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ULTRASONIC IMAGING MICROWAVE
THERAPEUTIC APPARATUS

BACKGROUND OF THE PRESENT INVENTION

[0001] 1. Field of Invention

[0002] Thepresentinventionrelates to a radiotherapy appa-
ratus, and more particularly to a microwave radiation thera-
peutic apparatus which is adapted but not limited to treat the
lower extremity varicose vein, and is especially adapted for
treating the severe varicose vein with leg ulcer. Furthermore,
it is also adapted for the treatment of the superficial heman-
gioma.

[0003] 2. Description of Related Arts

[0004] The lower extremity varicose vein, which can be
diagnosed and treated in vascular surgery, general surgery
and TCM (Traditional Chinese Medicine) surgery, is also
known as primary lower extremity venous insufficiency and
belongs to lower extremity venous reflux disease. It has
higher incidence and appears symptomatic lower extremity
venous insufficiency in about 10-15% of adult males and
20-25% of adult females. Classified from anatomy, the lower
extremity venous system consists of the superficial venous
system, the deep venous system, and the communicating
venous system. A variety of factors, which lead to venous
valve insufficiency, weak venous wall and lasting elevated
intravenous pressure of the above-mentioned systems, may
be pathogenic, thus the pathological changes and clinical
manifestations will appear. This disease mostly happens to
the person engaged in prolonged standing and squatting
work, and the person with high-intensity physical activity.
However, pregnancy, chronic cough, long-term constipation
and so on can also cause the lasting elevated intravenous
pressure, thereby easily leading to the varicose vein symp-
toms. Moreover, about 70% patients with this disease have a
genetic predisposition. The concrete manifestations are lower
extremity meandering expansion and earthworm-like super-
ficial varicose vein tortuosity, which are more obvious for calf
than thigh, more obvious after standing, and will be reduced
or disappear after lifting a leg. Simultaneously, affected limb
soreness, pain, numbness and other abnormal sensations
appear. In the early period of this disease, affected limb sore-
ness, heaviness and hypodynamia appear, or even pain, which
are obvious while standing and can be reduced after walking,
in supine position or while elevating the limb. In the late
period of this disease, due to congestion, skin nutritional
disorders are commonly seen, thereby causing calf atropho-
derma, desquamation, itching, pigmentation, the subcutane-
ous tissue of the skin induration, thrombus, phlebitis, eczema,
and chronic ulcer (which is commonly known as “old rotten
feet”). It is possible for refractory ulcer to have a carcinogen-
esis.

[0005] Currently, the domestic traditional treatment
method is the surgical treatment which has been about more
than 100 years of history. It mainly includes large (small)
saphenous vein high ligation, communicating branch liga-
tion, and large (small) saphenous vein and varicose vein strip-
ping surgery. The surgery is mainly divided into three steps of
high-ligating the large or small saphenous vein, stripping the
varicose vein, and ligating and cutting off the perforating
vein. Due to the shortcomings of more incisions, major trau-
mas, heavy bleeding, slow recovery, relatively more postop-
erative complications, large infection probability, and large
operative risk from the surgery, it is not easy for the patients
to accept the surgery. Therefore, in recent years, the surgical
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treatment has been gradually replaced by the minimally inva-
sive surgical treatment method. At present, the popular mini-
mally invasive surgery at home and abroad mainly includes:
transilluminated powered phlebectomy (TIPP), endo venous
laser treatment (EVLT), endo venous radio frequency treat-
ment and subfascial endoscopic perforator surgery (SEPS).
[0006] In 1998, it was firstly reported by Carlos et al. that
applying the endo venous laser to treat the lower extremity
varicose large saphenous vein. After 1999, it was successively
reported the success experiences of applying the endo venous
laser to treat the lower extremity varicose large saphenous
vein by other scholars. In 2000, the endo venous laser treat-
ment was firstly introduced to Shanghai of China. It has been
proved, by Proebstle et al., that the mechanism of treating the
lower extremity varicose large saphenous vein by EVLT is:
under the thermal effect of the laser, the endovenous blood
boils for generating the steam foam, so as to widely damage
the vascular endothelial cell and intima for inducing the for-
mation of venous throughout thrombosis and closing the vein,
thereby achieving the therapeutic effect. The disadvantages
of the existing minimal invasive surgery are as follows. (1)
Due to different physical energy, the closure of the diseased
blood vessel is not firm enough, the diseased blood vessel is
relatively easy to recur, and the thrombus occurs. (2) The
indications are limited, the existing minimal invasive surgery
is adapted for lighter illness, and can not simultaneously treat
the leg ulcer caused by perforating venous insufficiency. (3)
The operation is tedious. (4) The laser machine is just a single
machine without timely monitoring of color Doppler ultra-
sound, the treatment is blind, and the effect can not be timely
detected. (5) The equipment is expensive.

