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, [5-7] ABSTRACT ’ 

A microwave cavity resonator useful in electron 
paramagnetic resonance spectrometers made from a 
printed circuit board having an electrically conductive 
surface printed on one side thereof and folded so as to 
form a plurality of the walls of a parallelepipedon . 
cavity resonator, the conductive surface of the circuit 
board forming the inner conductive surfaces of the 
cavity. Modulation coils formed by ~printed circuit 
techniques on the other side of the circuit board serve 
as ?eld modulation coils for the cavity resonator, the 
conductive inner wall surfaces aligned with said coils 
being made pervious to enhance penetration of the 
modulation ?eld into the cavity resonator. 
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MICROWAVE CAVITY RESONATOR WITH 
PRINTED CIRCUIT INTERIOR WALLS AND 

' ' MODULATION COILS . / 

BACKGROUND OF THE INVENTION 

Certain present day scienti?c instruments, such as 
electron paramagnetic resonance spectrometers, utilize 
microwave cavity resonators to apply the necessary 
microwave energy to the sample under analysis to 
produce the desired electron‘ resonance in the matter. 
The sample is placed within the cavity resonator which 
is generally mounted on one ‘arm of a microwave 
_bridge,‘an iris opening in the cavity permitting the 

_ microwave energy'to pass into the resonator from the 
bridge. The cavity is placed in the gap of a magnet 
which provides the necessary polarizing magnetic field 
for the sample. Two modulation coils are mounted on 
opposite sides of the cavity resonator to permit a low 
frequency modulation of the polarizing magnetic ?eld 
to periodically sweep through the point of maximum 
electron resonance. _ 

The precision requirements of such cavity resonators 
have resulted in expensive manufacturing techniques, 
including machining the cavity resonator and hand 
winding the modulation coils af?xed to the sides 
thereof. The cost of manufacturing the cavity resonator 
structure has contributed signi?cantly to the end price 
of the spectrometer, which places the instrument 
beyond the ?nancial means of many educational in 
stitutions. ' . 

Also, even though manufactured by precision 
techniques, such cavity resonators exhibit certain 
problems in 'use. For example, the modulation coils 
mounted on the sides of the cavity are hand wound and 
consist of many turns of electrically insulated wire, with 
the individual windings side-by-side and also stacked 
one level upon another. . 

The coil is then made integral with and affixed to the 
cavity side wall by a suitable glue such as epoxy. In 
operation, repulsive forces are set up between the 
unidirectional magnetic ?eld produced by the magnet 
in which the cavity resonator is immersed and the alter 
nating current passing through the modulation coils. 
This force extends in the direction of the plane of the 
coil, i.e. parallel to the surface of the cavity wall on 
which the coil is affixed, and alternates in direction at 
the frequency of modulation. The force thus tends to 

‘ shear the windings from the wall surface and from each 
other, thus setting up vibrations in the coil windings 
and cavity walls, producing an undersired spurious ef 
fect called “potatoe." 

BRIEF SUMMARY OF THE INVENTION 
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The present invention provides a microwave cavity _ 
resonator manufactured by simple, inexpensive as 
sembly techniques yet effective in performance in com 
plex systems such as electron paramagnetic resonance 
spectrometers. I 

The cavity resonator is formed principally from a sin 
gle, ?at printed circuit board coated on one side,‘ i.e. 
‘the upper side, -by a layer of electrically conductive 
material, the board being folded so that a plurality of 
the inner walls of a parallelepipedon cavity resonator 
are formed by said conductive surface of the circuit 
board. 

2 
In one embodiment, the two side walls and the top 

and bottom walls of a cavity resonator are formed by 
folding the circuit board along three folds which form 
three of the juncturesof the inner walls, the fourth 
juncture being formed by an electrically conducting 
seam. The two end walls may be formed by suitable 
electrically conducting end plates. 
The two modulation coils are formed by printed cir 

cuit techniques on the under surface of the circuit 
board and in alignment with the two side wall segments 
on the upper surface, such that, with the board folded 
toform the cavity, the modulation coils are positioned 
on the outer surfaces of the two side walls of the cavity. 
Theinner side-wall surfaces are made suitably pervious 
such that the modulation magnetic ?eld may penetrate 
into the cavity while substantial current paths are 
retained on the inner wall surfaces for the How of 
microwave current. i 

The single layer modulation coils formed by the 
printed circuit techniques are very strong in shear due 
to the tenacity of the bond of each winding to the cir 
cuit board, and the vibrations which normally produce 
the undesired potatoe effect are effectively eliminated. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of the under surface of the 
printed circuitv board prior to folding into a cavity 
resonator configuration. ‘ ' 

FIG. 2 is a plan view of the upper surface of the cir 
cuit board of FIG. 1. , . ' V 

' FIG. 3 is a perspective view ‘of the completed cavity 
, resonator formed by the folded circuit board with end 
walls affixedthereto.‘ .. _ _ 

A FIG. 4 is a cross-section view of the cavity resonator 
taken along section line 4-4 of FIG. 3. , ' 

' FIG. 5 is an enlarged plan view of a portion of the 
mesh area of the cavity side wall taken at section line 
‘5—5 of FIG. 2. 

FIG. 6 is a cross-section of the wall portion of FIG. 5 
taken along section line 6-6. . 

