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This article analyzes the structure of the wireless sensor circuit, considering the balance of power consumption, integration, area,
noise, etc., and adopts a radio frequency wireless sensor circuit with a low-IF structure. Through the analysis and comparison of
traditional analog current trigger and digital current trigger structure, the feed-forward current trigger structure is selected, which
is composed of received signal strength indicator (RSSI) and variable gain amplifier (VGA), which achieves low power
consumption, fast stabilization time, and wide dynamic range design. The received signal strength indicator adopts the form of
approximate logarithmic amplifier, five-stage double feedback loop structure, and realizes lower power consumption. In order
to prevent the load current trigger from entering the speed saturation zone, a gain unit structure in which the superimposed
current trigger is connected to the NMOS tube as the load is proposed. The test results show that the circuit has a good power
consumption performance (1mW) and at the same time 56.8 dB/m sensitivity. In this paper, through the analysis of the
current trigger system and the analysis and comparison of the existing variable gain amplifiers, the variable gain amplifier
structure composed of the folded wireless sensing unit and the index control unit is adopted. In order to reduce the power
consumption of the circuit and increase the output swing, a structure in which the two-stage folding wireless sensor unit
shares the controlled voltage-to-current part of the circuit is proposed. Aiming at the design requirements of the system, this
article discussed in detail the architecture of the entire temperature measurement node and the design parameters of the chip
and completed the overall architecture design of the chip. The simulation results of the steady-state temperature rise of the
electric heating field show that the circuit has achieved an input dynamic adjustment range of more than 60 dB, the maximum
power consumption is 1mW, and the linearity error is less than 0.5 dB. The designed automatic gain control circuit is
implemented in SMIC 0.18 cape CMOS process. The simulation results of the steady-state temperature rise of the electric
heating field show that the circuit has a 56 dB input dynamic adjustment range within a linear error of 1.25 dB, and the time
constant is 7.55ms, and power consumption is 2.84mW. Through the steady-state temperature rise simulation and test results
of the electric heating field, the correctness of the design is verified and it meets the system requirements.

1. Introduction

With the rapid development of wireless communication
technology, sensor technology, system-on-chip technology,
etc., the wireless sensor network (WSN), called the periph-
eral nerve of the Internet of Things, has once again become
a research hotspot at home and abroad and is widely used in
military defense, industrial control, and environment sur-
veillance and medical and health fields [1]. The radio fre-
quency wireless sensor circuit is an important interface for

wireless communication in the wireless sensor network,
and its performance directly determines the quality of com-
munication [2]. With different working environments and
changes in distance, the signal power received by the
antenna has a large dynamic range. In order to provide the
optimal output amplitude for the baseband processing, the
automatic gain control (current trigger) circuit is particu-
larly important [3]. The research of this paper is based on
the low-IF structure radio frequency wireless sensor circuit
system, focusing on the design and chip realization of the
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automatic gain control circuit, and verifies the correctness of
the design through the steady-state temperature rise simula-
tion test of the electric heating field [4]. The wireless sensor
network is a multihop self-organizing network, which is
formed by a large number of cheap micro sensor nodes in
the monitoring area through wireless communication [5].
The wireless sensor network connects the physical informa-
tion of the objective world through a wireless network,
which greatly expands people’s ability to obtain information
and provides people with the most direct and true informa-
tion [6].

The wireless sensor network is mainly composed of a
large number of sensor nodes. As the basic unit, the sensor
nodes are the main task objects for collecting and transmit-
ting information. They all have the characteristics of small
size, low cost, ability to collect and process related data,
and wireless communication functions [7]. The life span of
the sensor node is determined by the battery that provides
energy. The volume of the node itself is relatively small
due to the requirements of the application environment, so
the size of the battery is correspondingly limited, and the
energy it has is also substantial [8]. And it is because many
applications of sensor nodes require the use of unmanned
conditions, so that the network can extend the working time
as much as possible without replacing the battery, which has
become another hot spot in the research of wireless sensor
networks [9]. As the only energy source of the entire sensor
node, the battery needs to support the subsequent detection
and information processing of the node, but the operating
voltage required by these parts is greater than the voltage
value that the battery can provide. The battery voltage is
boosted to the power supply voltage required by the subse-
quent circuit. In order to extend the battery life on the pre-
mise that the stored charge of the battery remains the
same, we improve the conversion efficiency of the switching
power supply, reduce its power consumption is the best way,
and at the same time compress the area of the switching
power supply integrated in the node to be smaller, so that
the performance is optimized [10].

