4 and L5 biases transis 
tors Q4 and Q5 to realiZe the necessary gain. 

[0071] Moreover, circuit 110 comprises a data input 116 
coupled to both resonator output lines 132 and 134 though 
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respective resistors R12 and R13. Data input 116 is adapted 
to receive an on/off data input signal VDATA Which is applied 
to both sides of SAW resonator 112. Each of the resonator 
output lines 132 and 134 is also coupled to ground via 
respective resistors R11 and R14. The data input signal 
VDATA encodes the carrier signal With a modulation scheme to 
provide information on the carrier signal. The preferred 
modulation format is frequency shift key (“FSK”), though 
other schemes including pulse Width modulation (“PWM”) 
and amplitude modulation (“AM”) may be easily substituted 
by one of ordinary skill in the art. The information provided 
on the carrier signal may control and/or initiate various 
system operations, such as a door lock actuation mechanism, 
as Well as the on/off operations of circuit 110. Application of 
data input signal VDATA may be initiated by manual control 
through an actuation mechanism such as, for example, a 
push-button pad, sWitch or other pulsed activation device. 

[0072] SAW resonator 112 provides for an input tank 
circuit Which is commonly shared by the pair of balanced 
oscillators. Inductor L5, in combination With capacitors C8 
and C9, furnishes a ?rst output tank circuit. Similarly, 
inductor L6, in combination With capacitors C10 and C11, 
creates a second output tank circuit. While the series reso 
nant input tank stabiliZes oscillation of the resonating signal, 
the output tanks provide for radiation of the RF output 
signal. Capacitors C8 and C9 also establish a voltage divider 
netWork, as Well as a positive feedback path to transistor Q 4. 
LikeWise, capacitors C10 and C11 create a voltage divider 
and a positive feedback path to transistor Q5. Energy is 
ef?ciently stored in the capacitors C8 through C11 and 
inductors L5 and L6 to enhance radiation ef?cacy by the 
antenna so as to reduce the amount of energy that may 
otherWise be required for each cycle of transistors Q4 and 

[0073] Antenna 100 of FIG. 7 is realiZed in the present 
embodiment by inductor L7 for transmitting and radiating an 
electromagnetic ?eld exhibiting the buffered oscillating sig 
nal With the predetermined carrier frequency. Inductor L7, in 
further embodiments, may additionally comprise tWo induc 
tors coupled together in series having a center point With a 
common DC feed, as Well as a center point Without a 
common DC feed comprising a resistor juXta positioned 
betWeen both inductors running to ground. 

[0074] Circuit 110 also provides means to substantially 
minimiZe the effects of parasitic impedances. To realiZe this 
aspect of the invention, depicted as ?rst and second buffer, 
86 and 88 in FIG. 7, circuit 110 further comprises a third 
transistor Q6 and a fourth transistor Q7. Third and fourth 
transistors, Q6 and Q7, both preferably comprise a bipolar 
junction transistor. Alternatives, hoWever, such as a hetero 
junction bipolar transistor (“HBT”), are available and should 
be apparent to one of ordinary skill in the art. According to 
a further embodiment, transistors Q6 and Q7 are each 
MMBTHlO type bipolar transistors. 

[0075] Transistors Q6 and Q7 each operate as a buffer for 
buffering the ?rst and second oscillating output signals 
generated by their respective pseudo Colpitts oscillator. 
Transistors Q6 is coupled With both a ?rst supplemental tank 
and the output resonant tank associated With transistor Q4, 
While transistors Q7 is coupled With both a second supple 
mental resonant tank and the output resonant tank associated 
With transistor Q5. First and second supplemental resonant 
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tanks, referred to as resonating circuit 93 in FIG. 7, func 
tionally decrease the output impedance of circuit 110. By so 
doing, the output signal ultimately radiated by the antenna 
L7 comprises an increased percentage of the ?rst and second 
output signals. 

