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57 ABSTRACT 
A portable apparatus which produces high temperature 
and pressure steam derived from a microwave energy 
source for the rapid sterilization of medical and dental 
appliances. Items to be sterilized are placed in a detach 
able high pressure chamber which is then attached to 
the microwave powered steam source. Microwave en 
ergy is coupled into a guiding structure containing a 
shaped impedance transformation element so that essen 
tially all of the microwave energy is transferred to a 
reaction fluid contained in a holder at the end of the 
matching element. The reaction fluid is rapidly vapor 
ized and the resulting vapors rapidly expand into the 
chamber through a metal screen that also prevents 
transmission of microwave energy. Pressure tempera 
ture values internal to the chamber are used to control 
application of microwave power thereby maintaining 
an optimum micro-organism kill condition for a pre 
scribed time interval. 

8 Claims, 2 Drawing Sheets 
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or regions, as well as from modestly sized sources of 
MICROWAVE POWERED STEAM PRESSURE AC or DC power at a fixed site. 

GENERATOR The present invention uses microwave energy to 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a device for steriliz 

ing medical, dental and veterinary appliances, materials 
and other objects at high temperature and pressure with 
steam which is produced from a microwave energy 
SOCC. 
Steam sterilizers or autoclaves are well known as 

applied in the medical field for sterilizing objects such 
as instruments, tools, and the like. One major problem 
with current sterilizers is that they require an inordi 
nately large amount of time and energy, and it is to this 
disadvantage of prior art devices that the present inven 
tion serves to overcome. This is accomplished by a 
unique microwave energy source design coupled to the 
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sterilization chamber resulting in a fast, efficient steriliz 
ing device. 

2. Description of the Prior Art 
High temperature and pressure steam sterilizers have 

been well known for many years and are conventionally 
used in medical and dental establishments for sterilizing 
the instruments and tools used in medicine and den 
tistry. Conventionally, the steam results from a supply 
of reactant liquid such as water that is heated to its 
boiling point by conventional heating devices such as 
direct heating elements or infrared sources. Attempts 
have been made to provide microwave sources for vari 
ous types of sterilizers. An example of a microwave 
energy source as sterilizer is found in U.S. Pat. No. 
3,753,651 of Boucher. The latter shows in general a 
household oven type of microwave source for provid 
ing energy that irradiates the instruments to kill the 
bacteria and other micro-organisms. An obvious disad 
vantage of Boucher is that if the instruments are metal 
lic, as they often are, partial discharge at sharp points 
will be detrimental and destructive to the instruments. 
Another example of a microwave sterilizer is found in 

U.S. Pat. No. 4,400,357 of Hohmann. This patent con 
templates in one embodiment, an IR source for heating 
the reactant liquid to vaporize it for sterilization of 
medical instruments. Another embodiment suggests 
that a microwave source and cavity resonator might be 
employed in place of an IR source. The patent, how 
ever, fails to disclose an efficient coupling between the 
microwave source and the reactant liquid whereby the 
latter may be quickly and efficiently vaporized. With 
out this efficient coupling, the microwave sterilizer of 
Hohmann would be subject to the time consuming per 
iod for vaporization that is found in sterilizers currently 
in use employing other types of heating elements or 
result in damage to or destruction of the microwave 
SOCe. 

