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ULTRASOUND-BASED HANDHELD ANIMAL AND PLANT TISSUE ABLATION 

INSTRUMENT 

TECHNICAL FIELD 

[0001]  The present invention relates to the technical field of RNA, DNA or protein 

extraction, and more particularly, to an ultrasound-based handheld animal and plant tissue 5 

ablation instrument.  

 

BACKGROUND 

[0002]  An ultrasonic vibrator is also called an ultrasonic oscillator. The ultrasonic vibrator 

can realize mutual conversion between electrical energy and mechanical energy (acoustic 10 

vibration) by piezoelectric effect of piezoelectric ceramics and performs amplification by 

front and rear radiation cover blocks matched with the acoustic impedance. The ultrasonic 

vibrator is an ultrasonic vibration system formed by an ultrasonic transducer and an 

ultrasonic amplitude transformer. The ultrasonic transducer can convert high-frequency 

electrical energy into mechanical energy. The ultrasonic amplitude transformer as a passive 15 

device does not generate vibration, but only transmits out the vibration input by the ultrasonic 

transducer after changing its amplitude, so that impedance transformation is completed. The 

ultrasonic transducer can produce regular vibration under appropriate electric field excitation, 

with an amplitude of generally about 10 μm. Such an amplitude is not enough for direct 

welding and processing. To solve this, the transducer is connected to a reasonably designed 20 

ultrasonic amplitude transformer, so that the amplitude of the ultrasonic vibration can vary in 

a wide range. As long as the strength of materials is enough, the amplitude can exceed 100 

μm. When the ultrasonic amplitude transformer performs vibration of longitudinal expansion 

and contraction, movement directions of the mass points on the left and right sides of a cross 

section are opposite, which is equivalent to the existence of a relatively static nodal surface. 25 

This nodal surface is called a node, which is also the best fixed point for the vibrator. 

Deviation from this node will reduce the working efficiency of the vibrator, which is 

commonly known as leaky wave. 

 

[0003]  Common applications of ultrasonic vibrators include: ultrasonic cleaners, ultrasonic 30 

atomizers, B-ultrasound probes, and others. The prior ultrasonic vibrators, however, have the 

problems of inconvenience in installing the structure and inconvenience in holding the 

finished structure after installation. 
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[0004]  As can be seen from the above, there is no related application of the ultrasonic 

vibrator in the prior methods for rapidly extracting RNA, DNA or protein from tissues. To 

rapidly extract RNA, DNA or protein from tissues, a tissue grinder produced by Thermo 

Fisher Scientific from the USA grinds tissues into the tissue homogenate through irregular 

high-speed movement of magnetic beads in the electromagnetic field, but the machine is 5 

expensive and can only homogenize the tissues into relatively small tissue masses. The 

handheld/desktop dual-use homogenizer PR0*PR0200 and the high-throughput biological 

sample homogenizer Bioprep-24 from the USA are also expensive, and can only homogenize 

the tissues into relatively small tissue masses. 

 10 

SUMMARY 

[0005]  In order to resolve the above problems in the prior art, the present invention provides 

an ultrasound-based handheld animal and plant tissue ablation instrument. 

 

[0006]  The technical solutions adopted by the present invention are as follows: 15 

 

[0007]  An ultrasound-based handheld animal and plant tissue ablation instrument includes a 

housing internally provided with a control board and a drive board, and an ultrasonic vibrator 

fixedly connected to a front end of the housing; 

 20 

[0008]  the ultrasonic vibrator includes an ultrasonic transducer and an amplitude transformer; 

the amplitude transformer is fixedly connected to a front end of the ultrasonic transducer, 

changes an amplitude of vibration input by the ultrasonic transducer and transmits out the 

vibration; 

 25 

[0009]  the control board is provided with a power supply, a direct current to direct current 

(DCDC) conversion unit, a main control unit, a DCDC power adjustment unit and a sampling 

unit; the drive board is provided with a drive unit, a transformer unit and a resonance unit; a 

voltage of the power supply is converted through the DCDC conversion unit and the DCDC 

power adjustment unit and then is supplied to the animal and plant tissue ablation instrument; 30 

the main control unit outputs a first pulse width modulation (PWM) signal to control the 

DCDC power adjustment unit to output an adjustable voltage, and outputs two second PWM 

signals with complementary duty cycles to the drive unit based on feedback from the 

sampling unit that acquires the voltage and the current of an output circuit of the transformer 
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unit, the transformer unit transforms the voltage, and then the resonance unit arranged in the 

output circuit of the transformer unit adjusts a resonance point to a resonance point of the 

ultrasonic vibrator, so that the ultrasonic vibrator arranged in the output circuit of the 

transformer unit operates in a resonance state; and 

 5 

[0010]  the housing is a handheld housing, the housing includes a first section and a second 

section that are disposed at an obtuse angle to each other, and an end of the first section away 

from the second section is the front end of the housing. 

 

[0011]  On the basis of the above technical solutions, the front end of the housing is provided 10 

with a connecting hole for fixedly connecting to the ultrasonic vibrator, an inner wall of the 

connecting hole is provided with one or more first clamping slots, and correspondingly, the 

ultrasonic vibrator is provided with a first step matched with the first clamping slot. 

 

[0012]  The ultrasonic vibrator is installed at the front end of the housing through snap-fitting, 15 

so that the ultrasonic vibrator is stable in installation and convenient for maintenance and 

disassembly. 

 

[0013]  On the basis of the above technical solutions, both sides of the first step are provided 

with a first clamping block and a second clamping block respectively, and the first step is 20 

clamped in the first clamping slot through the first clamping block and the second clamping 

block. 

 

[0014]  The first clamping block and the second clamping block help to clamp the ultrasonic 

vibrator, to stably install the ultrasonic vibrator further. 25 

 

[0015]  On the basis of the above technical solutions, the first clamping slot is a circular 

clamping slot, the first step is a circular step, both the first clamping block and the second 

clamping block are circular clamping blocks, and the first clamping block and the second 

clamping block are both sleeved on an outer wall of the ultrasonic vibrator. 30 

 

[0016]  On the basis of the above technical solutions, a front end of the ultrasonic vibrator 

provided with the first step is further sleeved with a first fixed cover, and a rear end of the 

first fixed cover is clamped in the first clamping slot. 
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[0017]  The first fixed cover extends to fix a middle and rear end of the ultrasonic vibrator. In 

this way, the installation stability of the ultrasonic vibrator is increased, and the ultrasonic 

vibrator achieves a good effect. In addition, the service life of the ultrasonic vibrator is 

increased. 

 5 

[0018]  On the basis of the above technical solutions, the housing includes an upper housing 

and a lower housing that are engaged with each other; a front end of the upper housing and a 

front end of the lower housing are further sleeved with a second fixed cover, an inner wall of 

the second fixed cover is provided with a second step, and outer walls of the front end of the 

upper housing and the front end of the lower housing are further provided with a second 10 

clamping slot matched with the second step. 

 

[0019]  The installation method of the upper housing and the lower housing facilitates the 

installation, maintenance and disassembly of the housing, and further secures the ultrasonic 

vibrator. 15 

 

[0020]  On the basis of the above technical solutions, a hook is arranged on an outer wall of 

the housing, which is convenient for placing the present invention. 

 

[0021]  On the basis of the above technical solutions, the animal and plant tissue ablation 20 

instrument has power of 0.5-1000 W, and ultrasound frequency of 20-200 kHz. 

 

[0022]  On the basis of the above technical solutions, the DCDC power adjustment unit 

includes a switch control signal receiving circuit whose switch control signal receiving 

terminal is connected to the main control unit to receive a switch control signal; 25 

 

[0023]  a first PWM signal receiving circuit whose first PWM signal receiving terminal is 

connected to the main control unit to receive the first PWM signal; and 

 

[0024]  a fourth DCDC conversion unit configured to convert, through the switch control 30 

signal and the first PWM signal sent by the main control unit, the power supply to the 

adjustable voltage for output. 

 

[0025]  On the basis of the above technical solutions, the fourth DCDC conversion unit 
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includes a fourth voltage input filter, a fourth voltage conversion chip U1 and a fourth voltage 

output filter that sequentially process the voltage of the power supply; the fourth voltage 

input filter includes a filter capacitor connected to the power supply; an upper tube drive 

signal reference point pin SW of the fourth voltage conversion chip U1 is connected to an 

adjustable voltage output terminal through an energy storage inductor L1; voltage divider 5 

resistors R32 and R47 connected in series with the adjustable voltage output terminal sample 

a voltage and input the voltage to a reference voltage pin FB of the fourth voltage conversion 

chip U1; the upper tube drive signal reference point pin SW of the fourth voltage conversion 

chip U1 is further connected to a freewheeling diode D2; an enable pin EN is connected to a 

resistor R33; a resistor timing/external clock pin RT/CLK is connected to a frequency divider 10 

resistor R85; a frequency compensation pin COMP is connected to a capacitor C51, a 

capacitor C49 and a resistor R46 that are used to adjust a circuit and stabilize voltage output, 

where the capacitor C51 and the resistor R46 are connected in series and then are connected 

with the capacitor C49 in parallel; the fourth voltage output filter includes a filter capacitor 

connected to the adjustable voltage output terminal; 15 

 

[0026]  the switch control signal receiving circuit includes a resistor R104, a resistor R105 

and a transistor Q12, wherein the resistor R104 and the resistor R105 are connected in series 

between the converted voltage and the switch control signal receiving terminal, an emitter of 

the transistor Q12 is connected to the converted voltage, a base of the transistor Q12 is 20 

connected to a node between the resistor R104 and the resistor R105, and a collector of the 

transistor Q12 is connected to the enable pin EN of the fourth voltage conversion chip U1; 

when the switch control signal is L, the transistor Q12 is turned on, and the fourth voltage 

conversion chip U1 is activated to work; and 

 25 

[0027]  the first PWM signal receiving circuit includes an RC filter and a first voltage 

follower U3B that sequentially process the first PWM signal; the first PWM signal received 

by the first PWM signal receiving terminal is filtered through the RC filter and then input to a 

non-inverting input terminal of the first voltage follower U3B, and an output terminal of the 

first voltage follower U3B is connected to a node between the voltage divider resistors R32 30 

and R47 through a voltage divider resistor R54. 

