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Abstract: Brief information about the new BiJFet array chip (AC) MH2XA030 
intended for accelerated creation of analog integrated circuits (IC), which retain 
their performance under the influence of penetrating radiation and extremely low 
temperatures (up to minus 197 °С) is presented. The features of schematic design 
of two types of DDOAs (OAmp3, OAmp4) are considered. The recommendations 
on the schematic design of the DDOA are developed taking into account the 
static characteristics of the field effect and bipolar transistors of the AC under the 
influence of low temperatures. The amplitude-frequency response of the DDOA 
and the dependence of the noise voltage on the frequency of Fourier density are 
given. At a temperature of –197°С cryogenic amplifiers OAmp3 (OAmp4) are 
characterized by the following parameters: the current consumption is less than 
500 μA, the input current is less than 1 fA, the voltage gain is more than 50.000 
(200.000), the offset voltage is less than 200 (60) μV. The results of the circuit 
simulation of the instrumentation amplifier based on DDOA OAmp3 are 
presented. 

Keywords: Analog integrated circuits, Array chip, Radiation hardness, Cryogenic 
electronics, Differential difference operational amplifier. 

1 Introduction  
Analog integrated circuits (IC) have a significant effect on the static and 

dynamic parameters of automation devices, measuring equipment, instrumentation 
and telecommunications [1 − 3]. Differential difference operational amplifier 
(DDOA) is a relatively new functional node of analog circuitry which enables in 
some cases to obtain the parameters of analog devices that are unattainable 
when using classical op-amps [4]. In this regard, the improvement of the 
schematic design of the DDOA and its application in analog interfaces are given 
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much attention [4 − 21]. Analog Devices, Texas Instruments, etc. are engaged in 
serial production of the DDOA for the problems of space instrument making 
[22, 23]. In this regard, we should note the relevance of the research of the 
DDOA for severe operation conditions [22]. 

Recently, we have carried out the studies both on the development of 
radiation-hardened structured arrays (SA) and array chips (AC) [23 − 26], and 
on the creation of a complex of design tools for cryogenic analog ICs [27, 28]. 

On the base of the results obtained the new AC MH2XA030 (in 2018) has 
been designed for accelerated design and low-volume production of the 
radiation-hardened and cryogenic analog ICs. 

The purpose of the article is to consider the means and rules for schematic 
design of cryogenic analog ICs on the elements of the BiJFet AC MH2XA030, 
as well as the circuitry features of the developed DDOAs and the results of their 
simulation. 

Section 2 describes the process of designing analog circuits on AC 
MH2XA030. Section 3 gives recommendations for circuit design of DDOA on 
the elements of AC. Section 4 shows the circuitry of DDOAs OAmp3 and 
OAmp4 to cryogenic temperatures. Section 5 shows the circuit of connection 
DDOA OAmp3 in the form of an instrument amplifier. 

2 Design of the Chips on the AC МН2ХА030 
The AC MH2XA030 contains eight macrocells. On the perimeter of the AC 

there are complex functional bond sites (122 pcs.), which are used to connect 
the semiconductor element with conductors to the traverses of the package or as 
the following active elements: PADN - two multi-emitter high-power n-p-n-
transistor; PADP - two multi-emitter high-power p-n-p transistors; PADJ - low-
noise field effect transistor with p-n-junction and p-type channel (p-JFET). In 
total, 64 powerful n-p-n transistors, 60 powerful p-n-p transistors and 60 low-
noise p-JFETs are located on the AC. The combined resistance of all AC 
resistors is 14.64 MΩ, and the total capacitance of all capacitors is 136.96 pF. 

It is known [23] that not all commercial CAD systems and firm libraries of 
Spice parameters of transistor models are suitable for circuit simulation of the 
simultaneous effect of penetrating radiation and cryogenic temperature on the 
parameters of analog ICs. For the simultaneous consideration of the effect of 
radiation and low temperatures, it was proposed to use CAD LTSpice, built-in 
LTSpice standard models with averaged temperature coefficients, as well as the 
developed mathematical expressions that establish the relationship between the 
parameters of models, semiconductor and radiation exposure and describe a 
nonmonotonic change in the BETA p-JFET parameter [23, 25]. 
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To identify the parameters of the models, we studied the main current-
voltage characteristics (CVC) of the BJT and JFET at the temperature T up to  
–197°C, as well as under the influence of gamma radiation and the flux of fast 
electrons. 