SUMMARY OF THE PRESENT INVENTION

[0007] To overcome the above-mentioned shortcomings of
the existing minimal invasive surgery treating the lower
extremity varicose vein disease, the present invention pro-
vides an ultrasonic imaging microwave therapeutic appara-
tus. By the therapeutic apparatus of the present invention, the
lower extremity varicose vein disease can be conveniently,
directly and effectively treated. The product of the present
invention combines the treatment with the real-time monitor-
ing as a whole for widening the indications of implementing
the microwave endovascular treatment technology. These
indications include large saphenous varicose vein, small
saphenous varicose vein, gobbet-shaped varicose vein, super-
ficial hemangioma, and perforating venous insufficiency with
lower limb ulcer. The present invention is further adapted for
elderly patients with high blood pressure, heart disease,
emphysema and other comorbidities. Moreover, it is adapted
for patients with calf vein ulcer and skin infection.

[0008] Accordingly, in order to solve the above technical
problem, the present invention adopts the technical solution
as follows.

[0009] An ultrasonic imaging microwave therapeutic appa-
ratus, comprises:

[0010] a microwave radiation probe, comprising a front
probe part, a rear probe part and a probe interface part,
wherein a microwave emission hole is provided at the front
proberear, and alaser cursor is provided at the rear probe part;
[0011] a microwave generating unit comprising a micro-
wave generator, wherein a power output of the microwave
generating unit is connected with the probe interface part to
provide a microwave signal for ablation treatment of lower
extremity varicose vein;
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[0012] a laser generating unit for providing a laser signal
which is used to identify a wavelength range of visible light of
the microwave probe;

[0013] a color Doppler ultrasound imaging unit, adapted
for obtaining a treatment image of a tissue to be treated,
comprising a color Doppler ultrasound host and a color Dop-
pler ultrasound control panel; and

[0014] a microcomputer control unit, wherein the micro-
computer control unit outputs a microwave power control
signal to control and adjust a power of the microwave gener-
ating unit, the microcomputer control unit outputs a laser
control signal to control a switch-on/off of the laser generat-
ing unit.

[0015] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
microwave generating unit comprises a microwave signal
generator, a power control time adjusting circuit, an imped-
ance matcher, a driving circuit, a power splitter, a plurality of
power amplifiers, a power combiner, an isolator and a power
tracking detection circuit. The working principle of the
microwave generating unit is as follows. A microwave signal
generated by the microwave signal generator is inputted into
the power control time adjusting circuit, an output power is
adjusted by the microwave power control signal from the
microcomputer control unit and received by the power con-
trol time adjusting circuit, an output of the power control time
adjusting circuit is connected with the impedance matcher to
have an impedance matching for the inputted microwave
signal, an output of the impedance matcher is connected with
the driving circuit, a signal from the impedance matcher is
pre-amplified by the driving circuit and then sent to the power
splitter, the power signal is divided into multi-channel signals
by the power splitter and then respectively sent to a plurality
of power amplifiers for amplifying, the amplified power is
synthesized by the power combiner, the synthesized power is
outputted by a coaxial output terminal of the isolator, a micro-
wave power output terminal of the isolator is connected with
the power tracking detection circuit, the power tracking
detection circuit outputs an output power detection signal, a
reflected power detection signal, an over current signal and an
over voltage signal.

