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CALCULAT ION OF LD GAR ITHM IC AMPLIFIERS WITH NONLINEAR ELEME NTS IN LOAD

CI RC UI TS.

G. N. Kry l ov, A. S. Icakunin , V. I. Panov .

Are exa mined the methods of calculat ion an d design of ‘ he

logarithmic ~ap1ifiers , which have nonlineat cell/elements in load

circuits. Considerable attenti~ n is devoted to the solutio n of the

proble . of providing an independence of the bandwid th of amp lifier

tro. cha nges of input signal level.

The book is i ntended for the design and planning engineer s and

designers of radio-el.ctcoin cs •guipa .mt.
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Page 3.

PR EFACE.

LogaLi tha i c  am p l i f i e r s  f i n d  ever i nc r ea s ing  use in

radio—e lectronics e q u i p m e n t  and •easur ing devices of d i f f e r e n t

des ignat ion/pur pose. In  connection wit h t hi s  in t h e  course of t h e

past decade in the Soviet Union and abroa d appeared ~ series of

works, in wh ich wmre examined the methods ot logarithmic operation ,

and also the special feature/peculiarity of the calculation of

logarithmic com puting circuits. However , the trends of wor ks

indicat ed in the majority of cases has either a especially I..

theoretica l cha ra;ter or a character of the descr iption of the

results of experimental study, which creates the d~ finita

difficulties of using them by wide circles of the engineers — the

developers of rad io—elec t ronics  equ ipment .

I’
In the proposed book are examined the most important prac tica l

questions of design and calculation of the logarithmic ~taplifiers , in

thø composition ot the circuit diagr ams of interstage

commun icat ion/connection of which enter nonlinear cell/elements.

Specif ica l ly ,  are examined  the d i f f e re n t  methods  of t h e  r e a l i z a t i o n

of n o n l i n e a r  re sistors or logarith aizing circuits , special

I

I
_ _ _  1TT1 T~T~ -

~
--.- - ~~~~~~~~~~~~~~~ _ _
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feature/peculiarity of the execution of the logar ithmic amplifiers of

aper iodic and resonance tyçes, are exa m ined method s of the

stabiliza tion of the bandwidth of logar ithmic amplifiers , and also a

series of other questions, which have great practical value .
11

On t h e  basis of t heoret ical  a na l y s i s  is develope d t h e  n e w

Froced ure of the ? n g i n e e r i n g  c a l c u l a t i o n  of t h e  l og a r i t h mi c

a m p l i f i er s , mad e accord ing  to the  p r inc ip l e  of the s h u n t i n g  of loa~i

by n o n l i n e a r  ce l l/ e lements .  This procedure , su i t a b l e  for  t h e

calculat ion and t r ans i s to r  and v a c u u m — t u b e a m pl i f i e r s , d i f f e rs in

t e rms  of s i mp l i c i t y,  which  does not  a f f e c t  t h e  accuracy of t h e

calculat ion. Zn t h i s  case complex theoret ical Fcsi t ions  ~re led to

simple fo r .ula s a n d  the convenient  in use c ur v e/ g r a p h s , w h i c h  m ak e  it

possibl e t o  give a c t u a l l y  the synthes i s  of the  l o g a r i t h m i c  a m p l i f i e r .

Pa ge 4.

It is necessary to note that the basic condition/posi tions of

the  proposed c a l c u l a t i o n  procedure are u n i v e r s a l  and  Can  be used

dur ing  the  design not only  logar i thmic  a m p l i f i e r s  of th e  t ype

indica ted , b u t  also o the r  devices , w h i c h  con ta in  t h ~ n o n l i n e a r

cell/ elements whose resistor/resistance c h a n g es  under  t h e  ac t ion

eithe r of th~ a m p l i f i e d  signal or s igna l  A GC .

I

-- ___________
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I n  connect ion wi th  the fact that t h e  t r a n s i s t o r iz a t i o n  of

electronic circuits is given at present t he specia l  i m po r t ance , in

t h a t  propose d to reader ’s a t t e n t i o n  to t h e  book are e x a m i n e d  m a i n l y

the  t ransis tor  cir cui ts  of l o g a r i t h m i c  a m p l i f i e r s .

Is assumed that the book can be used b y t he qu alifiei

specialists in area of radio—receiving technology, by the well

f a m i l i a r  w i t h  t h e  basic condi t ion/pos i tions  of t h e o r y .  In connection

with this special feature/peculiarity of the set—forth below material

is the wide use of different formulas and expressions, known from

theoretical radio engineering and for this reascn for those given

without the comprehensive derivations.

Page 5.

INTRODUCTION.

CIRCUITS AND METHODS OF LOGARITHMIC OPERATION.

Logarithmic a m plifier they find as has a lr eady been indicated ,

wide application in the different radio engineering dev ices, which in
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accordance wi th  the  cha rac te r  t u l f il l e d  - in the common/genera l/to 4al

complex of equipm ent — problems must work under conditions of the

ef fect of signals with the changing over w ide lim its level. Being dL~~

introduced into the composition of such devices, logarithmic

am ~~l i f i eL s  make it possible to solve the tollowing tasks:

first , to pre vent the possibility of the overloading of th.~

final stages of the receiver by powerful input siii nals;

in the second place, to carry out functional trinsfor mation of

the electrical signal , which enters the input ; this nak~ s it possihl~

subsequently to carry out processing signals, for example division -

by the subtract ion of the logarithmized signals, and so forth;

thirdl y, to ensure continuously increasing character of

amplitude characterist ic over a broad range of a chan~~ f input

signal levels, but on the basis of this — the possibility of the

continuous indication of increments in the latter on reproducer.

On the final effect of their action on these or other

characterist ics 3f radio engineering device, the logarithm ic

ampl i fiers are equivalent to systems with the automatic gain control

of usual t ype. However , in comparison with these systems logarithm ic

amplifiers (especially amplifiers with the shuntin g of loa d by

- ~~~~ ~~~~~~
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nonlinea r cell/elements) differ in terms of the high speed of

response, which is determined exclusively b y the iner tn -~ss of

amp lifier cell/elements. )
Page 6.

In contemporary radio eng ineering is known the ~utfic ient ly

larg e num ber of methods of obtaining logarithmic amp litu1~

characteri stic (let us call/name them the methods of logarit hmic

operat ion) . They all can be united severa l groups , wh i zt i differ in

terms of the generality of chart technology solution (by methods of

the technica l realization , which provide ot~taining lo~iarit hmic

am p l i t u de  cha rac ter i s t ic in t h i s  c i r cu i t )  i n d e p e n d e n t  of the me thol Li

of execution of l3ad circuit and type of ampli fier cell/element. T h i s

approach to the analysis of logarithmic comp ut ing circuits mak.?s it

possib le to the determined stage to conduct their research by t h e

most gen eral methods irrespectively of the concrete/sp~?cific/actua1

cell/eleme nts of amplifie r circuit.

As b3 se f o r  t h e  g r o u p i n g  of logar i t h m i c  c o m p u t i n g  cir cuit s c a n

serve t h e  genera l ized f o r m u l a  of vol tage  a~ plification factor (K s,) ~

Cf the multistage amplifier:

~~ ). (m)’,1Z~ , ~~~~

— — — — - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Here Y
~ 1 is condu :tivity of the direct drive of amplifier inst ruin er.t ;

— the resulting quantity of the resistor/resistance of

load circuit;

m — the coefficient , which determines the degree of the

ccmmunication,’connection of the let/reactivE twc—terminal network ,

which causes the form of the frequency characteristic of

cascad e/stage, wit h a m p l i f i e r i n s t ru m e n t  and the s u b s e q u e n t

cell/ ele me nts  of the  circ ui t  of cascade/ s tage ;

n — the numbe r of amplifier stages ;

— the transmission factor of feedback loop.

On the basis of the presented formula it is not difficu lt to

indicate the possible methods of obt ainin g logarithmic amplitude

characteristic in amplifier. 1) a change in the va lue of the

resistor/resistance of load c ircui t ; 2) a change  in t h e  conduc t i v i t y

of t h e d i rec t  d r i v e  of ampl i f i e r  i n s t r u m e n t;  3) a change  in the

amount of feedback.

All variable parameters (resistor/resistance of load circuit ,

the conductivit y of direct drive, the depth of negative feedback)

S

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _
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indicated must change their value under the effect of control signa].

Page 7.

As the  la t t e r  can be used or d i r e c t/ c o nst a n t  v c l t a g e  (o r  t h e  c u r r e n t )

whose le ve l is p ropor t iona l  to t he  am p l i t u d e  of t h e  a m p l i f i e d  s i j na l ,

or signal itself. The first of the mentioned versions 3! control

signa l can be ob ta ined  by i n t r o d u c t i o n  in to  t h e  a m p l i f i e r  of c i r c u i t ,

analogous to circuit AGC. The second version (use as the control

pressure of the mo st  am p l i f i e d  s igna l )  is speci f ic  for t h e

contemporary logarithmic amplifiers, whic h na ve consilerable

cperating speed .

Is g iven  b e l o w  the  short c h a r a c t e r ist i c  of t h e  used met hods of

logar i t hmic  operat ion.

The sim plest m e t h o d  of t he  r ea l i z a t i on  of l o g a r i t a m i c  a m p l i fi ers

is the  inc lus ion  of n o n l i n e a r  ce l l/ e lements  in the  c i r cu i t  of t h ei r

i npu t s  or in t h e  load c i r cu i t  of a m p l i f i e r i n s t r u m e n t s  - t ubes and

t ra nsistor s. The va lue  of the res is tor/res is tance of these

cell/eleme nts changes depending on of input signa l level , causing

t he reby  the  a ppropr ia te  change in t h e  va lue  of the  r e s u l t i n g  load

impedance  and f actor of a m p l i f i c a t i o n  (or the coe f f i c i en t  of t h e

division of out put signal).

:. -
- -

