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 
Abstract: Development of software for automation of electrical 

characteristics measurement plays an important role, because this 
approach contributes to a significant time reduction. This article 
discusses the development and application of software for the 
study of electrical characteristics of miniature data storage 
modules developed by 3D integration technology for aerospace 
applications. In outer space there are a number of problems 
affecting the functioning of microelectronic equipment, in 
particular - heavy charged particles (HCP) that can lead to both 
single failures and latch-up effect, which is critical for memory 
chips. Therefore, there is a need to check the electrical 
parameters, such as the response time of protection against HCP. 
The software is developed in LabVIEW and can be used in 
manual and automatic modes, what allows to improve the 
efficiency of the testing process. The full range of measurements 
can be done by one operator in  a short period of time. 
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I. INTRODUCTION 

Information storage modules developed in the SMC 
"Technological centre" [1] are made by 3D integration 
technology and are intended for use in conditions of increased 
radiation exposure to the environment. Radiation resistance is 
implemented by using radition tolerant electronic 
components, memory reservation, correcting codes and 
latch-up protection chip. The specifics of the product require 
the development of software for measuring electrical 
characteristics in an automated mode. 

Verification of electrical parameters occurs after the 
completion of all technological operations for the production 
of information storage micromodules.  Characteristics to be 
confirmed: supply voltage, power consumption, access time, 
high level input voltage, low level input voltage, response 
time of protection against HCP (heavy charged particles), 
load capacity. 
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 Since the measurement of the electrical characteristics of 
the micromodules can take a very long time, it was decided to 
create a specialized software.  

II. METHODS 

The basic components of the information storage 
micromodule is controller, NAND-Flash, as the most resistant 
to radiation [2,3], and the latch-up protection chip 
1469ТК035 made by SMC "Technological centre" working 

on the principle of limiting the current consumption [4]. 
Special attention is paid to latch-up effect counteraction, as 
this effect is the main cause of catastrophic failures of 
electronic devices under conditions of increased radiation 
exposure [5-7].  

The software allows testing and control of the micromodule 
samples to detect defects in manufacturing. It provides 
measurements of electrical characteristics in automatic and 
manual modes, collection and storage of measurement data, 
generation and output of test result reports.  

The following technical requirements are applied to the 
software: 

- user interface with the ability to set parameters and 
measure characteristics in real time; 

- connection external measuring equipment; 
- option to save measurement results in a file; 
- Windows 7/10 support. 
During the project the stand for the study of the 

micromodule electrical characteristics was developed. The 
stand includes the following instrumentation:  

- programmable power supply,  
- personal computer,  
- special measuring equipment.  
Software was developed in LabVIEW environment to 

control the components of the stand. The developed software 
works with the control and measuring equipment through the 
interface GPIB, USB, RS-232. The program is able to work in 
manual and automatic modes. 

 The interface of the developed stand software is shown in 
figure 1. After the measurement of all electrical 
characteristics in different operation modes, specialized 
software creates a complete test protocol. 
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Figure 1 – User interface. 

  
The measurement parameters can be configured: the value 

of the input voltage in the range from 0 to 32V with an 
accuracy of 0.01 V; the maximum switch current in the range 
from 0 to 10A with an accuracy of 0.01 A;  the load Capacity 
is adjusted in the range: 0 – 100 pF. 

Transmission of commands to the device is carried out by 
the string data type in ASCII encoding according to the VISA 
interface standard. The software operates with a 
programmable power source using the IEEE-488 GPIB 
digital interface. GPIB commands are always transmitted 
using the classic IEEE-488.1 protocol. The standard specifies 
the format of commands sent to the measuring equipment and 
the format and encoding of responses. The GPIB interface 
uses a byte-by-byte asynchronous data transfer scheme, that 
is, the entire bytes are sequentially transmitted over the bus at 
a rate determined by the slowest participant in the 
transmission. Messages are transmitted using strings that 
contain ASCII characters. The GPIB instrument interface 
trunk is a 24-wire parallel bus consisting of eight data lines, 
five bus control lines, three timing lines, and eight ground 
lines.  

The following programs are also developed to work with 
the memory micromodule: 

1) Software for data exchange between the data storage 
module and the PC. 

The program allows exchanging data between the PC and 
the module controller. Data is exchanged via the USB 
interface. 

2) Software of the module contact device. 
The software allows loading the data exchange program 

into the information storage module for subsequent data 
exchange between the module and the PC. 

The typical measuring algorithm: 
- switch on the PC and the measuring equipment; 
- initialize the software; 
- connect the micromodule; 
- check all connections; 
- parameter setup in the user interface; 
- start measuring program; 
- save results. 
All the necessary parameters for the measuring equipment 

are set by the software and the operator does not have to setup 
the hardware separately. This approach allows to reduce the 
measuring time and requirements to the operators 
qualification. 

III. RESULTS 

Thus, after connecting the control and measuring 
equipment to the interface, the results of the supply voltage 
and current consumption  of micromodule sample at different 
temperatures were obtained. The results are presented in 
Table 1.  

 
Table- I: Supply voltage and current consumption 

Т = -50 ºС 
Mode Consumption current I (mA) 

Vdd = +3.0V Vdd = +3.3V Vdd = +3.6V 
1 write 35 36 35 
2 read 36 37 36 
3 erase 37 37 36 
4 passive 0.01 0.01 0.01 
Т = +25 ºС 
Mode Consumption current I (mA) 
 Vdd = +3.0V Vdd = +3.3V Vdd = +3.0V 
1 write 34 35 35 
2 read 36 35 35 
3 erase 36 35 36 
4 passive 0.01 0.01 0.015 
Т = +70 ºС 
Mode Consumption current I (mA) 
 Vdd = +3.0V Vdd = +3.3V Vdd = +3.0V 
1 write 35 36 35 
2 read 35 36 35 
3 erase 37 37 36 
4 passive 0.015 0.02 0.02 

The developed software allows working in manual mode to 
check the latch-up protection response time. The results are 
shown in Table 2. 

 
Table- II: Latch-up protection response time. 

Mode Response time t (ms) 
T = -50 ºС T = +25 ºС T = +70 ºС 

С2= 10 nF 102 93 92 
С2= 20 nF 208 194 197 
С2= 30 nF 301 282 283 
С2= 40 nF 449 395 402 

The C2 trimming capacitor can be selected in the range of 
10 to 40 nF depending on the specific operating conditions of 
the module and technical requirements. However, to ensure 
greater reliability of the module, it is necessary to choose the 
lowest value of the protection response time to prevent the 
growth of the latch-up effect [8, 9]. 

IV. CONCLUSIONS 

The article presents the developed software for measuring 
the electrical characteristics of the information storage 
micromodules  for onboard equipment of spacecraft with 
increased radiation resistance.  

The software allows testing and control of manufactured 
samples to detect defects in the production. Automation of the 
measurement of electrical characteristics has significantly 
reduced the time of laboratory tests.  
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Virtually the operator works only with the personal 
computer to obtain the full range of measuring results. The 
measuring time reduces not only by automation itself but also 
by lack of necessity to setup the hardware. 

The software allows to check the following parameters: 
supply voltage, power consumption, access time, input 
voltage of high level, input voltage of low level, response time 
of latch-up protection, load capacity.  

The obtained results correspond to electric characteristics 
of the components and the requirements in the field of 
application. Future work is aimed towards the series 
production and testing of the information storage 
micromodules and developing of the software for the 
automation of the interoperational control. 
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