[0076] Transistor Q6 comprises a base, collector and emit 
ter, 136, 138 and 140, respectively, While transistor Q7 
comprises a base, collector and emitter, 142, 144 and 146, 
respectively. The base 136 of transistor Q6 is coupled 
betWeen capacitors C8 and C9, at the node for Which emitter 
124 of transistor Q 4 also is coupled With resistor R10, While 
collector 138 is coupled With node 118. Further, emitter 140 
is coupled With the ?rst supplemental resonant tank. First 
supplemental resonant tank comprises capacitor C12 and 
resistor R16, Which are both grounded, as Well as a ?rst 
terminal of inductor L7, Which is coupled With the second 
supplemental resonant tank. Similarly, the base 142 of 
transistor Q7 is coupled betWeen capacitors C10 and C11, at 
the node for Which emitter 130 of transistor Q5 also is 
coupled With resistor R15, While collector 144 is coupled 
With node 118. Further, emitter 146 is coupled With the 
second supplemental resonant tank. Second supplemental 
resonant tank comprises capacitor C13 and resistor R17, 
Which are both grounded, as Well as the second terminal 
inductor L7, Which is coupled With the ?rst supplemental 
resonant tank. It should be understood by one of ordinary 
skill in the art that various other transistor buffer con?gu 
rations may be substituted into the above arrangement to 
achieve the same functional purpose. 

[0077] Referring to FIG. 9, a second circuit realiZation of 
the buffered balanced oscillator and transmitter system of 
FIG. 7 is illustrated. Circuit 150 of FIG. 8 may alternately 
be con?gured to include a device for increasing the output 
range of each of the oscillating outputs of the ?rst and 
second pseudo Colpitts oscillators. This device preferably 
comprises a ?rst and second voltage divider circuit for ?rst 
and second pseudo Colpitts oscillators, respectively. 

[0078] According to a more detailed description, transis 
tors Q4 and Q5 are each coupled With transistors Q6 and Q7, 
respectively, by means of a ?rst and second modi?ed reso 
nant circuit forming voltage divider circuits. With respect to 
transistor Q4, collector 122 is coupled With capacitor C8, 
While emitter 124 is coupled With capacitors C9 and C14, as 
Well as resistor R10. Moreover, capacitor C8 is coupled With 
capacitor C14 at an input node to transistor Q6. Similarly, 
collector 128 of transistor Q5 is coupled With capacitor C10. 
Emitter 130 is coupled With capacitors C11 and C15, and 
resistor R15. Capacitor C10 is also coupled With capacitor 
C15 at an input node to transistor Q7. The bases 136 and 142 
of transistors Q6 and Q7 are fed by transistors Q4 and Q5 at 
the point Where capacitors C8 and C14, as Well as C10 and 
C15, respectively couple together to generate a greater 
voltage sWing. 

[0079] Furthermore, a resistor netWork is provided 
betWeen VDATA and the modi?ed resonant circuit, detailed 
herein. With respect to transistor Q6, resistor R19 is coupled 
With the input node of the base 136 of transistor Q6, While 
resistor R18 is coupled from the input node of base 136 to 
ground. As such, resistor R18 is in parallel With capacitors 
C14 and C9. LikeWise, resistor R20 is coupled With the input 
node of base 142 of transistor Q7, and resistor R21 is coupled 
from this input node of base 142 to ground such that resistor 
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R21 is positioned in parallel With capacitors C15 and C11. In 
so doing, the output ranges created across resistors R18 and 
R21 are substantially increased. This increase is attributable 
to the repositioning of bases 136 and 142 With the collector 
to ground voltages of transistors Q4 and Q5, respectively, 
and their associated ranges, in vieW of the added voltage 
divider. In one embodiment, using certain values for the 
above capacitor and resistor components, the voltage range 
is increased by 100 percent. 

[0080] Referring to FIG. 10, a further alternate embodi 
ment depicting a buffered oscillator and transmitter circuit 
160 is illustrated. Circuit 160 comprises three functional 
stages: a pseudo Colpitts oscillator 162, a buffer 164 and an 
output system 166. Circuit 160 described herein is particu 
larly applicable With automotive remote keyless entry sys 
tems. Other applications, hoWever, are clearly foreseeable to 
one of ordinary skill in the art. 