The low-temperature measurements are carried out on the experimental 
setup, given in Fig. 1 [29, 30]. The measured transistors are located in a metal 
glass, placed in the liquid nitrogen with the help of a rod with a wire harness of 
twisted pairs inside for connection of the semiconductor units to the tester IPPP-
1. The measured data are delivered to the personal computer (PC) through the 
RS-232 interface. 

The thermocouple of M type, defined in the Standard-Р 8.585–2001 
(Coper/Copel), is used to control the temperature. It is located close to the 
measured transistors. The temperature is registered by the “cold junction 
compensation” technique, at which an exposed end of the thermocouple is 
placed in the glass with water and floating ice (in Fig. 1 it is marked as a “glass 
of ice water”). The thermal EMF of the thermocouple is fixed by the voltmeter 
B7-65 and is delivered to the PC through the RS-232 interface. The 
measurements are carried out in the automatic mode under the control of the 
program in “VEE Pro” graphical language environment.  

Glass of ice
water

Voltmeter В7-65 PC

Rod for low-
temperature

measurements

Thermocouple
coper/copel

IPPP-1Samples

 
Fig. 1 − The circuit of the experimental setup for the low-temperature measurements. 

 
Radiation change in CVC of the BJT and JFET was studied with the help of 

[31]: 
– Linear electron accelerator ELU-4, providing a nominal electron energy 

of 4 MeV; 
– Irradiation of samples with 60Co gamma quanta at the “Researcher” 

installation with gamma radiation dose rate of (15 − 20) rad/s. 
Irradiation of the samples was carried out at a temperature of about 300 K 

( 27 CT = ° ). The transistors were in active mode during irradiation. 
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Measurements of CVC transistors were performed using instruments and 
programs that were used in low temperature studies. 

Based on the experimental data obtained (Figs. 2 − 6), transistor models 
were modified to simultaneously account for the effect of low temperatures and 
penetrating radiation [26]. 

  
Fig. 2 − Dependence of the ID on the VGS of the low-power p-JFET AC with  

the minimum permissible cutoff at VSD = 3 V and different temperatures. 

 
Fig. 3 − Dependence of the β of the low-power p-n-p transistor AC  

on the emitter current at different temperatures. 
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Fig. 4 − Dependence of the β of the low-power n-p-n-transistor CA  

on the emitter current at different temperatures. 

 
Fig. 5 − Dependence of the voltage on the forward-biased base-emitter junction VEB of 

the low-power n-p-n-transistor AC on the emitter current at different temperatures. 
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Fig. 6 − Dependence of the voltage on the forward-biased base-emitter junction VEB of 
the low-power p-n-p-transistor AC on the emitter current at different temperatures. 

 
The developed models enable us to describe the existing manufacturing 

tolerance of the cutoff voltage VTH by changing the parameter VTOValue, the 
spread of the β – by changing the BFscale parameter, the effect of the absorbed 
dose of gamma radiation and the neutron flux by parameters of the DG and FN 
model, respectively. The use of these means ensured satisfactory coincidence of 
the results of measurement and simulation of CVC of the BJT and JFET at the 
temperature T up to −197°С [26]. 

Simulation of the CVC of the BJT and JFET, with simultaneous exposure 
to low temperatures and penetrating radiation, made it possible to establish that 
bipolar transistors retain a minimum operability (β ≥ 2) in a small range of 
simultaneous external factors: T = −197 °С, FN < 1012 n./cm2, DG < 200 krad. In 
connection with this, it can be recommended to develop either low-temperature 
schemes with low radiation resistance level or radiation-resistant circuits for 

60 CT > − °  on AC MH2XA030. 
The analysis of the I-V characteristic shown in Figs. 2 − 6, and the cryogenic 

analog IC design recommendations formulated on its basis are considered in 
Section 3. 
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3 Recommendations for the Schematic Design  
of the DDOA on the AC Elements 
When developing the cryogenic DDOAs, it is advisable to take into account 

the need to provide a large range of input signal, at which the transconductance 
of the input transistors varies slightly [21, 28], as well as the following 
recommendations that allow describing the existing technological dispersion of 
the parameters of bipolar and field effect transistors in the temperature range in 
the case of circuit simulation, which is especially important in the practical 
development of analog ICs, taking into account the limitations of the 
technological routes of specific manufacturers of semiconductor products. 