SUMMARY OF THE INVENTON 

The invention provides a compact, efficient device of 
simple, inexpensive construction for the sterilization of 
medical, dental and other appliances and materials, and 
for the processing or digestion of bio-active or toxic 
matter. Energy requirements for the apparatus are mod 
est and thus it may be operated from the low voltage 
electrical system of a motor vehicle or other form of 
transport, thereby allowing its use in un-electrified areas 
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produce high temperature vapor or gas from a liquid 
reactant. The vapor or gas contacts the objects or mat 
ter to be sterilized or processed while held within a 
prescribed temperature and pressure range for an ap 
propriate amount of time. The apparatus is made up of 
an inverter type power supply for converting the input 
electrical power to a form suitable for use with a magne 
tron or other source of microwave energy, an electro 
magnetic wave guiding structure which may take any 
of various shapes, e.g. rectangular, cylindrical, elliptical 
or multi-axle. A shaped dielectric transition section 
which may have a linear taper or one of a higher mathe 
matical order, suitable to the geometry of the guiding 
structure, couples the wave guide to a boat or cavity 
used to hold a reaction fluid. A metal washer which 
closes the waveguide and completes the microwave 
circuit has a perforated center section or screen that 
will allow the gas or vapor to pass into the sterilization 
chamber while serving as a barrier to the passage of the 
microwave radiation. The magnetron, guide section, 
transition device and seal assembly together thread into 
a coupling on the high pressure sterilization chamber 
for holding the objects or materials to be sterilized or 
processed. 
The instruments in the chamber are shielded from 

microwave energy in order to preclude damage from 
erosion due to partial discharge brought on by local 
enhancement of the electromagnetic fields at sharp 
points and edges of the instruments. Sealed together, 
the steam generator and cassette form an electromag 
netically closed or shielded system which dramatically 
reduces radiated microwave emissions. Only heated 
gases and vapors are allowed to fill the chamber in 
order to perform the sterilization or processing func 
tion. Once the chamber and contents have been brought 
to the optimum temperature and pressure that assure 
micro-organism killing or processing, pressure or tem 
perature sensor signals from the cassette are used to 
cause the inverter to control operation of the micro 
wave source. If the internal temperature and pressure of 
the chamber decline to some preset level, the sensors 
signal the need to restart the inverter and magnetron, 
thus providing additional microwave energy for main 
tenance of the necessary pressure and temperature val 
ues for the requisite amount of time. This constitutes a 
closed loop temperature and pressure regulation means; 
and therefore optimally efficient operation of the de 
vice, as power is only used on an as-needed basis. 

Against the foregoing background, it is a primary 
object of the present invention to provide a sterilizer in 
which the water is vaporized by a microwave source 
that is efficient in operation in that a high percentage of 
the generated microwave energy is coupled to the liq 
uid source resulting in rapid vaporization. 

It is a further object of the present invention to pro 
vide a unique microwave source of energy especially 
suitable for coupling to the liquid of a steam-type steril 
Ze. 

It is a still further object of the present invention to 
provide a device for quickly and efficiently sterilizing 
medical, dental and other objects and materials by high 
temperature and pressure steam produced by a micro 
wave energy source. 
Another object of the present invention is to provide 

a steam-type sterilizer operating from a microwave 
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source that serves to vaporize a source of liquid in a fast 
and effective manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and still other objects and advantages 
of the present invention will be more apparent from the 
following detailed explanation of the preferred embodi 
ments of the invention considered in connection with 
the accompanying drawings herein in which: 

FIG. 1 is an end sectional view of the sterilizer of the 
present invention; 
FIG. 2 is a section taken along the line 2-2 of FIG. 

1; 
FIG. 3 is a top view of the washer and screen separat 

ing the wave guide and water source from the steriliza 
tion cabinet: 

FIG. 4 is a cross-section of the boat or cup used to 
hold the liquid; and 

FIG. 5 is a detail view of the structure joining the 
waveguide to the sterilization chamber. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings and more particularly 
Figs. 1 and 2, the system of the present invention in 
cludes a microwave energy source system 10 mechani 
cally coupled to a sterilization chamber 12. As will be 
described hereinafter, the energy source serves to va 
porize the reactant liquid to provide vapor under high 
pressure and temperature within the chamber 12 which 
holds the instruments or other objects to be sterilized. 
The chamber may be of cylindrical shape including a 

cylinder 13 with a removable end cap 14 adapted to be 
screwthreaded to the chamber end. The screwthread 
could be of the fractional turn type to provide rapid and 
convenient opening and closing of the chamber. A seal 
ing gasket 16 is fitted and tightly held at the end of the 
container to prevent any venting of vapor during opera 
tion. The chamber contains one or more pairs of side 
rails 18, to support instruments or material carrying 
trays 20. It is seen that an opening 22 is provided at the 
bottom of the container 12 to permit vapor to enter the 
container from a source of reactant fluid which may be 
water 24 located in a boat 26. 