[0081] According to a more detailed description, oscillator 
162 comprises a Colpitts con?gured transistor Q10 and an 
input resonant tank circuit. The tank circuit typically com 
prises a resonator, such as a surface acoustic Wave (“SAW”) 
device 172, a pair of feedback capacitors, C16 and C17, an 
inductor L8, as Well as a capacitor C19 for providing a large 
capacitance to maintain a constant DC voltage. Further, the 
oscillator also includes a number of biasing resistors to 
facilitate the proper operation of transistor Q10. Transistor 
Q10 functionally provides a unity loop gain for steady state 
operations. 

[0082] Structurally, transistor Q1O comprises a base 176, 
collector 178 and an emitter 180. Base terminal 176 is 
coupled With surface acoustic Wave resonator 172, and 
collector 178 is coupled With inductor L8, While emitter 180 
is coupled to ground through a resistor R24. Additionally, 
feedback capacitor C16 is coupled betWeen emitter 180 and 
ground, and as such, is in parallel With resistor R24, While 
feedback capacitor C17 is coupled betWeen collector 178 and 
emitter 180. Capacitor C19 is coupled betWeen ground and 
VIN. 
[0083] Transistor Q1O is coupled to a direct current (“DC”) 
voltage source 170 through inductor L8 to receive a DC bias 
input VIN, typically 6V. Oscillator 162 also receives a data 
input signal VDATA 168 for encoding the RF carrier signal, 
by means of a resistor netWork forming a voltage divider 
circuit. Data input 168 is adapted to receive an on/off data 
input signal VDATA Which is applied to SAW resonator 172. 
The data input signal VDATA encodes the carrier signal With 
a modulation scheme to provide information on the carrier 
signal. The preferred modulation format is frequency shift 
key (“FSK”), though other schemes including pulse Width 
modulation (“PWM”) and amplitude modulation (“AM”) 
may be easily substituted by one of ordinary skill in the art. 
The information provided on the carrier signal may control 
and/or initiate various system operations, such as a door lock 
actuation mechanism, as Well as the on/off operations of 
circuit 160. Application of data input sign VDATA may be 
initiated by manual control through an actuation mechanism 
such as, for eXample, a push-button pad, sWitch or other 
pulsed activation device. By this con?guration, transistor 
Q10, acting as an ampli?er, in combination With the reso 
nating tank circuit, generates a oscillating output signal. 

[0084] Transistors, Q10 and Q11, each preferably comprise 
a bipolar junction transistor (“BJT”). Alternatives, hoWever, 
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such as a heterojunction bipolar transistor (“HBT”), should 
be apparent to one of ordinary skill in the art. According to 
a further embodiment, transistors Q2 and Q3 are each 
MMBTHlO type bipolar transistors. 

[0085] Resonator device 172 is coupled betWeen base 176 
of transistor Q10 and ground. Resonator 172 advantageously 
operates to stabiliZe oscillations of the carrier signal. Reso 
nator device 172 preferably comprises a series resonant 
input tank circuit surface acoustic Wave (“SAW”) device. 
HoWever, according to a further embodiment, SAW resona 
tor 172 is a RO2073 SAW resonator manufactured and sold 
by RF Monolithics, Incorporated. 

[0086] Buffer 164 functionally minimiZes the effects of 
parasitic impedances created through various means detailed 
herein. To realiZe this bene?t, buffer 164 comprises a 
transistor Q11, as Well as a buffer resonant tank of inductor 
L9 and capacitor C18. Transistor Q11 comprises a base 184, 
a collector 186 and an emitter 182. Buffer 164 is coupled 
With oscillator 162 at tWo nodes. First, buffer 164 receives 
a DC bias input VIN through direct current (“DC”) voltage 
source 170 at collector 186, Wherefrom L8 of oscillator 162 
is also biased. Buffer 164 is also coupled With oscillator 162 
at emitter 180 of transistor Q10 and base 184 of transistor 
Q11‘ 
[0087] Output stage 166 is coupled With buffer 164 for the 
purpose of transmitting the oscillating signal. The output of 
buffer 164, having an oscillating output at the resonant 
frequency, is transmitted across to stage 166. Stage 166 
additionally comprises a device 174 for matching the output 
impedance of the circuit. Finally, output stage 166 comprises 
an antenna in the form of inductor L1O for transmitting the 
resultant oscillating signal. 

