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Abstract. This study presents the analysis of the existing methods for assessing the absorption
capacity of biological tissues in the millimeter wavelength range. Problems that were encountered
during it are shown. A functional diagram of the device, which provides an increase in the accuracy
of measuring the level and absorption spectrum, is suggested. The algorithm of operation of the
suggested device was described in detail. The results can be used to diagnose various pathological
processes in the human body.
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Introduction

In the course of irradiation of biological tissues using electromagnetic radiation
(EMR) of the millimeter range (30...300 GHz), narrow-band (resonant) absorption
was observed at frequencies that are called biologically active. The relative width of
the absorption bands is very small and does not exceed units of percent. Most often,
the width of the absorption bands is at the level of tenths and hundredths of a percent
[1].

The level of absorption of EMR depends on the radiation power and biophysical
properties of tissues. Thus, in case of an increase in EMR power, absorption in living
tissues decreases, especially in the biologically active points of the human skin.
Therefore, biological effects in tissues and organs can be observed only at non-
thermal EMR intensities (radiation power within 10%...-10 W/cm?). The absorption
of EMR approximately reaches 90...95% of the radiation power in case of non-
thermal (bioinformatic) impact on biological material in the vicinity of active
frequencies. Outside the absorption band, this indicator decreases to 10...15%.
However, exact measurement of absorbed power and assessment of the absorption
capacity of biological tissues are associated with a number of complications [2].

It is impossible to use the most sensitive and accurate measuring devices of the
absorbed power (calorimetric) in case of a low intensity of EMR due to the lack of
thermal effects in the irradiated medium. For the same reason, other types of heat
measuring devices cannot be used (thermal resistance, thermoelectric, bolometric).

Absorbed power can be estimated according to the value of the reflection
coefficient at stabilized radiated power. But the power of EMR reflected from
biological tissues at an acceptable level of radiation (1078...10° W/cm?) is so small
that it is difficult to detect and measure the useful signal against the background of
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noise and interference of measuring equipment. The task of measuring the absorbing
ability of tissues becomes even more complicated in case if one takes into account the
own EMR, which is generated by cells of a living organism and is overlapped on the
reflected electromagnetic radiation [3].

Methods for solving the problem

In some cases, the absorption capacity of biological tissues is assessed with the
help of devices [4] containing a generator of monochromatic signals, directional
couplers of the incident and reflected waves that are connected between the generator
and the measured object. The level of absorbed power shall be determined by the
ratio of the output voltages of directional couplers. However, the nonidentity of the
parameters of the channels of the incident and reflected waves, interference in the
channel of the reflected wave and the zero volatility of the ratio measuring device
circuit do not allow determining the absorption capacity of biological tissues at small
levels of the compared signals.

Some authors [5] use amplitude modulation of the incident and reflected waves
and resonant amplification of the detected signals in order to increase the accuracy of
absorption capacity estimation. This allows measuring the reflection coefficient at
low levels of irradiation of the object. Thus, as in the previous example, the non-
identity and instability of the parameters of a two-channel measuring circuit does not
allow measuring small values of the reflection coefficient and, therefore, reliably
determining the level of absorbed EMR energy in the vicinity of biologically active
frequencies.

A rod with a rectangular cross section, which is made out of radio transparent
material, is used as an antenna for transmitting and receiving EMR in devices for
determining the absorptive capacity of biological tissues [6]. Parts of the surface of
the rod are metallized, and radio-transparent parts of the rod are in contact with the
biological medium under study. In this case the power of the reflected wave depends
not only on the absorbing properties of the medium being studied, but also on the
reflective properties of the metallized sections of the antenna. The reflected signal is
small and it i1s difficult to isolate it from the amplitude of the amplitude detector and
high-frequency interferences against the background of own noises of amplitude
detector in biological media with a high absorption level. The instability of the
millimeter range generator power, causes informative changes in the power of both
the incident and reflected oscillations. The instability of the parameters of the
modulator, circulator, detector and other circuit elements directly affect the
measurement result.

Thus, the improvement of the accuracy of assessing the absorption capacity of
biological tissues is the main objective of this study.

Device for Determining the level and absorption spectrum of microwave
radiation by biological tissues

The authors suggested a functional diagram of the device for determining the
level and absorption spectrum of biological tissues, shown in Fig. 1.

