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ABSTRACT OF THE DISCLOSURE 

A multi-loop antenna is utilized with a radio receiver 
having a superregenerative detector circuit; the antenna 
loops are formed on a printed circuit board and are dis 
placed near its outer periphery to provide large loop area; 
different portions of each loop are formed on different 
sides of the printed circuit board and are electrically con 
nected; the loops are utilized as the tank circuit for the 
superregenerative detector and selected ones are utilized 
to provide a feedback connection which further stabil 
izes said superregenerative circuit. 

This invention relates to radio receiving systems and 
more particularly it concerns a novel antenna and input 
circuit arrangement for use in connection with receivers 
of the portable type. 
The present invention ?nds particular utility in connec 

tion with electronic paging systems wherein coded signals 
are sent out from a central station and are monitored by 
portable receivers carried by various personnel. When a 
particular receiver’s code is transmitted only that receiver 
will respond to indicate that it has been called. The 
person being called then knows he should report back 
to the central station. 
The individual receivers used in such electronic paging 

systems must, of course, be very compact. They must 
possess a high degree of sensitivity and yet they must 
remain stable under conditions of temperature variation 
and other ambient changes. Also, since a great number of 
personnel may be included in a given system, it is im 
portant that the construction of these receivers be main 
tained as simple and as inexpensive as possible. 
One particularly critical area in the make up of a 

receiver of this nature is the antenna. In order to capture 
incoming signals with a reasonable degree of sensitivity 
and selectivity, it is important that the antenna have a 
high “area-turns” characteristic. The available “area” 
however, is limited by the physical confines of the receiver 
itself. On the other hand, the number of turns in the 
antenna coil is limited ‘by the fact that a large number of 
turns reduces the size of the associated capacitor to a 
point where the distributed capacitance of the antenna 
coil may have a signi?cant, and to a great extent, un 
controlled elfect. In prior systems which used antenna 
coils of wire wound about a form, variations in the elec 
trical characteristics of the antenna would occur with 
changes in temperature as a result of the changes in stress 
produced on the various turns of the coil due to expansion 
and contraction. Furthermore, since the wire in the an 
tenna coil was not of uniform cross section and was not 
wound with absolute uniformity, the changes in antenna 
characteristic which occurred over a temperature cycle 
were not predictable and would vary from cycle to cycle. 

It is also important that the antenna be made as in 
sensitive as possible to the effects of nearby magnetic 
materials; and this should be accomplished with as little 
loss of antenna Q, or sensitivity, as possible. Prior antenna 
coils were wound about the receiving system with the 
various metallic components of the system being located 
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directly within the core region of the coils. This of course 
greatly in?uenced and destabilized the antenna. 

Another critical area in a paging receiver’s design lies 
in the circuit arrangement which receives signals from 
the antenna. This circuit arrangement must be capable of 
selecting the received signal and of extracting from it the 
modulation or informational content which was imposed 
at the transmitter station. Of the various arrangements 
available in this connection, the superregenerative circuit 
is most advantageous. This circuit, which sequentially 
goes into and out of carrier frequency oscillation at an 
ultra-sonic rate, provides very good signal selectivity and 
sensitivity with a minimum of components. There are 
however certain difficulties associated with the use of 
superregenerative circuits. For example, these circuits in 
prior arrangements were very sensitive to variations in 
component characteristics due to temperature effects and 
aging. They were also quite sensitive to changes in the 
associated power supply voltage. 
The above and other dit?culties are eliminated by the 

present invention. According to this invention there is 
provided a radio receiver input arrangement characterized 
by a high degree of stability and frequency control 
without any increase in overall size or complexity. 

In one aspect the present invention makes use of an 
antenna con?guration comprising several physically dis 
placed but electrically connected loops. As illustratively 
embodied these loops are formed on a printed circuit 
board and are displaced near its outer periphery to main 
tain a large area for e?icient utilization of the incident 
radio frequency energy. Different portions of each loop 
are formed on different sides of the printed circuit board 
and are connected ‘by eyelets or plated conductive con 
nectors. Individually adjustable cores of magnetic material 
are provided in each loop for ?exibility of tuning and 
maintenance of a high Q factor. There is thus provided 
a multiple turn antenna coil of large area. The various 
turns of the coil moreover are individually adjustable for 
very accurate tuning control. Also, these magnetic core 
‘elements serve to con?ne the magnetic ?elds of their re 
spective loops, into the region immediately adjacent the 
loop. This effectively restricts the magnetic ?elds and 
keeps them away from the nearby electrical components 
and other metallic materials so that they Will not affect 
the antenna characteristics. Because the coil is printed on 
a circuit board, there is provided an exceptionally high 
degree of temperature stability. The individual loops are 
not subject to mechanical stress and the changes which 
they do experience with temperature variations besides 
being minimal are also accurately predictable from tem 
perature cycle to temperature cycle and from unit to unit. 