[0088] It should be noted that the oscillator and transmitter 
circuits of the present invention may be mounted Within a 
compact enclosure and advantageously employed to trans 
mit control signals, especially for use in connection With a 
remote controlled keyless entry system. For such an appli 
cation, the user may manually activate the VDATA input to 
encode the carrier signal With selected information. The 
carrier signal and modulating information are then radiated 
from the transmitter circuits by means of the output tanks. A 
receiver Which is generally mounted Within a vehicle Will 
receive the radiating signal, decode the modulating infor 
mation and initiate and/or eXecute the selected operation 
such as locking or unlocking a vehicle door, activating or 
deactivating an alarm system, for eXample. In contrast to 
conventional approaches, these circuits advantageously 
achieve increased output poWer and maintain an ef?cient 
poWer usage thereWith. 

[0089] Furthermore, it should also be apparent that the 
embodiments of the present invention may use various siZed 
components Which may be modi?ed Without departing from 
the invention. As one eXample, inductors L8 and L9 each 
provide an inductance of approximately 40 nH. Capacitors 
C17 and C18 each may have a capacitance of approximately 
4.7 pF, While capacitor C16 has a capacitance of about 22 pF. 
Resistor R23 may have a resistance of about 15 k9. Resistor 
R22 may have a resistance of about 6.8 kQ, While resistor 
R24 has a resistance of about 180 Q. 

[0090] Referring to FIG. 11, a block diagram of a system 
200 for selectably oscillating at a ?rst or second frequency 
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is illustrated. System 200 comprises an oscillator 220 for 
generating an oscillating output at f1 or f2, and an antenna 
225 for transmitting the oscillating output. Oscillator 220 
generally comprises a resonator (not shoWn), such as a SAW 
of BAW, for generating a reference signal, and ampli?er (not 
shoWn) for amplifying the reference signal, and a resonating 
circuit (not shoWn), including an inductor and capacitor, for 
generating the oscillating output in response to the ampli?er 
amplifying the reference signal. In one embodiment of the 
present invention, oscillator 220 is a Colpitts oscillating 
circuit. In a further embodiment of the present invention, 
oscillator 220 comprises a balanced oscillator con?guration. 

[0091] Moreover, system 200 comprises a sWitching 
device 205. SWitching device 205 provides oscillator 220 
With a ?rst (Z1) or second (Z2) impedance 215, in response 
to select signal 210. As a result of this con?guration, the 
oscillator output of system 200 oscillates at a ?rst frequency 
f1 When the ?rst (Z1) impedance is provided to oscillator 
220, While the oscillator output of system 200 oscillates at 
a second frequency f2 When the second (Z2) impedance is 
provided to oscillator 220. 

[0092] SWitching device 205 sWitches betWeen ?rst (Z1) 
and second (Z2) impedances 215 by the voltage level of 
select signal 210. As such, When select signal 210 is at a ?rst 
voltage level, ?rst impedance (Z1) is enabled, While second 
impedance (Z2) is enabled When select signal 210 is at a 
second voltage level. Furthermore, unlike the knoWn art, 
each of the ?rst (Z1) and second (Z2) impedances 215 have 
?Xed impedance values independent of the voltage level of 
select signal 210. Thus, the present invention provides for a 
?rst and second impedance both of Which are not prone to 
drifting. 

[0093] In the preferred embodiment of the present inven 
tion, sWitching device 205 comprises a bipolar junction 
transistor. As a result, sWitching device 205 sWitches 
betWeen a saturation mode of operation and an off mode of 
operation in response to select signal 210. To eliminate 
unWanted re?ections created While the transistor falls Within 
an active mode of operation during a transition betWeen 
saturation mode and off mode, a ?lter (not shoWn) is also 
incorporated. 

[0094] Referring to FIG. 12, a ?rst circuit realiZation 230 
of the system 200 of FIG. 11 is depicted. First circuit 
realiZation 230 comprises an oscillator 235 and a modulator 
240. Oscillator 235 comprises a Colpitts oscillator. It should 
be apparent to one of ordinary skill in the art, hoWever, that 
oscillator 235 may be realiZed by other oscillator con?gu 
rations. 