 

[0028]  On the basis of the above technical solutions, the drive unit includes a first drive unit 

and a second drive unit; a second PWM signal receiving terminal N of the first drive unit 
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receives a first-channel second PWM signal sent by the main control unit, and an output 

terminal of the first drive unit is connected to a dotted terminal of a primary coil of the 

transformer unit; a second PWM signal receiving terminal P of the second drive unit receives 

a second-channel second PWM signal sent by the main control unit, and an output terminal of 

the second drive unit is connected to a non-dotted terminal of the primary coil of the 5 

transformer unit; the first-channel second PWM signal received by the second PWM signal 

receiving terminal N controls a first drive metal-oxide-semiconductor (MOS) transistor Q6 to 

be on/off, and the second-channel second PWM signal received by the second PWM signal 

receiving terminal P controls a second drive MOS transistor Q2 to be off/on. 

 10 

[0029]  On the basis of the above technical solutions, the transformer unit is a push-pull 

transformer, and the adjustable voltage output terminal of the DCDC power adjustment unit 

is connected to a non-dotted terminal of a first primary coil and a dotted terminal of a second 

primary coil of the push-pull transformer; 

 15 

[0030]  the first drive unit includes resistors R10 and R14 and the first drive MOS transistor 

Q6, where the resistors R10 and R14 are connected in series between the ground and the 

second PWM signal receiving terminal N, a gate of the first drive MOS transistor Q6 is 

connected to a node between the resistors R10 and R14, a source of the first drive MOS 

transistor Q6 is grounded, and a drain of the first drive MOS transistor Q6 is the output 20 

terminal of the first drive unit and is connected to a dotted terminal of the first primary coil of 

the push-pull transformer; and 

 

[0031]  the second drive unit includes resistors R5 and R13 and the second drive MOS 

transistor Q2, where the resistors R5 and R13 are connected in series between the ground and 25 

the second PWM signal receiving terminal P, a gate of the second drive MOS transistor Q2 is 

connected to a node between the resistors R5 and R13, a source of the second drive MOS 

transistor Q2 is grounded, and a drain of the second drive MOS transistor Q2 is the output 

terminal of the second drive unit and is connected to a non-dotted terminal of the second 

primary coil of the push-pull transformer. 30 

 

[0032]  On the basis of the above technical solutions, the resonance unit is a series LC 

resonator, and the series LC resonator includes an inductor T1 and a capacitor C1 that are 

connected in series in the output circuit of the transformer unit. 
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[0033]  On the basis of the above technical solutions, the sampling unit includes a voltage 

sampling unit for acquiring a voltage of the output circuit of the transformer unit and a 

current sampling unit for acquiring a current of the output circuit of the transformer unit, and 

correspondingly, the output circuit of the transformer unit is provided with a plurality of 

sampling resistors connected in series; a voltage signal is acquired by a voltage sampling 5 

terminal connected to a node between the plurality of sampling resistors, is sent to the voltage 

sampling unit for filtering and amplification, and then is sent to the main control unit for 

resonance adjustment; a current signal is acquired by a current sampling terminal connected 

in series to the output circuit of the transformer unit, is sent to the current sampling unit for 

filtering and amplification, and then is sent to the main control unit for resonance adjustment. 10 

 

[0034]  On the basis of the above technical solutions, the main control unit includes a main 

control chip U2 and a main control chip peripheral circuit; the main control chip U2 outputs 

the first PWM signal to control the DCDC power adjustment unit to output the adjustable 

voltage, and outputs the two second PWM signals with the complementary duty cycles to the 15 

drive unit based on the feedback from the sampling unit that acquires the voltage and the 

current of the output circuit of the transformer unit. 

 

[0035]  On the basis of the above technical solutions, the main control unit further includes 

an auxiliary chip U1 and an auxiliary chip peripheral circuit; the main control chip U2 of the 20 

main control unit sends an instruction to the auxiliary chip U1 based on the feedback from the 

sampling unit that acquires the voltage and the current of the output circuit of the transformer 

unit; the auxiliary chip U1 receives the instruction from the main control chip U2 and outputs 

the two second PWM signals with the complementary duty cycles to the drive unit, where the 

two second PWM signals with the complementary duty cycles are further fed back to the 25 

main control chip U2. 

 

[0036]  On the basis of the above technical solutions, the two second PWM signals with the 

complementary duty cycles are further amplified by a first signal amplifying output circuit 

and a second signal amplifying output circuit respectively and then are sent to the drive unit. 30 

 

[0037]  On the basis of the above technical solutions, the animal and plant tissue ablation 

instrument further includes a display unit, a button, a charging interface, a memory, a USB 

interface unit and/or a touch unit connected to the main control chip U2; when the main 
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control chip U2 is connected to the button and the display unit, the button and a display 

screen of the display unit are arranged on a surface of the second section of the housing, 

which is for ease of view. 

 

[0038]  The present invention has the following beneficial effects. 5 

 

[0039]  1. The present invention resolves the followings problems: Existing equipment for 

rapidly extracting RNA, DNA or protein from biological tissues is expensive, uses a 

complicated extraction process, requires high operating conditions, wastes resources and time, 

and has large workload. The ablation instrument of the present invention uses the first PWM 10 

signal to control the DCDC power adjustment unit to output the adjustable voltage, so that the 

output power is adjustable between 0.5 W and 1000 W, and outputs two second PWM signals 

with complementary duty cycles to the drive unit based on the feedback from the sampling 

unit that acquires the voltage and current of the output circuit of the transformer unit, so that 

the ultrasonic resonance point is adjustable between 20 kHz and 200 kHz. The resonance 15 

point is adjusted to the resonance point of the ultrasonic vibrator, so that the ultrasonic 

vibrator operates in a resonance state, with the largest output energy and the largest amplitude. 

The low-hertz ultrasonic method can quickly and simply ablate the tissue masses into the 

tissue homogenate, which is convenient for subsequent extraction of RNA, DNA or protein 

from the tissues, and the cost is low. 20 

 

[0040]  2. The present invention resolves the problems of inconvenient structure installation 

of the existing ultrasonic vibrator and inconvenient hand-holding of the finished structure 

after installation. The handheld housing of the present invention includes the first section and 

the second section that are disposed at an obtuse angle to each other. The button and the 25 

display screen are arranged on the surface of the second section of the housing, and the end of 

the first section away from the second section is the front end of the housing. The ultrasonic 

vibrator is convenient to install, and the finished structure after installation is convenient to 

hold. 

 30 

[0041]  3. The ultrasonic vibrator of the present invention is installed at the front end of the 

housing through snap-fitting, and is fixed by the first clamping block, the second clamping 

block, the first fixed cover and the second fixed cover, so that the ultrasonic vibrator is stable 

in installation and convenient for maintenance and disassembly, and has a good effect and 
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long service life. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

[0042]  FIG. 1 is a structural view of an embodiment of the present invention; 5 

 

[0043]  FIG. 2 is an exploded structure view of an embodiment of the present invention; 

 

[0044]  FIG. 3 is a sectional structural view of an embodiment of the present invention; 

 10 

[0045]  FIG. 4 is a partial enlarged view of FIG. 3; 

 

[0046]  FIG. 5 is a system block diagram of an embodiment of the present invention; 

 

[0047]  FIG. 6 is a circuit principle diagram of a power supply, a DCDC conversion unit and 15 

a DCDC power adjustment unit of a control board of an embodiment of the present invention; 

 

[0048]  FIG. 7 is a circuit principle diagram of a main control unit of a control board of an 

embodiment of the present invention; 

 20 

[0049]  FIG. 8 is a circuit principle diagram of a sampling unit, a display unit and an 

auxiliary chip of a control board of an embodiment of the present invention; 

 

[0050]  FIG. 9 is a circuit principle diagram of an interface of a control board of an 

embodiment of the present invention; 25 

 

[0051]  FIG. 10 is a circuit principle diagram of a drive unit, a transformer unit, and a 

resonance unit of a drive board of an embodiment of the present invention; 