~~~~~—-~~~
- -.- - -
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Also are comparativel y simple in realization the log~ rithni ic

amplifiers , made  w i t h  t h e  i n t r o d u c t i on  of non l i nea r  cell/e l e m e n t s

into the circui t of the negative feedback , which encompasses entire

amplifier or part of it cascade/stages. In this amplifier a change of

input sig nal level leads to a ch ange in the depth of negative

feedback and, consequently, also amplification factor.

It is necessary to note that in logarithmic amplifiers of the

type in question the nonlinear cell/element is in fact the unique

specific part , which differs logarithmic amplifie r from the linear .

Therefore the selection of the type of nonlinear cell/element and the

determination of its operat ional conditions are the fundamental

questions with analysis and the pract ical implementation of th is type

logarith mic amplifiers. Serious value during the construct ion Cf

multistage logarit h mic amplifiers has also a question of the coup lin j

of several section s of the resulting amplitu de characteristic , caused

by operation of those correspo nding logarithinizing sta3es. In essence

this — the task of achievement of the required accuracy of the

logarithmic amplitude characteristic.

Page 8.

_ _  _ _  _ _ _
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Furthermore , by the important question , which are of definite

interest for the developers of radio—electronics equipment , is the

account of the specific featur es of amplifier instrum ents (are in

form trans istors) s £ nonflow the provisions for the maximum

effectiveness of the action of nonlinear cell/e lements. There is

large inte rest also in the analysis of the special

feature/peculiarities of the constructicn—engineering ~xecution of

the loga rith mic amplifiers , made with the use of nonlinear

cell/elements in those or other parts of the circuit.

The third of the mentioned method s of logarithmic operation ,

that is comprised in a change in t h e  c o n d u c t i v i t y  of t h e  di r e c t d r i v e

of the amplifier instrument under the effec t of the amplified signal ,

is feasible only when through the amp lifier pass the signals of

considerable amplitude. Amplif ier instrument no longer cm in  this

case be considered as active linear four—pole, since changes of the

amplifie d signal level are such , that in work is used virtually for

all its extent/elongation the volt—ampere characteristic of

instrument — substantially nonlinear curve. This as the fina l result

leads to the fact that the transmission factor of active electrica l

networ k depends as it is obvious, from signa l level. The requir*~1

fcrrs of the amplitude characteristic of amplifier can be r eached by

the select ion of the position of operating point on th~ static

volt—ampere chara:teristic of amplifier instrument.

L ______________ 
~~_ _ _ _ _ _ _ _ _  J
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Besides above met hods indicated , logarith mic as plitule

• characteristic can be obtained by the construction of the

logar ithmizing dev ice in the form of the multichanne l system of

severa l pa rallel—connected linear amplifiers, the factors of

amplification of which are located in multi ple relationship/ratios ,

with limit ers. The output voltages of amplifiers store/aid up then in

adder. This method is known by the name of “consecutive” or

“cont inuous” detection.

1. Nethods of the construction of the logarithmiz ing circuits.

Thus, the easiest method of the construction of logarithmic

amplifiers is the introd uction into the composition of the interstage

networ ks of the nonlinear cell/elements, whic h possess the com pletel y

determined form of volt—ampere characteristic.

Page 9.

However, there are no special semiconductor dev ices, whic h

possess the volt-ampere characteristic whose form would be descr’oed

..— .-. - , .— .
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by the required mathematical dependence (in this case logarithmic)

at present.

The accuracy of the real amplitude charactcr i~ tics of the

logarithmic amplifiers , made in the principle of the sh untin g of load

by nonlinear cell/elements , is small and it comprises not more than

15—20o/o. This is explained by the facts that the radio engineerin g

industry doe s not release the special logaritheizing c~ ll/elements

with the guarantee d form of volt—ampere characteristic and  for

developers is necessary to be adapted to the available types of th~
nonlinear instruments, which are applied during th~ solution of th ’

different problems of nonlinear radio engineering (modulation ,

detect ion, etc.).

As the cell/elements , which possess nonlinear vo lt- tiu pere

characteristic and which ensure obtaining the logarithmic depend~ nc~

in c o n t e mp o r a r y  a m p l i f i e r s  are u t i l i z e d  t h e

semicond uc tor diodes, transistors, and also electron tubes. Nonliii e~ir

circuit with Logarithmic characteristic can be realized also with the

aid of the carb orundum resistor/resist ances, the ferromagn etic and

ferroelectric cells, and also scme other instruments.

The simplest circuit with logarithmic amplitude characteristic

is depicted on FiJ. 1&, the circuit, whic h is the semiconducto r

T 
~~~~~~~~~~~ 

_~~~•1:~~,.
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diode.

-u 
_ _ _ _ _ _ _ _

øl d)

Fig. 1. Asymmetric logaritheizin g circuit.

a) circuit; b) volt—ampere charact eristic.

/L~.

It is known tha t  t he  s ta t ic  vol t— amperes  charac te r i s t ic  Df the

ma jor i ty  of semi conductor junctions diode (in forwar d direction) in

their significant part are subordi nated to logarithmi c (more precise,

close to it) dependence. In this region of charact erist ic the current

through the diode (planar p—n junction) is descrihed by the

ex pression
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I = I . (e~~~
_ i) ,  (1)

where 1~ 
— the com puted value of saturation current ; #% = 1•6 .1Ø E~ k

1?— electron charge; U — voltage on p-n junction; k = 1.38.10 23 J/deg

are is Boltzaann constant; T — absolute temperature; n - constant ,
that considers effect on the current of different physical phenome na ;

value n ra nges from 1 to 3, wh ich is determined by structure and the

material of j unc t ion .  it is shown , for  e x amp l e , t h a t  if the ge rmanium

diodes are cha rac ter i zed  by va lue  n 1, then for the majorit y of

silicon diodes n = 1-3.

For tha t reg ion  of vo l t—ampe re  charac te r i s t ic, w h e r e is

sa t is fied the c o n di t i o n

~~~~~ 1 ,
e ?thT -

equation (1) it can be recorded in the fo rm

1n 4-=4,

i.e. the voltage on diode proportional to the logarithm throug h it of

the curren t taking place. Approximatel y analogous properties possess

v a c u u m — t u b e diodes.