First of all, before the beginning of the schematic synthesis of the DDOAs 
containing field effect and bipolar transistors, it is recommended to perform the 
simulation and analysis of dependencies: D GS( )I f V=  at SD TH=const  V V≥ ; 

E( )f Iβ =  at CB 1VV = ; the voltage on the forward-biased base-emitter junction 

EB E ( )V f I= at CB 1VV = .  
Simulation of the characteristics should be carried out under the following 

conditions: 
– the permissible manufacturing tolerance of the cut-off voltage due to the 

measurement of the parameter VTOValue = 1.3; 1.44; 1.925, which 
corresponds to VTH = 1.35 V; 1.5 V; 2 V; 

– the admissible manufacturing tolerance of the β (BFscale = 0.75, 1, 1.25); 
– in the temperature range up to −197 °С. 
Studying the simulation results of the CVC of transistors makes it possible 

to identify the problems that can arise in the schematic synthesis of the DDOA. 
Thus: 

– the cutoff voltage VTH is significantly reduced at T = −197°С. If under 
normal conditions the cutoff voltage corresponds to the minimum 
permissible value VTH = 1.35 V, then at T = −197°С and it decreases up to 
VTH = 0.9 V; 

– the absolute value of the voltage on the forward-biased base-emitter 
junction at T = −197°С increases and may exceed the value of VTH, and 
the β significantly decreases. For example, with E 50 AI = μ for the n-p-n 
transistor |VEB| increases from 0.688 V under normal conditions up to 
1.057 V at T = −197°С, and the β falls from 110 to 2.39, for the p-n-p 
transistor |VEB| increases from 0.704 V under normal conditions up to 
1.066 V at T = −197°С, and the β falls from 54 up to 2.83. Therefore, in 
order to ensure the operability of the DDOA schemes with the 
permissible manufacturing tolerance of the VTH, it is not necessary to 
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apply the connection of the emitter junctions between the source and the 
gate of the p-JFET. An alternative solution to this problem is to increase 
the VTH norm under normal conditions, taking into account the drop in the 
cutoff voltage at extremely low temperatures; 

– in cascades on bipolar transistors it is possible to compensate partially the 
sharp drop of the β  due to the use of the circuits of the composite 
transistors (Fig. 7, Q10, Q8, Q1 и Q9, Q2, Q11). 

4 Circuitry of the DDOA for Cryogenic Temperatures 
Fig. 7 presents the electrical circuit of cryogenic DDOA OAmp3, designed 

with the available AC MH2XA030 transistors and passive elements ratings. 

 
Fig. 7 ─ Electrical circuit of cryogenic DDOA OAmp3. 

 

The OAmp3 is an upgrade of the low-temperature op amp [24] and 
includes three amplifying stages. Two classical input differential stages (DS) on 
field effect transistors J10, J11 and J13, J14 are connected in parallel, their 
output currents (drain currents J10, J11 and J13, J14) are summed on emitter 
resistors R3, R4 of common base transistors Q3, Q4. Thus, the input DS and 
transistors Q3, Q4 with an active load on the p-JFET J1, J2 form the first 
amplification stage, made in accordance with the “folded” cascode scheme. 

The second amplification stage is a DS on p-JFET J3, J4 with a load in the 
form of “current mirror” Q5, Q6, and the third amplification stage includes 
transistor Q7 with a common emitter and an active load on p-JFET J6. Source 
follower J8, forward-biased diodes Q12, Q13, current source J7, emitter 
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followers on first (Q8, Q10, Q1) and second (Q9, Q11, Q2) composite 
transistors form a push-pull output stage. 

