H i L L Microelectronics and Nanoelectronics, 2025, 1(1), 1-5
https://www.hillpublisher.com/Journals/mn/

PUBLISHING

The PCB Circuit Board Design Driven by the DC
Motor

Xiaoqing Zhao

Qingdao Hisense Hitachi Air Conditioning System Co., Ltd., Qingdao 266510, Shandong, China.

How to cite this paper: Xiaoqing Zhao. Abstract
(2025). The PCB Circuit Board Design

Driven by the DC Motor. Microelectronics  In the research task of customer positioning and coordination management equip-
aD’gINil gogzlggtsr/mc;o;(sl());oa ment for high-altitude high-vgltage live-line operatiqns, the mobile' equipment's as-

cending movement and rotational movement are driven by two different DC mo-
Received: January 1, 2025 tors. Both power supplies have forward and reverse functions. In order to prevent
Accepted: January 22, 2025 excessive costs, inverter control is selected. From the perspective of practice and
Published: February 12, 2025 application, the paper studies the way to fix relays in the design of relays and control
"Corresponding author: Xiaoging Zhao, ~Circuits, proposes the use of PCB boards as fixed base plates, and uses the high
Qingdao Hisense Hitachi Air Conditioning rated current design theory and practical research methods of PCB boards, which
System  Co., Ltd., Qingdao 266510, provides theoretical basis and practical basis for the design of high rated current
Shandong, China. PCB control boards.

Keywords

DC motor; PCB; regulation and control

1. Advantages of DC motor
1.1 Advantages

Good speed regulation performance. Other features: high speed regulation stability, wide speed regulation range,
stable, good overload function, convenient to use, large starting torque.

1.2 Disadvantages

(1) DC motors are expensive to manufacture, and have carbon brushes, etc.

(2) Compared with asynchronous motors, DC motors have a more complex structure, are not easy to operate and
maintain, and must use a DC power supply.

(3) The complex electrical structure limits the further reduction of the size and efficiency of the DC motor. In partic-
ular, due to the mechanical friction between the capacitor film and the commutator and the generated mechanical
friction and sparks, the DC motor has more quality problems, poor safety, short life, and a lot of trouble in repair
and maintenance.

(4) During commutation, sparks not only bring strong electrical corrosion to the commutator, but also are a source
of interference to radio electronic measurements, which will have an adverse effect on nearby electrical equip-
ment.

2. What is a PCB circuit board

PCB, or printed circuit board, is also called electronic printed board, and is one of the most important parts of com-
puter products. Almost all electrical components, from electronic watches to computers, and even to industrial

DOI: 10.26855/mn.2025.06.001 1 Microelectronics and Nanoelectronics

Note: The article was originally published in the Journal of Electrical Engineering and Automation, and this is an authorized transla-
tion of it.


https://www.hillpublisher.com/Journals/mn/

Xiaoqing Zhao

computers, communications computers, and even computers for military weapons, must use printed sheets to connect
the lines between various units. These printed circuit sheets are composed of insulating substrates, welding wires,
and pads fixed on the connecting circuit board, so they have the dual functions of conductive lines and insulating
substrates. It can replace the original complex traditional wiring and directly complete the electrical connection be-
tween the units in the circuit, which not only reduces the assembly, connection and operation time of electronics, but
also reduces the wiring time in the normal mode, thereby greatly reducing the labor intensity of electronic workers;
at the same time, it reduces the weight of the entire electronic machine, thereby reducing the production cost, and can
also greatly improve the quality and safety of electronic products. For the entire electronic printed circuit board that
is installed and debugged, it can become a separate accessory for electronics, which is convenient for the interchange
and maintenance of electronic whole products.

At present, electronic printed circuit boards are widely used in the industrial processing of electronic equipment.
The first material used in printed circuit boards is paper-based copper-clad printed circuit boards. Since the advent of
0.5-conductor transistors in China, people's requirements for the quality of printed circuit boards have also increased
rapidly.