[0095] Colpitts oscillator 235 comprises a transistor Q13 
and an input resonant tank circuit. The tank circuit typically 
comprises a resonator, such as a surface acoustic Wave 
(“SAW”) device 245, and a pair of feedback capacitors, C22 
and C23. Further, oscillator 235 also includes a number of 
biasing resistors to facilitate the proper operation of tran 
sistor Q13. First circuit realiZation 230 additionally com 
prises an inductor L11 Which acts as an antenna element for 
radiating the resultant oscillating output signal. 

[0096] Structurally, transistor Q13 comprises a base, col 
lector and emitter. The base terminal is coupled With surface 
acoustic Wave resonator 245, and the collector is coupled 
With inductor L11, While the emitter is coupled to ground 
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through a resistor R31. Additionally, feedback capacitor C23 
is coupled between the emitter and ground, and as such, is 
in parallel With resistor R31. Feedback capacitor C22 is 
coupled betWeen the collector and the emitter. Moreover, a 
third capacitor C24 is coupled betWeen inductor LM and 
ground for providing a large capacitance to maintain a 
constant DC voltage. 

[0097] First circuit realiZation 230, and more particularly 
LM and C24, is coupled to a direct current (“DC”) voltage 
source to receive a DC bias input VIN, typically 6V. Circuit 
230 also receives a data input signal VFM DATA, by Way of 
a sWitching device or modulator 240, for encoding the RF 
carrier signal. As detailed hereinabove, circuit 230 generates 
a radiating output signal via inductor L11. In doing so, 
transistor Q13, acting as an ampli?er, in combination With 
the resonating tank circuit, generates a resonating signal 
Which is provided to inductor L11 as an oscillating current 
signal. The conduction of oscillating current signal through 
inductor L11 in turn causes the radiating output signal to be 
transmitted as an electromagnetic ?eld. 

[0098] Modulator 240 provides a ?rst or second imped 
ance responsive to data input voltage signal VFM DATA. Each 
of the ?rst and second impedances are ?Xed and independent 
of the voltage level of the data input voltage signal VFM DATA 
such that the oscillating current output passing through 
inductor L11 has a ?rst oscillating frequency When the ?rst 
impedance is enabled, and a second oscillating frequency 
When the second impedance is enabled. 

[0099] Modulator 240 is realiZed by a transistor circuit 
comprising a transistor Q12. Transistor Q12 is preferably 
realiZed by means of a bipolar junction transistor (“BJT”), 
though a ?eld effect transistor (“FET”) may utiliZed as Well. 
Transistor Q12 comprises a base coupled With the data input 
voltage signal VFM DATA through an input resistor R26, a 
collector coupled betWeen a resistor R28 and capacitor C21 
node, and an emitter coupled to ground. The resistor R28 and 
capacitor C21 node provides a ?Xed impedance from the 
collector of transistor Q12. By this con?guration, modulator 
240 shifts betWeen the ?Xed impedance alone While tran 
sistor Q12 is in the off mode of operation, and the ?Xed 
impedance in combination With the impedance created as a 
result of transistor Q12 being in a saturation mode of opera 
tion. 

[0100] Modulator 240 additionally comprises a ?lter 250. 
Filter 250 is incorporated to remove unWanted re?ections 
created While transistor Q12 functions in an active mode of 
operation. Filter 250 comprises a resistor R27 and a capacitor 
C2O coupled to ground. Depending on the voltage level of 
data input voltage signal VFM DATA) transistor Q12 functions 
either in the off or saturation mode. HoWever, a change in the 
voltage level of the data input voltage signal VFM DATA from 
high to loW or loW to high causes transistor Q12 to migrate 
from off to saturation mode or vice versa. During this 
transition, for a period of time, transistor Q12 begins func 
tioning in the linear, active mode of operation. This results 
in potentially damaging re?ections through circuit 230, 
Which, by incorporating ?lter 250, are simply minimized. 

[0101] Referring to FIG. 13, the preferred circuit realiZa 
tion 255 of the system 200 of FIG. 11 is illustrated. Here, 
circuit 255 comprises a balanced oscillator 260 and a 
modulator 265. Balanced oscillator 260 comprises a ?rst and 
second pseudo Colpitts oscillator. Both pseudo Colpitts 

Sep. 20, 2001 

oscillators are balanced With respect to one another and 
share a common tank circuit and oscillating current signal 
for poWer output ef?ciency. 

