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High-lsolation W-Band MEMS Switches

Jad Rizk, Guan-Leng Tan, Jeremy B. Muldavin, and Gabriel M. Rebeiz

Abstract—This paper presents the design, fabrication and resulting down-state LC resonant frequency is 80-130 GHz. At
measurement of single, T-match andr-match W-band high-iso- the resonant frequency, the switch isolation is independent of
lation MEMS shunt switches on silicon substrates. The single and the down-state capacitance and is limited-®4 to—40 dB by
T-match design result in —20 dB isolation over the 80-110 GHz . . . P
range with an insertion loss 0f0.25 + 0.1 dB. The w-match the series resistance of the SW'tdh_S(_ 0.25-0.5 ) [4_]' Be-
design results in a reflection coefficient lower than—20 dB up to  Yond the resonant frequency, the isolation is determined by the
100 GHz, and an isolation of—30 to —40 dB from 75 to 110 GHz inductance of the bridge, and a lower inductance will result in
(limited by leakage through the substrate). The associated inser- petter isolation over a wider frequency range [4], [5].
tion loss is0.4 + 0.1 dB at 90 GHz. To our knowledge, this is The W-band switch is fabricated on a 4pén thick high-re-
the first demonstration of high-performance MEMS switches at . . . - . .
W-band frequencies. sistivity silicon wafer (2000—-300€2 cm). The CPW lines di-

o ) ) ~mensions are G/W/G = 25/35/28n (50€2), and are fabricated
CrCI)rI?l;j:C):(hiTnei::]rgS;ﬁlli?]’]h;tz(r)-l\?vt;.?/r; l':v\cliifhsesé MEMS, microwave, mi- ;sing a 2;m thick gold layer, except under the MEMS bridge
' ' ' where it is 5000-A thick. Fig. 2 shows the measured loss of the
CPW line over the W-band range for two different wafers. The
I. INTRODUCTION attenuation varies from 4 dB/cm to 10 dB/cm at 90 GHz, and

EMS switches have been recently demonstrated a’ﬁ)due to charge trapped in the Si@yer located in the CPW

to 50 GHz using shunt and series implementatiorgéf"p' A lower attenuation can be achieved by etching the silicon
[1]-[3]. Both designs result in very low insertion loss, aroun@Xide from the gap of the (_:PW lines [8], [9]. The ca_hbratlon
0.05-0.15 dB up to 40 GHz. The shunt switch results in ve wafer 1 was excelle_nt with an accuracy40.03 ‘?'B n the
high isolation at 30-40 GHz (30—35 dB), but its performan easuredbs; of a_SOQ line up to 110 GHz. The calibration of
is limited by the down-state LC resonant frequency [4], [éjvafer 2 result(_ed |nt_0.1 dB_ accuracy up tq 90 GHz. _
to around 60 GHz. The series switch with an up-state ca-'n€ CPW line dimensionanderthe bridge are G/W/G =

pacitance of 2-3 fF results in acceptable isolation at 40 GH2/20/30um in order to achieve a larger electrode and a lower
(—26 to—22 dB), but is not suitable for high-isolation W-bandPull-downvoltage. The bridge is fabricated using a Arb-thick
applications. layer of sputtered gold, and is suspended;212above the sil-

This paper presents the design, fabrication and measurenl&fp nitride dielectric. The sacrificial layer is photoresist and the

of high-isolation W-band shunt switches. Both the T-match ariid9es were released using a critical point dryer system. The
jaterlayer dielectric is 1500 A of silicon nitride,( = 7.5). In

the r-match are used to reduce the reflection coefficient of t# 4 . : -
shunt switch in the up-state position. The MEMS switch dowr?| designs, the MEMS bridge width is 4am. The pull-down
state capacitance is 270-300 fF so asto resultinan LC reson‘émt(?ge was 30 V. )

frequency in the W-band range, thereby ensuring a high-isola-F19- 3 presents measurements done on a single CPW MEMS
tion response. The-match also results in very high isolationSWitch in the up and down-state positions. The reflection coeffi-
over the entire W-band range since two MEMS switches aféntin the up-state is less thari6 dB over the entire W-Band
employed. The insertion loss of the MEMS circuits are arouri@n9€ and fits an up-state capacitanc€pf= 10 fF. The corre-

