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A B S T R A C T  
 

 

In this paper, the MEMS type ionization gauge with no X-Ray limitations has been presented. Having 

the dimensions of 2.4 mm× 0.8mm × 1.4 mm, the designed gauge is 9000 times smaller than the 
conventional type and can operate in HV and UHV pressures up to 5×10-9 torr. Operating at the 

temperature of 750°C, the cathode of proposed gauge is implemented using nickel and works in a way 

in which its temperature, independent of the peripheral gas pressure, remains constant throughout it. 
The total power consumption of the designed scheme is 430 times less than the conventional type. The 

electrical, thermal, mechanical, ionization collisions and elastic collisions have been performed using 

COMSOL5 program, and the output data from COMSOL were analyzed by MATLAB. The simulation 
results have been employed in implementation of cathode and other parts’ dimensions and based on 

these results the sensitivity factor of 0.2 1/torr was obtained. 

doi: 10.5829/ije.2018.31.11b.12 

 

 
1. INTRODUCTION1 
 

Vacuum sensing is done by means of different methods 

and among these procedures there are three common 

electronic methods which can be implemented by means 

of MEMS technology. These methods include the Pirani 

Sensor, the cold cathode ionization gauge, and the hot 

cathode ionization gauge. The working principle of 

Pirani method is based on the variations of heat transfer 

coefficient of hot wire according to the gas pressure 

variations. The vacuum measurement interval in this 

sensor ranges from 7.5 to 7.5 × 10-4 torrs. The MEMS 

type Pirani sensors have been manufactured by Xensor, 

POSIFA and MKS in standard packaging of LCC-20 

and TO-5. The main drawback of Pirani sensor is that it 

can’t measure the vacuum pressure of lower than 4-10 

torr [1, 2]2. On the other hand, the cold cathode 

ionization vacuum gauge which operates with the 

ionization of gas is the product of MKS company and is 
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able to measure the vacuum of 10-12 torr 3. Although the 

MEMS type of this gauge is not commercially available, 

it has been presented in a research paper on the 

dimensions of 20mm × 12mm × 10 mm [3]. The third 

type of ionization gauge is the hot cathode which is the 

rival of cold cathode gauge where its measurement 

interval is from 10-3 to 10-12 torr [4, 5]. Because of 

cathode filament oxidation, effective lifetime decrease, 

and nonlinear behavior, this gauge is not capable of 

measuring pressures above 10-34. On the other hand, its 

ability of measuring UHV pressures has drawn many 

attentions towards this gauge. The MEMS type of such 

gauge is proposed for the first time in this article. The 

dimensions of both conventional gauges are large, and 

their power consumption is high. For instance, the 

proposed model in literature [8] has a diameter of 1 inch 

and the length of 2.7 inches, and its power consumption 

is 30w. For the case of MEMS type, the gauge 

dimensions become at least 3000 times smaller, and the 

power dissipation will also be reduced at the ratio of 
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430. 
The MEMS type ionization vacuum gauge contains 

advantages over the common type which will be 

explained in the following statements. One of the 

benefits is the small size, along with ultra-low power 

consumption feature. Increased reliability, ease of work 

with the sensor, reduction of response time, and 

enhanced reproducibility are the other remarkable 

advantages. The ability of integration with the 

measurement unit, control circuitry, and processor, as 

well as the ability to create vacuum in very small 

environments as a MEMS vacuum pump can also be 

considered as the other features of such scheme [3, 6]. 

The design and construction of an ionization vacuum 

sensor based on MEMS technology, which is a very 

effective way of measuring vacuum pressure, can 

constitute a great step in achieving the above mentioned 

goals. 

