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Abstract. The high current consumption of the amplifying cascades in the miniature case
of the radiothermograph with the microcircuits existing today leads to a significant increase in
the temperature inside the case with the reference noise source located there and subsequent
heating of the surrounding tissues with distortion of the picture of the real field of internal tem-
peratures of the biobject. The existing problem can be solved by creating new active elements
of specialized monolithic microwave chips — low-noise transistors, for which the requirements
of high energy efficiency, primarily low heat dissipation into the surrounding space, low noise
level and sufficient gain will be taken into account when designing heterostructures. The paper
presents the results of numerical simulation of a low-noise transistor with low power consump-
tion for use as part of monolithic integrated circuits of an energy-efficient low-noise amplifier
for use in the amplifying path of a miniature radiothermograph.
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AnHoTanusa. Bercokoe motpebaeHIe TOKa YCUJINTEIbHBIX KACKAIOB B MUHAATIOPHOM KOPITyCe
pagroTepMorpacda mpu CyIIECTBYIOIIMX Ha CErOIHSI MUKPOCXeMaX IMIPUBOAUT K 3HAUYUTECIbHOMY
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MOBBILLIEHUIO TEMIIEPATYPbl BHYTPH KOPIYCa C HAXOISLIMMCS TaM OIMOPHBIM UCTOYHUKOM LiIyMa
U IOCJEAYIOIIEeMY HarpeBy OKPYXKalOIIMX TKAaHEl ¢ MCKaKeHMEM KapTUHbI PeajbHOrO IOJIst
BHYTPEHHHUX TeMIlepaTyp 0umoobekTa. CylleCTBYIOUIYIO IPOOJEMY MOXHO PEIIMTh CO3AaHUEM
HOBBIX AKTHMBHBIX 3JIEMEHTOB CIIeIIMaJU3UPOBaHHBIX MOHOJUTHBIX CBY Mukpocxem —
MaJIOIIYMSIIIINX TPaH3UCTOPOB, IJII KOTOPHIX YK€ IIPU IPOSKTHUPOBAHUM TETECPOCTPYKTYP
OyIOyT YYWUTBIBATHCS TPeOOBAHMSI BBICOKOIN 3HEProd3(p(GEeKTUBHOCTH, IIPEXIE BCETO HU3KOTO
TEIUIOBBIACICHUS B OKpYKalolliee MPOCTPAHCTBO, MAaJIOrO0 YPOBHS ILIYMOB M IOCTATOYHOIO
Koa(puumeHTa ycuieHus. B padote nmpeacraBieHbl pe3yJibTaThl YMCIEHHOTO MOJASIUPOBAHUS
MaJIOIIYMSIIEro TPaH3UCTOpa C HU3KKUM MOTPeOJICHMEM MOIIHOCTU JUISI MCIIOJb30BaHUS B
COCTaBe MOHOJIUTHBIX MHTEIPAJBbHBIX CXeM 9HEProa((HEeKTUBHOTO MaJOLIYMSIIEro YCUIUTEIIS
IS IPUMEHEHMS B YCWIIMTEJBHOM TPaKTe MUHUATIOPHOTO pagmoTepmorpada.
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Introduction

The amplifying path of a medical radiothermograph has extremely high requirements for
miniaturization, an error in determining body temperature not exceeding tenths of a degree, a
record low level of intrinsic noise in the microwave range, etc.

The low level of the received signals of the human body's own radiation leads to the need
to provide a gain of the receiving path of about 80 dB with minimal levels of its own noise.
The construction of such a path requires several chips with a total current consumption in the
operating mode of the order of hundreds of milliamps. Such current consumption of amplifying
cascades in a miniature radiothermograph housing, with the efficiency of these microcircuits
existing today, leads to a significant increase in temperature inside the housing with a reference
noise source located there and subsequent heating of the surrounding tissues with distortion of
the picture of the real field of internal temperatures of the biobject. The existing problem can be
solved by creating new active elements of specialized monolithic microwave chips — low-noise
transistors, for which the requirements of high energy efficiency, primarily low heat dissipation
into the surrounding space, low noise level and sufficient gain will be taken into account when
designing heterostructures [1].

Materials and Methods

Heterostructures of A3-B5 group semiconductors can reasonably be considered a promising
system of materials for solving the above problem. The experience gained by the authors of
successful mathematical modeling and practical implementation of heterostructural microwave
transistors with high electron mobility [2], suggests a reasonable probability of a successful solution
to the above problem of creating a special low-noise microwave transistor with reduced heat
dissipation.

