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FEATURES 

 Generic Framework for the 
evaluation and optimization 
of Indirect Test for 
analog/RF circuits  

 Classical implementation:  

o Enhanced prediction 
model generation thanks 
to extended search 
space exploration  

o Indirect test efficiency 
evaluation (FPR metric) 

 Implementation with model 
redundancy: 

o Selection and 
construction of 
redundant models 

o Tradeoff exploration 
between test efficiency 
and test cost 

 

TEST INTERFACE 

 Not applicable 

 

IO REQUIREMENTS 

 The provided IP TOOL can 
be operated on any 
PC/workstation equipped 
with Matlab. It can be easily 
integrated in standard EDA 
flows. 

 

PARAMETERS 

 INPUTS 

o Database that contains  
both specification 
measurements and 
indirect measurements 
on a set of devices  

 OUTPUTS 

o Quantitative evaluation 
of the performance of 
various implementations 
obtained under different 
scenarios 

 
OVERVIEW 
IT-GenFrame is a Generic Framework for the evaluation and optimization of 
Indirect Test for analog/RF circuits. It constitutes an essential element to 
guide the design and test engineers regarding practical aspects of alternate 
test implementation, including the choice of the embedded test instruments 
and the setting of test parameters. It also gives an evaluation of the test 
efficiency that can be expected under different test scenarios.  
 

DESCRIPTION OF THE IP TOOL  
A global overview of the IP tool is given in the figure below. It comprises two 
main modules, the first one dedicated to the classical implementation of the 
indirect test strategy, and the second one dedicated to an alternative 
implementation with improved confidence thanks to model redundancy. 
More details on these modules are given hereafter.  

  
 MODULE 1: Classical Indirect Test Implementation 
This first module is dedicated to the classical implementation of the indirect 
test strategy. Thanks to an extended exploration of the search space, this 
module permits improved generation of efficient prediction models. This 
module includes three main features: 

 Outlier filter: an adaptive k-filter is applied on the initial database to 
remove devices which are not consistent with the statistical 
characteristics of the remainder of the data. 

 IM space reduction: an iterative MARS-based procedure is applied to 
preselect a reduced number of IMs that contain valuable information 
from all available IM candidates. By reducing the size of the search 
space, a more thorough exploration can be performed in a reasonable 
processing time in the next step.  

 IM space exploration: multiple IM subset selection is performed based 
on a variation of the classical Sequential Forward Search (SFS) 
strategy. Two versions of extended-SFS are implemented, namely 
Parental and Non-Parental methods.  

In case classical implementation is targeted, the IM subset that generates 
the best model in terms of prediction error is retained and indirect test 
efficiency is evaluated by computing the FPR metric, which quantifies the 
percentage of circuits with a prediction error that exceeds the conventional 
measurement uncertainty.  
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DELIVERABLES 

 Matlab code 

 

LIMITATIONS 

 Only one RF performance 
considered at a time 

 

 

 MODULE 2: Alternative Indirect Test Implementation with Model 
Redundancy 

The second module is dedicated to indirect test implementation with model 
redundancy. This implementation corresponds to a two-tier test synopsis in 
which only devices for which prediction confidence is sufficient are evaluated 
using the indirect test strategy; other devices are directed to another tier 
where additional testing may be applied. Prediction confidence is 
established by exploiting model redundancy: 3 regression models that 
exploit different IM combinations are built during the training phase and 
confidence estimation is established during the testing phase by checking 
the consistency between values predicted by the 3 different models.  
The features included in this module are: 

 Selection and construction of redundant models: based on the IM 
subsets generated by the previous module, the 3 models with the best 
performance in terms of prediction reliability are selected as redundant 
models for each size of IM subsets; meta-models using an ensemble 
learning method are also constructed. 

 Tradeoff exploration between test efficiency and test cost: for each size 
of IM subsets, the value of the divergence threshold used for prediction 
confidence estimation is varied and the minimum front of FPR vs. the 
number of retested devices is determined over the different scenarios of 
redundant model generation and the different values of the divergence 
threshold.  

This module permits to have a quantitative evaluation of the performance of 
different implementations and can be used as a guide by design and test 
engineers regarding practical aspects such as the choice of embedded test 
instruments, the choice of redundant models of the choice of the divergence 
threshold value.  

VALIDATION RESULTS 
The IP Tool has been demonstrated on a power amplifier test vehicle with 
production test data. Results have shown that the proposed methodology 
permits to identify several models with accuracy better than the single 
reference model generated with a classical approach. Results have also 
demonstrated the benefit of implementing model redundancy, which permits 
to achieve very low failing prediction rate with only few devices directed to a 
second tier for further testing (cf. figure below). 
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