[0102] According to a more detailed description, balanced 
oscillator 260 includes tWo pseudo Colpitts oscillator cir 
cuits for producing a local oscillation signal. The oscillator 
circuitry includes a ?rst transistor Q14 and a second transis 
tor Q18 each coupled With a resonator device 270 therebe 
tWeen. Resonator device 270 acts as a series resonant input 
tank for generating and stabiliZing the oscillating current 
signal driving inductors L12 and L13. By so doing, a reso 
nance RF carrier frequency is achieved. 

[0103] First and second transistors, Q14 and Q18, each 
preferably comprise a bipolar junction transistor (“BJT”). 
Alternatives, hoWever, such as a heterojunction bipolar 
transistor (“HBT”), should be apparent to one of ordinary 
skill in the art. According to a further embodiment, transis 
tors Q14 and Q18 are each MMBTHlO type bipolar transis 
tors. 

[0104] Transistors Q14 and Q18 each operate as an ampli 
?cation stage to provide a unity loop gain for steady state 
operations. Both transistors Q14 and Q18 comprise a base, a 
collector, and emitter. and are con?gured as a pseudo 
Colpitts oscillator having a tuned LC circuitry and positive 
feedback. It should be understood by one of ordinary skill in 
the art that various other transistor oscillator con?gurations 
may be substituted into the above arrangement to achieve 
the same functional purpose. 

[0105] Resonator device 270 is coupled betWeen the base 
of transistors Q14 and Q18. Further, resistors R34 and R40, 
respectively, incorporated at the node betWeen the base of 
each transistor Q14 and Q18 and resonator 270, and run to 
ground, to further facilitate the operation of transistors Q14 
and Q18, respectively. Resonator 270 advantageously oper 
ates to stabiliZe oscillations of the carrier signal. Resonator 
device 270 preferably comprises a series resonant input tank 
circuit surface acoustic Wave (“SA ”) device. HoWever, 
according to a further embodiment, resonator 270 is a 
RO2073 SAW resonator manufactured and sold by RF 
Monolithics, Incorporated. 

[0106] Circuit 255 further comprises a pair of output tank 
circuits. Each output tank circuit includes a capacitor and 
inductor; ?rst input tank comprises ?rst inductor L12 and 
second input tank comprises second inductor L13. Inductors 
L12 and L13 each operate as antenna radiating elements for 
radiating an output signal in response to the oscillating 
current signal passing through both. First inductor L12 is 
coupled betWeen the collector of transistor Q14 and a node 
that comprises a resistor R33, a ?rst modulator resistor R38, 
and voltage input signal VIN. Similarly, second inductor L13 
is coupled betWeen the collector of transistor Q18 and the 
same node that also comprises a resistor R39, a second 
modulator resistor R35, and voltage input signal VIN. 
Accordingly, inductors L12 and L13 are coupled together at 
the this node in a series connection. 

[0107] A voltage input source is coupled to the node for 
applying the DC voltage input VIN thereto. In one eXample 
of the present invention, voltage input signal VIN is a +3 volt 
DC signal. Application of the +3 volts betWeen inductors L12 
and L13 biases transistors Q14 and Q18 to realiZe the neces 
sary gain. Inductors L12 and L13 each operate as an antenna 
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for transmitting and radiating an electromagnetic ?eld 
exhibiting the oscillating signal With the predetermined 
carrier frequency. 

[0108] Modulator 265 functionally provides a ?rst or 
second impedance in response to an FM data input. To this 
end, modulator comprises a FM data input coupled to both 
the output lines of resonator 270 through an input resistor 
R36 and a mirrored transistor circuit. FM data input is adapted 
to receive an on/off data input signal VFM DATA Which is 
applied to both sides of SAW resonator 270 through the 
mirrored transistor circuit. The FM data input signal VFM 
DATA encodes the carrier signal With a modulation scheme to 
provide information on the carrier signal. The preferred 
modulation format is frequency shift key (“FSK”), though 
other schemes including pulse Width modulation (“PWM”) 
may be easily substituted by one of ordinary skill in the art. 

