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With the development of fab-less approach to integrated photonics, there is an increasing 
demand on infrastructure for testing and characterization of fabricated devices. In this 
paper we describe a test software framework and propose standards for chip and 
measurement descriptions, and for the file format to be used for storage and exchange of 
measurement data. 

Introduction 
A generic approach to photonic integration has led to an increased interest to this 
technology in many application areas [1], [2]. Performance of a fabrication process has 
to be validated for every run, so as the performance of every fabricated device. Therefore 
testing of the photonic circuits plays an important role in the production chain, and its 
contribution to the total product cost can reach up to 30% [3]. Testing performed at 
different stages of the fabrication pursues different objectives. On-wafer testing during 
and after the fabrication is done for process qualification. Bar and chip testing is first run 
by the foundry for building block qualification, and later can be done for circuit-level 
performance characterization. Finally, module-level testing qualifies functional and 
system performance of the packaged devices.  
In order to cope with increasing volume of fabrication, test automation is crucial. To 
satisfy the increasing demand in data amount, quality, and traceability we are developing 
a framework for measurement automation and data handling. The proposed approach is 
to interface the photonic integrated circuit (PIC) designers who define the test protocol 
on the design stage with the test facilities. We have developed a standardized modular 
approach to the test infrastructure, which enables automation of the process and at the 
same time allows user to define measurement procedures and their parameters. The 
modular approach is presented in the first part of this paper. In the second part, we present 
an open data format, which is used to store heterogeneous measurement data together 
with experiment metadata.  

Framework Description 
The idea behind the framework is to decouple the control software run by the test facility 
from the test settings provided by a PIC designer.  

Software modules 
The software consists of several control modules, each responsible for a specific task. 
The hardware control module is used for communication with the equipment. The 
positioning and alignment control modules perform chip placement and optical alignment 
respectively. Measurement control module initializes and runs the measurement modules 
according to user defined script, and the data storage controller is responsible for saving 
the measurement data. In Fig. 1, software part is shown in green.  
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The framework has modular 
structure, where different parts are 
coupled with other parts through a 
well-defined open application 
program interface (API), and can 
easily be replaced or extended. For 
example, the test actions are 
described through the measurement 
modules. These measurement 
modules can be standard (provided 
by the test house, e. g. current–
voltage curve measurement) and 
user-specific (provided by the user to 
characterize a specific circuit). The 
measurement modules define the 
tests in an instrument-agnostic way, 
and can be run with any other 
instruments of the same class.  

Configuration files 
Various settings required for the measurements are contained in the configurations files, 
which are the equipment description file (EDF), the chip description file (CDF), the 
measurement description file (MDF) (Fig. 1, 2). The configuration files are written in the 
YAML format [4], which is a human readable and editable text format with a rich support 
in many programming languages.  

 
Figure 1. Block diagram of the modular test  
infrastructure  

   
a b c 

Figure 2. Examples of EDF (a), CDF (b), and MDF (c) 
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The setup performing the test is described in the EDF. It contains the list of available 
equipment, their settings and calibration data. The EDF is provided by the test house, and 
is permanent for a given measurement setup.  
Measurement tasks from the users are provided in the form of CDF and MDF. The CDF 
contains information needed for execution and automation of the measurement processes. 
It includes names and coordinates of optical input/output ports, electrical pads, and any 
fiducials present on the chip. Information about coordinates is required for automated 
chip positioning and accessing required inputs and outputs with electrical and optical 
probes. The MDF contains description of measurements to be run in a given test session. 
Here, specific measurement settings are stored together with the names of the test actions 
to be performed. Both CDF and MDF can be generated automatically during the chip 
design stage, which is a step towards implementation of design-for-test methodology.  

OpenEPDA data file format 
Data types 
The data generated during the measurements is used for different purposes: pass-fail 
procedure, process control, device models development and calibration. This involves 
various parties, such as foundry, measurement labs, designers, and software companies 
which use different tools to generate and process the test data. Therefore, the generated 
data comes from different sources and can be heterogeneous. The experimental data is 
obtained from the measurement equipment directly when the observation is performed. It 
is usually numeric in form of scalars or arrays. The identifiers of the wafer, die and circuit 
under test represent metadata for the given observation. Metadata may also include the 
information regarding equipment used, particular settings, date of calibration, ambient 
conditions, etc. The metadata can be of various types for example simple numeric or 
textual and structured as arrays or maps. An overview of the datatypes is presented in the 
Table 1. 
 
Table 1. Examples of the data types 

Data type Description Examples Remarks 
Number Any numeric value 2.3 

.inf 
1.9e-3 

Representation is same as 
defined in section 10.2.1.4. 
of [1] 

String A list of characters 'spectrum analyzer' 
'SPM18-3' 

 

Array A sorted list of numeric of 
string values 

[1, 2, 3, 4] 
['west', 'east', 'north'] 

Values may have mixed 
types, which is discouraged 

Map Mapping of a set of values to 
another set of values in the 
key: value form. 

{'wafer': 'SPM18-3', 
'die': '38X23', 'design': 
'SP00-38'} 

Also called a named array, a 
look-up table, or a dictionary 

Standardized file format 
To facilitate exchange of the data between different parties and software tools, we have 
developed a standard file data format, which can store the measurement data and metadata 
in a human-readable way. The format is sufficiently flexible to include any arbitrary 
structured data, including arrays and maps. The generated files are straightforward to be 
imported by any software or analysis tool, for example MATLAB, python, and MS Excel. 
The proposed data exchange file format has the following structure. The first line is a 
format identifier, “# OpenEPDA DATA FORMAT vX.Y”. After this, the data part 
follows, which contains two sections. The first section adheres to the YAML format [4], 
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and contains all scalar (numeric and textual) data in the name: value form. This format 
is applicable for storing all previously mentioned types of the data. The second section is 
a CSV-formatted [5] part to store the tabular measurement data. 
The proposed format does not define any required keys in the metadata or data parts, it 
only defines how to write the information into a file. However, in the future particular 
reserved keys may be defined, which, for example can start with an underscore character. 
An example of a measured optical spectrum is shown in Fig. 3. Line 1 specifies the file 
format and its version. Lines 2 to 14 contain metadata in YAML-format. Here, only string 
and float data types are used, however arrays and maps can also be included. Line 14 
contains a standard document-end marker. Lines 15 to the end of the document contain 
the CSV-formatted tabular data with a single header line. 
 
Line # File contents 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

# OpenEPDA DATA FORMAT v.0.1 
_timestamp: '2018-09-12T09:59:19.310182' 
prj: OpenPICs 
setup: RF setup 
operator: Xaveer 
wafer: 36386X 
sample: 13L8 
cell: SP35-1-3 
ckt: MSSOA1-6 
J_kA_per_cm2: 1 
pol: NO 
port: east 
t_chip: 18 
... 
"Wavelength, nm","Transmitted power, dBm" 
0.000000000000000000e+00,0.000000000000000000e+00 
1.000000000000000000e+00,1.001001001001001062e-01 

Figure 3. Example of the OpenEPDA data file. The file contains the format identifier with the version, 
YAML-formatted section, and CSV-formatted section. 

Conclusions 
In this paper, we have presented a modular test infrastructure for PIC test and 
characterization. This approach defines a test platform with a high throughput at a lower 
cost. The presented OpenEPDA measurement data format facilitates efficient 
measurement and simulation data exchange and traceability for further statistical process 
control. 
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