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effective low-noise negative C-, G- and L-, R- [0]. Using electromechanical
modulation-parametric systems one can implement negative flexibility and
friction [9],

The method proposed consists in
frequency parametric systems (FFPS),
tive capacitance (C-) and negative co
Sol ar-wind multielectrode-modulation
result of the comoensation of its own
mented effective 

^low-noise 
negative

values in a wide videofrequency bandwidth.
A general theory of the pioposed FFPS, exhibiting wide-band (video-

frequendy banclwidthi low-noise nigative C- and G- iJdeveloped.. Expres-
sions fof absolute vaiues of the negative parameters are derived and the' dyna-
mic characteristics are studied- Th.;;i; pffierties ol the are
investigated th^eoretically. The the
Solar-wind traD. one-ooit with and
two-port of thepreamilifying st sab-
le use of negative param6ters one-ports in the system are derived on the basis
of comparison of the system-fluctuati rn sensitivities under the circumstances
of present and absent parametric one-port (FFPS).'The system stability has been considereil theoretically on the basis of a

diagram of the interrelations of all influencing factors.

Analysis of noise properties

The interplanetary-plasma-trapping multielectrode-mo-
dulation sensor with a FFPS is dchematitailv presented in Rig. l. FFPS imple-
ments negative C- ancl. G- in parallel with-trap collector - sensor body.

Fig. I



't>ori 
W 

erurs.crl 
?+-

l/ "\ ^ o,nDrri Zl 
,D

llr',*',ron,-'-il"ntft;-f l-of;:tt\n (r)
L\5"oc'r - I " " I 

''

illd;.?- ::I-"r-"1 1lifr -rcmloT:,-1g .n{r 19 sQnLpa 
""'.J":Hl;"'J'"'#:3t'Ji

pes^lBuE pue pesserdxa dlrualc eJoru eq-usr uorl'zllrln_Sdcd Io lrelle aqJ
es'Orrul oql qlr,o sos'O'rur fruarcr;;a uoJleraua;a, .u, ,"rul"lJJ3^.i-lfTi;r l"

'idgttl od: -)(e)

'a'r 'b ecuul'uduc rorrerror *r .rf,JJ,itih""i1l,"#,,ifrijj-,,3J,,"Tnj1${i:
E-'i -uollereua8er aql lnoqlrn urelsds or{} Jo lu'lsuor eull eql st ,k:".,1. :"rau^

. /otr\
, /, -31\ "

-g-qi i'l'+,(#+"P;')f ut'-l't*/ 
:ff:x k)

rr t"r.".* a8ellon-1ndul luullnser eql Jo uru8 eq1 eAIereJ plno) euo

, -D::'D _o,,1 , -c;'?_j"c :cr1 (r) -o "c*"J

-sdcc rnoqrrt es'r uoruug, gur'ljit_"tXit.lJ".i rsn ueq/( aser alnuraue8er aql rol (_) 'iapu1 
eq1 asn e^\ ;Fi 'Sdcd Io uorlJu aallureua5er 1ioi11rir pire' q11,in n:ul1or, sr

a'Flc

I

I

n

I

lJnpu ru "p pue ,O : 
Sagg PUE eslou-l\ol puuq-a-ofi

PUB .,{larrlradder irc'l1 rd sr lreia iosuas eq1 
tJ



(5) u,tr, +l+-#(+-,
:n!!-n -,-, when '+>ro.a \uc-f va,, _ 

a

The ratio ol expressions (4) and (5) gives the gain, showing the efficiency

of the FFPS utilization:

u\\ 2G+c)(6) K^:;n: -ffvo.
In all Practical cases Kuvl. .

The effect of ttre sensiiivity increase due to the FFPS utilization is to be

considered more thoiougnfy. ft'it necesssry. to prove that.the rytio signaUnoise

Llrii ir not getting *or.'. #hen FFPS is added. The quantitY M+l can be expres'

sed as follows:

- case with regeneration

(7)
u\ | 'r i^u^

l.r(-).- "a'a .v t c'u :2 ^ .l:T
'l U'N>, Li a\ u-Nz

- case without regeneration

U\II IA/(+)- ''" - 
-

l-1\ u"*"

t 1-CU nS o (lr/B) ro
1-

1c"+c;'l IJ2nu +1c"+c"1tl u'w^
(B)

(e)

(10)

(11)

(t 2)

where i":fli"a(Vs), n-is the plasma density' ft -.is the- trap-- collector

"r.",-OiWul - 
is i'iunction, .ttr*.t"tizing the- chirged-particles distribution

in energy, 
-oT 

- is the total average-quadratic noise voltage in the regene-

rative case (when FFPS is presented), OT - is the average-quadratic noise

voltaqe of the PreamPlifier"""Til fi;r:i7t'ilJ-ib) on" could derive expressions.for minimum plasma

A.n.it'-"na hinitir,i* tiai-iollector current, which can be registered in two

cases:
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parametric element; nt-I, s+, r- indicate correspondingly the FFPS input eire
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 r\ and the negative ad

~. - . 

