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Abstract 14 

Quantum Cascade Lasers (QCL) are promising semiconductor lasers, compact and powerful, but of 15 

complex design. Availability of structured data of the QCL properties can support data mining activities 16 

that seek to understand the relationship between these properties, for instance between the design 17 

and performance features. The main open source of QCL data is in scientific text which in most cases 18 

is usually unstructured. One of the ways to extract and organize this data is by utilizing Information 19 

Extraction techniques. These techniques can accelerate the process of curating QCL properties data 20 

from scientific articles for further analysis. One of the main challenges in developing machine learning 21 

algorithms for extraction of QCL properties from text is lack of quality training data for these 22 

algorithms. Large Language Models (LLMs) have demonstrated great capabilities in materials property 23 

extraction from text. They however experience challenges with  domain specific properties, for 24 

instance the heterostructure and design types in the QCL domain hence for adaptation. In this paper, 25 

we present an original instruction dataset for training and evaluation of large language models (LLMs) 26 

for QCL properties extraction from text. The data is generated by augmenting sample sentences from 27 

scientific articles with GPT-3.5 instruct with a few shot strategy. The dataset then is manually annotated 28 

with the help of QCL experts and is composed of 1300 rows of training examples consisting of an 29 

Instruction, Input Text and the Output. 30 

SPECIFICATIONS TABLE 31 

Subject Computer Science, Materials Science 

Specific subject 

area 

Artificial Intelligence (Information Extraction and Text Mining)- Extraction of 

Quantum Cascade Laser properties from text.  



Type of data Processed data in CSV format. 

Data collection The dataset was generated by augmenting sample sentences from gold open 

access articles in the Quantum Cascade Laser domain. The sentences are 

augmented using the GPT-3.5 instruct model in order to generate similar sentences 

with various transformations such as rephrasing, new values of properties and 

generation of new sentences capturing same concepts but with different examples. 

The data is then labelled with an instruction to the large language model and the 

expected output for the property to be extracted. 

Data source 

location 

Sentences from 12 Gold open access articles from the AIP (American Institute of 

Physics) and IOP (Institute of Physics) publishers in accordance with the text and 

data mining policies. The articles document proposed Quantum Cascade Laser 

devices and their properties. 

Data accessibility Repository name: Recherche Data Gouv  

Data identification number: 10.57745/U3U7XR 

Direct URL to data: https://doi.org/10.57745/U3U7XR  
The dataset is licensed under the CC-BY license to enable re-use. 

 32 

VALUE OF THE DATA 33 

• The dataset provides a background in understanding the relationship between the various  34 

Quantum Cascade Laser properties. This is by enabling training of machine learning models to 35 

extract these properties from text to generate data that can be used for analysis for instance, 36 

in the prediction of the laser performance properties based on the design features. 37 

• The dataset provides a benchmark dataset for evaluating large language models’ performance 38 

for the task of information extraction of properties in the Quantum Cascade Laser domain. It 39 

covers the following properties: working temperature, frequency, power, the heterostructure 40 

stacking materials and design types. LLMs experience challenges in identifying QCL domain 41 

specific properties with direct prompting. 42 

• The dataset gives a wide range of diverse sentences that capture the Quantum Cascade Laser 43 

properties in various ways hence enabling models to learn the various ways of expressing the 44 

properties. Most of the QCL properties are summarized in the abstract with the properties 45 

mentioned at sentence level. The dataset is therefore suitable for the extraction of properties 46 

from the abstracts. The focus is on articles describing a single novel QCL device hence enabling 47 

the generation of structured QCL properties data for various devices discussed in different 48 

papers. 49 

• The dataset serves as central resource for researchers in the field of Information Extraction 50 

with an interest of developing efficient methodologies for materials science data extraction 51 

from scientific text. The dataset can be extended by further augmentation or with additional 52 

Quantum Cascade Laser properties to provide a diverse dataset for properties data extraction 53 

from text. The format of the dataset can also be adopted in developing information extraction 54 

datasets for other properties in materials science.  55 



BACKGROUND 56 

The main motivation behind the generation of this dataset is for understanding the relationship 57 

between the various properties of Quantum Cascade Lasers (QCLs).  A Quantum Cascade Laser (QCL) 58 

is a semiconductor laser device made up of different layers of semiconductor materials and with a 59 

spectral emission range in  the mid-to far infrared [1]. A QCL device with certain design characteristics 60 

(the materials layers and the design types) has corresponding working properties such as the 61 

temperature, power and frequency among others. This implies that a particular design has an influence 62 

on the working properties of the proposed QCL device. Understanding these relationships between 63 

properties can give insights on the fabrication of QCL devices with target properties. One of the ways 64 

to explore and understand the QCL data is by capturing it in knowledge representation systems such 65 

as Ontologies and Knowledge Graphs. There already exists ontologies for concepts such as units of 66 

materials properties such as the QUDT Ontology [2] and Ontologies for other characteristics of  67 

materials data such as measurable properties for instance the Materials Design Ontology [3]. There is 68 

also a proposal for the Ontology for the QCL properties in order to formally represent these properties 69 