Energy for operating the sterilizer may be supplied 
via a flexible cord or cable 27 which may be connected 
to an alternating current or direct current power source 
from either a fixed site or a mobile source. In a mobile 
source embodiment the power source may be the vehic 
ular electrical system. This has particular advantages in 
areas where sources of electrical energy are not avail 
able. Thus in mobile medical units the vehicle battery 
supply and charging system can be employed to power 
the sterilizer. A power converter 28 is used to provide 
both the high voltage and the filament power to a mi 
crowave source which may be a magnetron 30 operat 
ing at a suitable frequency permitted in the industrial, 
scientific and medical bands usually at 91.5 MHz, 2450 
MHz, or 5800 MHz. In a preferred embodiment the 
microwave source magnetron operates at a center fre 
quency of 2450 MHz. An output probe 32 of the magne 
tron extends into the closed end of a wave guide 34 to 
launch microwave energy within the wave guide at the 
dominant mode depending upon the geometry of the 
guide. 

It is understood that the position of the magnetron 
probe and size of the waveguide is chosen to transmit 
only the dominant mode without any attenuation. 

4. 
Higher order modes are beyond the cutoff wavelength 
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of the waveguide and are therefore attenuated. 
The wave guide may take various forms and in the 

embodiment shown is cylindrical and secured to the 
chamber 12 by being screwthreaded to a flange 36 that 
depends from the bottom of the chamber. 

Located within the wave guide is a tapered dielectric 
37 which may be made of a ceramic or a high tempera 
ture synthetic material and that serves as an impedance 
matching device. The dielectric in the embodiment 
shown is conically shaped having a depression or cavity 
in its base to receive the boat 26. The dieletric base has 
an outwardly extending flange 39 that overlays the 
upper edge of the open end of the wave guide 34. The 
gasket 44 positioned between the flange 39 and the end 
of waveguide 34 provides a seal as seen more clearly in 
FIG. 5. The outer extension 38 of boat 26 overlays the 
upper base of member 37 and a metal termination plate 
40 is positioned between the boat and chamber cylinder 
13. A second sealing gasket 42 is located at the perime 
ter of the top surface of the terminating plate 40 to 
prevent leakage of gases or vapors of the chamber 12 
into the wave guide 34. As seen in FIG. 3 the termina 
tion plate 40 includes perforations or a screen 46 that 
coincides with the upper opening 48 of boat 26 and the 
opening 22 in chamber 12. Thus as the fluid 24 in the 
boat vaporizes the vapors will pass through perfora 
tions 46 and opening 22 into the interior of the chamber. 
The entire coupling assembly of gaskets 42, 44, di 

electric 37, boat 26 and terminating plate 40 are tightly 
secured in place by the screw threaded end of wave 
guide 34 mating with the internal threads 45 in the 
flange 36 depending from chamber cylinder 13. It is, of 
course, realized that alternative coupling arrangments 
could be used to maintain this assembly in place in a 
vapor tight manner. 
A particularly important feature in the present design 

is that there is an efficient electrical coupling between 
the microwave energy and the supply of reactant liquid 
resulting in a rapid and efficient vaporization of the 
liquid. This feature includes the conically tapered di 
electric 37 serving as the impedance matching device 
between the characteristic impedance of the wave guide 
and the metal termination plate 40. The termination 
plate presents an electrical short circuit at the end of the 
wave guide 34 and the gradual taper of Unit 37 permits 
all of the power from the microwave source to be deliv 
ered to the liquid 24 with almost none of the energy 
reflected back to the source. This provides the highly 
efficient microwave energy coupling to the liquid thus 
permitting the use of a lower power source. 

It is realized that the tapered dielectic 37 may take 
various configurations and dimensions within the scope 
of the present invention. The important functional fea 
ture is the matching of the impedance of the waveguide 
34 to the coupling structure 37 to minimize microwave 
reflections and maximize energy absorption by the reac 
tant liquid 34. Thus the taper is related in a harmonic 
manner to the wavelength of the microwave energy. In 
the present embodiment, the taper is conical and one 
wavelength in length at 2450 MHz. 

