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Abstract: Micro-electro-mechanical systems (MEMS) gas flowmeters are innovative devices that use
microfabrication technology to measure gas flow with high precision and sensitivity. With MEMS
technology, flow measurement can now be performed more accurately and compactly than ever,
using low-power, compact, and highly accurate sensors. MEMS gas flowmeters utilize various prin-
ciples to measure gas flow, including thermal, Coriolis, and pressure differential methods. A micro
flowmeter was developed by combining a MEMS sensor with a weak signal acquisition technique.
High heat isolation and sensitivity can be achieved using a MEMS sensor with a thermal resistor-
suspended VO: structure. Since SU-8 gum was used for the flow channel, the technology was simple
and affordable, making it suitable for batch production. To acquire high-resolution, low-noise data,
the following device used a super low bias current operational amplifier, aided by Guard ring pro-
tection, and a 24-bit high-resolution ADC. The sensor and data acquisition combination shows the
flow meter has favorable linearity and sensitivity between 0 and 50 mL/min at a specific offset volt-
age. Biochemical detection and medicine require a high sensitivity, stability, and low-cost flow me-
ter.

Keywords: micro flowmeter; MEMS; thermal resistor suspended structure; weak signal acquisition;
high-resolution ADC

1. Introduction

The MEMS system comprises a micro sensor, DSP, power, and specific function. Due
to its small volume, low power consumption, and delicate operation, nanoscience is be-
coming increasingly dependent on this technology [1]. In fields like biochemistry and
medicine, flow sensors must be able to operate at high precision, at a minimal volume,
and with a very short response time since flow rates generally range from L/min to
mL/min. During the past few years, there has been an increasing interest in flow sensors
based on MEMS technology because of their inherent characteristics [2]. Innovative
MEMS sensors for underwater applications and communications systems have been re-
ported [3-12].

To detect tiny flows, signal acquisition systems in this type of flowmeter should have
high resolution, for example, 0.01 mL/min. Thus, designing a signal acquisition system
that is low noise and high-resolution is essential. This paper proposes designing and fab-
ricating a micro gas flow sensor using the MEMS technique and designing and fabricating
a low-noise, high-resolution signal acquisition system, which directly correlates with the
sensor’s output. The flow meter must possess some specific advantages, such as high
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sensitivity and stability, to satisfy the needs of the applications in biochemical detection
and medicine. Furthermore, it should also be cost-effective.

2. Overall Design

Figure 1 illustrates the overall structure of the microflowmeter system. The MEMS
sensor produces a weak voltage signal depending on the gas flow. A high-resolution ADC
is used to sample a weak voltage signal, after which a low-noise operational amplifier
amplifies it, and the amplitude of the signal is then acquired by the MCU, which in turn
is used to calculate the corresponding flow velocity based on the sampled signal. Using a
serial port or an LCD display, the measurement results can be displayed and transferred
to the underlying computer to simultaneously display the curves for the measurements.
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Figure 1. Micro Flowmeter System Structure.
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Figure 2. Micro Flowmeter System Structure.

Flow meters represent the instrumentation of flow sensors and are used to measure
the amount of flow that passes through them. There are in principle five different flow
meter types: velocity flow, positive displacement flow, differential pressure flow, open
channel flow, and mass flow. Gas flow meters are one of the dominant types due to their
faster response and better accuracy than other flow meters. They can also be effectively
miniaturized and manufactured on silicon wafers. The emergence of MEMS has already
revolutionized the consumer electronics market for motion, pressure, and other sensors,
and similar micro-machining processes are now being adapted to fabricate flow sensors.
Flow sensing applications are typically high-mix and low-to-medium volume compared,
for example, to motion sensors that have become ubiquitous in hundreds of millions of
smartphones. This novel MEMS gas flowmeter with a temperature difference suspension
structure is designed to achieve high sensitivity, low power consumption, and precision
in measuring gas flow rates.

3. Sensor Design
3.1. Operational Principle of Sensor

In differential calorimetric flow sensors, thermal resistors are placed on both ends.
During gas flow, the heat distribution map created by the heat source moves, which
changes the resistance of upper and lower resistors. Based on this change, the gas flow
velocity can be calculated. Usually, a Wheatstone bridge is used to perform the estimation,
as shown in Figure 3 [13].
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Figure 3. Schematic representation of Wheatstone bridge.

It demonstrates [14] that determining the output voltage of a bridge is a complex
function that includes parameters for flow velocity, structure, and material characteristics.