In another aspect, the present invention provides a 
superregenerative circuit configuration using a transistor 
having an antenna loop tank circuit forming a feedback 
between its base and collector and a connection through 
the resistance portion of a base-coupled resistance-capaci 
tance “quench” circuit to a ‘battery which is also con 
nected through a portion of the antenna coil to the col 
lector element of the transistor. This arrangement ren 
ders the circuit less sensitive to variations in transistor 
characteristics due to temperature changes and aging; and 
it provides automatic compensation for variations in the 
voltage source. 
There has thus been outlined rather broadly the more 

important features of the invention in order that the de 
tailed description thereof that follows may be better un 
derstood, and in order that the present contribution to the 
art may be better appreciated. There are, of course, ad 
ditional features of the invention that will be described 
hereinafter and which will form the subject of the claims 
appended hereto. Those skilled in the art will appreciate 
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that the conception upon which this disclosure is based 
may readily be‘ utilized as a basis for the designing of 
other structures for carrying out the several purposes of 
the invention. It is important, therefore, that the claims be 
regarded as including such equivalent constructions as 
do not depart from the spirit and scope of the invention. 
A speci?c embodiment of the invention vhas been 

chosen for purposes of illustration and description, and 
is shown in the accompanying drawings, forming a part 
of the speci?cation, wherein: 
FIG. 1 is a perspective view and partial schematic of 

a receiver input arrangement according to the present 
invention; 
FIG. 2 is an enlarged fragmentary section view taken 

along lines 2-—2 of FIG. 1; and - 
FIG. 3 is a composite diagram illustrating opposite 

sides respectively of a printed circuit board incorporating 
the present invention, said sides being rotated out into a 
common plane about an imaginary axis X-X. 

In the arrangement shown in FIG. 1, there is provided 
a ?at base board 10 of the type used for printed circuits. 
The board 10 is formed with a plurality of holes 12 dis 
tributed about generally toward its periphery. Tubes 14a—)‘ 
of plastic or similar material extend through the holes 12 
and protrude out from the top of the board 10. These 
tubes are internally threaded, as shown in FIG. 2, to ac 
commodate adjustable cores 16 of solid magnetic mate 
rial such as powdered iron. The cores 16 are externally 
threaded for an adjustable but tight ?t in the tubes 14; 
and they are provided with hexagonal openings 18 in their 
ends so that they can be turned with an Allen wrench. 
As shown in FIG. 3, the board 10 is plated with con 

ductive metal on both sides thereof to form printed cir 
cuits 20. These circuits which may be formed according 
to known printed circuit techniques, are specially ar 
ranged, as indicated in FIG. 3, to provide proper inter 
connections and mountings for the various circuit com 
ponents illustrated schematically in FIG. 1. 

The printed circuits also form the basic portion of the 
novel antenna con?guration of the present invention. As 
shown in FIGS. 1 and 3, the antenna, indicated generally 
at 21, begins at a ?rst terminal 22 toward one edge of the 
board. It proceeds as a strip 24 of plated metal from 
this ‘?rst terminal along the top of the board 10 to par 
tially encircle the ?rst tube 14a. The strip 24 terminates 
at a ?rst eyelet 26 which as shown in FIG. 2, extends 4 
through the board 10 to a corresponding point on its op 
posite side. A second strip 28 of plated metal continues 
to encircle the tube 14a on the bottom of the board to 
complete a ?rst loop. The second strip 28 then proceeds 
along the bottom of the board to the second tube 14b, 
which it also partially encircles. The second strip 28 then 
terminates at a second eyelet 30 which extends up to the 
top of the board 10. A third strip 32 proceeds from the 
eyelet 30 around the tube 14b on the top of the board 
to complete a second loop and proceeds to the third tube 
140. The looping process involving partial encirclement 
on both sides of the board 10 is repeated for each of the 
remaining tubes 14d to 14;‘. Upon proceeding from the 
last tube 14]‘, the last conductive strip terminates at a 
second terminal 33 where connections are made to the re 
maining portions of the circuit. 
The particular manner in which the remainder of the 

superregenerative input circuit is attached to the board 
is, not part of the present invention and thus it will be 
described in conjunction with the schematic diagram of 
FIG. 1. 
As shown in FIG. 1, the six loop coils ‘formed by the 

