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Introduction

The measurements of the interplanctary plasma para-
meters allow to forecast a great number of phenomena in the Earth ionosphere
and magnetosphere [1-6]. Finding out the fine structure of the Solar wind jr.
creases forecast accuracy.

The trapping multielectrode-modulation sensors have a wide spread due
to the possibility of measuring the Solar-wind differential -energetic spectrum.

The measurements at a. c., having great advantages in the case, have
some disadvantages as well. This is the shunting of the input signal by sensor-
collector capacitance. The existence of this capacitance limits the value of the
input preamplifier resisiance and as a result — the sensor sensitivity. The
decrease of the modulation frequency is undesirable due to sharp increasing
of the flicker noise. Sensitivity increasing by means of the collector area en.
hancing is impossible on account of the proportional increasing of the shunting
capacitance value. The authors of the work [6] have proposed to introduce a
positive feed-back of capacitive character to the input preamplifier, But this
method hardly decreases the sensor stability. The total input capacitance of
the system becomes frequency dependent. In the same time it is well known
that the maximum level of the sensor sensitivity can be realized when using
wide-band pulse-amplitude modulation with pulse duration of 1/2 of the pe-
riod.

A method of increase in sensiti vity of Solar-wind sensor has been deve-
loped on the basis of the general principle of the modulation-parametric inter-
actions reversibility, formulated [7, 11, 12]. The principle is in force for all
kinds of signal manipulations, The essence of the principle consists in the
equal possibility for “direct” and “reverse” conversions when interacting. Usual-
ly, as a result of direct conversion combined products (e. g. lower and higher
combined-frequencies components) arise, which if exposed to reverse conver-
stons cause a reaction of the system to external influences. The inversibility
of interactions in electronic modulation-parametric systems allows to obtain
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effective low-noise negative €_, G_ and L_, R_ [10]. Using electromechanical
modulation-parametric syslems one can implement negative flexibility and
friction [9]. :

The method proposed consists in the utilization of the developed four-
frequency parameiric systems (FFPS), exhibiting wide-band low-noise nega-
tive capacitance {C_) and negative conductance (G.). The sensitivity of the
Solar-wind multielectrode-modulation sensor is increased essentially as a
result of the compensation of ifs own capacitance and conductance by imple-
mentied effeclive low-noise negative C_ and G_., having constant absolute
values in a wide videofrequency bandwidth. :

A general theory of the proposed FFPS, exhibiting wide-band {video-
frequency bandwidth) low-noise negative C_ and G_ is developed. Expres-
sions for absolute values of the negalive parameters are derived and the dyna-
mic characteristics are studied. P [

The noise properties of the system determining the sensor sensitivity are
investigated iheoretically, The system of parallely connected one=port of the
Solar-wind trap, one-port with negative parameters C_ and G_ (FFPS) and
two-port of the preamplifying stage is considered. General criteria for advisab-
le use of negative parameters one-ports in the system are derived on the basis
of comparison of the system-fluctuation sensitivilies under the circumstances
of present and absent parameiric one-port (FFPS). _

The system stability has been considered theoretically on the basis of a
diagram of the interrelations of all influencing factors,

Analysis of noise properties
The interplanetary-plasma-trapping multielecirode-mo-

dutation sensor with a FFPS is schematically presenied in Fig. 1. FFPS imple-
ments negative C_ and G_ in parallel with {rap collector — sensor body.
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The sensor electrical equivalent scheme is presented in Fig. 2, where i, and
C. are respectively trap collector current and capacitance; C_ and G_ are
wide-band low-noise negative capacitance and conductance, implemented by
FFPS; G, and C, are preamplifier input conductance and capacitance and U/t
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Fig. 2

is input preamplifier voltage with and without regenerative action of FFPS.

Here and further on we tse the index {—) for the regenerative case when

using FFPS and the index (+)-— for the common cage without FFPS.
Introducing the regenerative gains

C +C G
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one could receive the gain of the resultant input-voltage increasing as
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where: T, = ?: ? is the time constant of the system without the regeneration-

®, is Zthe' collecfor-current spectral frequency.
In the caserof complete compensation of the collector capacitance Comlaes
when jio—co, the formula (2) becomes

(3) Ka=poy1T+0Z .