Compared to the conventional types, the 

implementation of cathode in MEMS technology has a 

different process. In MEMS, the cathode is a rod 

attached to the anchor as well as the connector on both 

sides. In such condition, the average temperature for the 

cathode would be high, although the connecting points 

are cooled down. The proposed scheme in this paper can 

solve this problem making the cathode temperature to 

remain almost constant across it. Also, with the help of 

a new procedure in cathode design scheme, the 

temperature dependency to the peripheral gas pressure 

will be eliminated. With this design, there is no need for 

any temperature measurement and control system, yet 

the necessity of a very accurate flow measurement 

circuit becomes vital. As shown in Figure 1 the 

conventional ionization vacuum gauge has a grid-like 

corded anode network [4], in which the very thin 

collector wire is located in the middle. Anode wires 

have the responsibility of producing X-rays in the 

ionization environment. The X-rays are produced when 

the cathode ray collides with anode wires. X-rays can 

also have collisions with the collector wire which may 

result in the release of electrons. Along with the release 

of electrons, the collector creates an error current. At 

very low vacuum pressures, the error current becomes a 

serious problem which limits the measurement range. In 

this paper, the anode network has been located outside 

of the ionization environment to avoid any encounter 

with cathode radiation. Therefore, the problems 

associated with the X-rays in this plan will not act as the 

limiting factors. 

Simulation of the gas ionization process as the most 

important stage in ionization procedure of this paper is 

performed by COMSOL in a new way. By means of 

such simulation, physical and geometric dimensions and 

electrical characteristics will be obtained which help us 

achieving the optimum performance conditions along 

with high sensitivity coefficient. 
The cathode filament, anode electrode, and a 

collector plate along with the other parts are shown in 

Figure 1. The working principle of the gauge is based 

on the ionization of gas atoms. Emitted electrons from 

hot cathode will ionize atoms of gas while the flow of 

electric current through the cathode plate warms it up 

and provides appropriate conditions for the emission of 

electrons. The electrons will then be accelerated towards 

the ionization chamber. 

In their motion paths, the electrons will encounter 

gas atoms, causing some of them to become ionized. 

The amount of ionization depends on the gas pressure 

and the energy of the electrons. By establishing 120v 

potential difference between the anode and the cathode, 

the average energy of the electrons will rise to almost 

100ev, which can then produce the highest ion 

production efficiency [7, 8]. Along with the ionization 

of each gas atom, a positive ion and a secondary 

electron will be generated. The positive ion is then 

attracted by the collector wire to generate the collector 

current. The collector current is then used to quantify 

the gas pressure inside the gauge. 

Equation (1) describes the collector current Ic [4]. In 

this formula, P represents the pressure in torr, Ie 

illustrates the electron current emitted by the cathode 

wire, S is the sensitivity factor described by 1/torr and Sr 

is the relative sensitivity for desired gas compared to 

nitrogen. Sr for Each gas is obtained from the ionization 

cross section of that gas, for example, oxygen relative to 

nitrogen [6, 8].  

. . .C r eI S S I p  (1) 

The sensitivity coefficient S depends to the physical 

dimensions and electrical characteristics of the 

ionization vacuum gauge. Higher sensitivity provides 

the ability of measuring vacuum pressures near to UHV 

for the ionization gauge. 
Equation (2) shows the dependency of ionization 

vacuum gauge sensitivity to the temperature and other 

characteristics. The sensitivity unit is 1/torr, and its 

typical value is reported at the range of 10 to 40 for the 

conventional type5. In Equation (2), l is the effective 

length of the electrons motion path in the ionization 

environment, while σi represents the ionization cross 

section, which does not have a constant value and is a 

function of electron energy according to Figure 1. 

.
i

l
S

k T
   (2) 

In this paper, section 2, “operation of hot cathode 

vacuum gauge”, describes the operation of the 

conventional ionization vacuum gauge and MEMS type 

ionization vacuum gauge. 
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Figure 1. Structure of the conventional ionization vacuum 

gauge and its external circuit [8] 
 

 

In section 3, “cathode section”, the cathode of vacuum 

gauge has been discussed. This section is of particular 

importance for ionization configurations which requires 

the electrical, thermal, and mechanical descriptions 

along with their simulations. In section 4, “ionization 

simulation and sensitivity”, the simulation results for 

electron movements inside the ionization environment 

will be illustrated, and the appropriate dimensions for 

the proposed ionization gauge will be provided. In this 

part, the simulation results for elastic and ionization 

collisions are also illustrated, and the sensitivity 

coefficient will be calculated based on the results 

obtained from simulation of ionization collisions. 

