
JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.7, NO.3, SEPTEMBER, 2007 177 

 

Manuscript received May 12, 2007; revised Aug. 10, 2007 

School of Electrical Engineering and Computer Sciences 

Seoul National University 301-1053(#038), Kwanak P.O. box 34, 

Seoul, 151-742, Korea 

See-saw Type RF MEMS Switch with Narrow Gap 

Vertical Comb 
 

Sungchan Kang, Sungsoo Moon, Hyeon Cheol Kim, and Kukjin Chun 

 

 

 

 

Abstract—This paper presents the see-saw type RF 

MEMS switch based on a single crystalline silicon 

structure with narrow gap vertical comb. Low 

actuation voltage and high isolation are key features 

to be solved in electrostatic RF MEMS switch design. 

Since these parameters in conventional parallel plate 

RF MEMS switch designs are in trade-off relationship, 

both requirements cannot be met simultaneously. In 

the vertical comb design, however, the actuation 

voltage is independent of the vertical separation 

distance between the contact electrodes. Therefore, 

the large separation gap between contact electrodes is 

implemented to achieve high isolation. We have 

designed and fabricated RF MEMS switch which has 

46dB isolation at 5GHz, 0.9dB insertion loss at 5GHz 

and 40V actuation voltage.  

 

Index Terms—RF MEMS Switch, vertical comb, low 

actuation voltage, high isolation 

I. INTRODUCTION 

RF MEMS switches have been developed by many 

universities and companies in the last decade. The major 

research effort has been devoted to enhancing the 

MEMS switches’ RF performance from dc to 100 GHz 

compared to p-i-n diodes or FET transistor. [1] But these 

studies have only limited their focus on the RF 

performance of MEMS switches and have provided little 

information about other important factors of RF MEMS 

switches such as actuation voltage. [2] So we have 

developed the switch that has good RF performance and 

low actuation voltage simultaneously.[3] Reducing the 

actuation voltage of RF MEMS switches enhances their 

performance significantly and broadens the range of 

their applications including portable devices which 

require low actuation voltage. The proposed RF MEMS 

switches are developed for  front-end module of 802.11a 

WLAN system. 

The air gap between contact metals determines isolation 

property and actuation voltage in conventional parallel 

plate switches. These parameters are in trade-off relationship. 

[4] In vertical comb design, the actuation voltage is 

dependent only on the gap between the combs and 

independent of air gap between the contact electrodes. 

By fabricating a narrow gap (<1.5 µm) between the 

combs can be patterned, the low actuation voltage and 

high isolation can be achieved simultaneously.  

II. STRUCTURES 

Fig. 1 shows the schematic of the proposed metal-to-

metal (Au) contact RF MEMS switch. The proposed 

switch utilizes electrostatic forces that act between 

combs. [5] The electrostatic forces are created when a 

voltage is applied between the combs, causing them to 

attract. The force between combs is given by  
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where V , N , w , and g  are the voltage difference, the 

number of comb teeth, the width of the teeth, and the 

gap between combs, respectively. In this design, the 

switch has the constant force regardless of the air gap 

between the contact electrodes. Moreover, by decreasing 

the gap between combs, the switch can be driven at low 

voltage. 
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Fig. 1. Schematic of the proposed see-saw type RF MEMS switch. 

 

 

Fig. 2. Cross sectional view of the proposed see-saw type RF 

MEMS switch. 

 

The actuation of the proposed switch resembles the 

movement of see-saw. If a voltage is applied between 

combs on the left side of the torsion bar, the left side of 

torsion bar moves downward and the right side moves 

upward. Therefore, the signal line is turned on by the 

actuation of the contact part. If a voltage is applied 

between combs on the right side of the trorsion bar, the 

left side of torsion bar moves upward and the right side 

moves downward. So, the signal line is turned off. When 

the signal line is turned off, self-actuation does not 

occurred easily because of attract force between combs 

on right side of the torsion bar 

Fig. 2 shows cross sectional view of the proposed RF 

MEMS switch. It consists of three parts : the bottom 

substrate, the switch body, and the capping substrate. 