The diagram shows:

1 - a microwave generator; 2, 5 - amplitude modulators; 3 - attenuator; 4 - circulator;
6 - antenna; 7 - amplitude detector; 8, 11 - selective amplifiers; 9, 12 - synchronous
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detectors; 10, 13 - low-pass filters; 14 - measuring device; 15 - radio frequency (RF)
generator; 16 - frequency divider; 17 - diode-capacitor chain; 18 - differential
amplifier; 19 is a reference voltage source; 20 - integrator; 21 - biological tissue.
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Fig. 1. Functional diagram of the device for determining the level and
absorption spectrum of biological tissues

The device works in the following way. Microwave oscillations of the
microwave generator 1 flow to an amplitude modulator 2, made on pin-diodes. A
voltage of the RF generator 15 flows to the control input of the modulator 2. As a
result of periodic changes of the transmission coefficient of modulator 2, the
microwave oscillations will be modulated according to amplitude with a established
depth of modulation (10...15%). Attenuator 3 sets the intensity of microwave
oscillations at 107* ... 10> W. The intensity-normalized oscillations pass through the
circulator 4 and flow to the amplitude modulator 5. The control input of the
modulator 5 is affected by the low-frequency voltage of a rectangular shape from the
output of the frequency divider 16.

Modulator 5 operates according to the principle of full reflection of microwave
oscillations when a blocking voltage is applied to its control input.

When the blocking voltage is removed, the modulator 5 skips the oscillations
with a slight attenuation. Thus, the modulator 5 provides a modulation depth of up to
100%, 1.e. operates in interrupt mode with simultaneous reflection of interrupted
oscillations.

When the modulator 5 is open, the packages of the passed microwave
oscillations enter the antenna 6 and are radiated as a microwave signal to the
biological tissue 21 under study. Some absorption of the microwave signal occurs,
and the unabsorbed part is reflected in case if the oscillation frequency does not
coincide with the active frequency of biological tissue. The reflected signal is
received by the antenna 6 and through the open modulator 5 and the circulator 4 is
fed to the amplitude detector 7. At the same time, the antenna 6 receives its own
super high frequency radiation of the millimeter range, which also flows to the
amplitude detector 7.

When the modulator 5 is closed, the microwave oscillations from the output of
the attenuator 3 are reflected from the input of the modulator 5 and through the
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circulator 4 and flow to the amplitude detector 7 as well.

Both the falling and reflected microwave oscillations are weak signals. At the
same time their intensity is comparable or even less than the intensity of instrumental
and other noises. A mixture of high-frequency modulation frequency and wide-band
noise oscillations is formed as a result of the detection of modulated super high
frequency oscillation packages. The selective amplifier 8, which is tuned to the
frequency of the RF generator 15, highlights and amplifies microwave modulating
oscillation packages. The amplified RF voltage is detected by a synchronous detector
9, which is controlled directly by the voltage of the modulating generator 15.

As a result of synchronous detection of RF voltage packets, video pulses shall be
formed with the following amplitudes:

2,2 2
Up =kikymiSik3R (1)

)

where: k1 - transmission ratio of attenuator 3; X2 - transmission ratio of circulator 4;

U, = kikymi S k3P,

S1 - conversion sensitivity of amplitude detector 7; 43 - amplification gain of

selective amplifier 8; £ - power of sounding (incident) oscillations; 2 - power of
reflected oscillations.

Low-pass filter 10 from a sequence of video pulses with amplitudes U1 and U2
allocates a low-frequency component of the interrupt frequency with an amplitude

Uy, = Y ;U2 = kikym/Sik, hiof

3)
AC voltage with amplitude U3 is amplified by a selective amplifier 11, which is
tuned to the output frequency of the divider16. The amplified voltage is rectified by a
synchronous detector 12, which is controlled directly by the output voltage of the
frequency divider 16. The low-pass filter 13, which has a large time constant,
produces a constant voltage component, and low-frequency noises are suppressed. A

constant voltage flows to a measuring device 14
U,=k, Ui—b,_ klkim’S kk, Lilnti}

: 4

where k4 - amplification gain of the selective amplifier 11.

Video pulses (1) and (2) from the output of the synchronous detector 9 also flow
on the diode-capacitor chain 17. The amplitude of the larger sequence of video pulses
is memorized due to the fast charge and the slow discharge of the capacitor of the
chain. Since the power of the incident oscillations is always greater than the power of

the reflected oscillations ( £1 > 2), the output voltage of the chain is set at the voltage

level Ui. Therefore, a constant voltage is generated at the output of the diode-
capacitor circuit 17

P,
Us =U, = k2kZm2 Sk, —L
5 1 1 A2 11 OIRT y (5)

Constant voltage Us affects one input of a differential amplifier 18. Its input is
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affected by a constant voltage Us =const from reference-voltage source 19. An
amplified differential voltage is created at the output of the differential amplifier

U, = ks (Us _Ué) = ks (klzkzzmlelk3E _Ué), (6)
where 45 - amplification gain of differential amplifier 18.