Finally, in conclusion, the results of analyses will be 

provided. 
 

 

2. OPERATION OF HOT CATHODE VACUUM 
GAUGE 
 

In Figure 2, the proposed scheme of this paper has been 

shown, which includes a silicon cover and a silicone 

substrate. The design dimensions are 2.4 mm × 0.8mm 

× 1.4 mm, which describe that the proposed scheme is 

9000 times smaller than the conventional one6.  
 

 
 

 
Figure 2. Scheme of the proposed MEMS vacuum gauge 
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consisting of silicon cover and silicon substrate 

Both cover and substrate are fabricated with MEMS 

technology and are connected to each other with the 

Anodic bonding method. The main components are 

located on a silicon substrate. The ionization space is 

the distance between the silicon cover and the silicon 

substrate. 

One or both sides of the silicon cover are kept open 

for gas pumping. There are boron impurities in the 

silicon cover right under the anode electrode. These 

impurities will increase the conductivity of silicon cover 

which collects the electrons. The boron impurity in 

silicon cover and substrate is also for better collection of 

the electrons. The use of silicon substrate and silicon 

cover is similar to the technology used in the MEMS 

Pirani sensor [7, 12]. Thus, in order to measure 

pressures above 10-3 torr, it is possible to integrate the 

MEMS ionization gauge with the MEMS Pirani sensor. 

Figure 3 shows the AA’ cross section view of Figure 

2. Formation of ionization space and U-shaped holes 

below the cathode are shown in Figure 3. In this figure, 

the arrangements of layers are shown. Also, in Figure 3, 

the upper and lower anode positions are clearly shown. 

Figure 4 illustrates the bottom view of the silicone 

substrate. As shown in this figure an U-shaped hole is 

created at the bottom of the silicon substrate right under 

the cathode. Holes are produced by the anisotropic 

etching method. The ceiling of the holes is a thin layer 

of silicon dioxide with a cathode over it. 

 

 
 

 
Figure 3. Schematic of silicon cover and silicon substrate 

from cross sectional AA’ in Figure 2 

 

 

 
Figure 4. Bottom of the silicon substrate consisting of U-

shape under each cathode 

http://www.thinksrs.com/
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To make the cathode hot enough for the emission of 

electrons, the DC power requirement is 69.2mW. This 

amount of power is 430 times lower than 30w power 

dissipation in the conventional type [6]. The cathode 

potential is chosen to be 30V, preventing it from 

attracting positive ions. 

The potential of the 120V is applied to the anode, 

creating a potential difference equal to 120V between 

the anode and the collector. The electrons obtain 120eV 

energy in ionization environment, which will maximize 

their production efficiency [7, 8]. 
In conventional ionization configurations, all parts 

are made of metal. Therefore, collision of C-Ray with 

metallic parts of gauge will generate X-Rays. The X-

Rays collide to collector wire and will cause the 

electrons to escape from the collector. The electrons 

who escaped from collector wire will generate an error 

current that limits measuring spatially in low pressure 

below 5 × 10-9 torr. In the design of this paper in MEMS 

technology silicon is used as a substitution. In this 

scheme the anodes are out of ionization space and 

contain no metallic part (except cathode). As a result, 

the electrons in MEMS type do not collide with any 

metal in their paths, and the X-rays will not be 

generated to produce any errors and impose 

measurement limitations. The X-ray error is one of the 

most important measurement problems in ionization 

gauges which occurs in low vacuum pressures. In the 

proposed scheme, there is no X-ray restriction, and ESD 

limitation is the factor which affects the measurement of 

low pressure vacuum7. 