 

[0052]  FIG. 11 is a diagram of cell suspension according to the present invention; and 30 

 

[0053]  FIG. 12 is a diagram of tissue homogenate obtained through processing by an 

existing tissue homogenizer. 
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[0054]  In the figures: 1-housing; 101-upper housing; 102-lower housing; 103-first clamping 

slot; 2-ultrasonic transducer; 3-amplitude transformer; 4-control board; 5-drive board; 6-

button; 7-display screen; 801-first step; 802-first clamping block; 803-second clamping block; 

804-first fixed cover; 805-second fixed cover; 806-second step; 807-second clamping slot; 9-

hook. 5 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

 

[0055]  The present invention will be further described below with reference to the 

accompanying drawings and specific examples. 10 

 

[0056]  Embodiment 1 

 

[0057]  As shown in FIG. 1 to FIG. 10, an ultrasound-based handheld animal and plant tissue 

ablation instrument includes a housing 1 internally provided with a control board 4 and a 15 

drive board 5, and an ultrasonic vibrator fixedly connected to a front end of the housing; the 

ultrasonic vibrator includes an ultrasonic transducer 2 and an amplitude transformer 3. The 

amplitude transformer 3 is fixedly connected to a front end of the ultrasonic transducer 2, 

changes an amplitude of vibration input by the ultrasonic transducer and transmits out the 

vibration; the control board 4 is electrically connected to the drive board 5, the drive board 5 20 

is electrically connected to the ultrasonic transducer 2, and the control board 4 is connected to 

a button 6, a display screen 7 and a charging interface; the housing 1 is a handheld housing, 

and the housing 1 includes a first section and a second section that are disposed at an obtuse 

angle to each other, the button 6 and the display screen 7 are arranged on a surface of the 

second section of the housing, and an end of the first section away from the second section is 25 

the front end of the housing. 

 

[0058]  A corresponding button through hole and display screen through hole are arranged on 

the surface of the second section of the housing, the control board 4 is disposed in the second 

section of the housing, and the drive board 5 is disposed in the first section of the housing. 30 

 

[0059]  The front end of the housing is provided with a connecting hole for fixedly 

connecting to the ultrasonic vibrator, an inner wall of the connecting hole is provided with 

one or more first clamping slots 103, and correspondingly, the ultrasonic vibrator is provided 
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with a first step 801 matched with the first clamping slot 103. 

 

[0060]  In this embodiment, the first step 801 is arranged on the amplitude transformer 3, 

there are three first clamping slots 103, the first step 801 is clamped into the first clamping 

slot 103 located in the middle, both sides of the first step 801 are provided with a first 5 

clamping block 802 and a second clamping block 803 respectively, and the first step 801 is 

clamped in the first clamping slot 103 through the first clamping block 802 and the second 

clamping block 803. The first clamping slot 103 is an annular clamping slot, the first step 801 

is an annular step, the first clamping block 802 and the second clamping block 803 are both 

annular clamping blocks, the first clamping block 802 and the second clamping block 803 10 

both sleeve over an outer wall of the ultrasonic vibrator, and the second clamping block 803 

also extends through the first clamping slot 103 at the rear end. 

 

[0061]  In this embodiment, a front end of the amplitude transformer 3 provided with the first 

step is also sleeved with a first fixed cover 804, and a rear end of the first fixed cover 804 is 15 

clamped in the first clamping slot 103 at the front end. 

 

[0062]  In this embodiment, the housing includes an upper housing 101 and a lower housing 

102 that are engaged with each other. A front end of the upper housing 101 and the lower 

housing 102 are also sleeved with a second fixed cover 805, an inner wall of the second fixed 20 

cover 805 is provided with two second steps 806, and an outer wall of the front end of the 

upper housing 101 and the lower housing 102 is also provided with a second clamping slot 

807 matched with the second step 806 at the rear end. The second step 806 at the front end 

wraps the front end of the housing, and further extends to the first clamping slot 103 at the 

front end to clamp a rear end of the first fixed cover 804. 25 

 

[0063]  In this embodiment, the control board 4 and the drive board 5 are fixed in the housing 

1 by screws. The drive board 5 is further provided with a protective housing, and a surface of 

the display screen 7 is also pasted with a tempered glass film. 

 30 

[0064]  In this embodiment, a hook 9 is arranged on the outer wall of the housing. 

 

[0065]  It should be noted that the amplitude transformer and ultrasonic transducer are 

existing products, and their internal structures are relatively mature technologies. Details are 
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not described herein. The above-mentioned front and rear ends are relative positions, not 

absolute positions. 

 

[0066]  As shown in FIG. 4 to FIG. 9, the control board is provided with a power supply, a 

DCDC conversion unit, a main control unit, a DCDC power adjustment unit and a sampling 5 

unit, and the drive board is provided with a drive unit, a transformer unit and a resonance unit. 

 

[0067]  A voltage of the power supply is converted through the DCDC conversion unit and 

the DCDC power adjustment unit and then is supplied to the animal and plant tissue ablation 

instrument; the main control unit outputs a first PWM signal to control the DCDC power 10 

adjustment unit to output an adjustable voltage, and outputs two second PWM signals with 

complementary duty cycles to the drive unit based on feedback from the sampling unit that 

acquires the voltage and the current of an output circuit of the transformer unit, the 

transformer unit transforms the voltage, and then the resonance unit arranged in the output 

circuit of the transformer unit adjusts a resonance point to a resonance point of the ultrasonic 15 

vibrator, so that the ultrasonic vibrator arranged in the output circuit of the transformer unit 

operates in a resonance state. 

 

[0068]  The animal and plant tissue ablation instrument will be further elaborated. 

 20 

[0069]  The power supply is a DC24V power supply, and the DCDC conversion unit includes 

a first DCDC conversion unit, a second DCDC conversion unit, and a third DCDC 

conversion unit. 

 

[0070]  The first DCDC conversion unit includes transient voltage suppressor (TVS) 25 

protection, a first voltage input filter, a first voltage conversion chip and a first voltage output 

filter. A voltage of the DC24V power supply sequentially passes the TVS protection, the first 

voltage input filter, the first voltage conversion chip and the first voltage output filter and is 

converted into an output voltage of 12 V, which is supplied to the main control unit and the 

drive unit. 30 

 

[0071]  A circuit principle of the first DCDC conversion unit is described in detail: The 

voltage of the DC24V power supply passes a protective diode TVS1 for TVS protection, 

passes three capacitors C59, C60 and C57 connected in parallel with the DC24V power 
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supply for voltage input filtering, passes voltage divider resistors R48 and R51 connected in 

series with the DC24V power supply for voltage sampling, and then is input into an enable 

pin EN of a first voltage conversion chip U6. The first voltage conversion chip U6 is 

TPS54340, and an upper tube drive signal reference point pin SW of the first voltage 

conversion chip U6 is connected to a 12V voltage output terminal through an energy storage 5 

inductor L2. Voltage divider resistors R88 and R89 connected in series with the 12V voltage 

output terminal sample a voltage and input the voltage to a reference voltage pin FB of the 

first voltage conversion chip U6. A capacitor C72 connected to the 12V voltage output 

terminal performs voltage output filtering. The upper tube drive signal reference point pin 

SW of the first voltage conversion chip U6 is further connected to a freewheeling diode D4, 10 

the enable pin EN is further connected to a soft start capacitor C79, a resistor timing/external 

clock pin RT/CLK is connected to a frequency divider resistor R50, and a frequency 

compensation pin COMP is connected to capacitors C61 and C62 and a resistor R52 that are 

used to adjust a circuit and stabilize voltage output. The capacitor C62 is connected in 

parallel with the capacitor C61 and the resistor R52 that are connected in series. 15 

 

[0072]  The second DCDC conversion unit includes a second voltage input filter, a second 

voltage conversion chip and a second voltage output filter. The 12V input voltage 

sequentially passes the second voltage input filter, the second voltage conversion chip and the 

second voltage output filter, and is converted into a 1.8V output voltage, which is supplied to 20 

the main control unit. 

 

[0073]  The circuit principle of the second DCDC conversion unit is described in detail: The 

12V input voltage sequentially passes two capacitors C84 and C85 connected in parallel with 

a 12V voltage input terminal for voltage input filtering. A second voltage conversion chip U9 25 

is TLV62130ARGTR, and an MOS tube drive signal reference point pin SW of the second 

voltage conversion chip U9 is connected to a 1.8V voltage output terminal through an energy 

storage inductor L3. Voltage divider resistors R90 and R91 connected in series to the 1.8V 

voltage output terminal perform voltage sampling and input the voltage into a reference 

voltage pin FB of the second voltage conversion chip U9. Capacitors C80 and C83 connected 30 

in parallel with the 1.8V voltage output terminal perform voltage output filtering. An internal 

power supply pin PVIN of the second voltage conversion chip U9, an internal control circuit 

power supply pin AVIN, and an enable pin EN are connected to the 12V voltage input 

terminal, a soft-start/tracking pin SS/TR is connected to a soft-start capacitor C86, an 
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adjustment output pin DEF and a frequency selection pin FSW are both grounded, and an 

output voltage acquisition pin VOS is connected to the 1.8V voltage output terminal. 