Al l  fo rms  of the semiconductor and v a c u u m — t u b e  diodes , u t i l i z e d

as the  logar i theiz ing  cell/elements, are re la ted  to t h e  t y p e  of

~~~~~

• . • - .  ~~~~~~~ - 

•-

~~

- - i ~T
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asymmetric nonlinear cell/elements. To this type of nonlin ear

cell/element is character istic tha t tha t the branche..~ of its

volt—ampere characteristic (for positive and negative voltages),

depicted on Fig. ib , sharply differ one from another from.

Pa ge 11.

The inclusion of linear resistors i n t o  the  l o g a r i t h m i z i n -j  c~ r c u x ~ i n

the manner that it is shown in Fig. la , make s it p s i ~~l’ tu’ raise

the degree of coincidence of the real amplitude characterist ic of

nonlinear circuit wit h ideal logarithmic curve. This method is ver y

ccmmon in engineering practice. This type of t h e  l.~garithaiz in~

circuit can be used when the design/project ed Cj I C uj f  i~ i r~ ~ t~~1 t~~

the amplification of the signa ls onl y of one pcl iri ty. P~onl xneii

cell/eleme nt is made in  th is  case in the tor i of one ~i io d e  (bu ’

som et im es al so severa l, connected in para llel), connectet ;‘~~h that

the output potential of device it changed for the inpu t signals f

the  da tum of polar ity on logarithmic law. Introduction into the

logar i thmic  circui t of se veral in paral le l  connect ed d iodes  ( i n s t ead

of one) is caused by t he  tendency not cnly  to oF t a i n  v o l t — a m p e r e

characterist ic , w i t h  l a rger  degree of accuracy  co inc id ing  w i t h  idea l

logarithmi c cur ve, but also to raise the reliability of nonlinear

cell/eleme nt and , consequently, also the relial~ility of amplifier

circuit. In this case occurs the redundancy of nonlin ear cell/element

- 
-
. - — .-.

-~~~~~
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and d u r i n g  the malfunction of one of the d iodes the nonlin earity of

load diagram is retained.

But if appears the need for carrying out a nonlinear compression

of bipolar signals (for example , sine voltage cr the voltage , which

is the combina t ion  of positive and n e g a t i v e  pulse  p r e m i s e/ i m p u lses) ,

then  the  c o n d u c t i v i t y  of nonl inea r ce l l/ e l ement  it must  be ide nt ical

fo r  the s ignals  of each po l a r i t y ,  i.e., n o n l i n e a r  c e l l/ e l e men t  m u s t

be s y m m e t r i c a l  and the f o r m  of the  branches  of its v o l t — a m p e r e

characterist ic must  be ident ica l  both for posit ive and for  n e g a t i v e

voltages.

As the symmetrical logarithaizing cell/elements is possib le the

application/use of asymmetric nonlinear cell/elements, i.e.,

semiconductor or vacu u m—tube diodes, when the y are incluied by vapors

— in an t i pa ra l l e l  connection , as shown in F ig .  2a. A v o l t - a m p e r e

characteristic of the simplest type of symmetrica l nonlinear

cell/element is depicted on Pig. 2c. The linea r resistors ~~~~ kin d
J

R.,11,12) . connected in series wi th nonl inear  cell/element (F ig .  2h ) ,

ma ke i t  possible to achieve  t he  h igher  degree of t h e  coincidence of

the amplitude characteristic of nonlinear four—pole with ideal

logarithmic curve within the wider limits of a change in the level of

input effect.
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Lage 12. L

I t  is in te re s t ing to  n o t e  t h a t  t h e  r o le  of th .  linear resis tors,

included consecutively with nonlinear cell/el..ents~R~.~~~. is not

limited only to adjustment of the for. of real amplitude

charact erist ic. Simultaneously with this is achi~ vetl cert ain increase

in the amplitud e of output voltage , which is especially import ant for

logar ithmic amplifiers of the type in question. Thus, th .~ linear

resistors, entering the composition of the logarit hmiz in  .j circuit ,

can be considered as cell/elements of the correction of log arithmic

amplitud e characteristic. Consequently, similar to o t her

cell/ele ments of the same assignment of the valu? of the

resistor/r es ist ances of l i nea r  resis tors  they  are se lect - e l

e m p i r i c a l l y  in th e  a l i g n m e n t  procedure  and t u n i n g  of l oga r i t h m i c

a m p l i f i e r s .  W i l l  be gi ven below some prac t ica l r e c o m n e n i a t i o n s  (basei

on the oretical anal ysis) by choice of the values of the

resis tor/resis tance of the  l inear  resistors of the logarithm izin~i

circuits.

The act ion of a s y m m e t r i c  and s y m m e t r i c a l  n o n l i n e a r cel l ,’e lement~;

a

I
I

_ _ _ _  
I- — 

- ~~
.“ —
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or sinewave voltage is shown in Fig .  3 and 4. From the given Fig. 3

and 4 diagr a ms shows that the applicat ion/use of a symm e trical

nonl inear  resistor t u r n s  out to be more f a v o r a b l e  on th~ level of th e

nonlinea r dis tor t ions  of the ampl i f i ed  in l o g a r i t h m i c  si gn al

ampl i f i e r .  In th i s  case fr o m  t he  spect r um of the s ignal , which

subjected to nonlinear compression , are removed (on the strength of

the  s y mm e t r y  of t he  c ircu i t  of the l o gar i t hm i z i ng  c ir cu i t~ eve n

ha rmonics .

j
Pig. 2. Symmetrica l logar ithaizing circuit , a, b) circu it; C)

volt—ampere character istic.

Page 13.

It sh ould be noted , howev er , that d u r i n g  paral lel  connection of

two asymm e tric nonlinear cell/elements as a result of the

consider able scatter of their static characterist ics it is

s*ffic ie ntly difficul t to carry out a nonlinear cell/el ement with a

ufficient degree of the symmetry of the branch es of volt —a mpe re

ch ar.ct.ri.t ic. 1. particular this is tdat.d to th. s.micondu ctor

I
— — 

— 
~ - — —

-~~~~~~~~~~
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diodes, which mu st  be thorough ly selected be fore  t he  s e t t i n g  i n t o  the

logarith .izing node. In the case of applying semiconductor diodes the

circuit can bec om e complicated (for obtaining larger accuracy and

extent of logarithmic curve) not only by the introd uction of linear

resistors, b ut also by the  applicat ion of vol tage  of bias to diodes .

In t h e  most genera l  case nonl inear  circui t can be depict ed  in the

form of the complex combination of linear resistors and nonlinear

c ll/el.m.nts (Pig. 5).

________________

Pig . 3. Action of asymmetric nonlinear Cell/element on s ine  voltage.

— — volt age on t he in p u t of nonl inear  c i r c u i t ; — — — — is  vol tage

on the input of nonlin..r circuit.

_ _ _  

C

Pig. 4. Action of symmetrical nonlinea r cell/• leae nt on si ne voltage.
— — — voltage on th. inpu t of nonlinear circuit;— — i s  an ou t put

~ ~
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potentia l of nonl inear  c ircuit .

Page 14 .

For ob ta in ing  the m a x i m u m  extent  of t he  logar i t h m i c  sec t ion  of

ampl i t ude  characterist ic and accuracy  of its rea l i za t ion  t h e  best

results it can give the appl icat ion/us e of t h e  k r i d g e  l o g a r i t h m i c

comput ing  circuit  (P ig .  6 ) .  However , t h is circ u it is su f f i c i en tl y

com plex in t u n i n g  an d c o m p a r a t i v e l y  rarel y is u t i l i zed  in l o g a r i t h m i c

am plifiers.

Amplitude characterist ic with the logarithmic section of one

extent or the o th?r  can be obta ined  also, by u t i l i z i n g  as non l i nea r

• cell/elements different types of electron tubes and transi stors (with

by the corresponding shape the selected operating node on direct

current).

( 1
During the c3nstruction of logarithmic amplifier with the

sh unt ing  of load b y  non l inea r  cell/elements it is necessary to focus

special a t tent ion on t h e  connection point of nonlinear cell/elements

in the interstage network of amplifier circuit.
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Pig. 5. Circui t  of the cou ples logar tthmizing circuit.

key: (1 ) .  A .p l i f ier  i n s t r u m ent .  (2 ) .  L o g a r i t h a i z in g  c i rcu i t .  (3) .

Power supply.

Pig. 6. Brid ge lo;a r i thmi zing circuit.

Page 15.

Actua l ly ,  if we include/connect nonl inear  cel l/ e lements  in the  load

circuit of ampl i f ie r  ins t rument  on direct cu r ren t , then  d e p e n d i n g  on

of i npu t  sig na l level the value of the resistor/res istance of

nonl inear cell/element and , conseque nt ly, also the res u lting quantity

of the resistor/resistance of load circuit on direct current are

changed wi thin  more or less wide l imits.  In t u r n , this  wi l l  lead to a

cha n ge of th e aoda/couditions of work  of a m p l i f i e r i n s t r u m e n t  on

direct cur r nt m a  as the final result — to an undes i rab le  change  in

1
1 IT
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the  a .p l i f icati on fac t o r .

So , a t  an in~~rease in the  a m p l i t u d e  of i n p u t  s i g n a l  t h e  v a l u e  of

the resistor/resistance of nonlinear cell/element falls and increases

the  po ten t ia l  of t h a t  electrode of the  a m p l i f ier  i n s t r u m e n t , w h e re is

in c l u d e d  t h e  resistor of load ( in  t r ans i s to r  a m p l i f i e r s  t h i s  u s u a l l y

collector/receptacle). With respect increas€s the conductivity of

direct drive Y 2 1  transistor. As the final result increases the fact or

cf a m p l i f i c a t ion ot cascade/ stage, and th i s  inc rement  to t h e  certa in

degr ee coapensdtes f o r  the  decrease in the  a m p l i f i c a t i on  f a c t o r ,

caused by the pres ence of nonlinea r cell/element, i.e., decreas’~s the

dyna m ic ra nge of amp lifier in input signals.

All this det ?rmines the need for  the  inc lus ion  of n o n l i n e a r

cell/eleme nt little more than into load circuit according to

alternating current , whereupon not only from the collector/receptac1’~

of a m p l i f i e r  t r ans i s to r, but  also f rom the i n p u t  electrode of  t h e

transistor  of the  subsequent  cascade/stage (base or ~m i t t ? r ) . The

lat ter  is ca use d b y  the  same reasons — by the wis h to ensure the

independence of t h e  mode of work of t ransis tor  cn direct  c u r r e n t  from

changes in the amplification factor. Therefore the circuit of the

loyar i thmi zi ng cascade/stage must  be made in accordance w i t h  t h e

circuit, shown in Fig. 7.
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• Fig. 7. Circ ui t of the l o g a r i t hm i z i n g  cascade/ stage.

Key: (1). From the preceding/previous logarithmizing ca~cade/staqe.

(2). To the subsequent logarithmizing cascade/stage.

-

• Page 16.

Before passing to the anal ysis of the concrete/specific/actual

circuits of logarithmic amplifiers , it is necessary to find th~

mathematical expression , by wh ich is described the dependence of the

value of the resistor/resistance of nonlinea r cell/element from

changes of input signal level, which ensu res ideal logarithmic

a m p l i t u de  ch a rac te r i s t i c .

* - 
_
_
_
.; .. — __

•.* *_ _ •_  - 
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Assuming tha t the load of a m p l i f i e r  i n s t r u men t  on alter nating

current consists of p.rall.l—conn.ct.d linea r resistor R11 and

nonlinea r cell/el~ msnt R,~~, vu duteruin. output potential of th~-

logarithmizing cascade/stag. for any values of the am p litude of the

input, voltage:

,, _,, y n —• vs v 
_________