 

 

3. CATHODE SECTION 

 

A reported sample for the cathode construction which is 

used in ionic vacuum gauge is shown in Figure 5. In this 

design, the cathode is constructed for upward electron 

emission. Its constructing material is tungsten having 

the dimensions of 0.2 μm×5 μm×200μm. The cathode is 

heated to 2800℃ as a result of passing of the 100mA 

electric current to emit electrons [9]. In this paper, the 

simulation of the temperature distribution (the scheme 

shown in Figure 5) is performed to evaluate the 

conformity with the practical results. The result of the 

thermal simulation is shown in Figure 6. In this figure, it 

is seen that the temperature in the middle of the cathode 

is 2200 ℃, although on the sides it is very cool. 

In the design presented in this paper, the cathode is 

made of nickel and can emit electron at a lower 

temperature than tungsten.  

Using an alkaline oxide coating on a nickel-cathode, 

it can emit electron at a temperature of 750 Å 8. 
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Figure 5. The SEM picture of the cathode for hot-filament 

vacuum gauge  
 

 

 
Figure 6. The temperature distribution along the hot cathode 

(as shown in Figure 5) 

 

 

In the very design, the dimensions of the cathode are 

obtained using the results of ionization, thermal and 

electrical simulations. The dimensions of the cathode 

are chosen in such a way that, in addition to its ability of 

working at low temperatures, meet the following 

criteria: 

 having enough cross section for electron emission 

 having constant temperature throughout the 

filament  

 Independence of the cathode temperature from 

vacuum pressure changes  

 minimum power dissipation. 

 Possibility of making with MEMS technology. 

In Figure 7, details of the cathode and anode section 

of the proposed scheme in this paper are shown. In this 

figure, it can be observed that the cathode is connected 

to two anchors. The anchors are connected to the gold 

electrical bonding layers, so the electrical current 

reaches the cathode through the gold connector and the 

anchors, which makes it hot. Gold with a thickness of 

5μm has the ability to transfer the electrical current to 

heat the cathode [10]. Cathode and anchors are made of 

nickel that are coated with a thin layer of alkaline oxide. 

The work function of nickel with alkaline oxide coating 

reaches 1.1ev reducing the temperature for the cathode 

to 750 ° C 9. In this case, the cathode was based on the 

Richardson-Dashman relation in Equation (3) with a 

flow density J ≌ 5 A / m ^ 2.  
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Figure 7. Details for the cathode located on silicon 

substrate 
 

 

In this formula, the temperature T is in Kelvin, kb 

describes the Boltzmann constant and φ is the function 

of the cathode filament with the ev unit [10]. 

( )
61.20173 10 BK T

J e




    (3) 

The cathode in Figure 7 has a length of 1000μm, an 

altitude of 10μm, and a current density of J ≌ 5 A/m2. In 

this case an electro emission of 0.05μA on each side of 

cathode is feasible. In the design presented in this paper, 

tow cathode is used hence the cathode electron emission 

current in this design is 0.1μA. 

In Figure 7, the cathode is a rod on a silicon oxide. 

Consisting of two parts, A and B. Part A is slim and has 

a higher electrical resistance in comparison with part B. 

Therefore, the corresponding temperature for part A will 

be higher than part B which compensates the heat loss 

due to the heat transfer from the cathode to the anchor 

holding base.  

In Figure 7, the dimensions of the holding supports 

and the thickness of the parts A and B are chosen in a 

way that the temperature throughout the cathode can 

stay uniform. Also, the cathode temperature has a 

minimum gas pressure dependency and the electrical 

power consumed in the cathode is minimal. This 

selection is based on the results of the COMSOL 

thermal and electrical simulations. 

In this scheme, with an alkaline oxide layer 

deposition over nickel, the work function will be 

reduced greatly. As a result, the cathode will have an 

electron radiation capability of 750 ℃ . 