The combination of the elements in the composite transistors provides a 
high value of their total gain β∑1 ≈ β1·β8·β10, β∑2 ≈ β2·β9·β11 and a relatively 
small voltage drop on the direct-switched emitter junction of the composite 
transistor VEB∑1 = VEB8, VEB∑2 = VEB9 in comparison with the typical scheme of 
Darlington transistor. 

Resistors R6, R15 resistances are selected so that the output transistors Q1, 
Q2 do not open at T = −197°C and the small collector current Q10, Q11, for 
example, 6 EB1 C10MIN  1  V 10 A 1 00kR V I≈ ≈ μ = Ω . This reduces the current 
consumption of the output stage. 

The operating modes of the transistors are chosen from the condition of 
minimizing the current consumption ( 1 2 8 11.8 AR R RI I I= = = μ , 7 23.8 ARI = μ , 

10 97.0 ARI = μ ) and current sources J12, R5 and J9, R14 ( 5 14 100.9 AR RI I= = μ ) 
– for maximum increasing the linear operation range of the input DSs. 

The operation of the DDOA without negative feedback circuits (NFC) 
explains the simulation results of the amplitude and phase frequency responses, 
Fig. 8. 

 
Fig. 8 − Dependence of the amplification gain and its phase  

of DDOA OAmp3 on the frequency at T = −197°С. 
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Frequency correction of the DDOA is carried out by connection of a 
capacitor with a capacitance of 8.58 pF between Cor1 and Cor2 pins in Fig. 7. 
In this case, the unity gain frequency is 1.2 MHz and the phase margin is 53.9°. 
The graphic chart of Fig. 9 characterizes the noise parameters of the op-amp. 

 
Fig. 9 − Dependence of the Fourier density of the noise voltage  

of amplifier OAmp3 on the frequency. 
 

Table 1 
The Simulation Results of the DDOA at the Power Supply ± 5 V. 

Amplifier name Parameter name OAmp3 OAmp4 
Consumption current, mA 0.434 0.434 

Input current <1 fA1) <1 fA1) 

Offset voltage, μV 193 (952)) 53 (262)) 
Voltage gain 57640 (1158304)) 210800 (4220304)) 

Full output voltage, V –3.28/3.09 –3.28/3.09 
Unity gain frequency, MHz 1.2 2.61 

Phase margin at the unity gain, degrees 53.9 6.4 
Fourier density of the noise voltage nV/Hz 0,5 128.2 26.0 

Note: 1) evaluation, the typical value of the measured input current of the input p-JFET at   
27°C is about 40 pA; 2) at the parallel connection of two input stages 
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Table 1 shows the simulation results of DDOA OAmp3, OAmp4 at  
T = −197°С. 

DDOA OAmp4 has been developed on the based DDOA OAmp3 (Fig. 7), 
characterized in that on this circuit in the sources of transistors the input DSs 
resistors R9, R11, R12, R13 are removed. At the same time, the amplification 
gain is increased, the noise level is decreased, but the permissible input voltage 
range is significantly reduced due to the reduction of the linear operation range 
of the input DSs to 1 V, compared to 3 V for OAmp3. 

5 Instrumentation Amplifiers on the DDOAs 
Fig. 10 shows the connection of the DDOA OAmp3 in the form of an 

instrumentation amplifier (IA) [20, 21] indicating the nodes to which the input 
(Inp1, Inp2), control (Inp4) and NFC (Inp3) signals. 

 
Fig. 10 − Circuit of connection the DDOA OAmp3 as an instrumentation amplifier. 

 

The amplification gain VK  of the AC voltage in the low-frequency region 
of the IA is determined by the ratio of resistors R2, R1, i.e. V 2 11K R R= + , and 
the reference voltage REFV  at input Inp4 sets the level of the constant output 
voltage ( )2 1 REF(out) 1V R R V= +  when there is no input signal. 

According to the connection circuit (Fig. 10) simulation of the output 
signals of IA (Fig. 11) at 1=1 kR Ω , 2 =4 R Ω , which explains the possibility of 
providing at T = −197°C with the required gain and setting the output level of 
the IA when the reference signal is supplied to the input Inp4. 