Bottom substrate includes CPW line and via hole. The 

switch body comprises interdigitating vertical combs, a 

torsion bar, and contacts. The structure is made of single 

crystalline silicon for reliability and productivity [6][7]. 

Finally, glass cap wafer is for the packaging purpose. 

The single crystalline sillicon is chosen as the switch 

body material. The reliability of the switch can be 

enhanced because single crystalline silicon has not only 

more excellent material properties than metals but also 

was less residual stress. The yield strength of Au and Ni, 

the common materials for MEMS switches, is 0.2 and 1 

GPa respectively, while Si is 6.8GPa. Si also has higher 

Young’s modulus of 190GPa than Au and Ni whose 

Young’s modulus is 77.2 and 207 Gpa, respectively. 

The design parameters of the proposed switch are as 

follow. The thickness of the silicon layer is 50µm and 

the upper and the lower comb is 40µm. Then, the 

movable structure can actuate 10µm in the vertical 

direction. The actuation voltage of the proposed RF 

MEMS switch is designed to be 6V for wireless 

application. The gap between contact metal and signal 

line is designed to be 5µm. So, when the signal line is 

turned off, the gap between contact metal and signal line 

can be 10µm. The gap between combs is 1.5µm and the 

number of comb teeth is 60. 

III. SIMULATION 

ANSYS is used for mechanical simulation and HFSS 

for electromagnetic simulation. [8] Fig. 3 shows the 

result of ANSYS modal analysis. Only the switch body 

part is simulated. At the first resonant mode, the desired 

vertical actuation is achieved at the resonant frequency 

of 7.4 KHz. Fig. 4 show the HFSS simulation model and 

fig. 5 is the electromagnetic simulation data. The isolation 

is below 42.6dB and the insertion loss is less than 0.1dB 

at the 5GHz. The simulation results showed very good 

RF characteristics. Especially, the isolation is very high 

because the gap between contact metals is larger than 

other switches.  

 

 

Fig. 3. ANSYS modal analysis. 

 

 

Fig. 4. HFSS simulation model. 
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Fig. 5. HFSS simulation results: Isolation and insertion loss. 

IV. FABRICATION 

The bottom substrate and the switch body are fabricated 

separately. They are assembled together by anodic bonding. 

The whole process procedure is illustrated in Fig. 6. The 

bottom substrate, a glass wafer, is etched as deep as the 

air gap between contact metal and signal line. In the 

switch body, trenches with the depth of 50µm and the 

width of 1µm are made on Si wafer by Si deep etching, 

and the trench are filled with LPCVD TEOS. 

Subsequently, we make contact metal and etch again 

the movable comb about 10µm deep. After Si deep etching, 

Si wet etching is done to remove Si which remains on 

the side. We anodically bond the fabricated glass wafer 

and Si wafer, and thin Si wafer with CMP to 50µm 

thickness. 

After the bonding step (e), we can align the upper and 

lower comb pattern using the front side alignment only 

and this technique significantly reduces the alignment 

error. In order for combs to be able to interdigitate in the 

vertical direction, we etch the stationary comb about 

10µm deep. For the torsion bar, we etch about 3um deep, 

and passivate the side through TEOS deposition. Then, 

we remove Si which remains on the side through Si wet 

etching. 

When we etch the trench which is 50µm deep and 

1µm wide by Si deep etch process, the extra process to 

reduce the gap is necessary. To form the 0.8µm–wide 

trench, the opening of 0.4µm is required because there is 

0.2µm undercut in Si deep etching. 

We can get reduced gaps using TEOS deposition and 

etching. Fig. 7 shows the cross section of the sub-micron 

gaps formed by this technique. Fig. 8 is an SEM of the 

cross section of a 50µm Si-deep- etched trench which 

has the aspect ratio of 1 :40. We can achieve repeatability 

and uniformity of the gap reducing technique used in the 

fabrication process. 