In Figure 7, the cathode rod is not suspended and is 

tightened on both sides by holding supports, located 

over a thin layer of silicon oxide. Fabrication 

technology of this method is simpler compared to the 

cathode suspension, since there is no need to etch the 

cathode underneath. The cathode transmits some of its 

heat to the body through convective heat transfer. Heat 

transfer value from the cathode to the silicon oxide layer 

is more than the transfer of heat from the cathode to the 

gas environment10. Therefore, the environment gas 

pressure variations do not affect the cathode temperature 

at the measurement range. To achieve this, one needs to 
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give more power to the cathode. As it was already 

mentioned, the holes on the opposite side of the silicon 

 substrate underneath the cathodes are peeled off 

with an anisotropic etching, and a U-shaped hole is 

created underneath of each hole. By installing these 

holes, the heat loss from the cathode decreases, but the 

conditions are, however, in a way that the cathode 

temperature does not depend to the gas pressure. 

In the conventional ionization configurations, the 

cathode filament is made of tungsten and is ribbon 

shaped which is held in air by two pins. Therefore, its 

heat and consequently its electron emission changes 

with gas pressure. The reason of the variations in the 

temperature of the cathode filament in conjunction with 

gas pressure lies in the dependence of the thermal 

transfer coefficient of the gases to the pressure10. But in 

the scheme presented in this paper, the cathode is 

located on the silicon oxide where the environment at 

the bottom of the silicon oxide is not silicon but gas. 

To create these conditions, on the other hand, silicon 

substrate is formed by an anisotropic acid-forming 

method of U-shaped cavity. The cathode has a heat 

transfer with the silicon oxide layer thus the heat energy 

of the cathode is wasted. The amount of this waste is 

obtained by comparing the heat transfer coefficient of 

silicon oxide relative to the air. This ratio is about 5 at 

the atmospheric pressure10, which is significant. In the 

case of heat loss, the cathode temperature is uniform 

across it and remains constant with the gas pressure 

changes. Therefore, there is no need for a temperature 

control system. 

Figure 8 shows simulation results of the cathode 

thermal analysis. This figure shows that the temperature 

difference between the middle point and the end points 

is about 10℃ which depicts a 1.3% change in 

temperature. This indicates that the temperature is 

somehow uniform throughout the cathode. Figure 9 

shows the cathode temperature changes as a function of 

gas pressure. This shape reflects the fact that the 

cathode temperature changes in the vacuum range of 10-

3 to 10-9 torr are only 2℃. 
 
 

 
Figure 8. Simulation of temperature distribution along the 

cathode at various gas pressures 

http://www.talkingelectronics.com/
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Under the condition that the cathode is suspended in the 

air, it will bend at 750℃. The buckling cathode affects 

its long-term performance and makes it slip from the 

base of the holder. In Figure 10, the buckled cathode is 

shown in the air. The buckling of cathode has a negative 

effect on its function as an electron emission section. In 

a cathode based on silicon oxide, no buckling occurs 

and only a thermal expansion occurs. In Figure 11, the 

mechanical analysis of the cathode based on silicon 

oxide and the cathode suspended in the air has been 

performed and comparison of their displacement in Z 

direction is shown. 

This figure shows that the amount of displacement 

in a cathode that is suspended in the air is 27 times 

greater than that of the displacement based on silicon 

oxide. 

Table 1 shows a comparison between the situation 

where the cathode is based on silicon oxide and 

suspended in the air. This table also shows that the 

silicon oxide-based cathode works better in some points 

of view than the cathode suspended in the air. 

The proposed process for building a cathode can be 

one of the most important challenges in making this 

ionic gauge. In Figure 12, the steps of the cathode 

construction are proposed. The steps in this figure are 

shown and descriptions of each step is provided. In this 

figure, it is assumed that before this process, the nickel 

grain is formed on silicon oxide with a thickness of 1μm 

with different techniques [11, 12]. 