According to the performance indicators and functional
requirements required by the system, this paper designs and
analyzes the structure of the circuit system, studies the selec-
tion of peripheral circuits, and finally proposes the wireless
sensor circuit hybrid electric heating field steady-state tem-
perature rise modulation method. The chip system designed
in this paper has a working frequency of 600 kHz, a stable
operating temperature of -40°C to 125°C, an input voltage
range of 3V to 20V, an external inductance of 2.2μH, and
built-in undervoltage protection and current-limiting pro-
tection with overtemperature protection and soft start and
other chip protection functions. The thesis then explained
the working principle, circuit design, and electric heating
field of important modules of the chip system including
bandgap reference circuit, linear regulator, current limit
detection circuit, peak current detection circuit, undervol-
tage latch circuit and over temperature protection circuit
for simulation verification, and analysis of steady-state tem-
perature rise. Based on the 0.35μm BCD standard process,
the boost circuit chip system designed in this paper can be

obtained after circuit design and steady-state temperature
rise simulation analysis of the electric heating field under
typical application conditions. The collision problem of
wireless data transmission is a more troublesome problem
in this system, because the sensor node in this system does
not have a wireless receiver, so there is no synchronization
method between the sensors. The output voltage ripple of
the chip system can reach about 40mV. The rate is
0.65%/V, and the actual conversion efficiency can reach
more than 90%. The chip meets the initial design indicators
and functional requirements of the system. A new circuit is
obtained through theoretical calculations, and then, through
the ADS schematic diagram, layout, and the RF circuit cal-
culated by cosimulation, the simulation parameters of the
two RF circuits are compared, and finally the improved cir-
cuit is tested, and the network distance and diffraction
experiments are passed. Finally, the Cadence software is
used to simulate the steady-state temperature rise of the
overall electric heating field under different input voltage
and output load conditions.

2. Related Work

Power conversion circuits for self-powered wireless sensor
nodes have long been a research hotspot at home and
abroad, but there are very few power conversion products
that can be used in actual power conversion. The reason is
that high conversion efficiency under low input power has
not been achieved. In recent years, with the continuous
improvement of people’s demand for quality of life, the
research on wireless sensors has gradually shifted from mil-
itary applications to people’s daily life applications [11]. At
the same time, with the rapid development of system-on-
chip (SOC) and very large-scale integrated circuit (VLSI),
wireless sensor chips are developing towards miniaturization
and low power consumption, wireless transmission, and
multiple intelligence. With the rapid development of wire-
less sensor networks in recent years, the demand for high-
efficiency power converters has become more and more
urgent, and the market has become larger and larger [12].

Bendary et al. [13] of the Virginia Institute of Technol-
ogy in the United States and others have developed a wire-
less sensor that collects the vibrational mechanical energy
of the human heart. The energy harvesting device can output
2.9mW power under the excitation of 50Hz vibration fre-
quency, which can be used for structural health inspection.
The self-powered technology based on vibrating mechanical
energy has the advantages of small size, process compatibil-
ity with traditional semiconductor processes, and a wide
range of application environments. However, the disadvan-
tage is still that the power is small, and the integration of
the vibrating mechanical energy collection device is not
high, and the assembly is difficult. Although the technology
of large-scale power generation devices is mature, it is not
suitable for wireless sensor nodes. Therefore, small-scale
wind power generation technology with small size and low
wind speed requirements has been developed. Gomati et al.
[14] used piezoelectric technology to create a small wind tur-
bine with a power of 50mW, with an efficiency of 11%. Wu

2 Journal of Sensors



et al. [15] of the University of Brescia and others designed a
wireless sensor node for monitoring air temperature and
wind speed based on wind power generation. The wind
power generation device can output 45mW at a wind speed
of 9m/s. The space is full of electromagnetic waves, and elec-
tromagnetic energy can be converted into electrical energy
by using the principle of electromagnetic induction. How-
ever, the electromagnetic wave energy density in space is
limited, and the power of this self-powered method is too
low, so it is generally used in places with high electromag-
netic field strength such as substations. Zaghari et al. [16]
of the University of South Preston in the United Kingdom
developed a wireless sensor node that collects electromag-
netic vibration energy and provides an output power of
58μW.