 

  

Fig. 6. Fabrication Process: (a) Air-gap formation and CPW 

patterning on bottom glass wafer, (b) Oxide(deep Si etch mask) 

patterning using reduced-gap formation, (c) Deep Si etching, (d) 

Trench filling, contact metal formation and vertical comb 

patterning, (e) Anodic bonding and silicon wafer thinning, (f) 

Beam pattering and vertical comb patterning, (g) Release, (h) 

Packaging. 

 

 

(a) 

 

(b) 

Fig. 7. Sub-micron gap. 



180 SUNGCHAN KANG : SEE-SAW TYPE RF MEMS SWITCH WITH NARROW GAP VERTICAL COMB 

 

Fig. 9 shows the fabricated see-saw type RF MEMS 

switch. Fig. 10 is an SEM of the completed see-saw type 

RF MEMS switch, contact part, torsion bar and vertical 

combs. Fig. 10 (b) illustrates that the the section of 

contact metal is aligned well on the separate signal lines. 

Fig. 10 (d) is an SEM of the well-formed interdigitated 

vertical comb. 

 

 

(a) 

 

(b) 

Fig. 8. After deep Si etching (1  : 40 aspect ratio). 

 

 

Fig. 9. Fabricated See-saw type RF MEMS switch with vertical 

comb. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 10. Fabrication results: (a) See-saw type RF MEMS switch, 

(b) Contact part, (c) Torsion bar, (d) Narrow gap vertical comb. 
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V. MEASUREMENT RESULTS & DISCUSSION 

The fabricated switch has 40V actuation voltage, which 

is higher than design. Therefore, we compared the the 

parameters of the fabricated switch with the designed 

ones. The gap between contact metals is 5µm as 

designed. However, the gap between combs is 1.2µm, 

which is 0.4µm larger than the designed value of 0.8µm. 

This is due to the fact that undercut formed in Si deep 

etch process added 0.2µm to both sides. Since the 

electrostatic force between combs is inversely proportional 

to the gap bewteen combs, the force is reduced by the 

factor of 1.5. In addition, the thickness of torsion bar is 

measured to be 10µm, which is 3.3 times larger than the 

designed value of 3µm. Since polar moment of inertia is 

proportional to the cubic of the torsion bar ‘s thickness, 

the polar moment of inertia becomes about 33 times 

larger, which means that 33 times larger drive force is 

needed. Consequently, the increased gap bewteen combs 

and thickness of the torsion bar cause 50 times weaker 

forces to be exerted at the actuation voltage of 6V. 

Therefore, the actuation voltage higher than 6V should 

be applied. Because the force is proportional to the 

square of the voltage, the actuation voltage needs to be 7 

times larger. The actuation voltage of 42V is expected, 

which is almost same as the measured value of 40V. If 

the switch is fabricated as intended, the actuation voltage 

is expected to be within 10V. 

Fig. 11 shows RF characteristics of the switch. The 

switch has 46dB isolation at 5GHz and 0.9dB insertion 

loss at 5GHz. The measured isolation properties agree 

well with the simulation results. But insertion loss 

appears be worse. Deterioration of the contact metal 

surface due to subsequent processes after the deposition 

of the metals may result in the increase of contact 

resistance of the metals, correspondingly making insertion 

loss larger.  

 

 

Fig. 11. Isolation and insertion loss characteristics of see-saw type 

RF MEMS switch. 

VI. CONCLUSIONS 

This paper has demonstrated the see-saw type RF 

MEMS switch which has 46dB isolation at 5GHz, 0.9dB 

insertion loss at 5GHz and 40V actuation voltage. To 

reduce the actuation voltage and get the narrow gap, we 

have utilized the reduced-gap silicon deep etching 

process and developed a new process to overcome 

alignment limitation of the vertical comb. Although the 

fabricated switch does not exactly match its designed 

parameters, it is sufficiently proven that switches with 

good characteristics can be fabricated using this vertical 

comb structure. Additional package and process for the 

interconnection will be performed. 
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