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1 Project Description

Due to advancesin integrated circuit technology the operating frequency
of many radio frequency circuits and systemsis increasing rapidly. The
mm-wave frequencyrange is becomingan ever more attractive option for
designersdueto the largebandwidth that is available. The availability of high
fr transistors that can operate at mm-wave frequencieswithin a BICMOS
processmeansthat a single processcan meetthe twin requiremers of very
good digital performancecoupledwith excellen high frequencycapability.

In order to successfullydesignmm-wave circuits it is necessaryto have
highly accurate active device models. Device models are obtained by mea-
suring the deviceunder test (DUT) to obtain the necessaryinformation to
construct reliable models. As can be seenfrom gure 1 a singleDUT canbe
measuredby mourting it on a board or by wafer probingit. For devicemodel
applications at microwave frequenciesmeasuremets are usually performed
with the latter technique. On-wafer measuremets are typically calibrated
usinga ceramicimpedancestandard substrate (ISS) that o ers high accuracy
and low loss standards for two port calibration proceduressud as SOLT,
LRRM and TRL [1]. ISS calibration is su cient in caseswhere substrate
and interconnect lossesof the chip containing the DUT are comparableto
those of the ISS. This, howewer, is not the casefor CMOS and BiCMOS
processe®perating at high frequencies.For example,the wafer-probe based
test structure shovn in gure 1 has a large number of parasitics that are
not removed by the ISS calibration. Figure 2 shovs a DUT surroundedby
a number of impedanceblocks that represem the various parasitics assai-
ated with a microwave measuremen system. The rf padsthemseles and
the connectionsto the DUT coupledwith the lossysilicon substrate are re-
sponsible for all of the induced parasitics. All of these unwanted elemerts
needto be characterizedand removed before accurate device model extrac-
tion canbe undertaken. The rst part of this project will involve the design
and fabrication of di erent de-enbedding structures. Current state of the
art de-enbedding methods, [1] [2], demonstratehow accuratede-enbedding
canbe performedup to 15 GHz. This project will expandupon this work by
increasingthe frequencyof analysisto 50 GHz. New and more areaconscious
structures will alsobe implemerted. A special substrate shieldingtechnique,
[3], that hasa strong in uence on de-enbedding circuits and on many other
passiwe architectures, will alsobe fabricated.



Figure 1: Test xture options for microwave measuremets [4].
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Figure 2: Parasitics assaiated with the measuremeth system.

Of no lessimportance than the needfor reliable active devicemodelsis
the requirement for accurate passive models. Designof high quality baluns
is critical for the implemertation of sud front end componerts as double
balancedmixers [5] and di erential low noise ampli ers. Although baluns
are a mature and well researbed topic from a generalview point, [6] [7],
very little work hasbeendoneon balunsthat are built on lossysilicon sub-
strates. Therefore, the secondpart of this project will focus on the design
of mm-wave baluns suitable for applications between 30 GHz and 40 GHz.
Being able to designwith a processthat o ers many metal layersis a very
attractiv e proposition for the designof baluns. The basicbuilding blocks of
mm-wave microstrip baluns are couplers. Using a processwith a number of
metal layers givesthe designera lot of scope to achieve very tight coupling
and hencegood balun performance. Therefore,a number of di erent balun
architectures will be investigatedand fabricated. Someof the couplersused
to make up thesedeviceswill alsobe fabricatedto aid in the successfuanal-
ysis of the baluns during the test process.A balun is a di erential to single



endeddevice and, hence,the de-enbedding techniquesrequired are di er-
ert to those of a single endeddevice. Therefore, as well as fabricating the
balun structures a number of other more advancedde-enbedding structures
will be fabricated. It is intended that these structures will be suitable for
the de-enbedding of di erential to single endedcircuits aswell as standard
di erential applications.

2 Fabrication Pro cess

The fabrication processrequestedis the TSMC 0:18 m processwith the
intention of taping out on the run scheduledfor 15 November 2004.

3 Packaging Pro cess

Thesedesignswill not require any padkaging asall of the measuremets will
be carried out at wafer level.

4 Estimated Pro ject Size

For the rst part of this project a number of de-enbeddingstructureswill be
required. In orderto fully implemert the mostadvancedmethods, [1], and to
incorporate a number of new and more novel shielding structures, [8], a total
of 15 structures will be required. Although the active devicesthat are used
to verify the de-enbedding method are small, the size of the test xture is
dominated by the rf pads. Giventhe fact that the pitch of the ground signal
ground (GSG) probesthat will be usedfor testingis 150 m the approximate
sizeof eah xture will be560 m by 470 m. The secondpart of the project
involves di erential de-enbedding and balun design. Microstrip baluns are
designedsothat the length of the lines correspndsto = 4. For operation at
30 GHz the appraximate size of a balun including padsis 1700 m by 800

m. It is intended that three di erent types of baluns will be fabricated.
Ead di erential de-enbedding standard will occupy approximately 790 m
by 560 m. A sample chip layout has already been done with Cadence's
Virtuoso layout editor and it hasbeenfound that a chip with dimensionsof
5 mm by 5 mm will be required for this project.



5 Simulation Plans

Currently the needto fabricate a number of de-enbedding structures along
with the actual deviceunder test consumesa large amourt of die area. This
project will investigate the possibility of implemerting the de-enbedding
analytically by using EM simulators (ADS Momertum and Ansoft HFSS).
The rst stepin this processwould be to match the measuremen results of
the de-enbedding test structures with simulations performed on the same
structures. This would then mean that the parasitics assaiated with any
measuremensetup could be characterizedvia simulation. The consequences
of this type of scenarioare very attractive becauseit would mean that in
future there would only be a needto fabricate the actual deviceundertest and
valuabledie areacould be saved by not fabricating de-enbedding structures.
The designof the balun topologieswill be doneentirely usingEM simulations.
Again, oncefabrication is complete,direct comparisonbetweenthe measured
and simulated results can be made.

6 Test and Characterization Plans

Waferprobe measuremets will be performedup to 50GHz. Both s-parameter
and noisemeasuremets will be performed. The test setup to be utilised is
showvn in gure 3. All testswill be cortrolled via a PC and HPVEE software.
This will enablemany measuremets to be performedquickly and repeatedly.
The main elemerts of the test setup are the HP 8510Network analyser,with
measuremen capability to 50 GHz, and a CascadeMicrotech probe station.
In nit y probes will be usedto perform the measuremets. Although the
network analysercan only be usedto measures parameters,all the other
small signal parameters(ABCD,h,y,z) can be extracted from the initial s pa-
rameter measuremet The noiseperformanceof the active deviceswill also
be carefully analysedup to 50 GHz using a noise gure meter (HP897®),
noisesource(Agilent 348C) and an external mixer.
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Figure 3: Laboratory Test Setup
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