 

[0074]  The third DCDC conversion unit includes a third voltage input filter, a third voltage 

conversion chip, and a third voltage output filter. The 12V input voltage sequentially passes 5 

the third voltage input filter, the third voltage conversion chip, and the third voltage output 

filter, and is converted into a 3.3V output voltage, which is supplied to the main control unit 

and the sampling unit. 

 

[0075]  The circuit principle of the third DCDC conversion unit is described in detail: The 10 

12V input voltage passes two capacitors C89 and C90 connected in parallel with the 12V 

voltage input terminal for voltage input filtering. The third voltage conversion chip U10 is 

TLV62130ARGTR, and an MOS tube drive signal reference point pin SW of the third 

voltage conversion chip U10 is connected to a 3.3V voltage output terminal through an 

energy storage inductor L4. Voltage divider resistors R92 and R94 connected in series to the 15 

3.3V voltage output terminal sample a voltage sampling and input the voltage to a reference 

voltage pin FB of the third voltage conversion chip U10. Capacitors C87 and C88 connected 

in parallel with a 3.3V voltage output terminal perform voltage output filtering. An internal 

power supply pin PVIN and an internal control circuit power supply pin AVIN of the third 

voltage conversion chip U10 are further connected to the 12V voltage input terminal. Voltage 20 

divider resistors R93 and R102 connected in series with the 12V voltage input terminal 

perform voltage sampling and input the voltage to an enable pin EN of the third voltage 

conversion chip U10, and the enable pin EN of the third voltage conversion chip U10 is 

further connected to a normal output indication signal pin PG of the second voltage 

conversion chip U9. When the second DCDC conversion unit does not work normally, the 25 

third DCDC conversion unit stops working. A soft-start/tracking pin SS/TR is connected to a 

soft-start capacitor C91, an adjustment output pin DEF and a frequency selection pin FSW 

are both grounded, and an output voltage acquisition pin VOS is connected to the 3.3V 

voltage output terminal. 

 30 

[0076]  The DCDC power adjustment unit includes a switch control signal receiving circuit, a 

first PWM signal receiving circuit, and a fourth DCDC conversion unit. The fourth DCDC 

conversion unit includes a fourth voltage input filter, a fourth voltage conversion chip and a 

fourth voltage output filter. The fourth DCDC conversion unit converts, through a switch 
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control signal and a first PWM signal sent by the main control unit, the DC24V power supply 

into a 0-24V adjustable voltage for output. 

 

[0077]  The circuit principle of the DCDC power adjustment unit is described in detail: 

 5 

[0078]  The circuit principle of the fourth DCDC conversion unit is as follows: The voltage 

of the DC24V power supply sequentially passes three capacitors C6, C7 and C41 connected 

in parallel with the DC24V power supply for voltage input filtering. The fourth voltage 

conversion chip U1 is TPS54340, and an upper tube drive signal reference point pin SW of 

the fourth voltage conversion chip U1 is connected to the adjustable voltage output terminal 10 

through an energy storage inductor L1. Voltage divider resistors R32 and R47 connected in 

series with the adjustable voltage output terminal sample a voltage and input the voltage to a 

reference voltage pin FB of the fourth voltage conversion chip U1, capacitors C14, C40, C42, 

C54, C55 and C56 connected in parallel with the adjustable voltage output terminal perform 

output filtering on the adjustable voltage. The upper tube drive signal reference point pin SW 15 

of the fourth voltage conversion chip U1 is further connected to a freewheeling diode D2, an 

enable pin EN is connected to a resistor R33, a resistor timing/external clock pin RT/CLK is 

connected to a frequency divider resistor R85, and a frequency compensation pin COMP is 

connected to the capacitor C51, the capacitor C49 and the resistor R46 that are used to adjust 

a circuit and stabilize voltage output. The capacitor C51 and the resistor R46 are connected in 20 

series and then are connected with the capacitor C49 in parallel. 

 

[0079]  The circuit principle of the switch control signal receiving circuit is as follows: A 

switch control signal receiving terminal is connected to the main control unit to receive the 

switch control signal, resistors R104 and R105 are connected in series between the 3.3V 25 

voltage terminal and the switch control signal receiving terminal. The emitter of a transistor 

Q12 is connected to the 3.3V voltage terminal, the base of the transistor Q12 is connected to 

a node between the resistor R104 and the resistor R105, and the collector of the transistor 

Q12 is connected to the enable pin EN of the fourth voltage conversion chip U1. When the 

switch control signal is L, the transistor Q12 is turned on, and the fourth voltage conversion 30 

chip U1 is activated to work. 

 

[0080]  The circuit principle of the first PWM signal receiving circuit is as follows: The first 

PWM signal received by the first PWM signal receiving terminal is filtered through an RC 
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filter and then input to a non-inverting input terminal of a first voltage follower U3B, and an 

output terminal of the first voltage follower U3B is connected to a node between the voltage 

divider resistors R32 and R47 through a voltage divider resistor R54. The resistor R45, the 

capacitor C63, the resistor R40 and the capacitor C52 form the RC filter, and then the voltage 

is input to the non-inverting input terminal of the first voltage follower U3B through a 5 

resistor R36. The non-inverting input terminal of the first voltage follower U3B is further 

connected to a capacitor C50. 

 

[0081]  The animal and plant tissue ablation instrument further includes an output voltage 

sampling unit for acquiring the adjustable voltage of the DCDC power adjustment unit, and 10 

the acquired adjustable voltage is sent to the main control unit through a second voltage 

follower U3A. 

 

[0082]  The circuit principle of the output voltage sampling unit is described in detail: 

Voltage divider resistors R55 and R60 connected in series with the adjustable voltage output 15 

terminal perform voltage sampling, the RC filter filters the voltage, and then the voltage is 

input to a non-inverting input terminal of the second voltage follower U3A. A positive 

voltage terminal of the second voltage follower U3A is connected to the 3.3V voltage 

terminal, and an output terminal of the second voltage follower U3A is connected to the main 

control unit. A resistor R59 and a capacitor C39 form the RC filter, and the 3.3V voltage 20 

terminal is further connected to a capacitor C44. The output terminal of the second voltage 

follower U3A is further connected to a capacitor C43. 

 

[0083]  The drive unit includes a first drive unit and a second drive unit, the first drive unit 

includes a first drive MOS transistor Q6, and the second drive unit includes a second drive 25 

MOS transistor Q2. A second PWM signal receiving terminal N of the first drive unit 

receives the first-channel second PWM signal sent by the main control unit, an output 

terminal of the first drive unit is connected to a dotted terminal of a primary coil of the 

transformer unit, a second PWM signal receiving terminal P of the second drive unit receives 

the second-channel second PWM signal sent by the main control unit, an output terminal of 30 

the second drive unit is connected to a non-dotted terminal of the primary coil of the 

transformer unit, the first-channel second PWM signal received by the second PWM signal 

receiving terminal N controls the first drive MOS transistor Q6 to be on/off, and the second-

channel second PWM signal received by the second PWM signal receiving terminal P 
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controls the second drive MOS transistor Q2 to be off/on. 

 

[0084]  The circuit principle of the drive unit and the transformer unit is described in detail: 

The transformer unit is a push-pull transformer, and the adjustable voltage output terminal of 

the DCDC power adjustment unit is connected to a non-dotted terminal of a first primary coil 5 

and a dotted terminal of a second primary coil. Resistors R10 and R14 are connected in series 

between the ground and the second PWM signal receiving terminal N. A gate of the first 

drive MOS transistor Q6 is connected to a node between the resistors R10 and R14, a source 

is grounded, and a drain is the output terminal of the first drive unit and is connected to a 

dotted terminal of the first primary coil of the push-pull transformer. Resistors R5 and R13 10 

are connected in series between the ground and the second PWM signal receiving terminal P. 

A gate of the second drive MOS transistor Q2 is connected to a node between the resistors R5 

and R13, a source is grounded, and a drain is the output terminal of the second drive unit and 

is connected to a non-dotted terminal of the second primary coil of the push-pull transformer. 

 15 

[0085]  When the first-channel second PWM signal received by the second PWM signal 

receiving terminal N is H and the second-channel second PWM signal received by the second 

PWM signal receiving terminal P is L, the first drive MOS transistor Q6 is controlled to be 

turned on, the second drive MOS transistor Q2 is turned off, an input circuit of the first 

primary coil is connected and an input current direction is from the non-dotted terminal to the 20 

dotted terminal of the first primary coil, an input circuit of the second primary coil is cut off, 

and an output current direction of an output circuit of a secondary coil is from a dotted 

terminal to a non-dotted terminal of the secondary coil. 