Thus, the change in the reference voltage at the input of Inp4 from 0 
(output signal 2, Fig. 11) to 0.1 V (output signal 3, Fig. 11) leads to a change in 
the constant level of the output signal of IA from 0 to 0.5 V in accordance with 
the previously given dependence REF(out) ( )V f V= . 
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Fig. 11 − Input and output voltage of the IA on the DDOA  

at a temperature of –197°C and various VREF. 
 

6 Conclusion 
Recommendations have been formulated on the design of low-temperature 

analog ICs based on the elements of the new BiJFet array chip MH2XA030, 
which are used in the development of two types of differential difference 
operational amplifiers – OAmp3, OAmp4. 

Cryogenic OAmp3 (OAmp4) with the supply voltage of ± 5 V and the 
temperature of −197°C are characterized by the following parameters: the 
consumption current is less than 500 μA, the input current is less than 1 fA, the 
voltage gain is more than 50.000 (200.000), the offset voltage is less than 
200 (60) µV. 

On the basis of OAmp3 it is possible to produce instrumentation amplifiers 
which are the most necessary for cryogenic equipment with the amplification 
gain of more than 100, the current-voltage converters with the conversion factor 
of more than 1 mV/nA, working on the load with the resistance of more than   
2 kΩ  and the capacitance up to 100 pF. 

7 Acknowledgment 
In the development of amplifiers OAmp3, OAmp4, the results of scientific 

research conducted at the expense of the grant of the Russian Science 
Foundation (project No. 16-19-00122) are used.  



Design of Low-Temperature DDOAs on the Elements of BiJFet Array Chip MH2XA030 

245 

8 References 
[1] Y. Tsividis: MOS Analog IC Design-New Ideas, Trends, and Obstacles, ESSCIRC '86: 12th 

European Solid-State Circuits Conference, 16 – 18 September 1986, Delft, Netherlands, 
pp.113 – 115. 

[2] A. Agarwal, S. Chandra: Synthesis of Analog IC Building Blocks, IEEE Computer Society 
Annual Symposium on VLSI, 2011, pp. 361 – 362. 

[3] M.A. Newell, R. Stern, D. Hykes, G. Bolotin, T. Gregoire, T. McCarthy, S. C. Buchanan, S. 
Cozy: Extreme Temperature (-170C to +125C) Electronics for Nanorover Operation, IEEE 
Aerospace Conference, 10  –  17 March, 2001, Big Sky, MT, USA, pp. 2443 – 2456.  

[4] E. Sackinger, W. Guggenbuhl: A Versatile Building Block: The CMOS Differential Difference 
Amplifier, IEEE Journal of Solid-State Circuits, Vol. 22, No. 2, 1987, pp. 287– 294.  

[5] Z. Abidin, K. Tanno, S. Mago, H. Tamura: Novel Instrumentation Amplifier Architectures 
Insensitive to Resistor Mismatches and Offset Voltage for Biological Signal Processing,  
46th International Symposium on Multiple-Valued Logic (ISMVL),Sapporo, Japan, 18 –  20 
May 2016, pp. 194 – 199.  

[6] V. Raghuveer, K. Balasubramanian, S. Sudhakar: A 2μV Low Offset, 130 dB High Gain 
Continuous Auto Zero Operational Amplifier,  International Conference on Communication 
and Signal Processing (ICCSP), Chennai, India,  6 –  8 April 2017, pp. 1715 – 1718.  

[7] D. Du, K. M. Odame: A Bandwidth-Adaptive Preamplifier, IEEE Journal of Solid-State 
Circuits, Vol. 48, No. 9, 2013, pp. 2142 – 2153.  

[8] B.A. Minch: A CMOS Differential - Difference Amplifier with Class-AB Input Stages 
Featuring Wide Differential - Mode Input Range, 2017 IEEE International Symposium on 
Circuits and Systems (ISCAS), Baltimore, MD,USA, 28 –  31 May 2017, pp. 1 – 4.  