It can be seen that the regeneration efficiency increases with the increase
of the:initial value of 1,

The effect of FFPS utilization can be more clearly expressed and analysed
on the basis of-the average values of the preampiifier input voltages U(f,a) for
the modulation period T,
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The ratio of expressions (4) and (5) gives the gain, showing the efficiency
of the FFPS utilization:
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In ail practical cases K,>1.

The eifect of the sensitivity incrcase due to the FFPS utilization is to be
considered more thoroughly. It is necesssry to prove that the ratio signal/noise
NT is not getting worse when FFPS is added. The quantity M P can be expres-
sed as follows:

— case with regeneration
@ iy Dl 0= Hitight, 5ins, UK U,

— casc without regeneration
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where i,=n S, D(Ws), n —is the plasma’ density, S, — is the ftrap collector
area, ®(Wp) — 52 function, characterizing the charged-particles distsibution

in energy, Uj’\,; — is the total average-quadratic noise voltage in the regene-

rative case (when FFPS is presented), U_fv; — is the average-quadraiic noise
voltage of the preampliffer.

From Equs. {(7) and (8) one could derive expressions for minimum plasma
density and minimum trap-collector current, which can be registered in two
cases: ]
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Fig. 3

Obviously, the conditions for efficient FFPS utilization can be written as

(13) Nim NG,
(19 oo <<t3),
(I 5) fz(:-:n}m < igtn}iﬂ '

In order to form correct estimations of conditions (13), (14) and (15) it
is necessary to determine the tiojse voltages ?.72; and {_lg;

The equivalent noise schetme of the Solat-wind sensor with FFPS is given in
Fig. 3. The preamplifiet is presented by its admittance Yy=G,+ JB, and noise sources
2, =Gy, A and UZ =Ry, 4, where A=4kTAf, G, and Ry, are equivalent

preamplifier noise conductance and resistance respectively, & is Boltzman con-
stant, 7' s absolute temperature and A f is frequency band. A correlation ad-

inrx

Zan

mittance Y, = -will be taken into account as well; here and further

on the sign (x) marks the complex conjugate quantities.
FFPS is presented by parametric elements — capacitance‘ C(¢) and con-

ductance G (#), input admittance ?1=0?+j81 and admittances ¥,,, Y. at com-

bined frequencies f,=f,+f, and f — fo—fo Yu=G[142Qj(m—8), V.=aG
x[1-2Qj (m—¥&)], Jo — pumping frequency, f, — FFPS input signal or input

noise-spectrum frequency, G — conductance of the FFPS  oscillatory circuit,
2 2

Q—Q-factor, n:f";;rr — relative detuning, f, — oscillatory circuit resenance

p
f
frequency, E:—fi, fs<fs.
Thermal noise and schrot noise are taken intg consideration connecting to

the circuit (Fig. 3) the corresponding noise sources 2, =ARe (¥,) and
B,=2elyAf,, where e — is the electron charge, /, — is 4, c, through the
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parametric element; m—l, s+, r— indicate correspondingly the FFPS input circ-
uit (1) and FFPS circuits of sum (s+) and difference (r—)combined frequencies.
A general noise equivalent scheme (Fig. 4) is formed on the basis of

Fig. 3. FFPS is presented by the input admittance Y, and the negative ad-

Fig. 4

mittance ¥ =—G_—jB_, B_—w, C_, input-circuit noise sources i, and 2 and

some additional noise source 72, _,,, caused by noise conversion from the other
FFPS circuits. g &5
Using Fig. 4, desired noise voltages U3, and U2, may be expressed:
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In (16), the quantities i3, and Y_ remain unspecified.

The FFPS time-varying parametric elements C(f) and G(t) can be pre-
sented by the Fourier series

(18) | C(H)=C,+2 3 Chcosnayt
| n=1

G()=G,+2 D G,cosnuyt,

n=1

c p: :
where { G: } = .;R- f { g((:;} cos nyt d(ogf).

The processes in FFPS may be generally described by the following matrix
equation |7, 12]:
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In Eqn. (19) the spectrum (18) of the parametric elements C(#) and G(¢)
is limited to the second harmonic, i, e. n=2. For greater generality, pumping
phase angles are introduced: v, refers to C(f) and yy — to G (%), respectively.

The analysis made has shown, that the pumping in “quadrature” of C(t)
and G(¢) in FFPS is most efficient as regards to the maximization of C_ and
G- absolute values, i, e. Vi=——-, Y=0.

