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A DC-Contact MEMS Shunt Switch

Guan-Leng TanStudent Member, IEE&nd Gabriel M. Rebejz=ellow, IEEE

Abstract—This paper presents the design, fabrication, and per- air brgr
formance of a metal-to-metal contact micro-electro-mechanical cwver Qrodnd
(MEMS) shunt switch. The switch is composed of a fixed-fixed
metal beam with two pull-down electrodes and a central dc-contact
area. The switch is placed in an in-line configuration in a coplanar
waveguide transmission line. This topology results in a compact
dc-contact shunt switch and high isolation at 0.1-18 GHz. The
isolation at mm-wave frequencies is limited by the inductance to
ground and is —20 dB at 18 GHz. The application areas are in
wireless communications and high-isolation switching networks
for satellite systems. bias slactmida

[l

4 IV Ty
L = 3t ime b= ¥ ji
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HE DESIGN of RF MEMS switches has reached a mature anchor
level with many dc-contact series [1]-[4] and capacitive
shunt [5]-[8] switches available today. The dc-contact series

A ey ) ey 7 A
switch provides high isolation at 0.1-26 GHz, while the capac-

itive contact shunt switch with silicon nitride or silicon dioxide
dielectrics provides excellent isolation at 10-120 GHz. In cer-

tain cases, a high-dielectric constant material such as SrTiO is (b)
?_;S:S [Ig]the capacitive switch resultlng In hlgh isolation at l_]f-(?g. 1. DC-contact shunt switch. (a) Top view and (b) cross section at plane
. A-A".

An alternative switch is the dc-contashuntswitch. This

switch can be used in place of a dc-contact series switch fonn the down-state position (isolation state), the switch is mod-
0.1-20 GHz operation, or in conjunction with a dc-contact seriefed as ar, L circuit, whereR, = (R. + Ry)/2 is the resis-
switch so as to provide a very high isolatien{0 dB to—50dB)  tance of the switch andl is the inductance to ground,. is the
and compact series/shunt switch at 0.1-40 GHz [4]. A dc-cogontact resistance at the contact points, Bpib the resistance
tact shunt switch was developed by Fet@l. with anisolation of the short section of transmission line [Fig. 2(a)]. For the dc
of —25 dB from 0.25-40 GHz [10]. This letter presents a difshunt switch, the isolation is given by

ferent design which is suitable for microstrip or CPW transmis-

sion lines. The switch has been successfully applied in a dc-26 S011* = (2R, /Z,)? (wL < R,)

GHz absorptive switch [11], and the present paper focuses on =(2wL/Z,)? (wL > R,). Q)

an accurate equivalent circuit and the effect of the bias lines on ) ) o ) )
the insertion loss. The maximum isolation is limited by the series resistance to

ground, and foiz, = 0.25 €, the isolation is-40 dB. However,
itis very difficult to attain this value due to the contact resistance
of the switch. In general, dc-contact shunt switches result in
The dc-contact shunt switch consists of a fixed-fixed golgn isolation of—28 to —34 dB at 0.1-6 GHz. FoR, = 1 Q
beam in an in-line configuration, with two off-center pull-dowrand L = 20 pH, the isolation is—28 dB at 0.1-4 GHz and
electrodes and a dc-contact area in the center (Fig. 1). Theregitsdually decreases t020 dB at 20 GHz. Equation (1) shows
two contact points between the switch and two short sectiot@t dc-contact shunt switches which are built using a microstrip
of transmission line which are part of the CPW ground plandesign result in poor isolatiombovel0 GHz. This is due to the
A resistive bias line is attached to each of the two pull-dowlarge via-hole inductance to grounfl & 40-80 pH) which is
electrodes. unavoidable in a microstrip design.
In the up-state position (insertion-loss state), the switch can
Manuscript received September 13, 2001; revised March 21, 2002. The & modeled as two Shqrt sections of transmission “nes_(150
view of this letter was arranged by Associate Editor Dr. Ruediger Vahidieck.zm long) and two capacitor’, /2) attached to two bias resis-
The authors are with the Radiation Laboratory, Department of Electricgdrg @R,), as shown in Fig. 2(b). The capacitors represent the
Engineering and Computer Science, University of Michigan, Ann Arbor, Ml I ' h . .h . h I | h
48109-2122 USA (e-mail: gtan@umich.edu; rebeiz@umich.edu). coup In.g Pe“N?e” the SWItC. and the pu 'dc_)W” electrodes. The
Publisher Item Identifier S 1531-1309(02)05765-3. transmission lines have an impedance ofB&ith ¢, sy = 6.23,
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Fig. 2. Simplified model of the dc-contact shunt switch in the (a) down-state spuAsre

position, (b) the up-state position, and (c) accurate up-state model, including
distributed bias lines and coupling at the dimples.