[9] J.S. Mincey, C. Briseno - Vidrios, J. Silva - Martinez, C.T. Rodenbeck: Low-Power Gm – C 
Filter Employing Current - Reuse Differential Difference Amplifiers, IEEE Transactions on 
Circuits and Systems II: Express Briefs, Vol. 64, No. 6, 2017, pp. 635 – 639.  

[10] B.H. Yoon, S.I. Lim: Design of a Pre-Amplifier in Differential Mode Continuous 
Comparator,  International SoC Design Conference (ISOCC), Gyeongju, South Korea, 2 –  5 
November 2015, pp. 55 – 56.  

[11] J. Zhang, S. C. Chan, L. Wang: A 1.8 µW Area - Efficient Bio - Potential Amplifier with 90 
dB DC Offset Suppression, 57th International Midwest Symposium on Circuits and Systems 
(MWSCAS), College Station, Texas, USA, 3 – 6 August 2014, pp. 286 – 289.  

[12] G.T. Ong, P.K. Chan: A Power - Aware Chopper - Stabilized Instrumentation Amplifier for 
Resistive Wheatstone Bridge Sensors, IEEE Transactions on Instrumentation and 
Measurement, Vol. 63, No. 9, 2014, pp. 2253 – 2263.  

[13] A. Barbieri, S. Pernici: A Differential Difference Amplifier with Dynamic Resistive 
Degeneration for MEMS microphones, ESSCIRC Conference 2016: 42nd European Solid – 
State Circuits Conference, Lausanne, Switzerland, 12 – 15 September 2016, pp. 285 – 288.  

[14] S. Son, S. Jeon, S. Namgung, J. Yoo, M. Song: A One-shot Digital Correlated Double 
Sampling with a Differential Difference Amplifier for a High Speed CMOS Image Sensor,  
International Symposium on Circuits and Systems (ISCAS), Lisbon, Portugal,  24 – 27 May 
2015, pp. 1054 – 1057.  

[15] L. Cheng, Y. Liu, W. H. Ki: A 10/30 MHz Fast Reference - Tracking Buck Converter With 
DDA - Based Type-III Compensator, IEEE Journal of Solid - State Circuits, Vol. 49, No.12, 
2014, pp. 2788 – 2799.  



O.V. Dvornikov, V.А. Tchekhovski, V.L. Dziatlau, N.N. Prokopenko, N.V. Butyrlagin 

246 

[16] Y. Yoon, H. Roh, J. Roh: A True 0.4 - V Delta – Sigma Modulator Using a Mixed DDA 
Integrator Without Clock Boosted Switches, IEEE Transactions on Circuits and Systems II: 
Express Briefs, Vol. 61, No. 4, 2014, pp. 229 – 233.  

[17] E. Säckinger: Broadband Circuits for Optical Fiber Communication, Hoboken, N.J.: Wiley, 
2005.  

[18] J. Huijsing, M. Steyaert, A.H.M. Roermund: Analog Circuit Design: Sensor and Actuator 
Interface Electronics, Integrated High-Voltage Electronics and Power Management, Low-
Power and High-Resolution ADC’s, Dordrecht: Kluwer Academic, 2004. 

[19] G.T. Ong: A Low-offset Small-area Micropower Chopper Stabilized Instrumentation 
Amplifier Dedicated to Sensor Applications, Doctoral Thesis, Nanyang Technological 
University, Singapore, 2012. 

[20] G.T. Ong and P.K. Chan: A Micropower Gate-Bulk Driven Differential Difference 
Amplifier with Folded Telescopic Cascode Topology for Sensor Applications, 53rd IEEE 
International Midwest Symposium on Circuits and Systems (MWSCAS 2010), Seattle, WA, 
USA, 1−4August 2010, pp. 193 − 196. 

[21] N.N. Prokopenko, O.V. Dvornikov, P.S. Budyakov: Basic Properties, Parameters and Basic 
Schemes for Including Multi-Differential Operational Amplifiers with a High-Impedance 
Node, Electronic Engineering, Series 2, Semiconductor Devices, 2014, No. 2, pp. 51 – 62. 
(In Russian). 