When the equation (19) is used for studying the noise properties, the cur-
renis and voltages have to be replaced as foilows
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The noise voltage i_)% in the FFPS input circuit can be determined
from (19): '

-
D

2 _ 0
72
+ _"‘N —

U = oD | D,
{20) U= s -ﬁ-\ Rl '?“t

D|2

where [ is determinant of the matriz in Eqn.(19), D,, D, and D._ are corres-
ponding algebraic adjuncts, :
The total noise current in the FFPS input circuit can be obtained in

the form

D
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Hence, the desired additional noise current z_'i,ad& (Fig. 4) is obtained
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Using (19} the reverse conversion gains in (22) can be determined in the
form:

(23) K-}-: %:— N Ml“'mlﬁQ([+2M2)+J’.20_[n_1!_'§(E(}“&}—'Ml(&o‘["mg'—ﬁ)] ;
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where ml=t-.-cl—, mg—a- » My=5-, Mi=5 9t and M9=GQ*- are modulation
elf eff li eff eff

coefficients of the FFPS parametric elements, Cy=C,—Cy; and G, y=Go—Gy
are the mean effective parameters of the system, &D:nﬁ—?— is the effective

relative detuning of the FFPS oscillatory circuit.
The negative capacitance and conductance introduced to the FFPS input

circuit can be expressed from (19) as

(25) Cﬁm—j{ns !m(}’ —__): e (yl._il)

I
) (My+Q £y my) [14Q2 (v —4E2)]—2M, M,
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(26) G_ R’e( ) RB(YI"—I—)
M [1+Q2 (x—48%)]+8Q* E2 M, (M; +Q & my)
=2Geq (My+m1 Q) — v pe—dt®) 1=+{4o°a 75 St

where x=4(&2+&, m,)+%"-’ is the general detuning.
For the considered case we introduce a noise figure of FFPS in the form

o= Grps o, "grﬁps
(27) S T00 WeTALG.

where Ggpps — is the equivalent FFPS noise conductance, G_=G_—Gf,
Using Eqn. (21) we receive the expression
3 Di. " D 2
s+ | 80’0 s+

D
The FFPS stability is defined generally by fluctuations of the pumping ampli-
tude 8"[:' pumping frequency Su.p and parametric element bias 6.

The sens;tmty of the implemented negative capacitance C_ to the fluctua
tions <‘SAp o, and 8 can be expressed as

| D_

(28) Frevs G;=Ge+6(

(29) Sy= ('ﬁhb ‘) K (®) S v (2Q8) m
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The fotal unstability of €_ (assuming a statistically independence of the
external influencing factors) is equal to:

AC_ 5 ;
(32) T:__=\/ Sad +Su82 +5,8,,

The sensitivit} of the implemented negative conductance G_ o the fluc.
tuations of 5, , 8, and §, has been derived in z similar manner,

P
FFPS, described in [8] can be used in designing trapping multielectrode-
modulation sensors of Solar wind.

bridge scheme with negative-biased parametric dijodes. The main pumping
channel secures a great variation of the diodes capacitances. The additional
pumping channel is used to put down the effect of the second harmonic in
the spectrum of the parametric element. As it can be seen from the expres-
sions (25) and (26), the second harmonic of varying diodes capacitance reduces
the absolute values of implemented negative C_ and G_. That leads to the
necessity its influence to be eliminated. FFPS implements negative C_ and G_
with necessary absolute valués in parallel with trap collector — sensor body.
The resonant frequency of FFPS oscillatory circuit and correspondingly — the
pumping frequency can be of the order of 100 MHz. In such case the effective
C_ and G_ with constant ahsolute values exist in a frequency band from 0 Hz
up to a limited frequency equal to ~15 MHz.

Estimations and conclusion

The general analysis made allows the following gene-
ral estimations be tmade,
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The study of Eqn, (28) using Eqns. (23} and (24) shows that for all real
parameters

(33) Faps G ~{(1+1,5) G2

As FF(‘;P;S is actually an ome-port with negative admittance, i e. FFPS
provides G—_‘ <1, then
(34) : Fepps~{(,1+-0,2) dB.

Taking into account that the modern FET preamplifiers have noise figure
F~{(2+3)dB, it is not difficult to estimate that the total average-quadratic

system noise Uiy distinguishes from the average-quadratic preamplifier noise
trom 3—100/.