 

[0086]  When the first-channel second PWM signal received by the second PWM signal 25 

receiving terminal N is L and the second-channel second PWM signal received by the second 

PWM signal receiving terminal P is H, the first drive MOS transistor Q6 is controlled to be 

turned off, the second drive MOS transistor Q2 is turned on, the input circuit of the second 

primary coil is connected and an input current direction is from the dotted terminal to the 

non-dotted terminal of the second primary coil, an input circuit of the first primary coil is cut 30 

off, and an output current direction of an output circuit of the secondary coil is from the non-

dotted terminal to the dotted terminal of the secondary coil. The input DC voltage is 

converted into an AC waveform with a frequency of 30 kHz and a voltage of hundreds of 

volts, which facilitates subsequent resonance unit. 
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[0087]  The resonance unit is disposed in the output circuit of the push-pull transformer. The 

resonance unit is a series LC resonator, and the series LC resonator includes an inductor T1 

and a capacitor C1 that are connected in series in the output circuit of the transformer unit. 

The inductor T1 uses EFD20. 

 5 

[0088]  The ultrasonic transducer is disposed in the output circuit of the push-pull 

transformer. In this embodiment, the ultrasonic transducer is connected through an interface 

J2. 

 

[0089]  The sampling unit acquires a voltage and current of the output circuit of the push-pull 10 

transformer. The sampling unit includes a voltage sampling unit and a current sampling unit. 

 

[0090]  The voltage sampling unit acquires the voltage of the output circuit of the push-pull 

transformer. The output circuit of the push-pull transformer is provided with sampling 

resistors R1, R2, R3, R4 and R15 connected in series. A voltage sampling terminal is 15 

connected to a node between the resistors R4 and R15, and an acquired voltage signal is sent 

to the voltage sampling unit for filtering and amplification, and then sent to the main control 

unit for resonance adjustment. 

 

[0091]  The circuit principle of the voltage sampling unit is described in detail: The acquired 20 

voltage signal is filtered through the RC filter, a capacitor C67 performs DC blocking on the 

voltage signal, and then the voltage signal is input to a non-inverting input terminal of a first 

operational amplifier U7B. A negative feedback resistor R63 is connected between an 

inverting input terminal and output terminal of the first operational amplifier U7B. The signal 

is filtered through an RC filter at the output terminal of the first operational amplifier U7B, 25 

and then input to a non-inverting input terminal of a first comparator U8A through a resistor 

R72. Voltage divider resistors R77 and R76 connected in series between the 3.3V voltage 

terminal and the ground perform voltage sampling and input the voltage to an inverting input 

terminal of the first comparator U8A. An output terminal of the first comparator U8A is 

connected to the main control unit through a resistor R71. The resistor R72 is connected to 30 

the non-inverting input terminal of the first comparator U8A, and the other end of the resistor 

R72 is connected to the main control unit through a resistor R70. A resistor R61 and a 

capacitor C65 form an RC filter to filter the acquired voltage signal, and a resistor R62 and a 

capacitor C66 form an RC filter to filter a signal output from the output terminal of the first 
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operational amplifier U7B. The inverting input terminal of the first operational amplifier U7B 

is further connected in series with a resistor R64 and a capacitor C70, and the non-inverting 

input terminal of the first operational amplifier U7B is further connected to a DC 3.3V 

voltage terminal. The DC 3.3V voltage is divided through voltage divider resistors R56, R58 

and R57, to generate a divided voltage, and the divided voltage is input to the non-inverting 5 

input terminal of the first operational amplifier U7B. The divided voltage is further filtered 

through a capacitor C64. One end of the resistor R58 is connected to the non-inverting input 

terminal of the first operational amplifier U7B and the other end is connected to the resistor 

R56. The resistor R56 is connected to the 3.3V voltage terminal. One end of the resistor R57 

is connected to a node between the resistors R56 and R58 and the other end is grounded. A 10 

positive voltage terminal of the first comparator U8A is connected to the 3.3V voltage 

terminal, and the 3.3V voltage is filtered through parallel capacitors C76 and C77. 

 

[0092]  The current sampling unit acquires a current of the output circuit of the push-pull 

transformer. A current sampling terminal is connected in series with the output circuit of the 15 

push-pull transformer, and then sends the acquired current signal to the current sampling unit 

for filtering and amplification. Then the signal is sent to the main control unit for resonance 

adjustment. 

 

[0093]  The circuit principle of the current sampling unit is described in detail: The acquired 20 

current signal is filtered through an RC filter, a capacitor C75 performs DC blocking on the 

current signal, and then the current signal is input to a non-inverting input terminal of a 

second operational amplifier U7A. A negative feedback resistor R73 is connected between an 

inverting input terminal and output terminal of the second operational amplifier U7A. The 

signal is filtered through an RC filter at the output terminal of the second operational 25 

amplifier U7A, and then input to a non-inverting input terminal of a second comparator U8B 

through a resistor R81. Voltage divider resistors R82 and R83 connected in series between 

the 3.3V voltage terminal and the ground sample a voltage and input the voltage to an 

inverting input terminal of the second comparator U8B. An output terminal of the second 

comparator U8B is connected to the main control unit through a resistor R80. A resistor R81 30 

is connected to the non-inverting input terminal of the second comparator U8B, and the other 

end is connected to the main control unit through a resistor R79. A resistor R65 and a 

capacitor C68 form an RC filter to filter the acquired current signal, and a resistor R69 and a 

capacitor C69 form an RC filter to filter a signal output by the output terminal of the second 
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operational amplifier U7A. The inverting input terminal of the second operational amplifier 

U7A is further connected in series with a resistor R74 and a capacitor C78, and the non-

inverting input terminal of the second operational amplifier U7A is further connected to the 

DC 3.3V voltage terminal. The DC 3.3V voltage is divided through voltage divider resistors 

R78, R66, R67 and R68, to generate a divided voltage, and the divided voltage is input to the 5 

non-inverting input terminal of the second operational amplifier U7A. The divided voltage is 

filtered through a capacitor 71. One end of the resistor R68 is connected to the non-inverting 

input terminal of the second operational amplifier U7A and the other end is connected to the 

resistors R78 and R66 that connected in series with the 3.3V voltage terminal. One end of the 

resistor R67 is connected to a node between the resistors R66 and R68 and the other end is 10 

grounded, a positive voltage terminal of the second comparator U8B is connected to the 3.3V 

voltage terminal through the resistor R78, and the 3.3V voltage is filtered through parallel 

capacitors C73 and C74. 

 

[0094]  The main control unit outputs the first PWM signal to control the DCDC power 15 

adjustment unit to output the adjustable voltage, and outputs two second PWM signals with 

complementary duty cycles to the first drive MOS transistor Q6 and the second drive MOS 

transistor Q2 of the drive unit based on the feedback from the sampling unit that acquires the 

voltage and current of the output circuit of the transformer unit. 

 20 

[0095]  The main control unit includes a main control chip U2 and a main control chip 

peripheral circuit. The main control chip U2 is N32905U1DN with an ARM9 core and a main 

frequency of 200 MHz. The main control chip peripheral circuit includes a system clock, a 

reset, etc. 

 25 

[0096]  The N32905U1DNN3290x is based on an ARM926EJ-S CPU core and integrates a 

JPEG codec, a CMOS sensor interface, a 32-channel sound processing unit (SPU), an analog-

to-digital converter (ADC), a digital-to-analog converter (DAC), which can meet various 

application requirements while saving BOM costs. ARM926@200MHz synchronizes with a 

dynamic random access memory (DRAM), a 2D BitBLT accelerator, a CMOS image sensor 30 

interface, and a liquid crystal display (LCD) panel interface. The maximum resolution of 

N32905U1DNN3290x is XVGA(1,024x768)@TFT LCD panel. The 2D BitBLT accelerator 

accelerates graphics calculations, smooths rendering, and offloads the CPU to reduce power 

consumption. 
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[0097]  In order to meet the different requirements on the overall BOM costs of the system, 

DRAMs of different sizes and the N3290x main SoC are stacked into one package, that is, a 

multi-chip package (MCP) is used. N32905U1DNN3290x is specially designed by 1Mbitx16 

3.3V SDRAM. N32905U1DNN3290x is specially designed by 4Mbitx16 1.8V DDR 

SDRAM. A 16Mbitx16 1.8V DDR2SDRAM is stacked inside N32905U1DNN3290x to 5 

ensure higher performance and minimize system design work such as electromagnetic 

interference (EMI) and noise coupling. A double-layer PCB is adopted and damping resistors 

and EMI protection assemblies are eliminated, so that the total BOM costs can be reduced. 

 

[0098]  The above technical solutions have been fully disclosed and can be implemented. The 10 

present invention resolves the followings problems: Existing equipment for rapidly extracting 

RNA, DNA or protein from biological tissues is expensive, uses a complicated extraction 

process, requires high operating conditions, wastes resources and time, and has large 

workload. The ablation instrument of the present invention uses the first PWM signal to 

control the DCDC power adjustment unit to output the adjustable voltage, so that the output 15 

power is adjustable between 0.5 W and 1000 W, and outputs two second PWM signals with 

complementary duty cycles to the drive unit based on the feedback from the sampling unit 

that acquires the voltage and current of the output circuit of the transformer unit, so that the 

resonance ultrasonic frequency is adjustable between 20 kHz and 200 kHz. The resonance 

point is adjusted to the resonance point of the ultrasonic vibrator, so that the ultrasonic 20 

vibrator operates in a resonance state, with the largest output energy and the largest amplitude. 