 

 

 
Figure 9. The dependence of the cathode temperature on gas 

pressure 
 

 
 

 
Figure 10. Mechanical simulation of the cathode suspended in 

the air and its buckling 

 
Figure 11. Mechanical displacement in Z direction (A) 

cathode based on silicon oxide (B) suspended in the air  
 

 

TABLE 1. The heat dissipation Comparison A (cathode 

suspended in the air) and B (cathode based on silicon oxide) 

 A B 

Power consumption 11mw 69.2mw 

Temp. change along cathode 55℃ 11℃ 

Temp. change due to gas pressure change 10℃ 2℃ 

Max. vertical displacement 400μm 28μm 

Max. stress N/m^2 5.5×109 4.5×109 

 
 

Also, a U-shaped cavity should be created next to the 

cathode, which is not included in this figure. 
 

 

4. IONIZATION SIMULATION AND SENSITIVITY  
 
To evaluate the performance of ionization in the 

proposed scheme of this paper, the Charged Particle 

Tracing (CPT) simulation in COMSOL has been 

utilized and the output data were analyzed by 

MATLAB. 

In Figure 13, the average speed of 320 electrons is 

shown by the simulation of CPT in COMSOL. These 

electrons are released from the cathode and accelerated 

to the collector and then to the anode electrodes. In this 

figure the speed of 320 electrons emitted from the 

cathode is shown. 
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Figure 12. The proposed process for implementation of 

cathode 

 

 
 

 
Figure 13. The average velocity of electrons in the path of 

motion from the cathode to the anode 
 

 

The electrons in the electric field, resulting from 30v 

potential difference will have 30ev energy. In this case, 

the electrons energy will be low and the probability of 

ionization of atoms will also be very low [8]. Electrons 

in the space between the collector and the anode 

electrodes with the energy of 120ev reach the maximum 

speed. The electrons with energy of 120ev have a high 

chance of ionization of atoms. According to Figure 13, 

the average speed of electrons moving in the ionization 

space reaches 4.5×106 m / s. 

The electrons accelerate as a charged particle in the 

presence of an electric field and reach to the speed of v 

quickly. This velocity is obtained from Equation (4) in 

which q is the electron and me mean mass of electrons. 

21
. .

2
eq v m v  (4) 

The frequency of the elastic collision of charged 

particles is shown in the relations (5) and (6) to 

calculate νelastic, which is the number of collisions per 

unit time. In these relations, Nd is the density of the gas 

atoms, σelastic is the elastic collision cross section, and  

is the particle relative velocity to the velocity of the 

atoms of the gas. 

According to Equation (6), particle relative velocity 

depends on the mass of particles mp, the velocity of the 

particles v, the mass of atoms mg, the particle relative 

velocity to the mass reference g, the relative velocity of 

the sectional collision g' and the uniform random 

distribution unit vector R [20, 21]. 

( )

elastic d elastic

p

p g

v N v

m
v v g g

m m

   

   


 
(5) 

,gg v v g g R    (6) 

In Equation (6) which is related to an elastic collision, if 

the electron specification is considered as a particle, the 

relationship will be much simpler. In this formula, the 

electron mass is much smaller in comparison to the gas 

atoms, and in turn is faster, so mp<< mg and v>>vg. 

Under these conditions, instead of v', v can be replaced 

by the velocity of the electrons. The electron velocity is 

calculated as 2×106 with 30v potential difference 

between cathode and collector. The electron velocity is 

calculated as 6.4×106 with 120v potential difference 

between collector and anode. Hence average velocity of 

electrons in ionization space are calculated as 4.2×106. 

In the speed of electrons, the elastic collision frequency 

of the relation (5) is calculated by determining the Nd 

for nitrogen gas at a vacuum pressure of 5×10-4 torr, and 

the σelastic in 120ev is obtained from reliable sources [4, 

8, 13]. 
The ionization frequency similar to the elastic 

frequency is determined in the Equations (7) to (9). The 

only difference is in the value of g', which results in an 

energy loss after the collision of ΔE. In this theoretical 

relation, the approximation mentioned in the elastic 

collision can also be used [14]. 

( )

ionization d ionization

p

p g

v N v

m
v v g g

m m

   

   


 
(7) 

,gg v v g g R     (8) 

2 ( )
.

p g

p g

E m m
g g g

m m

 
  



 
(9) 
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In Table 2, the values of v, νelastic, and νionization are 

summarized in simulation and theory. This table shows 

that there is a good match between the results of the 

theory and simulation. 