1 dB better than state-of-the-art PIN diode switches at W-bafOnding parallel-plate capacitant; is 8 fF for a gap height
frequencies [6], [7]. of 2.2um. The difference between the parallel-plate capacitance

and the measured value is due to the fringing fields which result
in a 30-40% increase in the MEMS bridge capacitance [4].
. B _ By adding small sections of high impedance lines on either
Fig. 1 shows a CPW shunt capacitive MEMS switch and itside of the bridge, one can match the MEMS bridge in the
CLR series equivalent circuit. When the switch is in the up-staig-state position over the whole W-band range [10]. This is
position, the up-state capacitance is small (10-15 fF) and tguivalent to a T-match where the inductadgg is given by
switch has a very low insertion loss (less than 0.2 dB). Whe),, = ¢, Z2/2 and the equivalent high-impedancg,() line
the switch is in the down-state position, the down-state capagngth isl = L.,v,/Z,,, wherey, is the velocity of the wave
itance is 250-400 fF. With a series inductance of 6-10 pH, tii¢ the CPW lines. This is an approximate solution and the
final values are obtained using LIBRA and d&re- 60 p.m for
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Fig. 1. CPW shunt capacitive MEMS switch and its equivalent circuit.

90 GHz. Knowing that the line loss is 10 dB/cm at 90 GHz and
that the reference planes are 28® apart, the estimated loss
in the up-state position is 0.28 dB at 90 GHz. For wafer 2 with
4.3 dB/cm loss at 90 GHz, the measured lossva5+ 0.1 dB
(not shown). The single MEMS bridge (with no T-match)
results in 0.20 dB loss at 90 GHz when fabricated on wafer 2.
The corresponding calibration planes were 135 apart.

For the down-state position, Fig. 3 shows measurements for
a single bridge with T-matching. The no-match case results in
a nearly identical response and is not shown. The fitted values
areCy, = 270 + 10 fF, L. = 89 pH, andR, = 0.5 . It
is hard to fit L and R, well due to measured isolation accu-
racy. The design results in-a20 dB isolation from 80 GHz to
more than 110 GHz. The equivalent down-state parallel plate
capacitance is equal t6},,0 = €q6,(A/d) 890 fF and
the measured down-state capacitanc€'js= 0.3C),,q. This
is due to the surface roughness of the MEMS bridge and the
silicon nitride layer. The measured,/C,, ratio is 27. The re-
duction in the down-state capacitance is actually beneficial to
W-band switches since it results in an LC resonant frequency
of 100-105 GHez. If the capacitance is 900 fF, the resonant fre-
quency would be 60 GHz and the W-band performance will be
degraded.
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Fig. 3. MeasuredS-parameters of a T-match switch: (top) in the up-state
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The isolation of the W-band CPW MEMS shunt switch caposition and, (bottom) in the down-state position.

be significantly improved if ar-circuit is used (Fig. 4). The
circuit consists of two MEMS switches connected bghert
high-impedance t-line. The-circuit does two functions: First, it

[ v = | Ik pem
| =1 —y
i il 1l -

provides an excellent match in the up-state position over a widke L 3 ¥ .l
bandwidth. Second, the combination of the two shunt switche: SSEsEsEE===

in parallel results in a wide isolation bandwidth. The value of
the matching inductance can be derived to bg: = 2C, Z2.
For C, = 10-15 fF, L,,, = 50-75 pH and the equivalent 60
Q-line length is 100-15@:m.

Fig. 5 presents measurements for-aircuit for/ = 180 pm.
Due to a mistakd, = 130 zm was not placed on the mask. The

up-state reflection coefficientis less thad5 dB up to 110 GHz line (should be made shorter). The equivalent up-state capaci-

=
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Fig. 4. m-circuit with CPW shunt capacitive MEMS switches, and its
equivalent circuit.

and can be improved by tuning the length of the high-impedant@nce for the single MEMS bridge is A1 fF, and is consistent
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Fig. 5. Measureds-parameters of a-circuit: (top) in the up-state position

and, (bottom) in the down-state position.

limited by the leakage in the substrate. The simulated response
with C, = 270 fF, L = 8 pH, andR, = 0.5 £2 shows a much
higher isolation but could not be measured. Thercuit results

in excellent response for a large range of down-state capacitance
or bridge inductance values, and is recommended for high-iso-
lation W-band designs.

IV. CONCLUSION

This paper presented single, T-match, anthatch MEMS
switches for W-band applications. It is seen that all the designs
result in a very low reflection coefficient up to 110 GHz for
an up-state capacitance 6f, = 10 fF. However, ther-match
design results in 15-30 dB better isolation than the single or
T-match switch. In fact, the isolation oframatch design is so
low that it is limited by the leakage through the substrate.
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