Voltage Uy charges the integrator 20. Its output voltage controls the gain of the
selective amplifier 8. The process of automatic gain control occurs until the input

voltage of the integrator 20 is equal to zero (U7 =0). When setting equal the

equation (6) to zero and solving it with respect to k3, we’ll receive the steady state
amplification gain of the selective amplifier 8:

L 2
372,22
kikymi$ 1A (7)
Substituting the value of the gain (7) in the formula (4), we’ll receive
Uy =k,Ug A-5
R (8)

From the obtained formula (8) it can be seen that the voltage U4, which is

measured by the device 14, is proportional to the relative value of the absorbed power
h-bB

( A ). This eliminates the influence of the variability of the power of
electromagnetic radiation on the assessment of the absorption capacity of biological
tissues. The measurement result is also not affected by the level of the intrinsic
electromagnetic radiation of the tissue studied, as well as instrumental noise and
interference of the conversion path due to the double synchronous detection of the
compared oscillations in the single-channel path. In addition, the measurement result
is not affected by the instability of the parameters of the super high frequency

attenuator 3 (transmission ratio 1), circulator 4 (transmission ratio ky ), amplitude
detector 7 (conversion sensitivity Sy ), as well as the variability of the modulation

depth, which is set by the super high frequency amplitude modulator 2 (71).
The sensitivity of the device to the level of absorbed power can easily be

regulated by changing the amplification gain k4 of low frequency selective amplifier
11. The absorption capacity of biological tissues is estimated depending on the values
of biologically active frequencies by varying the frequency of millimeter wavelength
range generator 1. Thus, in case of the coincidence of the frequency of the generator
1 with the biologically active frequency, the absorption increases sharply and the
coefficient of absorption capacity approaches one

k=112

n

A . 9)
Conclusion
Thus, biologically active tissue frequencies can be determined according to the

maximum values of %n. And the absorption band at these frequencies can be
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determined by changing the value kn while detuning the frequency. It is possible to
register the absorption spectrum of the tissue under study at a given level of
electromagnetic radiation millimeter wavelength range while tuning the frequency of
the generator 1 in a wide frequency range.

Studies have indicated that the suggested device allows one to explore, in
particular, the absorption capacity of human skin within the frequency range

50...80 GHz at the level of exposure A <10 ° W/cm?. With a modulation
frequency of 100 kHz and a switching frequency of 1 kHz, the absorption capacity
can be determined according to the value of the absorption coefficient in the range
from 0.001 to 0.998 with a relative error of no more than 0,5 %. At a fixed frequency,
for example, 60 GHz, it is possible to determine the dependence of the absorption
coefficient on the level of the irradiating signal (10°...10"" W/cm?). At irradiation

-3
levels A1 >10" w/em? the absorption coefficient decreases sharply and does not
exceed the value 0,1...0,15.
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Anomauyia. YV yvomy 00cniodceHHi npeOCmasieHo aHani3 ICHYYUX Memooié OYIHKU
NOCUHANLHOI 30aMHOCMI  OIONO2IYHUX MKAHUH Y MITiMemposomy OIana3oni 008NHCUH XBUTb.
Ilokazano, wo 0cHO8HOW NPOONIEMOIO BUMIDIOBAHHS NOSIUHANLHOI 30AMHOCMI € HU3LKULL PIGEeHb
BUMIDIOBAHUX CUSHANIB, NOPIGHAHUU 3 GAACHUMU WYMAMU NPUUMATLHOI aGHMEHU ma eleMeHmie
sumipiosanvioco mpaxkmy. Ilpoananizoéano icHyr4i O0BOKAHANLHI BUMIPIOBANbHI CcXeMu ma
3p00NEHO BUCHOBOK NPO IX 3HAYHI NOXUOKU, 0OYMOBIEH] HeIOeHMUYHICMIO BUMIPIOBAIbHUX KAHAIE.
3anpononosano @yHKyioHaNbHY CcXemMy NpuUcmpolo, AKa 3abe3neuye NiOGUUEHHS TMOYHOCMI
BUMIPIOBAHHS PIBHS MA CNEKMPA NO2TUHAHHA OI0N02IYHUX MKAHUH 8 MIKPOX8UNbOBOM) Olana3oHi
O0oexcun  xeunv. Illiosuwennss mounocmi 00OyMoOGIeHe MIHIMI3AYielo Gnau8y Ha pe3yibmam
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BUMIDIOBAHHA — napamempie  elemeHmis  eumiproganrbHo2o — mpakmy. ILle  Odocaeaemvca
3anpONOHOBAHUM ABMOPAMU ACOPUMMOM POOOMU NPUCIPOIO BUMIPIOBAHHA DIGHS mMa CHeKmpa
noenunanua. Pezynomamu pobomu mooxcymv Oymu eukopucmaui 011 OIA2HOCMUKU PI3ZHUX
Namono2iuHUX Npoyecié 6 opeamizmi AIOOUHU, 30KpeMd, 3ananto8albHUX Hnpoyecie, 2nubuHu
ONIKOBUX YpadiceHb ma iH.

Kniouogi cnosa: enexkmpomacnimme 6UNpOMiHIO8aHH, 0I0102IUHA MKAHUHA, MITIMEmMpPOosull
0IanasoH, NO2IUHAIOYA 30aMHICMb, OI0N02TYHO AKMUSHI YaCMOMU.
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