[0016] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
laser generating unit comprises an InGaAs infrared laser
pump, and a laser cavity, wherein a laser medium and a
nonlinear optical crystal are provided within the laser cavity
along a same axis, the laser medium is YVO, crystal doped
with Nd**, wherein a doping concentration of Nd**is 2.5-7.2
at %, and the nonlinear optical crystal is KTP crystal. The
working principle of the laser generating unit is as follows.
Under the effect of infrared pump laser with the wavelength
of 807 nm along the incident direction, the laser medium
generates the fundamental laser with the wavelength of 1340
nm, and then makes the sum-frequency effect with the pump
laser in the K'TP crystal for generating green laser with the
wavelength of about 504 nm. The green laser passes through
the port and is transformed to the rear probe part of the
microwave radiation probe via the optical fiber for identifying
the position of the microwave radiation probe.

[0017] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
rear probe part of the microwave radiation probe has a hollow
structure, a wire for a transmission of microwave and a cable
for a transmission of laser are provided within the rear probe
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part of the microwave radiation probe, the rear probe part of
the microwave radiation probe is sealedly connected with a
conduit with the wire and the cable, the conduit is connected
with the probe interface part, a laser interface connected with
a port of the laser generating unit and a microwave interface
connected with a coaxial output terminal of the microwave
generating unit are provided at the probe interface part.
[0018] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, a
temperature sensor is located within the hollow structure of
the rear probe part of the microwave radiation probe, a tem-
perature signal transmission line is located within the conduit,
and a temperature signal interface is provided at the probe
interface part.

[0019] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
microcomputer control unit comprises a master microproces-
sor, a power control microprocessor, and a temperature mea-
surement microprocessor, wherein the master microproces-
sor is connected with the power control microprocessor and
the temperature measurement microprocessor via a commu-
nication interface COM.

[0020] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
output power detection signal and the reflected power detec-
tion signal of the microwave generating unit are transformed
by an A/D converter, and then sent to the power control
microprocessor, the over current signal and the over voltage
signal of the microwave generating unit are inputted into the
power control microprocessor, a power control signal of the
microwave generating unit comes from an output of the D/A
converter connecting with the power control microprocessor,
a value of the power control signal is obtained by the power
control microprocessor according to a value of the output
power detection signal, the reflected power detection signal,
the over current signal and the over voltage signal are pro-
cessed by the power control microprocessor, and then input-
ted into the master microprocessor via the communication
interface, and an alarm circuit is started by the master micro-
processor for generating an alarm signal.

[0021] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, a
temperature signal sensed by the temperature sensor is sent to
a signal amplifier, an output of the signal amplifier is trans-
formed by the A/D converter and then sent to the temperature
measurement microprocessor, a temperature value outputted
by the temperature measurement microprocessor is displayed
by a status display.

[0022] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
master microprocessor is further connected with a keyboard,
the status display, the alarm circuit and a memory, wherein the
keyboard is adapted for inputting a control instruction to the
master microprocessor, the status display is adapted for dis-
playing a working state, the alarm circuit is adapted for gen-
erating the alarm signal, and the memory is adapted for stor-
ing set values and temporary data at work.

[0023] Preferably, in the ultrasonic imaging microwave
therapeutic apparatus provided by the present invention, the
microwave radiation probe is a single-use microwave radia-
tion probe, a unique identification code chip is located within
the hollow structure of the rear probe part of the microwave
radiation probe, the unique identification code chip is con-
nected with the microcomputer control unit by the commu-
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nication interface, the microcomputer control unit judges
whether the microwave radiation probe is used by the unique
identification code sensor. The repeated use of the microwave
radiation probe can be effectively avoided by the unique
identification code chip.