As an important part of the wireless sensor network,
the wireless sensor chip has always been a research hot-
spot in academia. Professor Ji et al. [17] developed an
ultralow power temperature sensor module based on food
monitoring that can be integrated on RFID tags. The chip
biases the MOS tube of the sensor in the subthreshold
region, which makes the power supply voltage of the sen-
sor part as low as 0.5V, thereby greatly reducing the
power consumption of the module. At the same time,
the sensor uses an inverter chain temperature measure-
ment method; this method has a lower accuracy than the
traditional BJT-based temperature measurement method,
but the circuit is simple and the power consumption is
lower. The experiment measured that the power consump-
tion of the chip is only 119nW at a sampling rate of 333,
and the temperature measurement accuracy can reach +1/-
0.8°C (temperature measurement range -10 to 130°C).
However, the abovementioned circuit only stays in the
module stage and only realizes the temperature collection
and does not realize a complete sensor node. Low-
voltage domain and subthreshold circuit design can reduce
the power consumption of digital circuits more signifi-
cantly. Digital circuits can work in a very low-voltage
domain at the expense of speed. At the same time, low-
voltage design also reduces the power consumption of dig-
ital circuits to a certain extent. The team of Professor
Mazumdar [18] of the University of Michigan in the
United States used the TSMC0.18 process to develop an
intraocular pressure sensor with a volume of less than 1,
which is mainly used to help glaucoma patients monitor
intraocular pressure in real time and prevent unnecessary
blindness caused by abnormal intraocular pressure. The
whole sensor contains two integrated chips: top chip and
bottom chip. Top chips mainly include solar devices and
wireless transceivers, while bottom chips mainly include
capacitance-to-digital converters, microprocessors, and
SRAM. In order to reduce the power consumption of the
microprocessor and SRAM, VDD is reduced to 0.45V,
which makes its power consumption only 90 nW. The
entire sensor module is implanted into the human eye,
and the sensor uses the light passing through the human
cornea to obtain energy and transmits the intraocular
pressure readings to the external receiving terminal
through wireless communication [19–22].

3. Construction of the Steady-State
Temperature Rise Model of the Electric
Heating Field of the Wireless Sensor Circuit
Fault Current Trigger

3.1. Hierarchical Distribution of Wireless Sensor Modules.
The wireless sensor node is mainly composed of four parts:
sensor module, processor module, wireless communication
module, and energy supply module. Figure 1 shows the hier-
archical distribution of wireless sensor circuit modules. Mul-
tiple wireless communication modules constitute a wireless
communication system. After the data from the application
interface is modulated and upconverted by the steady-state
temperature rise of the electric heating field of the transmit-
ter, it is radiated through the antenna and propagated in the
communication channel. After the wireless sensor circuit
receives the relevant signal, it undergoes downconversion
and demodulation to restore the data to the original format
and then transmits it to the application interface.

In the wireless communication module, the radio fre-
quency transceiver plays a vital role, and its performance
directly determines the quality of the communication. A
wireless sensor network is a wireless network composed of
stationary or moving sensors in a self-organizing and multi-
hop manner. In the network coverage area, it is for the pur-
pose of sensing, collecting, processing and transmitting the
information of the sensing object, and sending it to users.

X t½ � = t ∈ R ∣ x ið Þ,  i = 1,⋯,nf g: ð1Þ

The wireless sensor network integrates the three disci-
plines of computer, communication, and information per-
ception. From the perspective of computer science, it is a
typical self-organizing multihop network; from the perspec-
tive of communication methods, it uses wireless communi-
cation methods, which can save a lot of data lines; from
the perspective of information perception, its deployment
purpose is to obtain information, and different sensor forms
are required for different application scenarios.

∇2 α − 1
a2 + 1 × ∂2α

∂t2
+ ρ

ε
= 0: ð2Þ

The basic function of wireless sensor network is to col-
lect, transmit, process and store various information in the
physical world, and then submit it to users who are inter-
ested in the information. In order to realize this function,
the wireless sensor node includes the following modules:
sensor module, processor module, wireless communication
module, and energy supply module.

y n + 1ð Þ = A × X n + 1ð Þ − t × x nð Þ: ð3Þ

Compared with traditional wireless networks (such as
WLAN), wireless sensor networks have very different design
goals. Traditional wireless networks mainly improve band-
width utilization in highly mobile environments as much
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as possible, while ensuring a certain quality of service.

h xð Þ =
ε i, nð Þ × x tð Þ, 0 < t < 1,
δ i, nð Þ × x tð Þ, t > 1,
y nð Þ × x tð Þ, t < 0:

8
>><

>>:

ð4Þ

In the wireless sensor network, most of the sensor nodes
are stationary, and only a few nodes need to be moved. Its
core problem is to design an effective strategy to extend
the life cycle of the network as much as possible. Sensor net-
works also have technical requirements that are significantly
different from traditional wireless networks. The former is
data-centric, and the latter is data-transmitting.