above described antenna con?guration are connected in 
parallel with a pair of capacitors 34 and 36 to form a 
resonant tank circuit. The ?rst capacitor 34 is ?xed and 
does not vary with temperature changes. The other ca 
pacitor 36 however is designed to provide a negative tem 
perature characteristic which compensates for the tem 
perature produced variations in the inductance of the 
antenna coils. This tank circuitis connected via a line 38 
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to the collector terminal‘ of the transistor 40. The emitter 
of the transistor 40 is'coupled back via a capacitor 42‘to 
its collector thus forming a feedback path. This feedback 
path is connected to ground through a coil 44 which pro 
vides a DO path while ‘preventing the short circuiting of 
the radio frequency signals. A further capacitor 46 is 
connected between the feedback capacitor 42 and ground 
to provide an e?ective radio frequency voltage divider 
arrangement in the feedback network so that the transis 
tor 40 will not be driven too hard by the fed back signals. 
A tap 48 is taken beyond one of the antenna loops and 

is connected via a resistor 50 to the base terminal of the 
transistor 40. The base terminal is also coupled to ground 
through a capacitor 52. 
Power is supplied from a battery or other D.C. volt 

age source (not shown) through a pair of input'terminals 
54, connected respectively between ground and to a 
variable resistor 56. The tapped resistor 56 is connected 
through a further resistor 58 to a point 60 between the 
tap 48 from the antenna and the resistor 50 leading to the 
transistor base terminal. A further capacitor 62 is con 
nected between the point 60 and ground; and demodulated 
output signals are taken from the point 60. 
The values of the various resistors, inductors and ca 

pacitors in the system are chosen such that during normal 
operation, the oscillator circuit formed by the transistor 
‘40, and the feedback capacitor 42 tends to produce con 
tinuous oscillations at the particular radio frequency to 
which the system is tuned. However, because of the man 
ner in which the resistor 50 and capacitor 52 are con 
nected between the power supply input terminals ‘54 and 
the base of the transistor 40, there is produced a variation 
in the base bias of the transistor 40, causing it to periodi 
cally interrupt these oscillations. The rate at which this 
“quenching” or interruption of oscillation takes place de 
pends upon the RC time constant of the capacitor 52 and 
the resistor 50; and, this is preferably chosen to be within 
or beyond the audible range, and, of course, beyond the 
modulation frequency used with the system. 

While the circuit alternates between radio frequency 
oscillation and no oscillation at the quench frequency 
rate, modulated radio signals from a remote transmitter 
are received at the antenna 21 and these signals cause the 
resonant circuit formed by the antenna and the capacitors 
34 and 36 to resonate. The modulation appearing on the 
incoming signal produces a variation in the average collec 
for current of the transistor and this change in average 
current represents the actual modulation or information 
carried on the incoming signal. 
The collector current also passes through the junction 

point 60. The variations in current at this point include 
the frequency of self oscillation of the transistor arrange 
ment the quench frequency and the modulation fre 
quency. A low pass ?lter (not shown), such as a pi-type 
?lter, elfectively eliminates all but the modulation fre 
quency which is passed and ampli?ed for use in the re 
ceiver system. 
The transistor 40 serves as a very effective ampli?er 

immediately prior to the onset of oscillation. However, 
because of circuit instabilities, it is di?icult if not impos 
sible to keep it in this condition. Accordingly, the present 
system by means of the RC circuit 50, 52, successively 
biases the transistor above and below the point of self 
oscillation so that the average overall gain is kept at 
a high value. 
The above described arrangement is particularly suit 

able for use with miniaturized receiving systems. The 
antenna 21 is of multiloop design and encompasses a large 
area. It thus provides maximum e?’iciency in absorbing in 
cident radio frequency energy so that maximum sensitivity 
is attained. Further, since the core con?guration, compris 
ing the magnetic cores 16, is distributed, the sharpness of 
tuning or Q of the input circuit is maintainedat a high 
value. Of course, this also results in a minimization of 
losses. 
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Another, and very important feature associated with 
this antenna con?guration is that the inductance changes 
produced by temperature variations are made uniform 
and predictable, these changes being very small in com 
parison to inductances wound in the usual manner with 
ordinary wire. Further, the changes which do take place 
follow the same pattern from unit'to unit and over each 
temperature cycle. . 
By providing the one loop tap 48 in the antenna, it 

is possible to eliminate the capacity changes normal to 
the various components in the tank circuit including the 
transistor 40 itself. Also, this arrangement reduces all 
other capacity e?ects by the square of the tap ratio. 
The several iron cores 16 serve to con?ne the magnetic 

?elds in the region to the individual loops, thus effectively 
isolating the antenna from the effects of the other compo 
nents on the same circuit board. Further, these coils, being 
individually tuneable to permit variation of the inductance 
ratio on either side of the tap 48. This provides a con 
venient way to compensate for component variation and 
to tune the tank circuit thus allowing optimized perform 
ance of the receiver. 