3.2. Fabrication Process

Two thermal resistors are suspended in a flow channel in this flow sensor, forming a
thermal resistor-suspended structure. Unlike conventional structures, this structure has
no conduction from the base, which makes it highly effective at isolating heat. Conse-
quently, it has a high degree of sensitivity and rapid response time. 3R and 4R are preci-
sion resistors that remain stable regardless of temperature. We chose VO2, which has a
high resistor temperature coefficient, to prepare thermal resistors with a higher sensitiv-
ity. Due to VO2’s temperature coefficient of -3.4 x 102 K-1~4 x 102 K1 (Pt's TCR is 3.9 x
108 K1), the output voltage increases, resulting in a higher sensitivity. Aside from that,
VO2 is chemically inert, making it ideal for the stabilization of sensor electrodes [15]. Fig-
ure 4 shows the sensor’'s MEMS fabrication process.

Si0, SiN

Figure 4. MEMS Fabrication Process.

The fabrication process is described below.
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1. The oxide layer of SiO: is deposited on the silicon base. LPCVD is then used to
deposit a layer of SisNu as the thermal resistor-bearing beam.

2. The thermal resistor graph will appear after exposure.

3. After lifting off, deposit VO2 and obtain thermal resistors.

4. Photolithography is used to fabricate the flow channel graphic, which is covered
with positive photoresist. Release the thermal resistors by combining mechanical erosion
and corrosion with KOH.

5. To get the SU-8 gum mold graph, cover AZ4600 gum on the silicon chip.

6. By mechanical deep erosion, obtain SU-8 gum mold.

7. After the SU-8 gum has solidified, generate the microchannels.

8. Microchannels in SU-8 gum should be aligned with those in silicon chips.

4. Acquisition System Design
4.1. Guarding of Amplifying Circuit

The amplifier’s gain and noise performance affect measurements’ precision and res-
olution. Here, we use a low-biased current amplifier, the LMP7721. In addition to a bias
current limited to +20fA, the amplifier also possesses an offset voltage below 26 uV [16].
As a result of pollution or humidity, PCB resistivity decreases. Thus, leakage current will
occur at the input point due to potential differences between the input and other stations,
which cannot be ignored when detecting weak signals. Problems like this can be solved
with the Guard method. A guard is present at the sensitive node. It comprises a low-im-
pedance conductor with a potential raised to match the node’s voltage. The Guard Ring
passes the leakage current to the analog ground without interfering with the input [17].
To prevent leakage currents, the LMP7721 needs to be fully guarded.

4.2. High-Resolution ADC

It is necessary to have a high-precision ADC to acquire high-precision signals. Here,
we used the ADS1211, a four-channel, 24-bit high-precision ADC manufactured by B.B.
Corporation. ADS1211’s effective resolution is 20 bits, and a low noise programmable gain
amplifier further enhances the dynamic range [18]. For 5V, the theoretical resolution
would be 5000/220 = 0.005 mV.

4.3. Power and Layout

Power supplies, DC-DC ICs, and disturbances from digital to analog supplies gener-
ate considerable power noise. DC-DC ICs and batteries with low noise are recommended
to attenuate this type of noise. Separate power should be provided for analog and digital
components. A disturbance is isolated by putting an inductance between the AVDD and
DVDD if only one power supply is used [19].

In addition to the arrangement and wiring of the PCB, these factors strongly influence
the noise of the acquisition system. First, analog and digital devices should be arranged
separately. Second, there should be sufficient width between power lines to prevent the
spread of resistance and inductance. Lastly, the grounds for the digital and analog parts
must be laid separately and then connected via magnetic beads.

5. Experiment Results and Analysis

Figure 5 shows the velocity-output curve when the offset voltage is 10 V, 12 V, and
14 V. The increased output voltage from a higher offset voltage enhances sensitivity in the
1~50 mL/min range. The linearity range, however, decreases as the offset voltage in-
creases. If an offset voltage of 14V is applied, the linear range increases to 25 mL/min.
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Figure 5. A comparison of response characteristics under different offsets.

6. Conclusions

This paper describes the design of a microflowmeter that includes a sensor and a data
acquisition module. As a flow sensor, this device is fabricated through MEMS technology,
with a thermal resistor suspended in its structure. It also has excellent temperature isola-
tion capabilities. SU-8 gum is used in the flow. In addition to being simple, highly stable,
and suitable for bulk production, this technology is also cost-effective. The weak signal is
amplified by a super low bias current operational amplifier, LMP7721, combined with a
Guard Ring. Data is acquired using the 24-bit ADS1211 manufactured by B.B. Company.
It is necessary to separate analog from digital parts, ground them separately, and isolate
disturbances from digital to analog. Data acquisition and sensor combination indicate that
the flowmeter is linear and sensitivity-conforming in the range of 0-50mL/min at a suitable
offset voltage. As a result, it is suitable for biochemical detection, medicine, etc., providing
good prospects for promotion.
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