f x + 1ð Þ − f xð Þ = ∂
y x, nð Þ
x nð Þk k2 × x nð Þ: ð5Þ

It mainly includes distributed sensor nodes, aggregation
nodes, task management nodes, the Internet, and satellites.
Sensor nodes are usually randomly distributed in the moni-
toring area. Each node can collect information and route the
information to the sink node through a multihop
infrastructure-free structure.

x2 t, nð Þ − x t, nð Þj j2 − 2∣x t, nð Þ∣ × cos α = 0: ð6Þ

Then, the sink node communicates with the task man-
agement node through the Internet and satellites. The user
configures and manages the wireless sensor network through
the task management node, releases monitoring tasks, and
collects monitoring data.

3.2. Topological Structure of Circuit Steady-State
Temperature Rise. The so-called steady-state temperature
rise modulation method of the electric heating field is to
control the switching state of the power switch tube through
a certain logic circuit to obtain the required output voltage
and duty cycle and make the output voltage not change with

external factors such as load or input conditions.

∂2α
∂x2

+ ∂2α
∂y2

+ ∂2α
∂z2

− f xð Þ = 0: ð7Þ

There are mainly four modulation methods for the
steady-state temperature rise of the electric heating field of
the converter: PWM electric heating field steady-state tem-
perature rise modulation method, PFM electric heating field
steady-state temperature rise modulation method, PSM elec-
tric heating field steady-state temperature rise modulation
method, and hybrid electric heating field steady-state tem-
perature rise modulation method.

α xð Þ − α x − 1ð Þ
∑a tð Þ ×w xð Þ = 1,

β xð Þ − β x − 1ð Þ
∑b tð Þ ×w xð Þ = 1:

8
>>><

>>>:

ð8Þ

The steady-state temperature rise modulation method of
the PWM electric heating field means that when the load
condition or the input voltage changes, the switching fre-
quency is not changed, but the loop is adjusted by changing
the duty cycle of the inductor charging and discharging time,
so that the output voltage is maintained stable and unchang-
ing. Figure 2 shows the fan diagram of the load modulation
ratio of different circuit temperature rise topology modules.
PWM has better conversion efficiency and linearity in a wide
load range, especially under heavy load conditions; the
response to load changes is faster, because the switching fre-
quency remains the same. Compared with other electric
heating, the field steady-state temperature rise modulation
method is easier to filter out noise, which is a good choice
for noise-sensitive systems. However, the efficiency is low
under light load conditions, the static power consumption
is relatively large, and due to the limitation of the minimum
on-time of the switch tube, the adjustment range of the out-
put voltage will be narrowed.

The reference voltage Vref is used as the positive input
voltage of the error amplifier, and the feedback voltage
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Figure 1: Hierarchical distribution of wireless sensor circuit modules.
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VFB (that is, the divided voltage of the output voltage) is
amplified by the error amplifier EA to obtain the VCOMP
signal. The signal is compared by the PWM comparator,
and a PWM output result is obtained to control the switch-
ing state of the power tube. Assuming that the output volt-
age VOUT increases, the obtained feedback voltage VFB
increases, the VCOMP signal output by the error amplifier
decreases, and the output pulse width obtained by compar-
ing with the constant frequency sawtooth wave is trans-
formed accordingly, so that the charging time duty ratio of
the power tube decreases to adjust the output voltage to a
stable state. The difference between the feedback voltage
obtained by dividing the output voltage and the reference
voltage Vref is used for error amplification to obtain an error
amplification signal, which changes the corresponding clock
frequency through an oscillator. The entire temperature
measurement node is a temperature measurement system
with low power consumption wireless sensor temperature
measurement chip as the core, self-energy module, DC-
DC, timer, and other off-chip modules as auxiliary tempera-
ture measurement system. Under normal circumstances,
PFM has two ways: one is to keep Ton unchanged and
change Toff, that is, to change the control signal by changing
the length of the low potential while keeping the frequency
signal at a constant high potential. There is another way to
keep Toff unchanged and change Ton, that is, to change
the duty cycle of the control signal by changing the duration
of the high potential while maintaining the low potential of
the frequency signal for the same time.