[4]. With already such existing resources for representing the QCL properties,  access to structured QCL 70 

properties data will accelerate the process of developing platforms for analysing the relationships 71 

between the QCL properties.  72 

In most cases, the QCL design and working properties are captured in scientific literature. An example 73 

of a description of QCL laser properties can be given as “A Terahertz quantum cascade laser with a 74 

rather high injection coupling strength based on an indirectly pumped scheme is designed and 75 

experimentally implemented. To effectively suppress leakage current, the chosen quantum cascade 76 

module of the device is based on a five-well GaAs/Al0.25Ga0.75As structure. The device lases up to 77 

151 K with a lasing frequency  of 2.67 THz.”[5]. This text description contains various QCL properties 78 

for instance the heterostructure, working temperature, frequency and design type. Rule-based 79 

methods have been proposed for QCL properties extraction from text [6]. These are however limited 80 

to the reporting style in text and requires a lot of  expertise and effort in rewriting of the rules when 81 

there is even a slight change in the text structure or being applied to other QCL properties.  82 

 83 
The existence of QCL properties in scientific text necessitates the need for efficient methods to extract 84 
these properties to collect data for analysis. The CQL properties data constitutes domain specific data 85 
that cannot be efficiently mined by information extraction methods without adaptation. This calls for 86 
quality datasets that can be used in training these algorithms to efficiently extract these properties 87 
from scientific text. Based on this motivation, we propose an instruction dataset that provides an initial 88 
attempt in  generating quality data for developing efficient algorithms for QCL property extraction from 89 
text [7]. 90 

DATA DESCRIPTION 91 

The dataset consists of a CSV file with 1300 rows of sentences generated from sample sentences from 92 

scientific articles. The data is availed a single file without any partitions for instance the training, test 93 

or validation sets.  The CSV file has three columns: Instruction, Input Text and Output. The Instruction 94 

column consists of sentences that entails an instruction to the large language model to extract a 95 

specific QCL property from the text. The input text column consists of sentences containing the QCL 96 

properties mentioned in them. The output column contains the expected output of extracted 97 

properties based on the user inquiry in the instruction column. From the machine learning perspective, 98 

the output column may be seen as the label for the input text and  the instruction.  99 



MATERIALS AND METHODS 100 

Sentence Sampling 101 

In order to obtain sample sentences for augmentation, we focus on scientific open access articles that 102 

solely describes originally proposed QCL devices and the corresponding properties . We don’t consider 103 

articles that proposes applications of these devices in other applications. We also limit this on articles 104 

whose publishers permit text and data mining for research purposes. Through this process, we were 105 

able to extract 36 sentences from 12 scientific articles to be used in the augmentation process [5], [8-106 

18]. The sentences contain the various QCL properties of interest: working temperature, power, laser 107 

frequency and the laser design types.  108 

Dataset Generation 109 

Large Language Models have shown great progress in text data augmentation [19,20]. Inspired by this, 110 

we employ a few shot strategy to generate an augmented dataset of QCL properties from sample 111 

sentences extracted from the scientific articles using GPT 3.5 instruct model. The sentences are parsed 112 

to the GPT-3.5 instruct model in a few short manner to paraphrase and generate similar sentences  113 

with varying expression styles and values for the QCL properties. The process is repeated in iterations 114 

hence obtaining different sentences with various values for the laser properties. The generated 115 

sentences are validated by an expert to make sure those that make sense are the only one included in 116 

the final dataset. The generated sentences are combined with the original sentences to make a total 117 

of 1300 rows. Figure 1. Dataset Generation Process shows the overall process of the dataset 118 

generation. The LLM prompts and the original sentences are publicly availed at the Gitlab repository: 119 

https://gite.lirmm.fr/dkerre/qpInstruct . 120 

 121 

Figure 1. Dataset Generation Process 122 

Data Annotation 123 

The final stage entails annotating the data with various kinds of information to be extracted from the 124 

text. Two columns are added i.e. the Instruction column and the output column. In the instruction 125 

column, the instructions to the LLM models are captured. The output column consists of the expected 126 

https://gite.lirmm.fr/dkerre/qpInstruct


properties to be extracted as per the instruction in the Instruction column. The output column is 127 

labelled with assistance from the QCL domain experts. 128 

LIMITATIONS 129 

The dataset only captures the following QCL properties:  the working temperature, power, frequency 130 

, design type and the heterostructure materials. It was also a challenge to generate more sentences 131 

due to the cost implications of using GPT and the required labelling and post-processing efforts. 132 

Researchers can however use this dataset to augment and generate larger instruction datasets for QCL 133 

properties extraction from text. The quality of the generated sentences may not fully represent the 134 

nature of descriptions given in scientific articles detailing the QCL properties.  135 
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