[0109] The mirrored transistor circuit of modulator 265 
comprises a pair of transistors Q15 and Q16. The base of each 
of transistors Q15 and Q16 are interconnected at the node 
coupling the FM data input resistor R36 and a ?lter 275. To 
shift betWeen a ?rst and second impedance in response to the 
voltage level of VFM DATA, modulator comprises a pair of 
resistor-capacitor branches. The ?rst leg of each branch of 
the pair comprises a resistor, R35 and R38, respectively, 
Which are coupled betWeen the node attaching the voltage 
input signal VIN, inductors L12 and L13, and resistors R33 and 
R39. The second leg of each branch comprises a capacitor, 
C27 and C29, Which are coupled to the outputs of resonator 
270. BetWeen each of the legs of each of the branches is a 
collector node Where each collector of a respective transis 
tor, Q15 and Q16, is coupled. The emitter of each transistor, 
Q15 and Q16, is further coupled to ground. 

[0110] Filter 275 is incorporated to remove unWanted 
re?ections created While transistors Q15 and Q16 function in 
an active mode of operation. Filter 275 comprises a resistor 
R37 and a capacitor C28 coupled to ground. Depending on the 
voltage level of the data input voltage signal VFM DATA) 
transistors Q15 and Q16 function either in the off or saturation 
mode. HoWever, a change in the voltage level of the data 
input voltage signal VFM DATA from high to loW or loW to 
high causes transistors Q15 and Q16 to migrate from off to 
saturation mode or vice versa. During this transition, for a 
period of time, transistors Q15 and Q16 begin functioning in 
the linear, active mode of operation. This results in poten 
tially damaging re?ections through circuit 255, Which, by 
incorporating ?lter 275, are simply minimiZed. 

[0111] SAW resonator 270 provides for an input tank 
circuit Which is commonly shared by the pair of pseudo 
Colpitts. Inductor L12, in combination With capacitors C25 
and C26, furnishes a ?rst output tank circuit. Similarly, 
inductor L13, in combination With capacitors C30 and C31, 
creates a second output tank circuit. While the series reso 
nant input tank stabiliZes oscillation of the resonating signal, 
the output tanks provide for radiation of the RF output 
signal. Capacitors C25 and C26 also establish a voltage 
divider netWork, as Well as a positive feedback path to 
transistor Q14. LikeWise, capacitors C30 and C31 create a 
voltage divider and a positive feedback path to transistor 
Q18. Energy is ef?ciently stored in the capacitors C25, C26, 
C30, C31, and inductors L12 and L13 to enhance radiation 
ef?cacy by reducing the amount of energy that may other 
Wise be required for each cycle of transistors Q14 and Q18. 
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[0112] While the particular invention has been described 
With reference to illustrative embodiments, this description 
is not meant to be construed in a limiting sense. It is 
understood that although the present invention has been 
described in a preferred embodiment, various modi?cations 
of the illustrative embodiments, as Well as additional 
embodiments of the invention, Will be apparent to persons 
skilled in the art upon reference to this description Without 
departing from the spirit of the invention, as recited in the 
claims appended hereto. It is therefore contemplated that the 
appended claims Will cover any such modi?cations or 
embodiments as fall Within the true scope of the invention. 

[0113] All of the US. Patents cited herein are hereby 
incorporated by reference as if set forth in their entirety. 

What is claimed is: 
1. Asystem for selectably oscillating at a ?rst or a second 

oscillating frequency, the system comprising: 

an oscillator for providing an oscillating output; and 

a sWitching device for selecting a ?rst or a second 
impedance in response to a select signal having a 
voltage, each of said impedances being ?Xed indepen 
dently of the select signal voltage, said oscillating 
output oscillating at the ?rst oscillating frequency When 
said ?rst impedance is provided and oscillating at the 
second oscillating frequency When said second imped 
ance is provided. 

2. The system of claim 1, Wherein said oscillator com 
prises: 

a resonator for generating a reference signal; 

an ampli?er for amplifying said reference signal; and 

a resonating circuit for generating said oscillating output 
in response to said ampli?er amplifying said reference 
signal. 

