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AbshrccCWe present a case study that employs production 
test data from an RF device to assess the effectiveness of four 
different methods in predicting the padfail labels of fabricated 
devices based on a subset of performances and, thereby, in 
decreasing test cost. The device employed is a zero-IF down- 
converter for cell-phone applications and the four methods 
range from a simple maximum-cover algorithm to an advanced 
ontogenic neural network. The results indicate that a subset of 
non-RF performances suffice to predict correctly the passffail 
label for the vast majority of the devices and that the addition of 
a few select RF performances holds great potential for reducing 
misprediction to industrially acceptable levels. Based on these 
results, we then discuss enhancements and experiments that will 
further corroborate the utility of these methods within the cost 
realities of analog/RF production testing. 

Specification testing, wherein the performances of the de- 
vice are verified against the specification limits, still remains 
the only acceptable industrial practice for analoglRF devices. 
Yet the high cost of RF ATE and the lengthy test times 
involved have resulted in intensified efforts and interest in 
reducing the number and types of performances that are 
examined during production testing. A plausible direction 
towards decreasing cost, akin to test compaction practices 
in digital circuits, is to identify and eliminate information 
redundancy in the set of performances, thereby relying only on 
a subset of them in order to reach a passffail decision. Such 
redundancy is likely to exist since groups of performances 
refer to the same portion of the chip and are subject to similar 
process imperfections. Since it is not possible to express the 
relationship between performances in closed-form functions, 
the idea of identifying information redundancy through the 
specification test data logs has been pitched. Yet it is highly 
unlikely that such redundancy will manifest itself in a coarse 
and easily observable form of superfiuous performances that 
can be summarily discarded. Instead, more advanced statistical 
analysis methods are likely to be required. In essence, these 
methods should entail two components, namely a selection 
algorithm for searching in the power-set of performances for 
a discriminative low-cost subset and a prediction model for 
making passffail decisions based solely on this subset. 

In this paper, we present the results of a case study that 
examines the effectiveness of four such methods using produc- 
tion test data from an RF device. These four methods are listed 
in Table I. In the MAX-COVER formulation the prediction 
model is trivialized, i.e. passffail decision is reached by simply 
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comparing the selected performances to their specifications 
and ignoring the missing ones. This simplistic approach serves 
mainly as a basis for comparison. In contrast, the other 
three methods implement class$ers that learn to map the 
selected set of performances directly to a passlfail decision, 
thereby implicitly predicting conformance of the eliminated 
performances to the specifications. NN and LDA are standard 
machine learning approaches, while ONN can learn complex 
non-linear mappings. Using these four methods, we are inter- 
ested in exploring the following two questions: . How well can the passffail decision of the RF device 

be predicted through models constructed based solely 
on a select set of non-RF performances (i.e. digital, DC 
and low frequency)? The motivation for this question is 
the fact that by only relying on non-RF performances, 
the need for RF ATE is eliminated, thereby drastically 
reducing test cost. 
How does the prediction accuracy improve by selectively 
adding a few RF performances to the best non-RF perfor- 
mance subsets? The motivation for this question is that 
even if the cost of an RF tester cannot be completely 
eliminated, it may still be possible to decrease the time 
that each device spends on it and, by extension, the over- 
all test cost, by reducing the number of RF performances 
that are explicitly tested. 

The main conjecture drawn from this case study is that the 
machine learning approach to the specification test compaction 
problem shows great promise for reducing test cost. Indeed, 
a relatively small number of only non-RF performances are 
shown to suffice for predicting correctly the passffail decision 
of a very large percentage of devices (around 99% in our 
case study). Moreover, the addition of few RF performances, 
ameliorates this small prediction inaccuracy and results in 
very powerful prediction models, which enable test cost re- 
duction while maintaining industrially acceptable test quality 

TABLE I 
LEARNING METHODS EMPLOYED IN THIS CASE STUDY. 

Method 11 Selection algorithm I Prediction model 

MAX-COVER 11 MAX-COVER formulation I Trivial 
NN+QR 11 Q R  decomposiuon I Nearest Ne~ghbors 

Lincar Discriminant 
U M + Q R  11 Q R  decomposition I Analvsis 

Ontogenic Neural 
ONN+GA 11  Gcnctic Algorithm 
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