Figure 14 shows the simulation results of CPT for 

the motion of electrons in the ionization environment. 

This figure shows simulation, as a useful tool for our 

design, which does not consider ionization and elastic 

collisions and is used to obtain the length of the paths 

for the electrons, as well as their energy and speed. 

In this figure it is seen that the electrons leave hot 

cathode with the potential of 30V and accelerate 

towards the collector with the potential of 0V. Also, the 

electrons enter the ionization environment with 30eV 

energy and then accelerate towards the anode electrodes 

which contain 120V potential finally achieving the 

energy of 120eV. 

Achieving high sensitivity is one of the main goals 

in the design of ionization configurations. The 

sensitivity coefficient S in Equation (2), depends on the 

mean value of the motion path of the electrons, l and the 

ionization cross section σi (Where σi is the energy of 

electrons and reaches its maximum in energy 100eV [7, 

8]). In this paper, the l × σi function is defined as the 

determinative factor for achieving high sensitivity in an 

ionization gauge. In l × σi , the coefficient l is a function 

of the specifications and the physical dimensions, and σi 

is the electrical characteristics of the ionic vacuum 

gauge. One can obtain l by means of CPT simulations 

like the one shown in Figure 14 along with the analysis 

of output results. 
 

 

TABLE 2. Elastic collision frequency and ionization collision 

frequency and average electron velocity in theory and 

simulation at 5×10-4 torr 

 Theory simulation 

Average electron velocity 6.4×106m/s 6.2×106m/s 

Elastic collision frequency 1.05×107 Hz 1.2×107 Hz 

Ionization collision frequency 2.15×106 Hz 2.3×106 Hz 

 

 
 

 
Figure 14. CPT simulation and electron motion in simulation 

environment 

In addition of the mean value for the motion path of 

the electrons, the average energy of the electrons is also 

obtained. With the average energy of electrons, the σi 

function can be obtained using valid data sources [8, 13, 

15]. 

The width of the anode is one of the parameters 

which can affect the performance of the MEMS gauge. 

To obtain the appropriate dimensions for the anode 

electrode, CPT simulation along with the analysis of its 

results are used by MATLAB. With these results, we 

can obtain the mean average motion path of the 

electrons and their average energy. With the help of 

average energy of the electrons, the ionization cross 

section σ will also be known. The l × σi function shows 

the efficiency of ionization vacuum gauge. This 

function is shown in Figure 15 in terms of the width of 

the anode electrode. As figure illustrates, the width of 

the anode electrode with 200μm provides the best 

performance for the MEMS ionization vacuum gauge. 

If the elastic collision and ionization collisions 

become active in CPT simulation (see Figure 16), then 

in such condition some of the electrons will ionize the 

gas atoms and produce positive ions. The ions produced 

in the ionization environment are absorbed by the 

collector with a potential of 0V, and the electrons will 

also be absorbed in silicon cover and silicon substrate. 

The divergence of electrons from their paths is mostly 

due to an elastic collision. This is due to the multiplicity 

of the elastic collisions cross section relative to 

ionization. 

 

 

 
Figure 15. Diagram of l×σi as a function of anode plate width 
 

 

 
Figure 16. Diagram of elastic cross section and ionization 

cross section collisions [11], [22] 
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Figure 17 shows the simulation result of ionization 

and elastic collisions. In this figure, elastic collisions, 

ionization, positive ion production, and secondary 

electron are determined. Positive ions have very low 

velocity due to their high mass compared to the 

electrons and can be distinguished from electrons. 

By means of the number of ions produced and 

absorbed in the collector, the sensitivity coefficient can 

be calculated. 