It will further be appreciated that the arrangement of 
the resistor 50 and the ?rst loop to the antenna 21 be 
tween the collector and base terminals of the transistor 40 
serves to stabilize the action of the transistor. Further, by 
using this loop as the power input point, it is possible to 
stabilize the system from changes in the power supply 
output. 

Having thus described my invention with particular ‘’ 
reference to the preferred form thereof, it will be obvious 
to those skilled in the art to which the invention pertains, 
after understanding my invention, that various changes 
and modi?cations may be made therein without depart 
ing from the spirit and scope of my invention, as de?ned 
by the claims appended thereto. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. A multi-loop antenna system comprising a ?at, non 

conductive base member, a printed circuit arrangement 
on both sides of said base member, said printed circuit 
arrangement being con?gured to form portions of elec 
trically connected but physically displaced and non-over 
lapping antenna loops on one side of said member and 
continuations of said loops on the opposite side of said 
member, said portions being electrically connected to 
their respective continuations through connector means 
extending through said base member. 

2. An antenna system comprising a generally ?at, non 
conductive base member having a plurality of holes 
formed therethrough, a printed circuit arrangement on 
both sides of said base member, said printed circuit ar 
rangement being con?gured to form portions of loops 
about said holes on one side of said member and con 
tinuations of said loops on the opposite side of said base 
member, said portions being electrically connected to 
their respective continuations through connector means 
extending through said base member and individual core 
elements movable through said holes. 

3. A multi-loop antenna system comprising a gener— 
ally ?at, non-conductive base member, a plurality of con 
ductors arranged on opposite sides of said base member, 
the conductors on one side con?gured to form portions 
of electrically connected but physically displaced and non 
overlapping antenna loops and the conductors on the 
opposite side being con?gured to form continuations of 
said loops, said portions being electrically connected to 
their respective continuations through connector means 
extending through said base member. 

4. An antenna system as in claim 3 wherein said loops 
are laterally displaced from each other about said base 
member. 

5. In combination with a radio receiving system, an 

10 

I 

4) 

25 

E: 

40 

55 

65 

70 

6 
antenna arrangement comprising a plurality of conduc 
tive loops physically displaced from each other and con 
nected in series to form an overall loop and means 
mounting said conductive loops in displaced array such 
that said overall loop surrounds the components of said 
receiving system. 

6. A combination as in claim 5 further including indi 
vidual cores of magnetic material positioned within said 
conductive loops. 

7. A combination as in claim 6 wherein said individual 
cores are individually adjustable into and out from their 
respective loops. 

8. In combination a generally ?at electrically non 
conductive base member, said base member being pro 
vided with printed wiring on both sides thereof, a radio 
receiving circuit including electrical components mounted 
on said base member and connected through said printed 
wiring, an antenna forming a portion of said radio re 
ceiving circuit and mounted on said base member, said 
antenna comprising a plurality of individual loops dis 
tributed about said base member and connected together 
in series to form a major loop which encloses said elec 
trical components. 

9. A combination as in claim 8 wherein said individual 
loops constitute a portion of said printed wiring on said 
base member. 

10. A combination as in claim 9 wherein portions of 
said individual loops are formed on one side of said base 
member and continuations of said individual loops are 
formed on the opposite side of said base member, each 
continuation being electrically connected to its corre 
sponding portion through said base member. 

11. An antenna system comprising a generally ?at 
electrically non-conductive base member formed with 
holes therethrough, individual internally threaded tubular 
elements extending through said holes, a plurality of ex 
ternally threaded cylindrical core members threadedly en 
gaged in said tubular elements, a plurality of electrically 
conductive loops extending about said tubular elements 
and means connecting said loops to each other. 

12. An antenna system as in claim 11 wherein said 
core member are of magnetic material. 

13. An antenna system as in claim 11 wherein a por 
tion of each loop is on one side of said base member 
and the remainder of each loop is on the opposite side 
of said base member, each portion being connected to its 
respective remainder through said base member. 

14. An antenna system comprising a base member of 
generally ?at non-electrically conductive material, a plu 
rality of individual conductive loops distributed about 
said base member and connected in series to form an 
overall loop, a plurality of individually adjustable cores 
arranged to move into and out of each loop and means 
for connecting selected groups of loops to a receiving 
system. 

15. An antenna system as in claim 14 wherein said in 
dividual loops are provided with individually adjustable 
cores. 
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