Figure 3 shows a schematic diagram of the circuit’s
steady-state temperature rise topology. When Vctl is high
to turn on the power switch NM1, the rectifier current trig-
ger D is reversely cut off, the voltage across the inductor L is
VIN, and the input voltage VIN charges the energy storage
element inductor L. As time increases, the inductor L
increases proportionally; when the Vctl signal changes from
a high level to a low level, the power switch NM1 is turned
off, the rectifier current trigger D is turned on, the voltage
across the inductor L is VOUT-VIN, and the voltage direc-
tion is reversed. The voltage sources collectively charge the

capacitor C through the rectifier current trigger D. The
inductor current decreases linearly with time, and the charge
on the capacitor gradually accumulates to increase the out-
put voltage VOUT. When the power switch NM1 is turned
on, the inductor current increases proportionally with the
increase of time; when the rectifier current trigger D is
turned on, the inductor current decreases proportionally
with the decrease of time. During the time when the power
switch NM1 is turned off, the current of the inductor L
drops to 0, and the inductor L keeps the stored energy at 0
during the remaining time when the power switch is turned
off. This kind of switching power supply is called working
intermittently with the inductor current. In the same way,
if the minimum value of the inductor current drop is greater
than 0 during the entire power switch NM1 turn-off period,
the switching power supply is said to work in the inductor
current continuous mode (CCM).

3.3. Optimization of Circuit Node Layout. The main task of
the sensor node is to monitor and collect environmental
information. The relay node mainly acts as a bridge to con-
nect the sensor node and the routing node in order to
expand the transmission distance. The main task of the con-
trol center is the establishment of the network and data for-
warding. The node hardware in the three networks is almost
the same, and the hardware can be distinguished through
software. Generally, sensor nodes should have the following
functions, that is, collecting information, processing infor-
mation, and transmitting information. According to this
first function, the sensor node should have the ability to col-
lect such as temperature and light intensity, so the node
hardware should have temperature and light sensors. In
the wake-up mode, the energy supply module provides
energy to the sensor node to make the sensor node work
normally, and once the work is completed, the sensor enters
the sleep mode. In the sleep mode, the power of most mod-
ules of the node is turned off, and the energy obtained by the
self-power module is stored in the super capacitor until the
next time the sensor is awakened and enters the wake-up
mode. A large number of distributed wireless sensor nodes
are an important part of the wireless sensor network, and
they are the eyes of the wireless sensor network. Table 1
shows the hierarchical distribution of information transmit-
ted by circuit nodes.

Each wireless sensor node is a small system, including
sensors, microcontrollers, data storage, wireless transceiver
modules, and power supply modules. The sensor node needs
to upload the temperature information of the temperature
measurement point every minute, so the entire sensor node
needs to enter the wake-up mode once every minute, and
then return to the sleep mode after uploading the tempera-
ture information to save power consumption. After the
upload is complete, the digital control module of the sensor
node will generate an “upload complete” signal to turn off
the power switch again, so that the sensor node will return
to sleep mode. Figure 4 shows the schematic diagram of
the wireless sensor circuit node layout.

Different from traditional wireless sensor nodes, self-
powered wireless sensor nodes have energy harvesting
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Circuit modulation 4 
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Figure 2: Fan diagram of load modulation ratio of different circuit
temperature rise topology modules.
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modules to obtain thermal energy, vibration mechanical
energy, wind energy, light energy, and electromagnetic
energy from the environment and achieve energy self-
sufficiency. The energy harvesting device converts the
acquired environmental energy into electricity in the form
of energy, which is converted to other modules for use
through the power conversion module, and the remaining
power is stored in the energy storage device. The AC-DC cir-
cuit is composed of a voltage conversion loop and a feedback
control loop, supplemented by an input and output protec-
tion circuit. The voltage conversion loop controls the output
voltage through the transformer coil turns ratio and the
switch duty cycle, and the feedback control loop compares
the sampled voltage with the reference voltage to control
the switch duty cycle. The voltage conversion loop and the
feedback control loop form a loop to jointly control the out-
put voltage to ensure the stability of the output. As the work-
ing speed of the circuit becomes faster and faster, the signal
transmission speed becomes higher and higher. The PCB

wire is not only a device interconnection tool. At this time,
it must be ensured that it can accurately transmit the signal
to the input end of the device. The whole temperature mea-
surement node is a temperature measurement system with
low power consumption wireless sensor temperature mea-
surement chip as the core, self-energy module, DC-DC,
timer, and other off-chip modules as auxiliary temperature
measurement system. The temperature measurement chip
completes the temperature collection, processing, and wire-
less transmission during the “enable” phase.