3. The system of claim 2, Wherein said resonator com 
prises a surface acoustic Wave (“SA ”) device. 

4. The system of claim 2, Wherein said resonating circuit 
comprises an inductor and a capacitor. 

5. The system of claim 1, Wherein said select signal 
represents frequency modulation carrier such that said 
sWitching device acts as a modulator. 

6. The system of claim 1, further comprising an antenna 
for transmitting said oscillating output. 

7. The system of claim 1, Wherein said oscillator is a 
balanced Colpitts oscillator. 

8. The system of claim 1, Wherein said sWitching device 
comprises transistor driven into a saturation mode of opera 
tion or driven into an off mode of operation in response to 
said select signal. 

9. The system of claim 8, said sWitching device further 
comprising a ?lter for removing unWanted re?ections gen 
erated When said transistor is driven into an active mode of 
operation. 

10. Asystem for selectably oscillating at a ?rst or a second 
oscillating frequency, the system comprising: 

an oscillator comprising: 

a resonator for generating a reference signal; 

an ampli?er for amplifying said reference signal; and 
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a resonating circuit for generating an oscillating output 
in response to said ampli?er amplifying said refer 
ence signal; and 

a modulator for providing a ?rst or a second irnpedance 
responsive to a select signal having a voltage, the value 
of each of said irnpedances being ?xed independently 
of the select signal voltage, said oscillating output 
oscillating at the ?rst oscillating frequency When said 
rnodulator cornprises said ?rst impedance and oscillat 
ing at the second oscillating frequency When said 
rnodulator cornprises said second irnpedance. 

11. The system of claim 10, further comprising an antenna 
for transmitting said oscillating output. 

12. The system of claim 10, Wherein said rnodulator 
comprises a transistor driven into a saturation mode of 
operation or driven into an off mode of operation in response 
to said select signal. 

13. The system of claim 12, said rnodulator further 
comprising a ?lter for removing unWanted re?ections gen 
erated When said transistor is driven into an active mode of 
operation. 

14. The system of claim 10, Wherein said rnodulator 
ernploys at least one of frequency shift key (“FSK”) rnodu 
lation and frequency modulation (“FM”). 

15. The system of claim 10, Wherein said ?rst irnpedance 
comprises a capacitance of approximately 6 pF and a 
resistance of approximately 100 Q. 

16. The system of claim 10, Wherein said second irnped 
ance comprises a capacitance of approximately 10 pF and a 
resistance of approximately 10,000 Q. 

17. The system of claim 10, Wherein said resonator 
comprises a surface acoustic Wave (“SAW”) device. 

18. The system of claim 10, Wherein said resonating 
circuit comprises a capacitor and an inductor. 
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19. The system of claim 10, Wherein said arnpli?er 
comprises at least one of a bipolar junction transistor and a 
?eld effect transistor. 

20. The system of claim 10, Wherein said oscillator 
comprises a balanced Colpitts oscillating circuit. 

21. A frequency rnodulated circuit for selectably oscillat 
ing at a ?rst or a second oscillating frequency, the circuit 
comprising: 

a balanced oscillator comprising: 

a resonator for generating a reference signal; 

an arnpli?er for amplifying said reference signal; and 

a resonating circuit for generating an oscillating output 
in response to said arnpli?er arnplifying said refer 
ence signal; and 

a frequency shift key modulator for providing a ?rst or a 
second irnpedance responsive to a select signal having 
a voltage, the value of each of said irnpedances being 
?Xed independently of the select signal voltage, said 
oscillating output oscillating at the ?rst oscillating 
frequency When said rnodulator cornprises said ?rst 
impedance and oscillating at the second oscillating 
frequency When said rnodulator cornprises said second 
irnpedance, said rnodulator comprising: 
a transistor circuit driven into a saturation mode When 

said select signal is at a ?rst voltage and driven into 
an off mode When said select signal is at a second 
voltage; and 

a ?lter for removing unWanted re?ections generated 
When said transistor circuit is in an active mode. 

22. The system of claim 21, further comprising an antenna 
for transmitting said oscillating output. 

* * * * * 