High density For more than 100 years, the density of printed circuit boards has been able to grow continuously
with the improvement of integrated circuit level integration and installation technology; high reliability, after various
inspections, measurements and aging tests, it can ensure that PCB works stably and reliably for a long time; efficient
product design, meeting all the characteristics of PCB, can be completed through product design standardization,
normalization and other methods of printed circuit board product design, less time-consuming and high manufactur-
ing efficiency; manufacturability, the implementation of advanced control system, can achieve standardized, large-
scale, automated production methods; ensure product consistency; in terms of electronic product testing capabilities,
arelatively complete method, inspection specifications, various testing devices and tools have been formed for testing,
and the qualification and service life of PCB have been determined; high assemblability, that is, PCB products are
convenient for standardized assembly and manufacturing of different units, and can also achieve highly intelligent,
large-scale small-batch production. In addition, the combination units of each module on the PCB can also form more
modules, a whole, or even a complete machine; high maintainability, because the assembly parts of each unit of the
PCB product are all manufactured in a standardized and large-scale manner, so all these parts need to be standardized.
Therefore, if there is a problem with the system, it can be replaced quickly, simply and quickly, thus quickly restoring
the system to work.

2.1 Disadvantages

2.1.1 Unclear definition of processing levels
If the TOP layer of a single-board design is made front and back without any instructions, the board may be difficult
to solder when components are installed.

2.1.2 The distance between the large area copper foil and the outer frame is too close

The spacing between large-area copper foil and the outer frame should be at least 0.2 mm, because when milling the
outer shape, if the copper foil is milled, it is easy to cause the copper foil to warp, and cause the solder resist to fall
off.

2.1.3 Use filler blocks to draw pads

Drawing pads with filler sheets can realize the DRC function for the designed circuit, but it cannot be used for welding.
Moreover, since this type of pad cannot directly obtain resistance welding data, when using resistance contact agent,
the filler sheet part will also be covered by the resistance contact agent, so connection difficulties arise.

2.1.4 Characters are randomly placed

The SMD solder pads with characters add difficulty to the spot welding process of components for the continuity test
of the printed circuit board. If the font is too small, it will be difficult to print on the screen, and if it is too large, the
screen will be repeated and unrecognizable.

3. Design of high current PCB circuit board

After analyzing the basic parameters, only personal experience can make a more accurate judgment. The following
uses the Prote199 programming kit to draw a high-current PCB circuit board: (1) Prepare the basic knowledge first,
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then create a new database, and make a schematic diagram, and then use the appropriate drawing method; (2) You
can draw the package of the non-standard device you want to specify, but the package diagram required by the stand-
ard relay JOF-38F is not used in it. (3) Set the operating environment of the PCB, such as drawing the board frame
of the printed circuit. (4) Open the PCB library software to be used. Use the information on the network to package
the components. (5) Design the arrangement method of the component package, also known as the component ar-
rangement. It is a manual design method. Note: For component wiring, it is necessary to consider the heat dissipation
performance of the equipment, the function of the equipment, and the convenience of future wiring. (6) You can make
corresponding changes as needed, and then lock all the equipment: (7) Install according to the wiring principles. The
main setting is installed in the high-speed system. The characteristic impedance between the controlled resistor board
and the cable is one of the most critical and common problems. Therefore, people began to truly understand the
concept of transmission lines: transmission lines are composed of two wires of a certain diameter, one wire is used
to send messages, and the other is used to receive messages (remember that the concept of "loop" replaces the concept
of "ground"). In a circulation network, any line constitutes a major part of a transmission network, and the adjacent
AC network can be regarded as the AC power source of the second line. The key to a wire forming a "good perfor-
mance" transmission line is to keep its characteristic impedance constant throughout the line [1].

The basis for a circuit board to be called a "controlled impedance board" is to make the characteristic impedance
value of each circuit meet certain standard requirements, generally around 25 ohms polarization and 70 ohms law.
On a multi-layer circuit board, the basis for good transmission line stability is to ensure that its characteristic imped-
ance is constant throughout the circuit.