0.0 — — —————— (e)
r «— electroplated anchor (2 pm)

Insertion Loss [dB]
S
[¢)]

0 10 20 30
Frequency [GHz]

()

Fig. 4. (a)—(f) Process steps of the dc-contact shunt switch with dimple and
bias resistor procedures and (g) switch in the down-state position. The cross
sections shown here are the same as in Fig. 1.

The loss of the switch depends strongly on the bias resistance,
as shown in Fig. 3(a). Ak, greater thari200 2 is required

for an insertion loss of less than0.2 dB. Fig. 3(b) shows that
the loss of the switch is not very sensitive to the variatiofjn
when the bias resistanég, is high @, > 1/(wC;)). However,
when1/(wC;,) becomes comparable to or greater th&n the

Insertion Loss [dB]

0 10 20 30 insertion loss becomes a strong functiortf This happens for
Frequency [GHz] low-resistance bias lines below Dk
(b) For an accurate modeling of the up-state return loss, the ca-

Fig. 3. Calculated insertion loss of the dc-contact shunt switch based on BgCitive coupling at the dimples and the short sections of trans-

(2): (a) variation of loss withR, for C, = 88 fF and (b) variation of loss with mission lines ¥, L, Ls) must be taken into account. Also, the

Cy for By = 2400 £ andG00 €. sections of the bias linasmderthe ground plane should also be
modeled as distributeB—C' networks [Fig. 2(c)]. The expected

and a measured attenuation of 0.4 dB/cm at 10 GHz that variisstate reflection loss is very low due to the open-circuit effect

as\/f. of the bias resistors, even at mm-wave frequencies.
The insertion loss, as calculated by the simigle” model in
Fig. 2(b) and ignoring the transmission lines, is given by [ll. FABRICATION AND MEASUREMENTS

The dc-contact shunt switch is fabricated o880 2-cm
silicon wafer in a CPW configuration with dimensions of
100/160/100;:m, thus allowing operation up to 30 GHz with

4 (R} +1/(*C}))
(2R + Z,)? + 4/ (w2CE)’

S| = 2
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section of the bias line under the ground plane can be modeled
as a 1202 resistor to ground, thus resulting in a total resis-
tance of 48002 between the pull-down electrode and the RF
ground. The effective resistance to ground due to the two bias
lines combined is therefore 2400

The measureds-parameters using the reference planes in
Fig. 1 are shown in Fig. 5. In the up-state position, the mea-
sured loss is only-0.1 to—0.15 dB up to 30 GHz, and can be
fitted with C, = 88 fF and R, = 2.4 k2. The insertion loss
can be further improved by connecting the two bias electrodes
underneath the switch and removing one of the bias lines, thus
reducing the coupling loss to the ground plane. The insertion
loss in such a case is0.05 dB using (2), sincé&,, is now 4.8
k. The measured reflection loss is excellent up 30 GHz due to

Isolation [dB]

30

10 20
Frequency [GHz]
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Fig. 5. Measured-parameters in the (a) up-state position and (b) down-state
position for the dc-contact shunt switch.

no radiation. As shown in the fabrication procedure in Fig. 4, 1
a 40um x 20 um dimple is used at each of the contact areas
in order to achieve a low contact resistance. A iri-thick
PECVD SiQ is used as the sacrificial layer. The process
results in a nonplanar bridge as seen in Fig. 4(f). The PECVD
layer is partially etched (5000-6000 A) to create the contact[s]
dimples. The bridge is fabricated by sputtering Or8 of gold,
and is 300xm long by 100xm wide. The SiCr pull-down
electrodes have dimensions of 10t x 70 .m and are placed
85 um from the center of the switch. They are connected to[5]
20 um-wide SiCr bias lines. The sacrificial layer is removed
using a buffered HF solution, and the switch is released using
a critical point dryer. The contact metal is gold-to-gold, with [6]
a contact resistance of 0.6—XXper dimple depending on the
fabrication run. 7

The spring constant of an off-set pull-down electrode struc-
ture has been derived by Muldavet al. [4]. The measured
pull-down voltage was 45-55 V, which results in a spring con-
stant of 79-119 N/m and a residual stressf 47—70 MPa. An
actuation voltage of 65 V was used so as to result in a large®l
pull-down force and a low contact resistance.

The resistive bias lines are deposited using a SiCr layer witfL0]
an RF resistivity ofl 200 2/sq. This results in a resistance of ap- 1]
proximately 360Q2 for each of the two bias lines between the
pull-down electrode and the edge of the CPW ground plane. The

(2]

[4]

(8]

the high value of?,,. Notice that the complete model of Fig. 2(c)
results in an accurate prediction of the return loss.

In the down-state position, the measured response is fitted
using R, = 0.4 2 resulting in an isolation of-34 dB at 0.1-2
GHz. The fitted inductance is 24 pH due to the %438-long
transmission line sections between the switch and the CPW
ground planes. This results in an isolation-&f0 dB at 18 GHz.

Itis possible to reduce the inductance to 12 pH if a8 CPW
gap is used, thereby improving the isolation by about 6 dB above
10 GHz.
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