[0024] The treatment method using the ultrasonic imaging
microwave therapeutic apparatus of the present invention is
simply described as follows. The saphenous vein at the ankle
of the affected limb or the groin is punctured or cut under
anaesthesia. The microwave radiation probe is placed into the
vessel. According to the width of the diameter of the vein of
the affected limb, fat and thin body, the appropriate micro-
wave emission power and coagulation time (within several
seconds) are chosen to make the coagulation closing of the
main vein. The lower extremity varicose tributary vein and
the varicose vein group are closed via the short probe needle
by skin multi-point venipuncture coagulation. For patients
with perforating venous insufficiency (or leg ulcer), the short
probe needle is used through the skin or superficial varicose
vein (or the normal skin around the ulcer) to puncture for
entering the diseased perforating vein, the perforating vein is
coagulated and closed. Under color Doppler ultrasound, the
treatment status and the closure effect of the varicose vein and
the perforating vein are instantly fully monitored. Patients
can be cured by a minimally invasive surgery.

[0025] Compared with the prior art, the present invention
has the following beneficially technical effects. Using the
ultrasonic imaging microwave therapeutic apparatus of the
present invention to treat the lower extremity varicose vein
disease, the closure of the varicose vessel is accurate, firm,
and thorough, the effect is definite, the trauma for patients is
small, the pain of patients is light, the intraoperative bleeding
is less, the recovery of patients is rapid, it is difficult to form
deep vein thrombosis and safe, the operation is simple, no
obvious complication occurs. Under the full monitor of color
Doppler ultrasound, the implementation of the minimally
invasive surgery is capable of accurately treating the diseased
blood vessel, and simultaneously instantly verifying the
effect of the surgery.

[0026] Theseandother objectives, features, and advantages
of the present invention will become apparent from the fol-
lowing detailed description, the accompanying drawings, and
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a block diagram of an ultrasonic imaging
microwave therapeutic apparatus according to a preferred
embodiment of the present invention.

[0028] FIG. 2 is a circuit diagram of a microwave generat-
ing unit according to the above preferred embodiment of the
present invention.

[0029] FIG. 3 is a block diagram of a laser generating unit
according to the above preferred embodiment of the present
invention.

[0030] FIG. 4 is a circuit diagram of a microcomputer con-
trol unit according to the above preferred embodiment of the
present invention.

[0031] FIG. 5is acircuit diagram of a power control micro-
processor according to the above preferred embodiment of
the present invention.

[0032] FIG. 6 is a circuit diagram of a temperature mea-
surement microprocessor according to the above preferred
embodiment of the present invention.
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[0033] FIG.7is aschematic diagram of a microwave radia-
tion probe according to the above preferred embodiment of
the present invention.

[0034] In the drawings, 31—resonant cavity input lens;
32—nonlinear optical crystal; 33—Ilaser medium; 34—reso-
nant cavity output lens; 35—output direction; 71—front
probe part; 72—rear probe part; 73—microwave emission
hole; 74—conduit; 75—Tlaser interface; 76—temperature sig-
nal interface; 77—microwave interface.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0035] The present invention is further explained in detail
with the accompanying drawings.

[0036] Referring to FIG. 1 of the drawings, an ultrasonic
imaging microwave therapeutic apparatus according to a pre-
ferred embodiment of the present invention is illustrated,
wherein the ultrasonic imaging microwave therapeutic appa-
ratus comprises a microwave radiation probe (as shown in
FIG. 7), a microwave generating unit (as shown in FIG. 2), a
laser generating unit (as shown in FIG. 3), a color Doppler
ultrasound imaging unit, and a microcomputer control unit
(as shown in FIGS. 4-6).