But which one is the characteristic impedance? The easiest way to understand the characteristic impedance is to
see what difficulties the signal encounters when it propagates. When an object moves along a transmission line with
the same cross-section, it is similar to the microwave propagation shown in Figure 1. Suppose a one-volt current step
signal is added to this transmission line, such as a one-volt battery connected in series at the front end of the trans-
mission line (it is between the transmission line and the loop). If it is connected, this current wave information will
be transmitted along this line at the speed of light, and its propagation rate is generally about six inches/nanosecond.
Of course, it can be assumed that this information comes from the pressure difference between the transmission line
and the loop, which can also be judged by the difference between any adjacent points in the transmission circuit and
the circuit. Figure 2 is a schematic diagram of the propagation of this current information.

At the next 0.01 nanosecond, the current difference of a 0.06-inch transmission line needs to be changed from zero
to 1 volt. At this time, a part of positive charge needs to be added to the transmission circuit, and then a part of
negative charge needs to be added to the receiving circuit. For every 0.06-inch movement, more positive charge needs
to be added to the transmission circuit, and then more negative charge needs to be added to the circuit. And every
0.01 nanosecond, another part of the sending circuit needs to be charged, and then the information is transmitted
along this part. The charge mainly comes from the battery at the front end of the transmission line. When moving
along this section of the line, it charges the continuous part of the entire transmission line, so a current difference of
one volt is generated between the transmission line and the AC power supply. Every time it moves forward about
0.01 nanosecond, a little electricity (+Q) can be obtained from the battery. The certain amount of electric energy (£Q)
flowing from the battery within a certain time interval (£t) is a constant current. The negative current entering the
output circuit is actually equivalent to the positive current flowing in the middle, and is just at the forefront of the
signal wave, while the AC current passes through the capacitor composed of the upper and lower circuits, thus com-
pleting a cycle.

4. Design goals
4.1 Battery and input conversion part

All input signal lines are introduced from DATA, pin 1 is the ground line, and the rest are signal lines. Note that there
is a high resistance current of about 2K ohms from pin 1 to the ground interface. After the driver disk and the micro-
controller are output respectively, this current can be used as a channel for the output voltage to return.

Another important feature of the high-speed op amp KF347 (TL084 can also be used) is the comparator, which
compares a logic signal with a 2.7 V reference signal on a certain high-voltage diode from the indicator light, and
then converts it into a square wave signal of the power supply load frequency in the data area. The maximum input
current of KF347 must not exceed the current range of the negative source, otherwise it is easy to make mistakes. So
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a diode is added next to the op amp to avoid leakage of the highest output current within the highest output current
range.

4.2 Gate drive part

When the end of the operational amplifier reaches the minimum voltage value and the effective voltage (about 1 V
to 2 V, which cannot reach zero completely), the bottom expansion transistor is cut off and the field effect tube is
turned on. The upper expansion transistor is turned on, and the field effect tube is cut off and output to a higher level.
But when the back-end current of the op amp reaches a higher level (about VCC- (1 V to 2 V), which cannot reach
VCC completely), the bottom expansion transistor is turned on and the field effect tube is cut off. Then the upper
expansion transistor is cut off. If the lower field effect tube is turned on, the process of outputting the upper part is
the most basic, and then the next is the dynamic reaction of the current conversion of the starter: since the current
after the upper expansion transistor is turned on is much lower than 2 kilo ohms, if the cut-off current of the upper
expansion transistor is converted into the current that will be turned on, the charge on the boarding gate capacitor of
the upper field effect tube will change quickly, and the current of the lower field effect tube will also be cut off quickly.
This is still effective at the lowest voltage.

If the related work of the two gas-filled triodes is carried out synchronously, this circuit can make the field effect
tubes of the upper and lower arms disconnected first and then turned on, thus reducing the common-state conduction
problem. But in fact, the current change of the op amp also needs a certain amount of time, and the maximum output
current in a period of time must reach the middle difference between the addable or subtractable power supply voltage.
At this time, as long as the two gas-filled triodes are turned on together, the field effect tubes can be turned oft together.
However, the actual circuit is still safer in this ideal state.