~~~~~~ — -  L/~~~ 1 
~ Rp + Ra.a ‘ (3)

At the same time the output potential of th~ cascade/stage , wh ic h

works on t h e  logar i t h m i c  section of its amplitude characterist ic,

i.e., with ~~~~~~~~ is described by the equation

~~~~ ~~~~~ (in ~~~~
-
~~~~

-- + i) . (4)

wher e ~~~~~ 
— the  input voltage , with whic h beg ins the logarithmic

a m p l i t u d e charac te r i s t i c  of a m p l i f i e r ;

K ,, — the  f ac to r  of a m p l i f i c a t ion of cascade/ stage in  l i n ear

cond itions.

Equa l iz ing  expressions (3) and  (4)  and  d e s i g n a t i ng

~ U,1 ,— ~ifl ~~ i = X II C

It is poss ib le to f i n d  t h a t  m a t h e m a t ical dependence , acc o r d i n q  to

—•--—--_ _  • ~~~ - •  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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which must change the value of the  res ist or/res istance of n o n l i n e a r

cell/element during a change in the a.pUt~~. of the input signal:

(.J.1 .~R,x Rs — RN
RNea Lc —xU1,1., = U,1 

•~X

(5)
In order that the amp litude characteristic of amplifier stage would

be w i t h i n  some l imi t s  ideal l oga r i t hmic  c u r v e , the

resistor/resistance of the  n o n l i n e a r  cel l/ e lement , connect ed in  t h e

load cir cu it of a m pl i f i e r  i n s t r u m e n t , must change its valu e unde r t h1~
action of the applied signal according to the dependenc e , given by

equation (%) . This dependence is depicted on Pig. 8.
Page 17.

• 
_

Fig. 8. De pendenc. of the standardiz.4,inormalized resistor/resistance

of the ideal Iogarithmi zing cefl/elevunt on changes in the  r e l a t i v e

amplitude of inpu t signal.

- — - - - 
•
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Fig. 9. Dependenca of the resistor/resistance of some real types of
diodes on voltage.
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Page 18.

H owe ve r as h a s  a l r e a d y  been i nd i ca t ed  above , not one of t h e  e x i s t i n ~
semicond uc tor devices , u t i l ized  for  purposes of logar i t h m i c

operat ion, do not possess this cha racteristic . The charact eristics ot

real nonlinear instruments only approach th~ required curv e in more

or less wide range of stress. This forces to comp licat ’ the schemati c

of the  l o g a r i t h ai z i ng  devices by t h e  i n t r o d u c t i o n  r f  l i n e a r  r e si st oi~ .

and by t he  supp ly  of cons tan t  bias vo l t ages  t o  n o n l i n e a r

cell/eleme nts.

Because of tt~e .ibsence of the  nonlinear resistors, w h i c h  poss e~~;

t h e  guaran teed  by p l an t  f o r m  of dependenc e Rit~1 q ( ( ’ ,,~..1) . w i t h  t h e

practica l imple aantation of the logarithmic amplifiers , constructed

according to the princip le of the shuntin g of loa d c i r c u i t s  as

nonlinea r cell/elements, it is necessary to hav€ the experimental

taken curvøs of the dependence indicated for the different types of

semicond uc tor diol es. Some of such e m p i r i c a l l y  o b t a i n e d  dependences

are shown in Fig. 9.

— -



DOC = 77182902 PAGE

2. Frequency  p roper t i e s  of non l inea r  cel l/ e lements .

The questions , examined in this section, can be usel  during

• d eve lopment  and des ign  of the broad class of the logarithmic

amplifiers , made by the introduction of nonlinear cell/elements

either into load circuit or into the circuit of negative feedback .