[0037] The microwave radiation probe comprises a front
probe part 71, a rear probe part 72 and a probe interface part.
A microwave emission hole 73 is provided at the front probe
part 71. A laser cursor is provided at the rear probe part 72.
The rear probe part 72 of the microwave radiation probe has
a hollow structure. A wire for the transmission of microwave
and a cable for the transmission of laser are provided within
the rear probe part 72 of the microwave radiation probe. The
rear probe part 72 of the microwave radiation probe is
sealedly connected with a conduit 74 having the wire and the
cable. The conduit 74 is connected with the probe interface
part. A laser interface 75 connected with a port of the laser
generating unit and a microwave interface 77 connected with
acoaxial output terminal of the microwave generating unit are
provided at the probe interface part. A temperature sensor is
located within the hollow structure ofthe rear probe part 72 of
the microwave radiation probe. A temperature signal trans-
mission line is located within the conduit 74. A temperature
signal interface 76 is provided at the probe interface part.
[0038] A power output of the microwave generating unit is
connected with the probe interface part to provide a micro-
wave signal for ablation treatment of lower extremity vari-
cose vein. The microwave generating unit comprises a micro-
wave signal generator, a power control time adjusting circuit,
an impedance matcher, a driving circuit, a power splitter, a
plurality of power amplifiers, a power combiner, an isolator
and a power tracking detection circuit. The power tracking
detection circuit outputs an output power detection signal, a
reflected power detection signal, an over current signal and an
over voltage signal.

[0039] The laser generating unit, adapted for providing a
laser signal which is used to identify a wavelength range of
visible light of the microwave probe, comprises an InGaAs
infrared laser pump, and a laser cavity. A laser medium 33 and
a nonlinear optical crystal 32 are provided within the laser
cavity along a same axis. The laser medium 33 is YVO,
crystal doped with Nd**, wherein a doping concentration of
Nd** is 2.5-7.2 at %. The nonlinear optical crystal 32 is KTP
crystal.

[0040] The color Doppler ultrasound imaging unit, adapted
for obtaining the dynamic display of the image of the tissue to
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be treated and the dynamic display of the image of the tissue
while treating, comprises a color Doppler ultrasound host and
a color Doppler ultrasound control panel.

[0041] The microcomputer control unit outputs a micro-
wave power control signal to control and adjust the power
control of the microwave generating unit. The microcomputer
control unit outputs a laser control signal to control the
switch-on/off of the laser generating unit. The microcom-
puter control unit comprises a master microprocessor, a
power control microprocessor, and a temperature measure-
ment microprocessor, wherein the master microprocessor is
connected with the power control microprocessor and the
temperature measurement microprocessor via a communica-
tion interface COM. The output power detection signal
O-DET and the reflected power detection signal B-DET of the
microwave generating unit are transformed by an A/D con-
verter, and then sent to the power control microprocessor. The
over current signal EI and the over voltage signal EV of the
microwave generating unit are inputted into the power control
microprocessor. The power control signal CON of the micro-
wave generating unit comes from an output of the D/A con-
verter connecting with the power control microprocessor.
According to the value of the output power detection signal,
the value of the power control signal is obtained by the power
control microprocessor. The reflected power detection signal,
the over current signal and the over voltage signal are pro-
cessed by the power control microprocessor, and then input-
ted into the master microprocessor by the communication
interface, and an alarm circuit is started by the master micro-
processor for generating an alarm signal. A temperature sig-
nal sensed by the temperature sensor is sent to a signal ampli-
fier. An output of the signal amplifier is transformed by the
A/D converter, and then sent to the temperature measurement
microprocessor. A temperature value outputted by the tem-
perature measurement microprocessor is displayed by a sta-
tus display. The master microprocessor is further connected
with a keyboard, the status display, the alarm circuit and a
memory. The keyboard is adapted for inputting a control
instruction to the master microprocessor. The status display is
adapted for displaying a working state. The alarm circuit is
adapted for generating the alarm signal. The memory is
adapted for storing set values and temporary data at work.

[0042] The therapeutic apparatus provided by the present
invention has been applied to hospitals in Shanghai and
treated more than 10000 cases of patients. Now, it is evaluated
from the following several aspects based on the beneficial
effects of the present invention.

[0043] (1) Anesthesia and operation time: an average time
of the endovascular microwave coagulation operation time
every limb is 15 minutes. The therapeutic apparatus of the
present invention has short duration of anesthesia, less anes-
thetic dosage and rapid recovery.