The low-hertz ultrasonic method can quickly and simply ablate the tissue block into the tissue 

homogenate, which is convenient for subsequent extraction of RNA, DNA or protein from 

the tissues. 

 25 

[0099]  In specific applications, the main control unit of the present invention also includes 

an auxiliary chip U1 and an auxiliary chip peripheral circuit, and the auxiliary chip U1 is 

STM32F031G4U6. 

 

[00100]  Features of STM32F031G4U6 are as follows: Core: 32-bit CPU with frequency up 30 

to 48 MHz; memory: 16 to 32 KB of flash memory, and 4 KB of SRAM with hardware parity; 

cyclic redundancy check (CRC) calculation unit; reset and power management: digital and 

I/O power supply: 2.0-3.6V, analog power supply: VDDA=VDD to 3.6 V, power-on/power-

down reset (POR/PDR), programmable voltage detector (PVD), low power modes including 
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sleep, stop and standby, and VBAT power supply for RTC and backup registers; clock 

management: 4-32 MHz crystal oscillator, 32 kHz oscillator for RTC with calibration, 

internal 8 MHz RC with x6PLL option, internal 40 kHz RC oscillator; up to 39 fast I/Os: all 

mappable on external interrupt vectors, up to 26 I/Os with 5V tolerant capability; five-

channel DMA controller: one 12-bit, 1.0 μs ADC (up to 10 channels), conversion range: 0-5 

3.6 V, separate analog supply 2.4-3.6 V; up to 9 timers: one 16-bit 7- channel advanced 

control timer, for 6-channel PWM output, dead time, power generation and emergency stop, 

one 32-bit and one16-bit timers, with up to four IC/OC, usable for IR control decoding, one 

16-bit timer, with two IC/OC, one OCN, dead time and emergency stop, one 16-bit timer, 

with IC/OC and OCN, dead time, emergency stop and modulator gate for IR control, one 16-10 

bit timer with one IC/OC, independent and system watchdog timer, SysTick timer: 24-bit 

downcounter; calendar RTC with alarm and periodic wake-up from stop/standby; 

communication interface: one I2C interface supporting fast mode plus (1Mbit/s) with 20mA 

current sink, SMBus/PMBus, wake-up from stop, one USART supporting master 

synchronous SPI and modem control, ISO7816 interface, LIN, IrDA, auto baud rate detection 15 

and wakeup function, one SPI (18 Mbit/s) with 4 to 16 programmable bit frame, and with I2S 

interface multiplexed; serial wire debug (SWD); 96-bit unique ID; extended temperature 

range: –40°C to +105°C; all packages ECOPACK® 2. 

 

[00101]  The main control chip U2 of the main control unit sends an instruction to the 20 

auxiliary chip U1 based on the feedback from the sampling unit that acquires the voltage and 

current of the output circuit of the transformer unit, and the auxiliary chip U1 receives the 

instruction from the main control chip U2 and outputs two second PWM signals with 

frequency of 30 kHz and complementary duty cycles to the first drive MOS transistor Q6 and 

the second drive MOS transistor Q2 of the drive unit. The two second PWM signals with 25 

frequency of 30 kHz and complementary duty cycles are further fed back to the main control 

chip U2. In addition, signals output from the output terminal of the first comparator U8A and 

the output terminal of the second comparator U8B are sent to the auxiliary chip U1. 

 

[00102]  The two second PWM signals with frequency of 30 kHz and complementary duty 30 

cycles are further amplified by a first signal amplifying output circuit and a second signal 

amplifying output circuit respectively and then sent to the first drive MOS transistor Q6 and 

the second drive MOS transistor Q2 of the drive unit. 
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[00103]  The circuit principle of the first signal amplifying output circuit is described in 

detail: The second PWM signal is input to a base of a first amplifying transistor Q5 for 

amplification through voltage divider resistors R49 and R53 that are connected in series, a 

collector of the first amplifying transistor Q5 is connected to a 12V voltage terminal through 

a resistor R34, and an emitter of the first amplifying transistor Q5 is grounded. The collector 5 

of the first amplifying transistor Q5 is connected to bases of a first output transistor Q2 and a 

second output transistor Q4, the first output transistor Q2 is a P-type transistor, and the 

second output transistor Q4 is an N-type transistor. A collector of the first output transistor 

Q2 is connected to a 12V voltage terminal, and the amplified first-channel second PWM 

signal is output to the second PWM signal receiving terminal N of the first drive MOS 10 

transistor Q6 from a connecting node between an emitter of the first output transistor Q2 and 

an emitter of the second output transistor Q4. 

 

[00104]  When the second PWM signal is H, the first output transistor Q2 is turned on, and 

the second output transistor Q4 is turned off; when the second PWM signal is L, the first 15 

output transistor Q2 is turned off, and the second output transistor Q4 is turned on. Therefore, 

the amplified square wave first-channel second PWM signal is output. 

 

[00105]  The circuit principle of the second signal amplifying output circuit is described in 

detail: The second PWM signal is input to a base of a second amplifying transistor Q8 for 20 

amplification through voltage divider resistors R86 and R87 that are connected in series, a 

collector of the second amplifying transistor Q8 is connected to the 12V voltage terminal 

through a resistor R84, an emitter of the second amplifying transistor Q8 is grounded, and a 

collector of the second amplifying transistor Q8 is connected to bases of a third output 

transistor Q6 and a fourth output transistor Q7. The third output transistor Q6 is a P-type 25 

transistor, and the fourth output transistor Q7 is an N-type transistor. A collector of the third 

output transistor Q6 is connected to the 12V voltage terminal, and the amplified second-

channel second PWM signal is output to the second PWM signal receiving terminal P of the 

second drive MOS transistor Q2 from a connecting node between an emitter of the third 

output transistor Q6 and an emitter of the fourth output transistor Q7. 30 

 

[00106]  When the second PWM signal is H, the third output transistor Q6 is turned on, and 

the fourth output transistor Q7 is turned off; when the second PWM signal is L, the third 

output transistor Q6 is turned off, and the fourth output transistor Q7 is turned on. Therefore, 
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the amplified square wave second-channel second PWM signal is output. 

 

[00107]  A display screen 7 is an LCD display screen. The LCD display screen is connected 

to a display chip J8 to form a display unit. The display chip J8 is connected to the main 

control chip U2. The display chip J8 is FPC050. The display chip J8 is connected to the 3.3V 5 

voltage terminal. A signal LCD_BL from the main control chip U2 is amplified by a MOS 

transistor Q1 and sent to the display chip J8. 

 

[00108]  A button 6 is connected to the main control chip U2. In this embodiment, there are 

four buttons, namely a first button, a second button, a third button, and a fourth button. The 10 

first button is a left button, the second button is a right button, the third button is a middle 

button, and the fourth button is an OK button. The first button includes a pull-up resistor R4 

and a pull-down resistor R11, the pull-up resistor R4 is connected to the 3.3V voltage 

terminal, a node between the pull-up resistor R4 and the pull-down resistor R11 is connected 

to one end of a button S2, and the other end of the button S2 is grounded. The other end of 15 

the pull-down resistor R11 is connected to the main control chip U2. When the button S2 is 

pressed, the pull-down resistor R11 is only 1 K, and the first button outputs a low level. 

When the button S2 is released, the output is pulled up by the pull-up resistor R4 and the 

pull-down resistor R11. The first button outputs a high level. The second button includes a 

pull-up resistor R6 and a pull-down resistor R19. The pull-up resistor R6 is connected to the 20 

3.3V voltage terminal. A node between the pull-up resistor R6 and the pull-down resistor R19 

is connected to one end of a button S3, and the other end of the button S3 is grounded. The 

other end of the pull-down resistor R19 is connected to the main control chip U2. When the 

button S3 is pressed, the second button outputs a low level. When the button S3 is released, 

the output is pulled up by the pull-up resistor R6 and the pull-down resistor R19. The second 25 

button outputs a high level. The third button includes a pull-up resistor R8 and a pull-down 

resistor R20, the pull-up resistor R8 is connected to the 3.3V voltage terminal, a node 

between the pull-up resistor R8 and the pull-down resistor R20 is connected to one end of the 

button S4, and the other end of the button S4 is grounded. The other end of the pull-down 

resistor R20 is connected to the main control chip U2. When the button S4 is pressed, the 30 

third button outputs a low level. When the button S4 is released, the output is pulled up by the 

pull-up resistor R8 and the pull-down resistor R20. The third button outputs a high level. The 

fourth button includes a pull-up resistor R10 and a pull-down resistor R26, the pull-up 

resistor R10 is connected to the 3.3V voltage terminal, a node between the pull-up resistor 
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R10 and the pull-down resistor R26 is connected to one end of a button S5, and the other end 

of the button S5 is grounded. The other end of the pull-down resistor R26 is connected to the 

main control chip U2. When the button S5 is pressed, the fourth button outputs a low level. 

When the button S5 is released, the output is pulled up by the pull-up resistor R10 and the 

pull-down resistor R26. The fourth button outputs a high level. 5 

 

[00109]  The main control chip U2 is further connected to a memory, and the memory uses 

an SPI-FLASH device to store parameters including resonance parameters, setting parameters, 

and so on. 