In this paper, (10) has been used to calculate the 

MEMS ionization sensitivity coefficient. In this relation, 

the number of ions collected by the collector and the 

electrons emitted by cathode at the specified vacuum 

pressure is used to calculate the sensitivity. For 

example, in the pressure of 10-3 torr and 10,000 

electrons emitted by the cathode, two positive ions are 

produced. In this condition, and according to (10), the 

sensitivity coefficient is 0.2 1/torr. 

1number of collected ion
S torr

number of trajected electron P
 

 
(10) 

Equation (1) is used to obtain the measurable minimum 

pressure in the proposed ionization vacuum gauge. In 

this relation, the cathode electron beam current must be 

determined. The cathode is a nickel metal with a thin 

layer of alkaline oxide over it. The work function of the 

nickel metal is reduced to 1.1eV when the alkaline 

oxide layer is deposited on it. The cathode current 

density can be obtained by the Richardson relationship 

[10]. With the 1.1eV work function for the cathode, at 

750 ℃, the current density is J≌ 5 A/m2. With the 

cathode dimensions specified in Figure 7, the cathode 

current will be 0.1μA. Equation (1) is rewritten for 

measurable minimum pressure condition in Equation 

(11). 

 

 
 

 
Figure 17. CPT simulation of ionization and elastic collision 

min minC eI S P I    (11) 

ICmin is very small in ultra-low vacuum pressures, 

making its measurement difficult. At present, the 

smallest electric current that can be measured is 0.1 

fA11. Given these circumstances and the sensitivity 

coefficient of 0.2, the minimum measurable vacuum 

pressure obtain is 5 × 10-9. 

 

 

5. CONCLUSIONS 

 
The idea of MEMS type hot cathode ionization vacuum 

gauge without the use of anode network (grid) was 

presented in this paper. With this idea the 

implementation of ionization vacuum gauge with no X-

ray limitations can be achievable. The structure consists 

of a silicon cover and a silicon substrate in which the 

collector and the cathode were located in silicon 

substrate. The cathode design is in accordance with 

MEMS technology and works at 750°C. The design of 

the cathode is in away that the temperature is somehow 

constant throughout it and changes only by 1.3%. The 

cathode in the measuring range is independent of the 

vacuum pressure variations and its temperature changes 

only by 2℃. In this paper, a new idea was proposed for 

creating an anode network to accelerating electrons. The 

electrical and thermal simulations showed that the 

design has a power consumption of 69.2 watts. 

Simulations for ionization collisions and elastic 

collisions have been performed for the proposed design 

which resulted in the sensitivity coefficient of 5×10-9 

torr. The proposed design has the benefits of shrinking, 

having the capacity for mass production, being able to 

integrate with other MEMS components, and even 

integrated circuits. In this paper, it was shown that the 

proposed design has very low power consumption, 

works at low temperatures, and has no X-ray 

limitations. 
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 چکیده

 

 

ح در ابعاد شود. طرو بدون محدودیت اشعه ایکس ارائه می MEMSدر این مقاله گیج یونی کاتد گرم نوع 
3mm4/1×8/0×4/2  برابر از نوع متعارف کوچکتر است. طرح پیشنهادی در محدوده  0000بوده وHV  وUHV  تا

کاتد از جنس کند. گراد کار میدرجه سانتی 750تواند عمل نماید. کاتد طرح در دمای تور می 5×10-0حداقل فشار خالء 

ول آن ثابت و مستقل از فشار گاز محیطی است. توان مصرفی طرح طوری است که دمای آن در ط نیکل بوده و طرح آن

سازی الکتریکی, گرمایی, مکانیکی, برخورد یونیزاسیون و برابر از مقدار نوع متعارف کمتر است. در این مقاله شبیه 430

برنامه  توسط COMSOLسازی گیرد. داده های خروجی از شبیهانجام می COMSOL5برخورد االستیک توسط برنامه 

MATLAB شود. از های دیگر استفاده میسازی برای طرح کاتد و انتخاب ابعاد قسمتشود. از نتایج شبیهتحلیل می

 .شده استحاصل  torr 2/0/1سازی ضریب حساسیت نتایج شبیه

doi: 10.5829/ije.2018.31.11b.12 
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