[0044]

[0045] (3) Postoperative symptom improvement, out of bed
activity, the hospitalization time of patients: Patients have not
wound and lower limb pains. Only postoperative individual
cases have foot temporary mild swelling. Patients can ambu-
late themselves at 1-2 hours after surgery (or according to
anesthesia requirements). The average hospitalization time is
5.3 days.

[0046] (4) Changes in appearance of the affected limb: The
lower extremity varicose veins disappear, clinical symptoms
are obviously improved, limb swelling is reduced, pigmenta-

(2) The intraoperative blood loss is average 2.5 ml.
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tion is gradually faded, and leg ulcers and skin nutrition
disorders are obviously improved or healed.

[0047] (5) Complications and recurrence: no deep vein
thrombosis, pulmonary embolism or other serious complica-
tions occur. Calf skin numbness after the surgery is lighter, the
average regression time is 2.5 months, the recurrence rate is
lower and about 2% (which is lower than that of other meth-
ods).

[0048] (6) The postoperative color Doppler ultrasound
image of lower extremity venous changes, thus it is proved
that the effect is good.

[0049] In the immediate patients’ postoperative day, the
diameter of lower extremity saphenous vein is obviously
narrowed, no blood flow displays, it can be seen that the spot,
light band and vessel wall having thrombosis strong echo
within the lumen are obviously thickened and roughened by
two-dimensional ultrasound, and the integrity is destroyed.
At two weeks after operation, the intraluminal fibrosis is
formed on the foregoing basis, and the interior of the lumen is
completely closed.

[0050] One skilled in the art will understand that the
embodiment of the present invention as shown in the draw-
ings and described above is exemplary only and not intended
to be limiting.

[0051] It will thus be seen that the objects of the present
invention have been fully and effectively accomplished. Its
embodiments have been shown and described for the pur-
poses of illustrating the functional and structural principles of
the present invention and is subject to change without depar-
ture from such principles. Therefore, this invention includes
all modifications encompassed within the spirit and scope of
the following claims.

What is claimed is:

1. An ultrasonic imaging microwave therapeutic apparatus,
comprising;

a microwave radiation probe, comprising a front probe
part, a rear probe part and a probe interface part, wherein
amicrowave emission hole is provided at the front probe
rear, and a laser cursor is provided at the rear probe part;

a microwave generating unit comprising a microwave gen-
erator, wherein a power output of the microwave gener-
ating unit is connected with the probe interface part to
provide a microwave signal for ablation treatment of
lower extremity varicose vein;

a laser generating unit for providing a laser signal which is
used to identify a wavelength range of visible light of the
microwave probe;

a color Doppler ultrasound imaging unit, adapted for
obtaining a dynamic display of an image of a tissue to be
treated and a dynamic display of an image of a tissue
while treating, comprising a color Doppler ultrasound
host and a color Doppler ultrasound control panel; and

a microcomputer control unit, wherein the microcomputer
control unit outputs a microwave power control signal to
control and adjust a power of the microwave generating
unit, the microcomputer control unit outputs a laser con-
trol signal to control a switch-on/off of the laser gener-
ating unit.

2. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 1, wherein the microwave generating
unit comprises a microwave signal generator, a power control
time adjusting circuit, an impedance matcher, a driving cir-
cuit, a power splitter, a plurality of power amplifiers, a power
combiner, an isolator and a power tracking detection circuit.
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3. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 2, wherein the power tracking detec-
tion circuit outputs an output power detection signal, a
reflected power detection signal, an over current signal and an
over voltage signal.

4. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 1, wherein the laser generating unit
comprises an InGaAs infrared laser pump, and a laser cavity,
wherein a laser medium and a nonlinear optical crystal are
provided within the laser cavity along a same axis, the laser
medium is YVO, crystal doped with Nd**, wherein a doping
concentration of Nd>* is 2.5-7.2 at %, and the nonlinear
optical crystal is KTP crystal.

5. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 2, wherein the laser generating unit
comprises an InGaAs infrared laser pump, and a laser cavity,
wherein a laser medium and a nonlinear optical crystal are
provided within the laser cavity along a same axis, the laser
medium is YVO, crystal doped with Nd**, wherein a doping
concentration of Nd>* is 2.5-7.2 at %, and the nonlinear
optical crystal is KTP crystal.

6. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 3, wherein the laser generating unit
comprises an InGaAs infrared laser pump, and a laser cavity,
wherein a laser medium and a nonlinear optical crystal are
provided within the laser cavity along a same axis, the laser
medium is YVO, crystal doped with Nd**, wherein a doping
concentration of Nd>* is 2.5-7.2 at %, and the nonlinear
optical crystal is KTP crystal.

7. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 1, wherein the rear probe part of the
microwave radiation probe has a hollow structure, a wire for
a transmission of microwave and a cable for a transmission of
laser are provided within the rear probe part of the microwave
radiation probe, the rear probe part of the microwave radia-
tion probe is sealedly connected with a conduit having the
wire and the cable, the conduit is connected with the probe
interface part, a laser interface connected with a port of the
laser generating unit and a microwave interface connected
with a coaxial output terminal of the microwave generating
unit are provided at the probe interface part.

8. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 2, wherein the rear probe part of the
microwave radiation probe has a hollow structure, a wire for
a transmission of microwave and a cable for a transmission of
laser are provided within the rear probe part of the microwave
radiation probe, the rear probe part of the microwave radia-
tion probe is sealedly connected with a conduit having the
wire and the cable, the conduit is connected with the probe
interface part, a laser interface connected with a port of the
laser generating unit and a microwave interface connected
with a coaxial output terminal of the microwave generating
unit are provided at the probe interface part.

9. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 3, wherein the rear probe part of the
microwave radiation probe has a hollow structure, a wire for
atransmission of microwave and a cable for a transmission of
laser are provided within the rear probe part of the microwave
radiation probe, the rear probe part of the microwave radia-
tion probe is sealedly connected with a conduit having the
wire and the cable, the conduit is connected with the probe
interface part, a laser interface connected with a port of the
laser generating unit and a microwave interface connected
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with a coaxial output terminal of the microwave generating
unit are provided at the probe interface part.

10. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 7, wherein a temperature sensor is
located within the hollow structure of the rear probe part of
the microwave radiation probe, a temperature signal trans-
mission line is located within the conduit, and a temperature
signal interface is provided at the probe interface part.

11. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 8, wherein a temperature sensor is
located within the hollow structure of the rear probe part of
the microwave radiation probe, a temperature signal trans-
mission line is located within the conduit, and a temperature
signal interface is provided at the probe interface part.

12. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 9, wherein a temperature sensor is
located within the hollow structure of the rear probe part of
the microwave radiation probe, a temperature signal trans-
mission line is located within the conduit, and a temperature
signal interface is provided at the probe interface part.

13. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 10, wherein the microcomputer control
unit comprises a master microprocessor, a power control
microprocessor, and a temperature measurement micropro-
cessor, wherein the master microprocessor is connected with
the power control microprocessor and the temperature mea-
surement microprocessor via a communication interface.

14. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 11, wherein the microcomputer control
unit comprises a master microprocessor, a power control
microprocessor, and a temperature measurement micropro-
cessor, wherein the master microprocessor is connected with
the power control microprocessor and the temperature mea-
surement microprocessor via a communication interface.

15. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 12, wherein the microcomputer control
unit comprises a master microprocessor, a power control
microprocessor, and a temperature measurement micropro-
cessor, wherein the master microprocessor is connected with
the power control microprocessor and the temperature mea-
surement microprocessor via a communication interface.

16. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 12, wherein the output power detection
signal and the reflected power detection signal of the micro-
wave generating unit are transformed by an A/D converter,
and then sent to the power control microprocessor, the over
current signal and the over voltage signal of the microwave
generating unit are inputted into the power control micropro-
cessor, a power control signal of the microwave generating
unit comes from an output of the D/A converter connecting
with the power control microprocessor, a value of the power
control signal is obtained by the power control microproces-
sor according to a value of the output power detection signal,
the reflected power detection signal, the over current signal
and the over voltage signal are processed by the power control
microprocessor, and then inputted into the master micropro-
cessor via the communication interface, and an alarm circuit
is started by the master microprocessor for generating an
alarm signal.

17. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 15, wherein the output power detection
signal and the reflected power detection signal of the micro-
wave generating unit are transformed by an A/D converter,
and then sent to the power control microprocessor, the over
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current signal and the over voltage signal of the microwave
generating unit are inputted into the power control micropro-
cessor, a power control signal of the microwave generating
unit comes from an output of the D/A converter connecting
with the power control microprocessor, a value of the power
control signal is obtained by the power control microproces-
sor according to a value of the output power detection signal,
the reflected power detection signal, the over current signal
and the over voltage signal are processed by the power control
microprocessor, and then inputted into the master micropro-
cessor via the communication interface, and an alarm circuit
is started by the master microprocessor for generating an
alarm signal.

18. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 17, wherein a temperature signal
sensed by the temperature sensor is sent to a signal amplifier,
an output of the signal amplifier is transformed by the A/D
converter, and then sent to the temperature measurement
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microprocessor, a temperature value outputted by the tem-
perature measurement microprocessor is displayed by a sta-
tus display.

19. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 18, wherein the master microprocessor
is further connected with a keyboard, the status display, the
alarm circuit and a memory.

20. The ultrasonic imaging microwave therapeutic appara-
tus, as recited in claim 7, wherein the microwave radiation
probe is a single-use microwave radiation probe, a unique
identification code chip is located within the hollow structure
of the rear probe part of the microwave radiation probe, the
unique identification code chip is connected with the micro-
computer control unit by the communication interface, the
microcomputer control unit judges whether the microwave
radiation probe is used by the unique identification code
Sensor.



THMBW(EF)

[ i (S RIR) A ()

LA E(FRR)AGE)

BB BBRATT Y

US20130211257A1 NF(LE)R
US13/726037 BmiE A
1t TRANSEASYES? B

JEIRTRANSEASYESTTECH CO. , LTD.

Micro-
computer
contol
it

patsnap

2013-08-15

2012-12-22

—

Lager
gonerating

unt

—

Microwave]
generating

=

Microwave
rediation
probe

Blood
vessel

fobe "

treted

Color
Doppler

Wtrasound
imagng
Wit

[FRIK B A WANG XIAOPING
HUANG JINXIU
MENG QINGYI
SUN JIE
FANG CHONGLIANG
KHAAN WANG, XIAOPING
HUANG, JINXIU
MENG, QINGYI
SUN, JIE
FANG, CHONGLIANG
IPCH%ES A61B18/18 A61B8/13 A61B8/00 A61B8/08
CPCH %S A61B18/1815 A61B8/13 A61B8/463 A61B8/488 A61B2018/00982 A61B8/546 A61N5/04 A61B2018
/00404 A61B8/54 F04C2270/041
L5 201210028956.3 2012-02-10 CN
H A0 FF 3R uUS9101376
SNEBEEE Espacenet USPTO
HE(F) Keybourd =y
—MEFERREHBATRE  BEMRESR. , BT ERET , B
KrEEEn  ReSEHBFREETNMITENRHEE T, SITEN
P B T H UK RIBHIES UEREIMBAT R~ £ 2 TR,
HRAL2BIE T OB S UL B LS TORBT . B (ol
JAITIREIATT TR BBk KRB RN T, BikHKmMENAER
EH FEMYEN. MREABEN. BENIRD. BENFER
B, RPHmd, BENRERR. EUFRRBIKMIETK , 58
EFHET BRME | FNEIZIBIEFRBR, .
Alam circuit o=y
Memory k=

unit



https://share-analytics.zhihuiya.com/view/06321f39-2f0f-4829-8e6c-7defe3188941
https://worldwide.espacenet.com/patent/search/family/046399384/publication/US2013211257A1?q=US2013211257A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130211257%22.PGNR.&OS=DN/20130211257&RS=DN/20130211257