It should further be understood that the cavity in the 
dielectic base may be of various shapes to contain the 
liquid. The boat 26 serves as a liner for the cavity in 
dielectic 37 which serves as a container or reservoir for 
the reactant fluid 24. 
The microwave source and cavity is designed as a 

closed loop system for optimum operation and efficient 
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use of energy. Thus, a detector 50 is positioned within 
chamber 12 and continually monitors a parameter of the 
vapor environment within the chamber such as pressure 
or temperature or both. Detector 50 feeds to the power 
converter 28 by line 52 and serves to control the con 
verter in accordance with the vapor requirements of the 
chamber. This closed loop arrangement is completed by 
the evaporation of the liquid and its subsequent conden 
sation and reflow back to the liquid source 24. As a 
result, an optimum continuous sterilization system is 
provided. 
Having thus described the invention with particular 

reference to the preferred forms thereof, it will be obvi 
ous that various changes and modifications may be 
made therein without departing from the spirit and 
scope of the invention as defined in the appended 
claims. 
What is claimed is: 
1. A device for sterilizing objects including medical 

and dental instruments comprising: 
a walled hollow chamber constructed to receive ob 

jects to be sterilized; 
said chamber having an opening in the wall thereof; 
container means located adjacent the chamber wall at 

the opening thereof and constructed to receive a 
liquid reactant; 

a waveguide having an open end and a closed end; 
means to secure the waveguide open end to the cham 
ber at the opening thereof; 

a source of microwave energy; 
means connecting said source of microwave energy 

to the said waveguide; 
impedance matching mechanical means located 

within said waveguide to couple said waveguide to 
said container means; and 

metallic plate means having openings therein in 
contact with the open end of the waveguide 
whereby substantially all of the microwave energy 
from the microwave source is absorbed by the 
reactant liquid in said container means and is pre 
vented from entering the chamber. 

2. The device set forth in claim 1 in which said area 
openings are positioned over the container means to 
permit vapor from the container means to enter the 
hollow chamber. 

3. The device set forth in claim 2 in which the open 
ings in the metallic plate means comprises a screen. 

4. The device set forth in claim 2 in which the open 
ings in the metallic plate means comprises perforations 
passing through the plate. 
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6 
5. A device for sterilizing objects by steam at high 

pressure and temperature comprising; 
a hollow walled chamber constructed to receive ob 

jects to be sterilized; 
said chamber having an opening in the wall thereof; 
a elongated waveguide having an open end and a 

closed end; 
tapered means having a base surface located within 

the elongated waveguide; 
said tapered means being secured to the hollow 
chamber with said base surface adjacent the cham 
ber opening and the tapered means located outside 
the chamber; 

said base surface having a cavity formed therein pro 
viding a liquid container means; 

a source of microwave energy; 
means connecting said source of microwave energy 

to said waveguide; and 
said tapered means serving to match the impedance of 

the waveguide to the liquid container means 
whereby substantially all of the microwave energy 
from the microwave source is absorbed by liquid in 
the container means. 

6. The device set forth in claim 5 including: 
liner means located within said cavity formed in the 

base surface of the tapered means and metal plate 
means with holes therein positioned between the 
open end of the waveguide and the opening in said 
chamber. 

7. The device set forth in claim 5 including 
detector means positioned in said chamber; and 
means connecting the detector means to the source of 
microwave energy to control said microwave en 
ergy to the fluid in the container means. 

8. A system for coupling a source of microwave en 
ergy to a supply of liquid to maximize the absorption of 
microwave energy by said liquid comprising; 

a elongated waveguide; 
tapered means located within said waveguide and 

having a base surface; 
a cavity in said base surface forming a liquid con 

tainer means; 
metallic plate means covering said liquid container 

means; 
said metallic plate means having openings to permit 
vapor from liquid within the container means to 
pass out of the container means; and 

said tapered means having a width and length to 
match the impedance of the waveguide and the 
liquid container means and metallic plate means. 
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