 10 

[00110]  The main control chip U2 is further connected to a USB interface unit. The USB 

interface unit includes a USB chip ESD1 connected to the main control chip U2 and an 

interface J7 connected to the USB chip ESD1. The USB chip ESD1 is USBLC6, and the 

interface J7 is SIP254. 

 15 

[00111]  The main control chip U2 is further connected to a touch unit. The touch unit 

includes voltage divider resistors R99 and R101 connected in series between the 3.3V voltage 

terminal and the ground, a resistor R100 connected to a node between the resistors R99 and 

R101, and a transistor Q10 whose base is connected to the node between the resistors R99 

and R101. Voltage divider resistors R98 and R96 are connected in series between a collector 20 

of the transistor Q10 and the 3.3V voltage terminal. A node between the voltage divider 

resistors R98 and R96 is connected to a gate of an MOS transistor Q9, a source of the MOS 

transistor Q9 is connected to the 3.3V voltage terminal, and a drain of the MOS transistor Q9 

is connected to a touch interface J1. The touch interface J1 is connected to the main control 

chip U2, the touch interface J1 is connected to a touch panel, and a power enable signal 25 

TP_PWEN sent by the main control chip U2 arrives at the base of the transistor Q10 through 

the resistor R100. When the power enable signal TP_PWEN is H, the transistor Q10 is turned 

on, and the MOS transistor Q9 is turned on. 

 

[00112]  The main control chip U2 is further connected to an external interface J4. The main 30 

control chip U2 is further connected to a buzzer. 

 

[00113]  Embodiment 2: 

 

 35 



26 
 

[00114]  This embodiment provides a method for rapidly extracting RNA, DNA or protein 

by using the ultrasound-based handheld animal and plant tissue ablation instrument. The 

method includes the following steps: A: Prepare cell suspension. B: Extract RNA, DNA or 

protein. The step A includes: after a tissue sample is mixed with solution, perform ultrasonic 

ablation by using the handheld animal and plant tissue ablation instrument based on the 5 

principle of ultrasonic, to obtain the cell suspension. 

 

[00115]  The low-hertz ultrasonic method can quickly and simply ablate the tissue masses 

into the tissue suspension, which is convenient for subsequent extraction of RNA, DNA or 

protein from the tissues. The RNA, DNA or protein, especially the RNA and protein, can be 10 

extracted from the tissues with only a small quantity of tissues. The method is simple to 

operate, saves extraction time, and greatly shortens the time from tissue masses to cell 

suspension. All operations can be completed by only one person, which greatly reduces 

manpower and material resources, and improves work efficiency. 

 15 

[00116]  In order to achieve the best homogenization effect of the tissues, the conditions for 

selecting ultrasonic ablation are that the power is 0.5-1000 W and the ultrasonic frequency is 

20-200 kHz. 

 

[00117]  The solution in the step A is an RNA extracting solution, a protein extracting 20 

solution, a DNA extracting solution, physiological saline or a buffer solution. 

 

[00118]  In the ultrasonic ablation process, in order to facilitate subsequent procedures, 

different solutions may be selected for different subsequent procedures, to reduce operation 

steps and reducing extraction time. When the RNA, DNA or protein is to be extracted, 25 

selecting the RNA extracting solution, the DNA extracting solution, or the protein extracting 

solution can greatly reduce the extraction time while ensuring the extraction effect. From a 

general point of view, in the present invention, the physiological saline or the buffer solution 

can be used when the cell suspension is obtained through ultrasonic ablation. 

 30 

[00119]  In an embodiment, when the solution in the step A is the RNA extracting solution, 

the protein extracting solution, or the DNA extracting solution, the step B may include 

extracting the RNA, protein, or DNA respectively according to the conventional operation 

method of the RNA extracting solution, the protein extracting solution or the DNA extracting 
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solution. 

 

[00120]  When the RNA extracting solution, the protein extracting solution or the DNA 

extracting solution is used as a solution to obtain the cell suspension through ultrasonic 

ablation, in the subsequent specific steps of extracting the RNA, DNA or protein, the 5 

extraction operations may be performed according to operating instructions of a reagent 

corresponding to the RNA extracting solution, the DNA extracting solution or the protein 

extracting solution, or other conventional extraction methods suitable for extraction may be 

used. 

 10 

[00121]  In another embodiment, when the solution in the step A is the physiological saline 

or the buffer solution, the step B includes mixing the cell suspension with an extraction 

amount of the RNA extracting solution, the protein extracting solution or the DNA extracting 

solution, and then extracting the RNA, protein, or DNA according to the conventional 

methods. 15 

 

[00122]  When the physiological saline or the buffer solution is used as the solution, in the 

subsequent specific steps of extracting RNA, DNA or protein, the extraction amount of the 

RNA extracting solution, the DNA extracting solution or the protein extracting solution may 

be added to the cell suspension for subsequent extraction operations. Similarly, the 20 

subsequent extraction operations may refer to the operating instructions of a reagent 

corresponding to the RNA extracting solution, the DNA extracting solution or the protein 

extracting solution, or other conventional extraction methods suitable for extraction. The 

extraction amount is the amount capable of extracting the RNA, DNA or protein from the cell 

suspension. 25 

 

[00123]  A ratio of the tissue sample to the solution in the step A is 10-100 mg: 100-1000 μL. 

 

[00124]  In order to facilitate the subsequent extraction procedure and enhance the extraction 

effect, preferably, the ratio of the tissue sample to the solution is 10-100 mg: 100-1000 μL. 30 

 

[00125]  When the solution is the buffer solution, the buffer solution is a PBS buffer solution. 

 

[00126]  When the solution is the buffer solution, preferably, the buffer solution is the PBS 
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buffer solution. 

 

[00127]  The cell suspension in the present invention is the suspension in which the number 

of single cells accounts for more than 95% of the total number of the single cells and cell 

clusters after complete ablation. 5 

 

[00128]  Comparative Example: 

 

[00129]  The cell suspension obtained in Embodiment 2 is shown in FIG. 11, and the tissue 

homogenate obtained by using a conventional tissue homogenizer is shown in FIG. 12. It can 10 

be learned from FIG. 11 and FIG. 12 that the cell suspension is obtained after the biological 

tissues are processed by using the method for rapidly extracting RNA, DNA or protein in the 

present invention, while there are a large number of cell aggregates in the tissue homogenate 

obtained by the existing tissue homogenizer. Obviously, compared with the conventional 

tissue processing methods, the method for rapidly extracting RNA, DNA or protein in the 15 

present invention has a faster processing speed and obtains a single-cell suspension. 

 

[00130]  The present invention is not limited to the above optional embodiments, and anyone 

can derive other products in various forms under the enlightenment of the present invention. 

No matter any change in the shape or structure, technical solutions that fall within the scope 20 

define by the claims of the present invention shall fall within the protection scope of the 

present invention. 
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CLAIMS 

What is claimed is: 

 

 1. An ultrasound-based handheld animal and plant tissue ablation instrument, 

comprising a housing (1) internally provided with a control board (4) and a drive board (5), 5 

and an ultrasonic vibrator fixedly connected to a front end of the housing; wherein 

 

 the ultrasonic vibrator comprises an ultrasonic transducer (2) and an amplitude 

transformer (3), wherein the amplitude transformer (3) is fixedly connected to a front end of 

the ultrasonic transducer, changes an amplitude of vibration input by the ultrasonic transducer 10 

and transmits out the vibration; 

 

 the control board is provided with a power supply, a direct current to direct current 

(DCDC) conversion unit, a main control unit, a DCDC power adjustment unit and a sampling 

unit; the drive board is provided with a drive unit, a transformer unit and a resonance unit; the 15 

DCDC conversion unit includes a first DCDC conversion unit, a second DCDC conversion 

unit and a third DCDC conversion unit;  a voltage of the power supply is converted through 

the DCDC conversion unit and the DCDC power adjustment unit and then is supplied to the 

animal and plant tissue ablation instrument; the main control unit outputs a first pulse width 

modulation (PWM) signal to control the DCDC power adjustment unit to output an 20 

adjustable voltage, and outputs two second PWM signals with complementary duty cycles to 

the drive unit based on feedback from the sampling unit that acquires a voltage and a current 

of an output circuit of the transformer unit, the transformer unit transforms the voltage, and 

then the resonance unit arranged in the output circuit of the transformer unit adjusts a 

resonance point to a resonance point of the ultrasonic vibrator, so that the ultrasonic vibrator 25 

arranged in the output circuit of the transformer unit operates in a resonance state; and 

 

 the housing is a handheld housing, the housing comprises a first section and a 

second section that are disposed at an obtuse angle to each other, and an end of the first 

section away from the second section is the front end of the housing. 30 

 

 

 2. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein the front end of the housing is provided with a connecting hole 
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for fixedly connecting to the ultrasonic vibrator, an inner wall of the connecting hole is 

provided with one or more first clamping slots (103), and correspondingly, the ultrasonic 

vibrator is provided with a first step (801) matched with the first clamping slot. 