4. Application and Analysis of the Steady-State
Temperature Rise Model of the Electric
Heating Field of the Wireless Sensor Circuit
Fault Current Trigger

4.1. Circuit Failure System Design. The wireless sensor node
is divided into multiple modules according to the circuit
function. According to the signal flow, the temperature sen-
sor first converts the temperature of the collection point into
an analog electrical signal, which is amplified by an amplifier
and connected to an analog-to-digital converter (ADC). The
analog signal is digitized by the ADC. After the digital con-
troller receives the temperature digital code, it integrates the
temperature information into a data packet that conforms to
the communication protocol and transmits it to the wireless
transmitter (TX) through the antenna. Figure 5 shows the
oscillation frequency curve of the wireless sensor circuit.
The PLL in TX receives the signal from the external crystal
oscillator and generates a reference frequency. It can not
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Figure 3: Schematic diagram of the circuit’s steady-state temperature rise topology.

Table 1: Hierarchical distribution of transmission information of
circuit nodes.

Circuit
node index

Temperature
range/°C

Signal
delay/ms

Dielectric
constant/(F/

m)

Poisson’s
ratio

1 0-80 21.5 3.5 0.31

2 -10-80 22.1 1.9 0.35

3 20-100 35.1 11.9 0.27

4 -20-120 31.7 2.1 0.29
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only be used as the carrier frequency when TX itself is trans-
mitting, but it can also generate some clock signals through
frequency division for ADC and digital controller. When I
= 400nA, the clock cycle is 11.36ms, and the clock fre-
quency is 88.0 kHz; when I = 300nA, the clock cycle is
13.32ms, and the clock frequency is 75.1 kHz; when I =
200nA, the clock cycle is 16.76ms, and the frequency of
the clock is 59.7 kHz. As the load decreases, the oscillation
frequency gradually decreases, thereby reducing the switch-
ing frequency of the system and reducing the system power
consumption.

The input of the analog-to-digital converter is two sinu-
soidal signals with a common mode of 1V with opposite
phases and an amplitude of 0.7V, so that the differential
input is a sinusoidal signal with -1.4V~1.4V, the reference
voltage is 1.4V, and Clks is a pulse width of 500 ns, periodic
square wave with a period of 2.5ms. At the same time, for
the convenience of testing, a 10-bit ideal DAC is connected
after the ADC. In the simulation of steady-state temperature
rise of the electric heating field, the power supply voltage is
0V at time 0 and reaches 2V at 0.25ms. The design princi-
ple of the start-up circuit is that during the power-on process
of the circuit, the start-up circuit works to make the bias cir-
cuit out of the degeneracy point. After the bias circuit works

normally, the start-up circuit is closed and cannot affect the
operation of other circuits. In the steady-state temperature
rise simulation results of the electric heating field, it can be
seen that the output of the temperature sensor is stable after
about 3.5ms after the power is turned on. This time is very
sufficient for the entire system, because the stabilization time
of the PLL is about 180ms or so. A voltage (bandgap refer-
ence) that does not change with temperature is generated
during the design of the temperature sensor. Under the
XFAB 0.35μm process used in this design, the bandgap ref-
erence is approximately 1.2V.

In the circuit design, it is likely that other values of volt-
ages that do not change with temperature are also needed.
For example, the ADC in this system requires a 1.4V refer-
ence voltage, so a reference voltage generation module is
needed to generate these voltages using a bandgap reference.
The sampling rate represents the number of data points that
the analog-to-digital converter can output per unit time. The
sampling rate of the analog-to-digital converter in this arti-
cle is 400ms, which means that the analog-to-digital con-
verter in this article can output 400 k data points per
second at the fastest. Figure 6 shows the distribution of scat-
ter points of the temperature rise resolution of the electric
heating field of the circuit. The average power consumption
in the above table represents the average power consump-
tion of the analog-to-digital converter at a sampling rate of
400ms. The ENOB of the analog-to-digital converter in this
article reaches 9.75 bits, which means that the temperature
measurement resolution can reach 0.163°C within the tem-
perature measurement range (-20~120°C).