DESCRIPTION OF THE PREFERRED 
’ EMBODIMENT 

The novel cavity resonator of the present invention is 
formed from a printed circuit board (of well known 
construction) manufactured by standard photographic 
techniques. The board is a glass epoxy sheet or base ll 
which is one-sixteenth inch thick with 2 ‘A mil thick 
copper coating for the circuit elements, i.e. 2 02. 
copper clad, with a gold ?ash surface. 
The conductive coating 12 on the upper surface of 

board 11 covers the entire surface, except for two sec 
tions 13 and 14 where a plurality of small spaced-apart 
openings exist in the coat, described more fully below. 
The under surface of board 11 carries a number of 

- plated areas including two areas 15 and 16 extending 
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along the edges of the two long sides of the board and 
two coil windings l7 and 18 spaced-apart along the 
length of the board and approximately'midway across 
the board. Two rectangular-shaped areas 21 and 22 are 
aligned with the coils l7 and 18, one area 21 being 
positioned between the coils and the other area located 
on the other side of coil 18. A number of additional 
small pads 23 are provided on the surface. I 



3 
' Holes 24, 25 through the board are located in each of 

the two rectangular-shaped pad areas 21, 22, respec 
tively. _ 

To form the cavity, the under surface of the board 11 
is scored or cut along the three lines 26, 27, 28 extend 
ing across the width of the surface and between the 
coils and pads, and the board folded along these lines 
with the upper coated surface’ 12 on the inner side of 
the folded structure. The coating 12 remains intact or 
integral at the three folds and serves as a hinge for the 
wall sections. The fourth juncture 29 formed where the 
two ends of the board are brought together is closed 
with a solder seam of good electrically conducting 
material. _ 

The folded sheet 11 thus‘forms a four walled box 
structure with open ends and having two side walls 31 
and 32 and top and bottom walls 33 and 34 respective 
ly. ‘ - 

A pair of cup-shaped end plates 35 and 36 of electri 
cally conductive material are sealed in and close the 
ends of the cavity structure. The base of a U-shaped 
clip member 37 is af?xed to one end plate 35, an iris 
opening 38 extending through the base and the ‘end 
plate to communicate with the interior of the cavity. 
The legs of the clip member 37 are arranged to slip into 
the open end of a wave guide 39 to couple the cavity 
resonator to the'microwave bridge circuit. ’ 
The side walls 31 and 32 carry the coils 17 and 18, 

respectively, utilized as the modulation coils to modu 
late the magnetic ?eld extending normal to these side 
walls when the cavity is placed in the magnet of the 
system. 

Tubular members 41 and 42 are af?xed to the two 
pads 21 and 22 over the openings therein to permit the 
sample under investigation and carried in a vial to be 
inserted into the cavity resonator. 

Electrical connections with the transmission line sup 
plying the modulation signal to the coils 17, 18 are 
made with the terminal pads 43 of the two coils. The 
entire cavity structure is then encased in a suitable in 
sulating potting material 44. The coated areas 15, 16 
and 23 serve to enhance the adhesion of the insulating 
encasing to the cavity walls. 
The small holes 45, e.g. 0.030-inch diameter, in areas 

13 and 14 on the inner surfaces of the two side walls 
and aligned with the modulation coils 17, 18 provide a 
pervious mesh surface which allows the modulation 
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4 
?elds to penetrate into the cavity, thus improving the 
modulation substantially. The porosity of the mesh 
areas 13, 14 is established at about 40 percent so that 
sufficient conductive surface is provided around the 
openings 44 to give a good current path for the 
microwave currents. The circumferential resistance of 
each of the holes 45 is maintained sufficiently high so 
thatthe small bucking magnetic ?elds established by 
the eddy currents set up in the surface around the holes 
do not significantly reduce the strength of the polariz 
ing magnetic ?eld passing through the mesh. 
The single level winding of the modulation coil af 

?xed to the circuit board surface is very strong in the 
direction of ‘shear, i.e. parallel to the wall surface, 
because of the strong adhesion of the printed circuit to 
the board. The coils l7, 18 therefore‘ withstand the 
forces applied thereto, which tend to move the 
windingtsJ sideways, b interaction of the magnet ?elds 
set up y the modu ating current and the magnets 
?eld. The potatoe effect produced by hand wound, 
multilayer coils. is substantially eliminated by the use of 
these printed circuit coils. 
What is claimed is: 
1. A microwave cavity resonator comprising a para] 

lelepipedon cavity including two side walls, a top and 
bottom wall and two end walls having electrically con 
ducting inner wall surfaces, at least four of said walls 
being formed by a unitary sheet of printed circuit board 
having one surface coated with an electrically conduc 
tive ?lm which forms said electrically conducting inner 
wall surfaces, said circuit board being folded along a 
plurality of lines each fold forming the juncture ‘of a dif 
ferent two of said inner wall surfaces wherein two of 
said four walls comprise said two side walls, said inner 
electrically conducting wall surfaces on said two side 
walls having a portion thereof previous to magnetic 
?ux, and a modulation coil formed by a printed circuit 
on the outer surface of each of two side walls aligned 
with said‘ pervious portions of the inner wall surfaces. 

2. A microwave cavity as claimed in claim 1 wherein 
said pervious portions are formed by a plurality of 
spaced-apart openings extending through the electri 
cally conductive surface and into the printed circuit 
board. 

3. A,microwave cavity as claimed in claim 2 wherein 
said openings occupy less than half of the surface area 
of said pervious portions of the side walls. 
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