The FET gate is used to prevent the overvoltage breakdown of the FET gate. The withstand voltage of the ordinary
FET gate is only 18V to 20V, but it is easier to break down if a 24V current can be directly added. Therefore, this
high-voltage withstand diode has not been completely replaced by the general timing diode. However, if it can be
directly replaced by a 2,000-ohm output current, a 12V voltage division can be obtained.

4.3 Field effect tube output part

There is a separate reverse series diode between the source and drain of the high-power field effect tube, which is
connected to the passage of the H bridge. There are also four diodes in series on the output side that are specifically
used to reduce the peak current, but here there is no external freewheeling high-voltage diode. The relatively small
current (between outl and out2) in series on the output side still has certain advantages in reducing the peak current
generated in the generator. However, since there will be side effects of generating peak current when using PWM
mode, there is no big problem with the capacitor. If a low power factor power transformer is selected, this capacitor
can be omitted. However, if this capacitor is selected, it must be selected with high current resistance, while the
general white porcelain chip capacitor will only produce high current after breakdown short circuit.

4.4 Performance indicators

The power supply voltage is generally 15-30V, and the maximum output voltage is generally 5 A/each motor. In the
shortest time (10 seconds), it can reach 10 A, and the PWM frequency can be up to 30 KHz (generally 1 to 10 KHz).
The four logic ports on the circuit board are all independent, and the output interface is connected to an H-bridge dual
power amplifier unit, which can be completely controlled by the microcontroller. The two-way rotation and speed
regulation of the microcontroller are realized.

4.5 PCB layout and wiring

The large current line must be as short and thick as possible, and the pass must be as good as possible. If the pass
must be made well, it must be made larger (> 1 mm), and then a smaller pass must be made on the pad. In the future,
it must be filled with solder before welding, otherwise it will burn out easily. At the beginning of the experimental
operation, a current from zero to five ohms was connected between the source and ground of the NMOS tube as a
test current, and later this current became the main reason for the continuous damage to the board. Of course, if the
voltage regulator tube is replaced with a resistor, this situation will not occur [6, 8].
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From the perspective of thermal management, increasing the temperature of the copper surface on the PCB is also
a good way. In the traditional mode, managers will purchase a large amount of thick copper foil materials to achieve
the relevant purpose. A large number of practices have shown that this method of increasing the temperature of the
copper surface materials will consume a lot of development costs. Managers need to hire a large number of technical
staff to optimize and modify the external shape of a large number of copper foil materials. Therefore, in real life,
most people will choose one ounce of copper foil materials, especially for different types of multi-layer integrated
circuit board materials. The solid copper material of the internal structure will produce a certain heat dissipation effect
combined with its own characteristics. However, there are still some technical managers who do not follow the na-
tional design technical standards and install the copper foil internal copper surface structure in the middle of the
circuit board stack. Therefore, the heat problem will also be concentrated in the control circuit board. In response to
this phenomenon, technical managers should give full play to their subjective initiative, use their actual work expe-
rience and professional technical knowledge to uniformly expand the copper material PCB part, and use advanced
mechanical equipment to centrally weld the relevant important components through multiple through holes. In this
case, the relevant copper material will transfer a large amount of heat energy to the circuit board shell structure within
a specific time [9].

After further understanding, it is found that in real life, once the circuit structure of the internal circuit board is
more complicated, it will indirectly lead to the heat dissipation effect of the double-layer PCB being affected by
various external objective factors. In this regard, local governments and managers should use advanced computer
technology to timely update and learn advanced heat dissipation methods at home and abroad. For example, they
should centrally purchase a proper amount of solid copper surface materials with good quality. After the IC structure
inside the generator driver can produce obvious heat dissipation practical functions, relevant personnel should
promptly install corresponding copper-clad areas on two different copper shell surface structures, and at the same
time, they should centrally connect a large number of thermal vents closely with related structures to promote the
reasonable separation of multiple winding coils to dissipate heat.
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