4.2. Steady-State Temperature Rise Simulation of Electric
Heating Field in Wireless Sensor Network. Here, we use Agi-
lent’s ADS (Advanced Design System) software to simulate
the steady-state temperature rise of the electric heating field
at the schematic level and layout level of the circuit. ADS is a
steady-state temperature rise simulation software for micro-
wave circuits and communication systems launched by Agi-
lent. It is the most widely used software in the industry
today. It is used in communication systems and microwave
radio frequency circuits. In the schematic-level electric heat-
ing field steady-state temperature rise simulation, it can
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Figure 5: Oscillation frequency curve of wireless sensor circuit.
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realize the steady-state temperature rise simulation of the
electric heating field in the time domain and frequency
domain, linear and nonlinear, and can analyze the design
results and optimize the circuit. It is an excellent microwave
RF design tools. And it can be directly interconnected with
EDA software such as Cadence, and the produced PCB file
can be directly imported into ADS to simulate the steady-
state temperature rise of the electric heating field at the
board level, which is very convenient for application. In
the case of high frequency, the copper wire that transmits
the signal on the PCB can be regarded as a combination of
series equivalent resistance, inductance, and parallel capaci-
tance. Knowing from the signal integrity knowledge, when
the transmission line impedance does not match, problems
such as reflection will occur, reflection question will reduce
the transmission performance and affect the transmission
distance, and effective circuit matching can make the signal
energy flow from the power source into the load effectively.
Figure 7 shows the trend of the loop gain of the wireless sen-
sor circuit with the load. When the load current I = 1mA,
the loop gain is 41 dB and the phase margin is 95; when
the load current I = 100μA, the loop gain is 61.6 dB and
the phase margin is 56. From the simulation results of the
steady-state temperature rise of the electric heating field, it
can be obtained that the LDO circuit can remain stable
within the required load variation range.

The temperature compensation and overtemperature
protection circuit designed in this article consists of PMOS
tubes MP1~MP7, NMOS tubes MN1~MN5, resistors
R1~R6, two capacitors, two transistors, two inverters, and
one Schmitt trigger. The operational amplifier is composed
of, among them, MP1 and MP2, MP3, MP4 and MP5,
MP6 and MP7, MN4 and MN5 are all current mirror con-
nections, and the operational amplifier OP, NMOS tube
NM3, and resistor R3 form a negative feedback loop. These
ports need to be set to the internal port mode, that is, in
the layout electric heating field steady-state temperature rise
simulation, it is regarded as the characteristic of the entire
circuit board for the electric heating field steady-state tem-

perature rise simulation, and the two ports of the differential
line need to be set as differential ports. The mode corre-
sponds to the actual circuit, and the antenna end is set to
single-port mode. From the PVT simulation results, the out-
put of the temperature sensor is slightly different under dif-
ferent process angles, and the DC deviation can be
eliminated by single-point calibration. But under different
process angles, the output linearity is better. From the per-
spective of comprehensive system requirements, the simula-
tion results of the above circuit are acceptable. Two of the
differential ports are set to 60 ohms for the conjugate match-
ing of the ports to achieve the maximum power reception at
the antenna end, and the antenna port is set to 50 ohms to
meet the impedance matching of the antenna. Table 2 shows
the port amplitude frequency characteristics of the wireless
sensor circuit. After the above settings are completed, we
select the RF simulation mode and set the scan frequency
to 300-500Hz.

From the simulation results of the steady-state tempera-
ture rise of the electric heating field, it can be seen that when
the load current jumps from 100μA to 1mA, the under-
shoot voltage is 122mV and recovers to 5V after 2.7ms;
when the load current jumps from 1mA to 100μA, the over-
shoot voltage is 148mV, and the recovery time is 2.4ms. We
can see that the VH voltage starts to rise from 5V and needs
to rise to be greater than the upper threshold voltage before
the undervoltage latch circuit will output a high level. Simi-
larly, when VH falls from 6V, it needs to fall to less than the
lower threshold voltage. The voltage latch circuit outputs a
low level. The upper threshold voltage VU = 5:52V, the
lower threshold voltage VL = 5:31V obtained by the
steady-state temperature rise simulation of the electric heat-
ing field, and the hysteresis is 210mV, which meets the
design requirements.

4.3. Example Application and Analysis. This design uses the
XFAB 0.35μm process, and the process manufacturer pro-
vides three design process angles for this process: tm (typical
mode), wp (worst power), and ws (worst speed). The digital
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Figure 6: Scattered point distribution of the temperature rise resolution of the electric heating field of the circuit.
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controller enters a waiting time of about 100 clock cycles,
that is, 60ms, waiting for the initialization of circuits such
as temperature sensors, amplifiers, and analog-to-digital
converters. When the input voltage of the circuit is
250mV, 900MHz, and the load is 20MΩ, the output voltage
of the voltage doubler rectification can be obtained, and the
final output can reach about 890mV, which can reach the
turn-on voltage of the wake-up circuit, and can provide
power for the subsequent stage. In fact, the initialization of
temperature sensors, amplifiers, analog-to-digital converters,
and other circuits does not take as long as 60ms. The reason
for this design is that the output frequency of the PLL needs
to be stable for data transmission, and the stability of the
PLL in this design takes about 180ms (about 300 clock
cycles). Figure 8 shows a three-dimensional histogram of
the line sensor circuit output stabilization time. In order to
make full use of the stabilization time of the PLL, the circuit
initialization time of about 60ms is artificially set in this
design, which will make the previous circuit more stable
and increase the robustness of the circuit.