And in that and in other the versions of the circu it of

logar i thmic  a m p l i f i e r  w i t h  non l i nea r  resistors, the f r e q u e nc y

properties of the latter one should consider at the design of the

device, wh ich possesses some assigned p a r a m e t e r s , in p a r t i c u lar  if

the develop/processed device is intended for work in the range ot

comparatively high frequencies.

The effectiveness of the nonlinear cell/elements of amplifier

circuit, such as semiconduc tor diodes or junction emitter — the base

of transis tors, lescends in high—freq uenc y operation . This is

developed in the f a c t  t h a t  d u r i n g  just one change  in t h e  a m p l i t u d e  of

input  s ignal  t h e  absolu te  l imi t s  of a change in the va l ue of t h e

resistor/resistance of nonlinear cell/element decrease, therefore,

and the  dynamic  r a n g e  of a m p l i f i e r  at  i n p u t  signals  it is sho r t ened

the more con sidera ble, the higher the frequency of the amplified

signal.

—
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Page 19.

This is ex plained by the physical special feature/peculiarities of

p—n junctions. As is known , p—n junction with a sufficient degree of

I’ accuracy can be represented by simple e~aivalen t circuit - parallel

connection of a c t i v e  res is tor  (R11...1) and of capacitor (C1~~ .

Then the inpu t a d m i t t a n c e  of p — n  j u n c t i o n , dete r m i n e d  by t h e

ratio of the amplitude of the fundamental harmonic of high-fr equency

current to the amplitude of the stress, which operates at the i npu t

(6)
N?J

The m o d u l e /m o d u l u s  of the  va lue  of t h e  res i s to r/ r e s i s t ance  of

nonlinear cell/element is determined as follows:

• Z,.a I 
~ ~I R1.a)’ + ~~~~~ 

(7)

The capacitance /ca pacity (~~~~~1 is determined by the

capacitance/capacity of the barrie r layer of diode. ft is obvious

tha t at hi gh f r equen cies the capacitance of t r a n s i t ion decreases ,

that also causes the limit inferiors of a change in the m3du lus of

resistance of nonlinear cell/element. During the s t u d y  of the

character of a change in the input and output resistance Is necessary
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to accept into consideration considera bly mcre factors. For example ,
1~1by Util izi ng A— shaped replacement scheme (comm on-em i t t e r

connec t ion),  it is possible to obtain ( 7 ]  the  fo l l owing  ex pressions:
for the input admittance

~
, _~~~~~ 6 + r+ ((~~~ )1 r6
1’_

frG+ r)~~+ (
~~~i’~

~~~~~~~~~~~ +~C~~+iaeC~~]. (8)

vhere i=rC 11, and for the output  conductance

C f’f ’~
~~~~~~~~~~~~~~ 

S~+

+1 [
~ .f. (f / )2 

Sn+aC~+wC GKj . (9)

Here r~ is the distributed resistance of base ;

r — the resistor/resistance, whic h considers the racombinatjon

of minority carriers in base;

C~ is a d i f f usion capacitance/capacity ;

C~, r~ — the capacitance/capacit y and the resistor/resista nce

of collector junction ;

I
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C.~. C63 — th. capacitance/capacit y of housing (base) to

coll etor/r~cepta:le and emitter ;

S~ is slope/transcoaductance of transient cha r~t— tarist ic ; f~ 
—

cut—off fr.qmency on slope/transconduct ance;

is angular freguency.

rage 20.

The i.~sign ed in  accordance w i t h  e~~ressions (8) and (9) va1ue~

T1~ and Tza sufficiently closely coincide w i t h e x p e r i m e n t a l l y

measured a ver a wide r a n g e  ot f r equenci e s .  Ho w e ve r , t h i s  c a l c u L a t i o i ~

is su f f i c i e n t l y  b u l k y  and for  pr ac t i cal  use u n s u i t a b le .  F r o m  t h i s

v i e wp o i n t  more u s e f u l  wou ld be t h e  c u rv e / g r a p h s , r e p r e s en t i n q  th e

depend ence of t h e  pa rame te r s  ot t he  d i f f e r en t  t y p e s  of the u ti l i~ied

in equipment  t r a n s i s t o r s  on t h e  o p e r a t i n g  mod e cn d i r e ct  c u r r e n t  a n d

cn f r e q u e n c y .

The dependences of the value of t h e  r ea l  a n i  i m a g i n a r y

components of the entry impedance of the transistor

(resistor/re sistances of the junction of transist or), utili7ed as t h t ’ 

•~~~~~~~~~~~~~~~~~~~~~~~ • • . •~~~~~~~~~~~ •_ •~~~~~~~~~~~ . ~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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non l inea r  ce l l/ e lement  of a m p l i f i e r  circuit , f r o m  f r e gu e n c y  are  ~T i v ~~.
in Fig. 10. As is evident , these dependences (in particu lar for a

real compo nent )  b e a r  considerabl y mor e comp lex cha rac t e r, ra th e r  t ha n

for diod es.

In order to d e t e rm i n e  the f r equency  band , in u h i c~ su f f i c i e n t l y

effectively works as the nonlinear cont rolled resistor the collector

junc t ion of t r ans i s to r, i t is possible to utilize results of the
stud y of the genera l i zed  theoret ical model of transistor.

150

~1 .~~~~~~~~~~~~~~~~:~~:::
~ -j 50

~

Pig . 10. Depend.n :es of the real and imag inar y components of t he
entry impe dance of transistor on the current of collector/receptacle

and freque ncy.

key: (1) .  E n t r y  impedance  ohm. (2) . 11Hz. (3). mA. (4). V.

Pa ge 21.

The ou tput  conduc tance  of the  genera l i zed  theoret ica l model  of
transistor (during short circuit in input Circ uit)  is dete r •ined by
the expressi on

— —,

—~~~~~
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Y~ —g~ (l +j0,8! e), (10)

where g22 — the value of output conductance at low frequency;

— the standardized/normalize d freque ncy;

— th. limiting frequency, at which the module/modulus of

current amplification factor a decreases to 0.7 m a x i m u m  va lues  Z t o

low frequency.

To frequen cies of the order ~ the output conductance can be

represented in the form of parallel connection of

capacitance/capacity and the conductance whose values change within

suffic iently wide limits during insignificant changes in the voltage

on collector/receptacle, namely :

—g~,_ g,e
O s ’  (11)

C~ =-~-- g,,

where g0 is the m aximum value of output conductance at zero

frequency;

— the ini t ia l  voltage on collectorireceptacle .

-
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At more high f requencies  it is necessary to consider the effect

of charge collector t rans i t ion ca pacitance (C 0) ’ , connecte~ in

pa rallel  to output  conductance , as a result of which  t h e  v a l u e  of the

lat ter  and the  course of its dependence on control voltage

substantia lly change .

Then after the siaple conversions

Y’,2 = Y22+ JwC0 = ~~~~ (12)
wher e ~c = (1 • j~CdTa,) — an increment in the capacitance/ca pacity,

equ a l at ~~~~

t~c= i (aC ..~~. + I .62i~~’ .) co Cj 
e”c; ( 13)v •

2~U.~.(1 + O , G6e~) ~.

with ~~~~~

“~ f—’ e1~~. (14)

The c onstr ected in accordance with ex pressions (13) and (14)

dependence z~C~=~j , (~) for data , that corresp ond to low—fre que nc y

transistor (C0 — 100 p?; g0 = 2.10 ’ 1/ohs; /~=1 N Ifz) , is given in

Fig. 11. As it fol lows from the constructed curve/graph , t h e  use of

an ou tpu t  conductance of transistor as nonlinear cell/element at

frequencies, which exceed (3-~~) 
~ ,, bec omes unsuitable. 

- .— -—- - .- -. _ . - :~— .— - -

- -~~~~~---- ——- ---- - . - —- -  —--
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Page 22.

Furthermore , some types  of t r ans i s to r s  ( f o r  e x a m p l e , the

high—frequency drift transistors of the type P401—P 40 3 an~ others , to

them similar) are characterized by the facts that in work in the

r ange  of high freq uencies — on the order of 60— 100 MHz the active

component of the i r  i n p u t  admi t t ance  decreases wit h an increase  of the

current  of emi t t e r , in st ead of increasing . The reactive component of

input ad mittance at high frequencies changes its sign.

This character of a change in the input admittance of the

tr ansist or is caused by the  ef f ect of the pa ra s i t i c  res i s tance  of t h o

de r iva t ions  of t rans i s to r , which  have  composit e cha rac te r .

Specifically, serious effect on the depth of selt— fee~ibac~ and ,

consequently, also on the char acter of a change  in t h e  i n p u t

capacitance of transistor exerts capacitance/ca pacity betwee n emitter

and collector deri vations (( 3) . and also wirAn g capacitance i(
~~~~~~

