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Integrated passive devices and above IC 
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Technology description
The continuing scaling of CMOS technology impacts the required interconnection and packaging technologies significantly. 
These latter technologies have not kept pace with the IC scaling, resulting in a so-called “interconnect technology gap”. 
Multilayer thin-film technology acts as a “bridge” technology between the high-density IC technology and the coarse 
standard PCB technology. Key features of a multilayer thin-film technology are wafer-like low-temperature process steps 
and the use of low-cost thin-film lithography for the realization of very compact high-Q passive microwave components 
and circuits. 

IMEC’s thin-film technology uses alternating layers of BCB (benzo-cyclobutene, r= 2.65) and electroplated Cu (3-20m 
thick) combined with TaN precision resistors and Ta2O5 high-density capacitors (so called integrated passive devices or 
IPDs). This technology platform is applied on high resistivity substrates, such as low-cost glass or high-resistivity silicon (in 
this configuration called RF SiP), or on active CMOS wafers (referred to as above-IC passives or wafer-level packaging). 
The same technology platform is also the basis for IMEC’s current RF MEMS technology development.

	       

	 Schematic cross-section of IMEC’s thin-film technology built-up.

Applications
IMEC’s multi-layer thin-film technology is optimized for the realization of high-performance RF circuits in a broad fre-
quency range from 1GHz up to millimeter-wavelenght region (~100GHz). Typical applications will be found in the field of 
wireless system integration, mobile terminal etc. since these systems will require several passive components, which are to-
day difficult or impossible to integrate onto the chip or as discrete devices, due to size, cost or performance requirements 
limitations. With IPD technology, these limitations can be overcome. Functions such as broadband couplers, filters, match-
ing networks etc. are easily integrated by using the technology on the interposer substrates or on active CMOS circuits.



Technology advantages
IMEC’s IPD thin-film technology enables RF system designers to realize RF systems in an easy and straightforward way. 
Low-loss RF passives such as inductors, capacitors, resistors and transmission lines are the basic components, available 
with associated microwave scalable models, that can be integrated with active die from different technologies (CMOS, 
GaAs, …). 

The integration of RF MEMS components such as switches and variable capacitors into this platform is explored in order 
to realize reconfigurable and/or tunable RF system blocks.

The use of IPD technology is also explored by co-designing high-Q inductors on top of active 90nm CMOS, resulting into 
various interesting RF circuits. 
Low-power 5GHz 90nm RF-CMOS VCOs have been realized:  e.g. a core current consumption of only 150A with a 1.2V 
supply and a 10 % tuning range with a worst-case phase noise of -111 dBc/Hz at 1 MHz offset were achieved. Above-IC 
inductors also efficiently protect the RF pins against electrostatic discharge (ESD) stress. This is demonstrated using above-
IC inductors in the design of fully integrated 5GHz and 17GHz ESD-protected LNAs in 90 nm CMOS. RF performance 
towards millimeter-waves of 90nm RF-CMOS combined with wafer-level packaging technology (above-IC) has been as-
sessed by means of a 24GHz low-noise amplifier. This LNA has shown state-of-the art results with a noise figure as low 
as 3.2dB and low power consumption (11mW).

		       

Benchmarking
Many solutions exist to integrate microwave passives and interconnections such as microwave boards and LTCC (low-
temperature co-fired ceramics). Important advantages of the IPD approach on glass or HiRes Si substrates over the 
abovementioned alternatives are the high precision definition of the patterns (lines, capacitors, inductors, resistors etc.) 
inherent to fabrication technology. This leads to improved precision and reproducibility of the behavior of the passives.

The full capabilities of the thin-film passives is demonstrated by comparing the performance of a 6GHz VCO designed and 
optimized in IMEC’s 90nm CMOS technology using either standard 5LM BEOL to the same circuits using the above IC 
techniques. For the same phase noise performance (115dBc/Hz at 1MHz offset), power consumption was reduced with a 
factor of 17 (i.e. 328µW). Also low-noise amplifiers with strongly enhanced performance were obtained in a similar way:  
moving to the above-IC performance resulted for a 1 stage LNA into a gain improvement with 5 dB (to 18.8 dB) and a 
noise figure improvement from 2.2 dB to 1.5 dB, all at 5GHz.

For micro-strip lines realized in standard CMOS BEOL typical insertion losses of 1.5dB/mm can be achieved at 60GHz, 
whereas using above IC techniques this is reduced to 0.25dB/mm for the same frequency. Further circuit benchmarking 
for millimeter-wave circuits is currently ongoing.
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Picture of a 5GHz VCO (left) and a 5GHz LNA (right) in IMEC’s 
above-IC platform technology.

Advanced redistribution technology on glass wafers including 
passive devices using high-k dielectric, two aluminium layers, two 

copper layers and a gold finish for packaging purposes.
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