If we set ourselves the goal of reducing the current consumption by the active element
of such an MIC, while maintaining a high gain, then pay attention to the evaluation of the
behavior of charge carriers in the transistor channel with an increase in the locking potential
at the gate. Calculations show that the shape of the quantum well is distorted and some of the
electrons can move away from the gate and react less strongly to the controlling effects of its
electric field.
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Fig. 1. Schematic cross section of a base transistor with high electron mobility based on gallium
arsenide with an indium channel

This leads to the fact that in the area of low currents, the steepness of the transfer characteristic
becomes insufficient to maintain a high gain of the base active element of the MIC. A radical
way to combat the drop in steepness is the use of modified heterostructures that provide
greater localization of electrons in the area of the transistor channel. For example, a schematic
representation of energy zones in the heterostructure of the pHEMT AlGaAs/InGaAs/GaAs
transistor and the transistor having an additional heterobarrier on the side of the buffer layer —
DpHEMT, as shown in Figure 2.

In modern devices, in order to achieve high gain, it is necessary to increase the quiescent
current of a low-noise transistor, which leads to an increase in the total current consumption
of the MIC, and it is here that the main reserve for improving the efficiency of the low-noise
transistor, as a basic element of the chip, as part of the microwave MIC, without changing its
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Fig. 2. Schematic representation of energy zones in the heterostructure of pHEMT AlGaAs/InGaAs/
GaAs (a) and DpHEMT AlGaAs/InGaAs/AlGaAs/GaAs (b)
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schematic diagram, can be concentrated. Indeed, the presence of a second heterobarrier can
significantly reduce the displacement of charge carriers into the buffer layer. This is especially
important in the field of low currents, which significantly distinguishes our case of a low-noise
device from the known problems of high-power transistors with a double heterobarrier operating
in high channel current density modes. In addition, an essential issue remains unexplored for the
use of such transistors as part of the microcircuits of low-noise amplifiers. How does the change
in the design of the heterostructure affect the noise characteristics of the proposed transistor? In
the framework of this work, using numerical modeling methods, we evaluated the effect of the
proposed changes in the heterostructure on the main static characteristics and noise coefficient
of the proposed transistor [3].

Results and Discussion

Since the element component base implemented on AlGaAs/GaAs pHEMT heterostructures
has the lowest noise coefficients, it is these heterostructures that are used in the manufacture
of hybrid and monolithic low-noise amplifiers (LNA). In this work, the parameters of a
heterostructural transistor for the MIC amplification path of a medical radiothermograph were
optimized. As a result of optimizing the transistor design based on the previously specified
requirements, a calculated steepness characteristic was obtained, clearly showing the increased
amplifying properties of the proposed transistor in the low current region, which directly leads
to the possibility of a significant reduction in current consumption of the entire chip. The noise
characteristics of the transistor were also simulated before and after the optimization of the device
design. The analysis of noise characteristics in our work is based on the representation of noise in
the form of microscopic local noise sources - microscopic noise source (MNS). When modeling,
it is assumed that the statistical behavior of noise at one point of the device is independent of
the behavior of noise sinks at all other points of the structure [4-7]. A local noise source is the
effect that a microscopic noise source has on the overall noise characteristics of a device. The
numerical tool we use has models for three types of microscopic noise sources — diffusion noise,
generation-recombination noise and flicker noise. At the same time, the current sources are small
and randomly distributed. Then the description of the noise depends on the statistical properties
of these microscopic current sources.

The mathematical model describing the distribution of electrons in semiconductor structures
is based on a system of Schrodinger and Poisson equations. The diffusion-drift model in TCAD
Sentaurus is a standard model based on the diffusion and drift approximation for the equations
of semiconductor devices related to the Boltzmann transport equation. In this model, the flow
of carriers in the device is caused by both drift and diffusion in the presence of a transverse
or longitudinal electric field, as well as generation and recombination of charge carriers.
TCAD software numerically solves the Poisson equation and the continuity equation using a
self-consistent approach to determine the concentrations of electrons and holes, as well as the
electrostatic potential in the grid nodes defined in the structure of the device. In this case, the
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Fig. 3. Calculated characteristics of a transistor of conventional and improved design. The transfer
characteristics of the transistors (@) and the corresponding characteristics of the minimum noise
coefficient (b). Squares (red lines) — the usual design, circles (green ones) — the proposed design
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constant temperature achieved by the equilibrium between the carrier temperature and the lattice
temperature is taken into account, as well as stationary conditions and complete ionization of the
introduced impurities are established.

Fig. 3 shows the main results of modeling the transfer characteristics of a conventional and proposed
transistor, as well as their corresponding graphs of noise characteristics at the same gate offsets.

Conclusion

The presented numerical simulation results allow us to judge the possibility of significantly
reducing the current consumption of the entire amplifier chip and improving its noise characteristics.
The results of the work have shown that the optimized transistor design has an even lower noise
coefficient compared to the basic one, with the same amplifying properties and lower power
consumption, which confirms the correctness of the chosen direction of optimizing the design of
the base transistor for microwave MIC (MMIC) low-power LNA.
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