Capacitance/capacity C usually has value 1 pP. a ~~~~ 
— the order

of several picofarads, which is determine d 
~
y the design features of

node. The effect of these capacitance/capacities can b~ not

considered in the amplifiers , made on the low—frequency

alloy— juncti on transistors , the time constant of collector circuit of

-

~~~~~~~~~~~~~~~~~~~~~ _  
_ _
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which is sufficiently great . However 1 durin g the use of

high—frequency transistors with the fast time constant cf collector

circuit , order of ones and dozen nanoseconds, neglect of

capacitance/capacities ~ and r~.., imad.issibly one should take

these or other  mea sure s to the eliminat ion of their etfect on t h e

parameters  of a m p l i f i e r s .

How eve r , t h e  capa cit ance/capaci t ies  i n di c a t e d  a f f ~~~t t h e

characteristics of n o n l i ne a r  resis tors  o n l y  on h i gh  f r e q u e n ci e s  ( 101)

MHz and above).

Consequently, the frequency limitations of nonlin~ ir resistors -

p — n  j u n c t i o n s  are developed m a i n l y  in a decrease in the limits ot~ ~
change of the resistor/resistance of nonlinear cell/element , i.e.,

va lue - 
- , ~~, • ,  2, , , - . This  in t u r n , leads to a decrea s2 in the  val u~

of the dynamic ran g e of amplifier in inpu t signals.

C

4

I
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Pig. 11. Dependence of the parameter AC on the

standardized/normalized frequency.

Page 23.

3. Common/general/total principles of the analytical study of

logarith mic amplifiers.

The f u n d a m e n t a l  index , which makes it possible to  q u al i t a t i v e ly

rate/estimate the effectiveness of wor k of logarith mic am p lifier, is

the va lue of dy n a m i c  range at input  signals, de te rmined  m a i n l y  by the
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extent of the logarithmic section of amplitude characteristic, i.e.,

by the par ameters of load c i rcui t  and by the type of the used

nonlinea r cell/eleme’it. In connect ion wit h this it is necessary ~o

derive the analytical expression, whic h would ccnnect the fundamental

indices of logarithmic amplifier with the parameters of lo ad circu it

and thereby would give possibility to find the value of dynamic range

from the input si;nals of any concrete/specific/actual amplifier

circuit. In this case must be accepted two simplif ying the analysis

of conditi on.

The first of these conditions lies in the fact that during

derivation they are limited only to the determina tion of the value oi

dynamic range from input signals for a single amplifier stage.

The second condition is related to the met hod of the

estimate/evaluation of the range of logarithmic operation , i.e., th’~

limits of a change in the value of the resistor/resistance of

nonlinear cell/element. It is know n tha t  the  dependence  of t h e

resistor/resistance of the majority of contemporary sem iconductor

diodes on the applied voltage sufficiently closely coincides with in

those or other limits with the ideal exponential curve , described by

equat ion (5) . Therefore for th e calculation it proves to be

s u f f i c i e n t  to  know only the  l imits  of a change  of the v a l u e  of the

resistor/resistance of nonl inear  cel l/element  in t he  r a n g e  of the

- -- -
i

. .  
-.

~~~~~~~~ .— ..‘ -.
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section of chara~teristicR~,~~q (U). close La for m to ex ponentia l , i. e. ,

the value of the resistor/resistance R11 .1~1 .11 , which corresponds to the

beginning of exponential section , and the value of the

resisto r/res istance ~~~~~ wh ich corr espond s to the end/ I  ead of t h e

e x p o n e n t i a l  section . Values ~~~~~ and RI.I’.l MIIII. necessary f o r  the

calculation of concrete/specific/actual circuits, can be most simply

determin ed in the points of intersection of ob:jective para meter R~~~ ‘i ’~~
)

and  the a p p r o x i m a t i n g  cur ve Rii~.:i~=Rie au The unknown values R1~~ for

t h e  real  n o n l i n e a r  cel l/elements, u t i l i z ed d u r i n g  t h e  c o n s tr u c t i o n  or

the logarithmizing circuits, can be found on the given above

experimental curve of dependence RIk.a tp (UIIe..,). The aforesaid is

illustrated by Fig. 12.

Page 24.

Since by v o l t a g e  U , applied to  n o n l i n e a r  c e l l/ e l e m e n t  an d  wh ich

de termine  the  va lue  of i ts resis tor/resis tance, is u n d e r s t ood the

intensive voltage of signal, removed fro. the resulting load

impedance  of a m p l i f i e r  instrum ent Z,, .~,•

U1 — ).i ) *IZ M T h M
and (13)

• U1

I
4~~t• ••~~~-— —L~~ 

. 
- -. . . -

•- •- •- •-— •- •_ •—~~ •-—-———---—--——-— -_---—-_---- - —————.— ————-—-- —-—-~~—- --—~_ — - —— -———— — ~~~~~~~~~~~~~~ —
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where U.11 and U.~ are the amplitudes of the voltage of input signa l,

wh ich correspond to begianirg and the end/lead ct the lo~j a r i t h m i c

section of the amplitude characteristic of cascade/stage;

— the conductivity of the direct drive of amplifier

instrument;

Z..,1,=lJ (1/Z .+ ~~~~~~~~~ 
— t h e  r e s u l t i n g  c o n s t a n t  v a l u e

resistor/resistance of load circuit.

Raei,Ma *c

—_____ ________

r ig. 12. Dependenc e of the resistor /r esistance of t h e  l o q a r i t h m i x j ng

cell/element on of input signa l level. 1 — expe rimental curve ; 2 —
ideal curve.

— -- -
~~~~~~

- — - S—- - - - •-- - —--
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The conductivity of the direct drive of any amplifier instrument

• is complex quant i ty  and in general for m is determined as follows:

Yzi=Qzu+J$zt, (16)

• where G21==S~ is equivalent slope/transconductance of the transient

ch aracterist ic of in s t r u m e n t , i.e. , dependence  curve of t h e  cur ren t,

wh ich takes place in the circuit of outpu t electrode, from voltage on

i npu t  or con trol electrode;

B21 is imaginary componen t of the composite conductiv ity of the

direct dr ive  of a m p l i f i e r  i n s t rumen t , w hich has u s u a l l y  ca paci t ive

character, i.e., B 2 1  = j wC.

It  is not d i f f i c u l t  to see tha t  at  comp a ra t i ve l y  low freq uencies

cf component jwC is small in comparison with S~ and it can b?

disregarded, in connection with this y21~~S~. Then for the initial and

finite segments of logarithmic amplitude character istic it is

possible respectively to write:

R.,JI.M3ICC q,j(U,xiSyZ...~.)
and ,, ( . 7R~~~~= q~ ( I./.x2~~yL.n.3I1N

For convenie nce in the calculations of value RIW~.MaKC and RweJu.Msl’ one



- ~~~~~~~~~~~ 
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should determine in unity ~~~~ namely:

R,.1.s,~c : =b iZ ..,ic*; \ (17)
R,eJz.M,,, = bsZu.,ici. J

Furthermore, for iet.rmining the dynamic range of amplifier stage

from input signals it is necessary to utilize ~a lu~

dn=Ruea.Ma$C/R~eJu.Mnu bl/bZ, (18)

characteri zing th. limits of a change of the  resistor/resistance of

nonlinea r cell/element in the range of the exponential section of

static characteristic, and it is also necessary  to  know t he
~ UDI.tx.n

permissible limits of a change in the out put voltage of cascade/s age

and U~~xH, which cor respond to beginning and the end/lead of the

logarithmic secti3n of amplitude characteristic. The r?lation of

these voltages d e t e r m i n e s  the value of the  d y n a m i c  r ange  of

cascade/st age according to the output signals

~~~~~ U, X R/ U,Lu Z U. (19)

Now it is pomsibi. to pass to the der iva ticn of th~ u n k n o wn

expression for the simplest nonlinear cascade/stage, equivalen t

circuit  of wh ich  is depicted on Fig. 13.

Page 26.
•1

This circuit is real both for electron— tube and for transistor

amp lifier stages. Then in accordance with the t heorem abou t

equivalent generator can be determined isolating on nonlinear
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cell/element stress, which is the output voltage of the

cascade/stage:

U Z11.3~,R11,,
‘

~~ Z~..,. + R.a

where
Z,.~,x, 1/(I/Z,Mx+I/ZI,+ I/Z~~).

Prom expression (20)  it follows that for dete:niining the value

of the dynamic range of amplifier stage froi input signals (d 1~ ) it is

necessary to know the type of nonlinear cell/elements - diodes , mor e

precise the law of a change of the resistor/resistance of nonlinear

cell/element depending on the applied to it voltage Rijej~~ w (U~,and the

value of load impedance Z0~ ,. After substituting into expression (20)

of value Rue.~i. vaaicc and RlI.~~.M;In, determined in accordance with (17), it

is possible to f i n d  values (i, Mx .f l  and ~~~~ the  charac ter i s t ic  l i m i t s

of a change in the ampl i t ude  of the outpu t vol tage:

U ~~~~~~~~~ b1
PULR ~~~~ ~L M  

~~~~ + bl ZH .~ . 
- 

~ 
U N ~~~ H.3 ) (H

;~ 
Z,.,1..b2Z,.,11. C’ r u  7 b,

~~~~~~~ ~~~~~~~~~ Z,.,,. + b1Z, ,,,. ~~y *.11S~U.e1(B I + b
(21)

I
L _
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~~ k i 1 I~¶) ~
Z1Z

H

~rA YZ
&r U&4.

Pig. 13. Equivalent circuit of the  simplest non l i nea r  cascade/ st age.

• Page 27.

it is possible to f i n d  the  va lue  of the  relation U,1.SU.1.1,

which determines the extent of the logarithmic section of the

amplitud e characteristic of cascade/stage, i.e., its dynamic range

from input signals.

On the basis of the obtained abov e relationship/ratios can be

writte n following expression for determining dynamic range from the

input sign als:

L ~~~:~~~- L - IT 1 :~ -
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L I +b 1
~~~~~~~~~~~ S~Z..,,, ~~ — d b 1 I + b1d~~= U41., =~~~~ I I + b, — ‘‘~ ‘1 I ÷ b,

(22)

Ut i l izing express ion  (18)  and pass ing to logarithmic units , we ob t a i n

the  expressi on , which  can be used for the  pract ica l  calcu l at ions:

I
d~ —

~ 20 1g [d I~~IdR ~±L~~J ~~ 
(23)

Expression (23) m a k e s  it possible to conn ect the  fundamen ta l
• q u a n t i t a t i v e  indic es of am p l i f i e r  stage ~~~ and ~~~~ with  the

parameters of loa i circuit, and , f u r t her m ore , it makes it possible to

rate/estim at e the  e f fec t  of f i x e d  resistors of load c i r c u i t  on th e

effectiveness of the action of nonlinear cell/element. This is

illustrated by Pig. 114—18 , where are depicted the families of

cu rv e/graphs d, =~ (1/b 2; d,~) .  constructed in accordance wi t h (23)  f o r

differ•nt values dBl.~ . It is not diffic ult tc see that the constructed

curves make it possible to give the quant i t a t i v e  e s t i m a t e/ e v a l u a t i o n

of a change in the value of the lynamic range of cascade/stage in

• input signals depending on the value of the resistor/resistance of

the load circui t of a m p l i f i e r  cell/element 4~ .t and on the

4
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properties of non l inea r  cell/element (dR) .

By a n a l y z i n g  the constructed curve/graphs , it is p ossible  to

make the following conclusions:

1. The exten t of the logarithmic section of amplituic

characterist ic, that determines the value of the dynamic range of

cascade/stage according to out put signals (d.~.). viii be the greater ,

the more considerable the degree of a change in the

resistor/r esistance of nonl inear  cell/element (i.e. th~ ;reater value
dR).

2. V alu e ~~ depends to a considerab le extent on the cons t an t

value resistor/resistance of load circuit Z~~,. Set/assumin g for

simplification Rt,e.i.~iiin =const, we obt ain , t h a t  w ith small values Z,.3~.

(i.e. wi th 1/b ~ 1.0, t h a t  corresponds to the case of am p l i f i e r  w i t h
(4-

re la t ive ly  wide p assband)  the  d y n a m i c  range  in inpu t signals is small

and in pract ice it does not depend on the pa rameters  of n 3 n h in e a r

ce ll/ele m e n t  ( the re  is in form the parameter  d,d .

L - 
i i 1_ ~

__
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Page 28.
—, (1) 

________ 
________ 

________ ________d~ T 1 
—

~~~~~ 

_ _ _ _

2’ I 
_______

~ d~,,~~ = 1,2 n(2o5) 
~~~~~~

—
~~~~~~~~~~~~~~~~~~

— - -
~~~ t - -—— • • _____

• I —

T I1zIIuI1~j~1~ E~;
- -__HH J — - 

f/b 2
0,2 0.3 0,4 0.5 £~7 ~.0 2.0 3,0 4.,0 40 7,0 10 20 30 40 50 70 IQ~

Pig. 11$.

Key: (1). dB.

Page 29.

_ _  

IIII j
~~~~~~~~

’

~

°

_ _ _  _ _ _ _  I_ _ _  [ _ _ _  
_ _ _

0.2 ~~ ~Z.5 ~ ~ ‘.0 2~0 3.0 ‘#,O 5,0 ZO ll) 20 30 40 50 ~D 10.’?

P ig. 15.

Key: (1). da .
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Page 30.
• T T 1  j —— ____________ — _____

_ _  1-P— — __________ —- - _____________ — ___

I I I 1 5
i i ! I i ~

:.

0.’ 3.2 0.3 0.~ 0.5 0~ 7 ~‘.0 3.0 ~~ I 5.7 ~.J 10 2~i 30 40 .50 70 106 ’

pig. 16.

~sy: (1) . dB.
Page 31. 

— — — — _____  _____

86 a’~~ ~~~~(
~)
30 — — -— —- ——- _ _ _ _  _ _ _ _

= 2.51(805) 
~~~~~~~~~