[22] N.N. Prokopenko, O.V. Dvornikov, N.V. Butyrlagin, A.V. Bugakova: The Main Connection 
Circuits of the Radiation-Hardened Differential Difference Amplifier Based on the Bipolar 
and Field Effect Technological Process, 12th International Conference on Actual Problems 
of Electronics Instrument Engineering (APEIE-2014), Novosibirsk, Russia,  2 – 4 October 
2014, pp.  29 – 34. 

[23] O.V. Dvornikov, N. N. Prokopenko, N.V. Butyrlagin, A.V. Bugakova: Prospects for the Use 
of New Chips of Basic Matrix and Base Structural Crystals in Sensor Systems, SPIIRAS 
Proceedings, No. 2 (45), pp. 157 – 171. (In Russian). 

[24] O.V. Dvornikov, V.L. Dyatlov, N.N. Prokopenko V.A. Chekhovskii: Configurable 
Structured Array for Fabrication of Radiation-Hardened Analog Interfaces, Journal of 
Communications Technology and Electronics, Vol. 62, No. 10, 2017, pp. 1193 – 1199. 

[25] A.E. Titov, N.N. Prokopenko, I.V. Pakhomov: The Design Features of Low-Temperature 
Radiation-Hardened Instrumentation Amplifiers and Sensor Interfaces, 19th International 
Symposium on Design and Diagnostics of Electronic Circuits and Systems (DDECS), 
Kosice, Slovakia, 20 – 22 April, 2016, pp. 1 – 4.  

[26] O.V. Dvornikov, V.L. Dziatlau, N.N. Prokopenko, K.O. Petrosiants, N.V. Kozhukhov, V.A. 
Tchekhovski: The Accounting of the Simultaneous Exposure of the Low Temperatures and 
the Penetrating Radiation at the Circuit Simulation of the BiJFET Analog Interfaces of the 
Sensors, International Siberian Conference on Control and Communications (SIBCON-
2017), Astana, Kazakhstan, 29 – 30 June 2017.  

[27] K.O. Petrosyants, M.R. Ismail-zade, L.M. Sambursky, O.V. Dvornikov, B. G. Lvov, I.A. 
Kharitonov: Automation of Parameter Extraction Procedure for Si JFET SPICE Model in 
the –200…+110°C Temperature Range, Moscow Workshop on Electronic and Networking 
Technologies (MWENT-2018), 14–16 March, 2018, Moscow, Russia, pp.1 – 5. 

[28] O.V. Dvornikov, N.N. Prokopenko, I.V. Pakhomov, A.A. Ignashin, A.V. Bugakova: 
Precision Radiation-Resistant BIJFET Operational Amplifier for Low-Temperature Analog 
Sensor Interfaces, Global Nuclear Safety, Vol. 22, No. 1, 2017, pp. 36 – 45. (In Russian). 

[29] O.V. Dvornikov, V.A. Tchekhovski, V.L. Dziatlau,  N.N. Prokopenko: The Main 
Characteristics of SiGe HBTs at Low Temperatures, Bulletin of the National Technical 



Design of Low-Temperature DDOAs on the Elements of BiJFet Array Chip MH2XA030 

247 

University of Ukraine "KPI", Series –  Radio Engineering, Radio Equipment, No. 66, 2016, 
pp. 87– 96. (In Russian). 

[30] O. V. Dvornikov and Valentin L. Dziatlau, N. N. Prokopenko: Software and Hardware 
Complex for Studying Semiconductor Devices at Low, Incl. Cryogenic, Temperatures, 2nd 
International Ural Conference on Measurements (UralCon-2017), 16 – 19 October 2017, 
Chelyabinsk, Russia, pp. 253 – 258.  

[31] O.V. Dvornikov, V.A. Chekhovsky, V.L. Dyatlov, Yu.V. Bogatyrev, S.B. Lastovsky: 
Change in the Parameters of Complementary Bipolar Transistors Under the Influence of 
Ionizing Radiation, Questions of Atomic Science and Technology, Series: Physics of 
Radiation Exposure to Radio Electronic Equipment, Vol. 3, 2015, pp. 17 − 22. (In Russian). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