 

 5 

 3. The ultrasound-based handheld animal and plant tissue ablation instrument 

according  to claim 2, wherein both sides of the first step are provided with a first clamping 

block (802) and a second clamping block (803) respectively, and the first step is clamped in 

the first clamping slot through the first clamping block and the second clamping block. 

 10 

 

 4. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 3, wherein the first clamping slot is a circular clamping slot, the first step 

is a circular step, both the first clamping block and the second clamping block are circular 

clamping blocks, and the first clamping block and the second clamping block are both 15 

sleeved on an outer wall of the ultrasonic vibrator. 

 

 

 5. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 2, wherein a front end of the ultrasonic vibrator provided with the first 20 

step is further sleeved with a first fixed cover (804), and a rear end of the first fixed cover is 

clamped in the first clamping slot. 

 

 

 6. The ultrasound-based handheld animal and plant tissue ablation instrument 25 

according to claim 1, wherein the housing comprises an upper housing (101) and a lower 

housing (102) that are engaged with each other; 

 

 a front end of the upper housing and a front end of the lower housing are further 

sleeved with a second fixed cover (805), an inner wall of the second fixed cover is provided 30 

with a second step (806), and outer walls of the front end of the upper housing and the front 

end of the lower housing are further provided with a second clamping slot (807) matched 

with the second step. 
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 7. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein a hook (9) is arranged on an outer wall of the housing. 

 

 5 

 8. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein the animal and plant tissue ablation instrument has power of 

50-1000 W, and ultrasonic frequency of 20-200 kHz. 

 

 10 

 9. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein the DCDC power adjustment unit comprises:  

 a switch control signal receiving circuit, wherein a switch control signal receiving 

terminal of the switch control signal receiving circuit is connected to the main control unit to 

receive a switch control signal; 15 

  

 a first PWM signal receiving circuit, wherein a first PWM signal receiving terminal 

of the first PWM signal receiving circuit is connected to the main control unit to receive the 

first PWM signal; and 

 20 

 a fourth DCDC conversion unit, wherein the fourth DCDC conversion unit is 

configured to convert, through the switch control signal and the first PWM signal sent by the 

main control unit, the power supply to the adjustable voltage for output. 

 

 25 

 10. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 9, wherein the fourth DCDC conversion unit comprises a fourth voltage 

input filter, a fourth voltage conversion chip U1 and a fourth voltage output filter that 

sequentially process the voltage of the power supply; the fourth voltage input filter comprises 

a filter capacitor connected to the power supply; an upper tube drive signal reference point 30 

pin SW of the fourth voltage conversion chip U1 is connected to an adjustable voltage output 

terminal through an energy storage inductor L1; voltage divider resistors R32 and R47 

connected in series with the adjustable voltage output terminal sample a voltage and input the 

voltage to a reference voltage pin FB of the fourth voltage conversion chip U1; the upper tube 
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drive signal reference point pin SW of the fourth voltage conversion chip U1 is further 

connected to a freewheeling diode D2; an enable pin EN is connected to a resistor R33; a 

resistor timing/external clock pin RT/CLK is connected to a frequency divider resistor R85; a 

frequency compensation pin COMP is connected to a capacitor C51, a capacitor C49 and a 

resistor R46 that are used to adjust a circuit and stabilize voltage output, wherein the 5 

capacitor C51 and the resistor R46 are connected in series and then are connected with the 

capacitor C49 in parallel; the fourth voltage output filter comprises a filter capacitor 

connected to the adjustable voltage output terminal; 

 

 the switch control signal receiving circuit comprises a resistor R104, a resistor 10 

R105 and a transistor Q12, wherein the resistor R104 and the resistor R105 are connected in 

series between a converted voltage and the switch control signal receiving terminal, an 

emitter of the transistor Q12 is connected to the converted voltage, a base of the transistor 

Q12 is connected to a node between the resistor R104 and the resistor R105, and a collector 

of the transistor Q12 is connected to the enable pin EN of the fourth voltage conversion chip 15 

U1; when the switch control signal is L, the transistor Q12 is turned on, and the fourth 

voltage conversion chip U1 is activated to work; and 

  

 the first PWM signal receiving circuit comprises an RC filter and a first voltage 

follower U3B that sequentially process the first PWM signal; the first PWM signal received 20 

by the first PWM signal receiving terminal is filtered through the RC filter and then input to a 

non-inverting input terminal of the first voltage follower U3B, and an output terminal of the 

first voltage follower U3B is connected to a node between the voltage divider resistors R32 

and R47 through a voltage divider resistor R54. 

 25 

 

 11. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein the drive unit comprises a first drive unit and a second drive 

unit; a second PWM signal receiving terminal N of the first drive unit receives a first-channel 

second PWM signal sent by the main control unit, and an output terminal of the first drive 30 

unit is connected to a dotted terminal of a primary coil of the transformer unit; a second 

PWM signal receiving terminal P of the second drive unit receives a second-channel second 

PWM signal sent by the main control unit, and an output terminal of the second drive unit is 

connected to a non-dotted terminal of the primary coil of the transformer unit; the first-
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channel second PWM signal received by the second PWM signal receiving terminal N 

controls a first drive metal-oxide-semiconductor (MOS) transistor Q6 to be on/off, and the 

second-channel second PWM signal received by the second PWM signal receiving terminal P 

controls a second drive MOS transistor Q2 to be off/on. 

 5 

 

 12. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 11, wherein the transformer unit is a push-pull transformer, and the 

adjustable voltage output terminal of the DCDC power adjustment unit is connected to a non-

dotted terminal of a first primary coil and a dotted terminal of a second primary coil of the 10 

push-pull transformer;  

 

 the first drive unit comprises resistors R10 and R14 and the first drive MOS 

transistor Q6, wherein the resistors R10 and R14 are connected in series between the ground 

and the second PWM signal receiving terminal N, a gate of the first drive MOS transistor Q6 15 

is connected to a node between the resistors R10 and R14, a source of the first drive MOS 

transistor Q6 is grounded, and a drain of the first drive MOS transistor Q6 is the output 

terminal of the first drive unit and is connected to a dotted terminal of the first primary coil of 

the push-pull transformer; and  

 20 

 the second drive unit comprises resistors R5 and R13 and the second drive MOS 

transistor Q2, wherein the resistors R5 and R13 are connected in series between the ground 

and the second PWM signal receiving terminal P, a gate of the second drive MOS transistor 

Q2 is connected to a node between the resistors R5 and R13, a source of the second drive 

MOS transistor Q2 is grounded, and a drain of the second drive MOS transistor Q2 is the 25 

output terminal of the second drive unit and is connected to a non-dotted terminal of the 

second primary coil of the push-pull transformer. 

 

 

 13. The ultrasound-based handheld animal and plant tissue ablation instrument 30 

according to claim 1, wherein the resonance unit is a series LC resonator, and the series LC 

resonator comprises an inductor T1 and a capacitor C1 that are connected in series in the 

output circuit of the transformer unit. 
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 14. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein the sampling unit comprises a voltage sampling unit for 

acquiring a voltage of the output circuit of the transformer unit and a current sampling unit 

for acquiring a current of the output circuit of the transformer unit, and correspondingly, the 

output circuit of the transformer unit is provided with a plurality of sampling resistors 5 

connected in series; a voltage signal is acquired by a voltage sampling terminal connected to 

a node between the plurality of sampling resistors, is sent to the voltage sampling unit for 

filtering and amplification, and then is sent to the main control unit for resonance adjustment; 

a current signal is acquired by a current sampling terminal connected in series to the output 

circuit of the transformer unit, is sent to the current sampling unit for filtering and 10 

amplification, and then is sent to the main control unit for resonance adjustment. 

 

 

 15. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 1, wherein the main control unit comprises a main control chip U2 and a 15 

main control chip peripheral circuit; the main control chip U2 outputs the first PWM signal to 

control the DCDC power adjustment unit to output the adjustable voltage, and outputs the 

two second PWM signals with the complementary duty cycles to the drive unit based on the 

feedback from the sampling unit that acquires the voltage and the current of the output circuit 

of the transformer unit. 20 

 

 

 16. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 15, wherein the main control unit further comprises an auxiliary chip U1 

and an auxiliary chip peripheral circuit; the main control chip U2 of the main control unit 25 

sends an instruction to the auxiliary chip U1 based on the feedback from the sampling unit 

that acquires the voltage and the current of the output circuit of the transformer unit; the 

auxiliary chip U1 receives the instruction from the main control chip U2 and outputs the two 

second PWM signals with the complementary duty cycles to the drive unit, wherein the two 

second PWM signals with the complementary duty cycles are further fed back to the main 30 

control chip U2.
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 17. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 15, wherein the two second PWM signals with the complementary duty 

cycles are further amplified by a first signal amplifying output circuit and a second signal 

amplifying output circuit respectively and then are sent to the drive unit. 5 

 

 

 18. The ultrasound-based handheld animal and plant tissue ablation instrument 

according to claim 15, further comprising a display unit, a button, a charging interface, a 

memory, a USB interface unit and/or a touch unit connected to the main control chip U2; 10 

wherein when the main control chip U2 is connected to the button and the display unit, the 

button and a display screen of the display unit are arranged on a surface of the second section 

of the housing. 

 