From the simulation results of the steady-state tempera-
ture rise of the PVT electric heating field, it can be seen that
the output of the temperature sensor is slightly different
under different process angles, and the maximum difference
is 4.3°C. From the comprehensive system requirements, the
simulation results of the steady-state temperature rise of
the electric heating field of the above circuit are acceptable.
It can be seen that the output of the temperature sensor rises

linearly in the temperature measurement range of
-20°C~120°C. However, in the design of analog circuits, it
is not comprehensive to judge that the circuit is working
normally based on the above results, because there will be
many process errors in the manufacturing process of inte-
grated circuits, and it is precisely because of this that the
process manufacturers are providing the steady-state tem-
perature of the electric heating field. The layered model facil-
itates the reverse order verification after the experimental
function is developed, that is, the design and verification
from the bottom module to the high-level module is clear
and the purpose is clear. At the same time, it improves the
development efficiency and reduces the workload. When
the simulation model is upgraded, multiple process angle
models are provided for designers to use.

Figure 9 shows the line graph of the circuit’s temperature
rise conversion efficiency for different input voltages. The
main performance indicators of AC-DC circuits include
input voltage range, output power, output voltage ripple,
power supply regulation, load regulation, and efficiency: (1)
when the input voltage is between 5V and 10V, the circuit
can work normally, and the chip will not be broken down
by voltage. (2) The output voltage is adjustable, the maxi-
mum output power is 5W, and the typical application is
5V-1A output. (3) The size of the voltage ripple reflects
the stability of the output voltage. The AC-DC circuit
designed in this article requires that the output voltage ripple
does not exceed 3%. (4) The linear adjustment rate repre-
sents the ability of the output to remain unchanged when
the input voltage changes within the allowable input range
and is equal to the ratio of the change ratio of the output
voltage to the amount of change of the input voltage. The
AC-DC circuit designed in this article requires a linear
adjustment rate not exceeding 3%/V. (5) The load regulation
rate indicates the ability of the output voltage to remain
unchanged when the load of the circuit changes and is equal
to the ratio of the change ratio of the output voltage to the
change of the load current. The AC-DC circuit designed in
this paper requires the load regulation rate not to exceed
15%/A. (6) The AC-DC circuit designed in this article
requires conversion efficiency not less than 85%.
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Figure 7: The loop gain of the wireless sensor circuit varies with the load.

Table 2: Amplitude frequency characteristics of wireless sensor
circuit ports.

Circuit port
number

Signal
identification

Signal
amplitude/mV

Signal frequency
band/Hz

1 ECG 0.1-5 0.5-120

2 EEG 0.1-1 0.1-100

3 EMG 1-5 20-1000

4 EAG 0.1-2 0.2-100

5 EPG 0.5-5 1-1000
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5. Conclusion

Based on the wireless sensor circuit technology, a steady-
state temperature rise circuit system with high efficiency
and high stability is designed in this paper. Through the con-
version of the steady-state temperature rise modulation
mode of the PWM/PFM electric heating field under different
load conditions, the system can operate at full load and
achieve high conversion efficiency within the range. The
chip adopts the double-loop current control mode, which
can feedback the changes of the system and make corre-
sponding response faster, and it has achieved the purpose

of improving the dynamic responsiveness and stability of
the system. Most of the products currently studied at home
and abroad only focus on the efficiency within a certain load
range, while the efficiency under heavy load and light load
drops rapidly. The conversion efficiency is about 90% in
the full load range, and high stability is achieved to meet
the functions and performance indicators required by the
circuit design. This paper designs a wireless sensor network
system and tests the communication performance of the
designed module, which provides a theoretical basis for the
application based on RSSI and other parameters. In this
paper, through the simulation of the functional structure of
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the virtual digital experiment box, typical chips, and real
scenes, a vivid, interactive, and efficient experimental mode
is opened. Then, through the radio frequency part of the
steady-state temperature rise simulation system of the ADS
electric heating field, it can be known that the modified cir-
cuit can have better return loss after the steady-state temper-
ature rise simulation of the electric heating field, and
impedance matching is better than the original circuit
design.
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