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This paper reports the full packaging and assembly of RF-MEMS devices, comprising 0-level, 1-level and 2-level 
packaging. The 0-level packaging creates an on-wafer device scaled sealed cavity for the fragile MEMS device, carried 
out on the wafer during wafer processing, prior to die singulation. The 1-level package comprises what is usually 
interpreted as the package, i.e., the chip capsule (metal can, plastic package, ceramic package) and/or the leads for 
interconnecting the chip to the outside world. Mounting a 1-level packaged device to a board is termed 2-level 
packaging. The three packaging levels are illustrated in Fig. 1 for a RF-MEMS series switch. 
Zero-level packaging of RF-MEMS switches using benzocyclobutene (BCB) has been reported, showing excellent RF 
performance, but as expected from a polymer, the seal was not truly hermetic [1,2]. Best seals are obtained using a 
metallic seal in place of a polymer seal. Solder bonding [3,4], gold-tin eutectic bonding [5] or gold-gold 
thermocompression [6] have been reported for this purpose. In [5] and [6] a true metallic seal is described and 
demonstrated for packaging RF-MEMS switches, but the approaches described require hermetic wafer via’s, which is 
an expensive and complex technology. The method reported here implements much simpler horizontal RF 
feedthroughs. Further in [6], gold thermocompression is used which requires a high processing temperature (~380°C). 
The peak temperature during packaging reported here remains below 250°C. Our previous work ([3] and [4]) 
implements a 0-level package relying on a solder bond, but with non-hermetic BCB as a dielectric. The method reported 
here uses silicon nitride as the dielectric, thus ensuring an hermetic seal. Further, the packaging of active RF-MEMS 
devices was not demonstrated in [3,4] and will be reported here. Higher packaging levels have not been addressed in 
any of the aforementioned publications. 
The fabrication process for the RF-MEMS devices is based on the Philips PASSITM process [7], which is adapted to 
accommodate the packaging. Horizontal buried feedthroughs have been implemented, as well as an extra metallization 
layer (called top-surface-metallization (TSM), e.g. a Cu/Ni/Au stack) to ensure a good wetting and bonding of the 
solder (Fig.2). A top view of a series switch before 0-level packaging (situation Fig. 2(c)) is shown in Fig.3. The 
fabrication of the 100mm thick HRSi capping chips is illustrated in Fig. 4. The sealing ring consists of an electroplated 
5mm Cu layer followed by a 10mm eutectic SnPb solder. Capping is done on a flip-chip aligner/bonder under 
atmospheric pressure, at 240°C, (result shown in Fig.5). RF measurements of the series switch (Fig.6) reveal a slight 
change in the S-parameters after 0-level packaging. The 1-level package comprises a chip-scale-package (CSP) in 
which the 0-level packaged device is directly equipped with solder balls for the interconnect. The 1-level assembly 
starts with applying flux using a pin-transfer technology to the contact pads, followed by placing 300mm diameter 
solder (eutectic SnPb) balls as shown in Fig.7. Next the solder balls are reflowed at 240°C and the wafer is diced. The 
individual 1-level assemblies can now be flip-chip mounted on a RF-board (see Fig.8 and Fig.9) at 240°C, completing 
the 2-level packaging. A proof of functionality after 2-level packaging is demonstrated in Fig.10, showing a C-V curve 
clearly displaying pull-in (at 3V) and pull-out (at 1.5V) of the switch. He leak rate testing on empty cavities using the 
Through Hole Method [8] displayed leak rates better than 10-11 mbar.l/sec (=detection limit of the He detector). Other 
more sensitive methods (such as Q factor measurement of packaged MEMS resonators) to attain a more precise value of 
the hermeticity of the 0-level package are currently under investigation. Shear strengths were measured to be better than 
10 MPa, which is well above the MIL-STD-883, method 2019.5 for die attachment strength. 
In conclusion, we have demonstrated a process scheme for fully packaging RF-MEMS devices, offering (1) an 
hermetic, strong, on-wafer sealed cavity for housing the MEMS device with negligible impact on the RF characteristics, 
(2) solder ball 1-level interconnects and (3) 2-level assembly and mounting on an RF-board. 
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Fig.2. RF-MEMS process flow, highlighting the TSM and 
fabrication of the buried feedthrough. 
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Fig.3. Top view of a series switch before 0-level packaging 
TSM=3mmCu, 2mm Ni, 80nm Au; 50mm wide ring. 
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Fig.4. Process flow for fabricating the capping chips. 
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Fig.5. 0-level packaged RF-MEMS switches using 100mm 
HRSi caps. Cavity height (TSM + solder): 20mm. 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-30

-20

-10

-40

0

freq, GHz

dB
(S
(2
,1
))

dB
(S
(4
,3
))

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-8

-6

-4

-2

-10

0

freq, GHz

dB
(S
(1
,1
))

dB
(S
(3
,3
))

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-10

-5

0

-15

5

freq, GHz

dB
(S
(6
,5
))

dB
(S
(8
,7
))

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-15

-10

-5

-20

0

freq, GHz

dB
(S
(5
,5
))

dB
(S
(7
,7
))

Without actuation With actuation

Is
ol

at
io

n 
S 1

2
[d

B
]

In
se

rt
io

n 
Lo

ss
 S

12
  [

dB
]

R
et

ur
n 

Lo
ss

 S
11

  [
dB

]

Before Capping
After Capping

Before Capping
After Capping

Before Capping
After Capping

Before Capping
After Capping

R
et

ur
n 

Lo
ss

 S
11

  [
dB

]

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-30

-20

-10

-40

0

freq, GHz

dB
(S
(2
,1
))

dB
(S
(4
,3
))

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-8

-6

-4

-2

-10

0

freq, GHz

dB
(S
(1
,1
))

dB
(S
(3
,3
))

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-10

-5

0

-15

5

freq, GHz

dB
(S
(6
,5
))

dB
(S
(8
,7
))

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0 5.0

-15

-10

-5

-20

0

freq, GHz

dB
(S
(5
,5
))

dB
(S
(7
,7
))

Without actuation With actuation

Is
ol

at
io

n 
S 1

2
[d

B
]

In
se

rt
io

n 
Lo

ss
 S

12
  [

dB
]

R
et

ur
n 

Lo
ss

 S
11

  [
dB

]

Before Capping
After Capping
Before Capping
After Capping

Before Capping
After Capping
Before Capping
After Capping

Before Capping
After Capping
Before Capping
After Capping

Before Capping
After Capping
Before Capping
After Capping

R
et

ur
n 

Lo
ss

 S
11

  [
dB

]

 
Fig.6. S-parameters of a 0-level packaged series switch 
(Fig.4), with and without 5V actuation. 
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Fig.7. Zero and first-level assembly of the series switch of 
Fig.4, capped with 100mm thick HRSi caps. 
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Fig.8. 2nd-level assembly of the series switch of Fig.7 on a RF 
board. (a) Board layout. (b) 2-level assembly. 
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Fig.9. 2-level assembly of series switch of Fig.7. (a) Top view. 
(b) X-ray image of “ the MEMS” . 
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Fig.10. C-V plot of 2-level packaged series switch of Fig. 9(a). 

Fig.1. Zero (0-), first 
(1-) and second (2-) 
level packaging scheme 
of an RF-MEMS switch 