The ratio of average voliages {6) can be estimated in the practical con-

ditions as
US g GG,
(35) i H*')_EQ_-GC?‘G__ I.I-G""‘-’(l 75) . 102.

Using these estimations, we can be convinced in the considerable increase
of the ratio signal/noise o

N (C.A4C,) \/?j?\,a
(36) N 21”IG‘"_Ga_;-"O__ N
UNZ‘.

The FFPS design with the purpose of implementing C_ and G_ with ne-
cessary absolute values can be made using the formulac (25) and (26).

For all possible real parameters of FIFPS with advanced elements the sen-
sitivities defined by Eqns. (29)—(31) are in the following limits: S~10—15,
S,~100—150, Sz~20—25. For exampte, if SAD=1O‘4, 5"},:10_6 and 8§;=10"*
(the case of common fluctuations without taking spacial actions), the total in-
stability of C_ is “e= << 19

The estimation of the minimum trap collector current, which can be reli-
ably registered with an instability of conversion gain less tham 10/, is
be 10" A,

i general theory of the trapping multielectrode-modulation sensor of Solar-
wind with an added stage based on four-frequency parametric system (FFPS)
has been developed. The conditions for the advisability of FFPS utilization
as one-port with negative parameters have been derived.

The investigation made shows that the utilization of FFPS considerably
increases thc signal level at the preamplifier input and to a great extent
improves system sensibility by increasing the ratio signal/noise.

~{0,51). 108,
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MQTO}I AJ18 DOBBIIHEITH A YYBCTBHTRNLHROCTH
BAaTUHK4 COJHEUNOro BeTPa

Bradumup Hameos

Peawwme)

[pennoxen meron nobbimenns UYBCTBUTENLHOCTH jJlaT-
UHKa COMHEUHOIo Berpa. Meron NPOAEMOHCTPHPOBAH Ha Gage MHOTO3AE KT POLHO=

HHOHHO-TIAPAMETPHYECKHX B3aUMOACHCTBUE i B €ro marepHanusaunm B paspa-
60TaHHEIX HETBIDEXUACTOTHEIX MapaMeTpHyecKix CHCTEMAX. ITH CHUCTEMBI 103-
BOJIAIOT MOJNYYHTH MIHPOKONOAOCHBIE MAJOUIyMANHE OTPHIATENBHBIE eMKOCTH
(C_) u orpunarensmbe AKTHBHEIE TDOBOJUMOCTH (G-). Yysersurensuocts MO-
AYIAUHOHHOTO JAaTYMKA COMHEUHOFO BETPa yBe/NMUMBAETCS CylecTBeHHO 3a
CHET KOMIEHCAUHM COGCTBENHOM eMKOCTH €r0 KOMJIEKTOpa H aKTHBHON IIPOBOJIH-
MOCTH [PEIYCHJIUTENTS 1P HMEHEHTeM e KTHBHBIX Majsowymsamux C_ u G_

Llposegen ananus MPELJIOKEHHONH  YeThIpeXuacTOTHON napaMerpuyecKo
CHCTEMEI, MO3BOJSIONIEH HOJIYUHTD MaJOMmyMSAIIHE HHPOKONOIOCHbe (B BHEEO-
HaCTOTHOH MOJOCE) OTPHIIATEebHEE [ G % o1 Honyuens Brpaskens IS AHHA-
MHYECKHX XADAKTEPHCTHK CHCTEMEL. [pencrabnens pesyJibTaTel axcnepumen-
TaNbHOTO HCCACNOBAHS,

Teopernueckn u IKCMEPUMEHTAILHO HCCIEN0BAHbI LIYMOBBIE CBOHCTBA CHe-
TEMEL, ONPENICMAIONMNE YYBCTBUTEAbHOCTE Aatunka. ChopmyaupoBans ob1He
KpHTepuH 1enecoobpaztocTu MPHMEHEHHS B MOJOOHBIX CHCTEMAX napamerpu-
UECKHX NIBYXTOJIOCHHKOB ¢ OTPHLATEJLHBIMH NapameTpam.

Teoperuueckn u JKCIEPHMEHTAIbHO paccMoTpera CTabHIBHOCTL CHETEMB
Ha Gase Auarpammp BHYTPEHHHX CBSI3€H Bcex BIAAIOINX (akTopos.
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