I p-
Y DI 

fi g. 4 

mittance Y_= -0_ - jii.; 8 _ =(1), C_, input-circuit noise sources i~1 and i l>l and 

some additional noise source l1a,I,I' caused by noise conversion from the other 

FFPS circuits. 
Using Fig. 4, desired noise voltages UJ.,!:. and U~" may be expressed: 

UJ..,p
U2(16) N!:. 

_ _ 3- +1Y I
\ }'t+Y

(17) 

In (16), the quantities i~"dd and y;_ remain unspecified. 
The FFPS time-varying parametric elem ents C(t) and O(t) can be pre

sented by the Fourier series 

C (t) =Cn+2 I c, cosnropt (18) 
n=1 

1 0 (1) = 0 0 + 2 .;; On cos nWpt, 

I 
1

where { ~: }= 2rr J{ggn cos nWpt d(lIlpt). 

- " 
The processes in FFPS may be generally described by the following matrix 

equation !7. 12): 

II 
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C, c, M Go M G, d M G2 d I .where rIll=C-' rIl2 =c- ' 0=0' ]=(j - an 2=0- are mo u at IOn 
elf Jeff elf eff efl 

coefficients of the FFPS parametric elements, Cel/= CO-C2 and 0. 1/ = 0 0 -02 

arc the mean effective parameters of the system, <;0 = 11- "~~ 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) c_= _._1_lm(y1 _-i)=_._I_lm(Y, _ DD )
r», VI JW. ' 

(M1+Q /;0 ml) (1+Q2 (ox - 41;2)}- 2Mo M) 
= 4Ceu (M1 + f1t , Q) [I +Q2 (x-4l;2)}2+(4{) I; Mf)2 ' 

(26) O_ =Re (1'\- ~, )=Re(Y1 - gl ) 
= 20 (M + Q) M, (I +~)2 (x-41;2lJ+8Q~ 1;3 Mf! (M1 +0 ~ m,) 

eff 1 m 1 (I +QZ (x-41;2Jl2+(4Q I; Mof • 

where it = 4 (~6 +<;0 f1l2) + 2~W2 is the general detuning. 

For the considered case we introduce a noise figure of fFPS in the form 

· 2(J 
FFPS INFFPS 

(27) FFFPS =O--= 4kTI1/G'- ' 

where GFFPS - is the equivalent FFPS noise conductance, 0:- = O_-Gi. 
Using Eqn. (21) we receive the expression 

3 

(28) F~rpso,-=~+a( 1 ~; r+/ ;; r ) + -~:}- (1+1 ; ; 1 +1r;;~ r)· 
The FrpS stability is defined generally by fluctuations of the pumping ampli

tude °A ' pumping frequency 0<0 and parametric element bias 0e> 
p p 

The sensitivity of the implemented negative capacitance C_ to the fluctua 
tions 0A' 15", and 0E can be expressed as 

p p 

(29)
 

(30)
 

(31) SE=(~C~ OEl)=K(I;) -Z- 1j1 (2Ql;) [ I + I+g:~':(t;o)l, 

K( - 2 V (M1+ 2Q2 m, c;o)2+(2Q I; M])2where ~),-:- [I +2M2 + 4Q2(1;5+ /;0 1II2--1;2)]2+(4Q I; MfI)~ , 

I +4Q2 (t;5+1;0 1112-1;2) 
1jf (2Q <;) = •J(I +4Q2 (I;hl;n 1II2-1;2)J2+(4Q 1;)2 

I ,)" 

•
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The study of Eqn. (28)
parameters
(33)

using Eqns. (23) and (24) shows that for all real

&.orC'-(1+1,5)G!.
As FFPS is actually an one-port with negative admittance, i. e. FFPS

o?
provides E_ < 1, then

(34) FFrps-(0,1+0,2) dB.

Taking into account that the modern FET preamplifiers have noise figure
F^-(2+3idB, it is not difficult to estimate that the total average'quadratic

system noise Ui," distinguishes from the average-quadratic preamplifier noise

lrom 3-l0o/0.
The ratio ol average voltages (6) can be estimated in the practical con-

ditions as 
u\=) c-+c^

(35) K : ","',u. 

-9. 
-t' :u Fc-(I +5). 102.'ra- U(+) -- OuTo

Using these estimationi, we can be convinced in the considerable increase

of the ratio signal/noise 
t :

,2c\ N(-) o,, (c.+q) u y..,(o,b+l).104.(Jb) I\,e)'*c* W ,ln*
- I'he of implementing C- and G- with ne-

eessary $g^lhi f.ormula6 (25) and (26)'.

For FFPS with advanced elements the sen-

sitivities are in the following limits: 5,-10--15'
5,-100 le,-if a, :10-1, 6'":10-6 and' 5e:10-n

(the case of common fluctuations without takihg spacial actions), the total in-

stability of C- o AF 1!o/0.
The estimation of the

ably registered with an
/..to-l0-la A'-"'-A 

general theorY of t
wind with an added stage
has onditions for the adr

as Parameters have been derived'
6 shows that the utilization of FFPS considerably

increases the signal level at the :amplifier input and to a great extent

improves system sensibility by incr ing the ratio stgnat/nolse'
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