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In this project we have developed design techniques which facilitate test for mixed-signal/RF
integrated circuits. We have focused on systems including RF transceivers. A system with
both transmitter, receiver and the accompanying digital part have been used as a platform for
our study of testability. In such a case the analog RF front-end can be reconfigured for test
while the available baseband processor can serve as a tester. Loopback and bypassing are the
enabling on-chip techniques supported by embedded observation blocks. By using this
approach the fault-oriented go/no-go test and also some specification-oriented RF tests can be
carried out. Both the RF test methods and design for test (DfT) techniques have been
addressed in this project. CMOS technology was exploited to verify the DfT concepts in
practice.

1 Scientific results

Since 2003 the project evolved from fault modeling for RF CMOS chips through simulation
of various test circuitry, test setups, and generation of optimum stimuli to finally reach a stage
of practical implementation. Using the developed DfT techniques two RF CMOS chips have
been designed, manufactured and successfully measured demonstrating feasibility of the on-
chip test with no tradeoff in chip performance. The test technique of a complete transceiver
makes use of the loopback setup with bypassing. For best detectability the sensitization
techniques have been developed. The limited test observability of some faults can be largely
improved by RF detectors which act as noninvasive observation blocks. On-chip calibration
technique has been proposed for them. Also the problem of production tolerances typical of
analog/RF circuits have been captured in terms of detectability thresholds. Among various
measurement problems the wideband impedance matching on a PCB board was successfully
solved in this project as well.

The main results obtained comprise the following:

Loopback BiST model for digital transceivers with limited test circuitry
Feasibility of loopback BiST for different transceiver architectures
Loopback test for RF transceivers with direct modulation

Spot-defects models (typical of CMOS technology) based on noise and
nonlinear analysis, using fault abstraction

Techniques for sensitizing the RF test path for common faults
Production tolerances and fault masking effect, detectability thresholds
Mixed test for enhanced fault coverage (SER/EVM, IP3, gain)

Fast BER/SER test technique for digital transceivers

Design of test blocks for integration in CMOS technology

Design of RF receiver front-end for enhanced test controllability



On-chip RF test bus for enhanced observability
On-chip calibration of RF detectors

Design of on-chip two-tone generator for IP3 test
PCB board design for wideband RF test

The addressed issues cover both the system- and circuit-level test perspective
for RF integrated circuits. The results obtained are unique and we believe they
pave a way for new test practices to be introduced by industry.
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5 Cooperation with industry
and relation to other projects

Our research has drawn attention of the test people working in the field. Especially, high costs
of production test for RF chips, so far relying on expensive test equipment, have evoked
interest at industry for alternative test methods. As a result we gave 2 invited talks at Philips
and one at Texas Instruments as reported beneath.

In 2004 we established a link with Philips Research, Eindhoven, NL (contact person Dr Jose
Pineda de Gyvez) and formulated a joint project on test for wideband transceivers, completed
as MS project during 6 month internship 2005/06 in Eindhoven.

In September 2005 we established a link with Philips Semiconductors (since 2007 NXP),
Caen, France, as well. The group supervised by Dr. Patrice Gamand has been interested in



collaboration to implement RF BiST in their demonstration chips. The NDA between LiTH
and Philips Semiconductors was signed and a collaboration plan was formulated. During
spring 2006 a project work driven by the Philips needs was performed and completed in May
2006. In 2007 we were also consulting NXP’s RF chip design aimed at on-chip test and
calibration.

During 2007 and 2008 J. Dabrowski delivered lectures on RF test techniques within a program
“Executive Master in Microelectronics” at ENSICAEN/NXP, (Caen, France).

In cooperation with Dr. Erik Larsson (project leader of CENIIT 05.06), J. Dabrowski and
Prof. A. Alvandpour gave a PhD course “Digital/Analog/RF VLSI testing” in May-June 2007.
16 students from different groups attended the course.

During 2006-08 much of the design work within this project was done jointly with the VR
project entitled “Direct RF Sampling for Flexible Radio Architectures” led by Prof. C.
Svensson (LiTH). Two RF chips provided with DfT features have been designed and verified
on bench.

6 Creation of new research group

With the help of the CENIIT grant I could establish a research group oriented at Mixed-
Signal/RF IC Design and Design for Testability with currently 2 PhD students and 2 MS
students. The research work continues based on VR and SSF funds granted recently.
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