25 ______ •—
.- 7,SI

20

_

--H - ~~~~~~~~~~~~~~~~

!

~~~~~~~~~~~~ 

I 

_

_  _  _

IEEE
_  _  _ _L  ~~0.1 0.? 0,~? 0.4 ~ 3 ~~ ‘.0 2,0 3,0 4.0 5.0 7,0 10 20 30 40 10 70 10(1

iig. 17..
Key: (1). dB.



DOC 77182902 PAGE

Page 32.

This can be exp la ine d by the facts that the fixed resistor of load

circ uit , which has low value , s t rong ly  shunts  n o n l i n e ar  ce l l/ e lement ,

lower ing  t he r eby  i t s  e f f e c t iveness. W i t h  the  h igh  va lues  of

resistor/resistance Z~~,, (i.e. in na r row— band am p l i f i e r )  the  s h u n t i n g

of nonlinear cell/element insignificantly , thanks to which the

dynamic range of amp lifier at input signals substantially grow/rises

• and is determined exclusively by the properties of nonlinear

cell/element , i.e., by the value of the parameter dR. As can be seen

f rom the pre sented cur ves , value d1~, narrow— band amplifier from va’T~ii\

in practice doe s not de pend , and this is confirmed by the fact s that

beginn in g wi th  1/b 2 > 10—20 cu rves dflX1=~’(I/b 2; dfi) go almost i n  pa ra l l e l

to the axi s of abscissas.

The pre sented in Fig.  1 14— 18 cur ve/graph s not onl y m a k e  it

poss ib le t o  e x a m i n e  in general fo rm of the  special

fea ture/pecul ia r i t y of work of the loga rithmizing cas~aie/stage , but

also they ma ke it possible to the certain degree to simpli fy

-

~1 -
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e n g i n e e r i n g  scheme.

The obviou s advantage of the proposed calculation met hod is that

at its base lie/rest the curve/gra phs (Fig. 14— 18), constr ucted

irrespectively of to the concrete/specific/actual type of amplifie r

cell/element (it can  be tube or transistor) , to the form of the

circ uit of interstage couplin g circu it (aperiod ic or oscillatory) and

the  type  of the used n o n l i n e a r  ce l l/ e lement .

Engineering a logarithmic amplifier of t h e  ~ype in qu estion can

be carried out as fol lows:

(ZR ~~~1. We f i nd  the  value  of t he  resistor/resista nce of load circiiTrY

we determi ne by usual  methods the factor of amplification of

cascade/ stage and the  w i d t h  of its passba nd.

2. Is selected the  type  of non l inear  cell,element and is

determined acc ord i ng to its ch aract eristics of va lue  RHe~iI. MaKc, KueJl .Mwu , dR,

and also value I Z 1 •9~1
b, Ruca.%o,I

3. We are assigned by value ~~~ (or we de te rmine  it f rom

ex pression Da~~=n I n KLI + I w i ’t)z.’n= I).

11. Throug h cu r v e/ g r a p h , to the corresponding selected value dp , iaxi ,

~-~ - - I2~~~~~~~~~ ~~~~

.

-•~~~~~~~~——--~~~~~~~
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we f i n d  fo r  the d9terllined abo ve values i/b a and d~ the value of

dyna m ic ra nge throug h input signals d111 one cascade/ stage , and t h e n

also ent ire amplifier as a ehole ~~~~~~~~~ (here n — the number of

logar itheizing cascade/stages).

Pa ge 33.

• ~~~~~~~~~~~~~~~~

Hi
_ _ _ _ _ _ _ _ _  I . _ .~.._..i_ ._~•_ _ _ _ _ _ _ _ _  ~. _ _ _ _ _ _ _ _ _ _

(1.’ iA 1/~~ ~‘4 ~~~ Q. / 1.0 2.0 3.1’ 4,0 5~0 ~0 ‘11 20 30 .~0 50 70 ‘~J

Pig. 18.

Key: (1). dB.

- . .~~~~~ •--
• 
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~



--~~~~~~~~~~-
• -

~~~~~~~ 

- — , -- —- • • - —

~~~

---

~~~ 

- •

DOC = 77182902 PAGE -~~~5~2--

Pa ge 3~.

The proposed method of the analytica l study of logarithmic

ampl i f i e r  wi th  the  s h u n t i n g  of load in terms of nonlinear

cell/ele ments  d i f f e r s  f r o m  the described in t h e  appropr ia t e

li terature methods f i r s t  of all by its sim plici ty, which does not

a f fec t  the accuracy  of the calculat ion.  In th i s  case complex

t heor etica l pos itions are led to simple formulas and tha con venient

in use cur ve/graph s, which  make it possible to  produce act u a l l y  the

synthesis of amplifier. It is necessary to note that the basic

condition/position s of this calculation method are universal and can

be used not only in logarithmic amplifiers of the type in question ,

but also in circuits with nonlinear feedback, or in other devices of

those containing the nonlinear cell/elements whcse

resistor/resistance changes under the effect either of the amplitied

signal or signal AGCLL4PJL7.

In the subsequent sections conducted analytical investigation of

the amplifier circuits, which contain the more comple x types of the

logarithmjzjng circuits, rather than the antipa ra]lel connec tions of
two se micond uctor diodes.

• — ..., .— :. .~ - —~ — - ., - 
4

L- 
- - -

- -  
L .  ~~~~-~~~-—
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Page 35.

14. Evaluat ion of the action of the resistor,resistance of linear

resistor on the va lue of the d ynamic range of cascade/stage at input

signals.

For determining the degree of the effect of the

resistor/resistance of the linear resistor, inttod uced into the

logaritheizing circuit, on the value of the dynamic range of

am plifier stage from input signals it is necessary first of all to

write the appropriate analytical expression (derivation of this

expression is analogous to the derivation of expression (23) ]. In

accordance wit h the presented in the preceding/previous section

procedure of stud y it is assumed that the resistor/resistance of the

logar ithmizing circuit, which consists of series—connected nonlinear

cell/eleme nt and linear resistor, varies from

~~~~~~~ +R~111~

to
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— I?u~’. ~u~ii  _+ /? . :ui r

(in the beginning and end/lead of the logarithmic section of

ampl itude characteristic respectively). Then, by utilizing a general

method of the analysis  of ampl i f ie r  circuits wi th  nonl inea r load , it

is possi ble to wr ite ex pression for determining the  d y n a m i c  ra nge of

amElifier stage from input signals.

It takes  the fo rm :

d . = d 
(1~ + p b~) [(I -f p )b 2 ± I I

• H).~ 8W(? 

~~2YT~I+p) ’t~~~~~j
• (24)

Here

Formula (2 14) can be rewrit ten in the  form
‘I

_______ — 
W~ + p. b , ) i ( I  + ,r ’)  

~~ —I— I (25)-— 
t!.~4~~i 1 ±p b~~(( L —I— p) b~ +“R’

where j  is the va l ue, which determines the compression rat io of the

dy namic r ange of signa l of log ar ithmi c cascade /sta ge.

From the give n fo rmulas  i t  follows t h a t  wi th  an increase of th €

resistor/resistance of linear resistor ~~~ (or pa ra meter  p)  the  v a l u e

of the dynamic range of amplifier stage in input signals decreases.

— — - - •



DOC 77182903 PAGE .3

Physical ly this  r?su l t is expl ained by the facts tha t  the  l i nea r

resistor, in any m a n n e r  introduced in to  the logar i thm izin ~ c i rcu i t ,

in particula r connected in ser ies with  nonl inear  cell/ element ,

attenuate/weakens the effect of the latter on the characteristics of

schematic. In this  cas e decreases the nonlineari t y of am p l i t u d e

characteristic ani decreases the dynamic range of amplifier in input

signals.

This can be i l lus t ra ted  by the  design charts  of th e  dependence

of th. contraction coefficient of the dynamic range of signal

,
~~~ 

of chan ges in the paramete rs of load c i r c u i t, namely :  f rom va lue

l / b 2 =R1j R1~..•1 .~1111. p =R .11111/R,.amd the type of non linear cell/element (i.e. the

parameter dR ~~. constructed in accordance with expression (25) in Fig.

19.

Page 36.

Character the  presented in Fig. 19 curves can be explained as

follows. W i t h  t h e  low va lues  of the resistor/resistance of l inear

resistor ~~~ i.e. , at p < 0.01 , the value of t h e  dynamic  r ange  of

ampl i f i e r in inpu t signals (d az ) ,  more precise t h a n  the  con t rac t ion

coefficient (y)’, in practice does not depend on cha nges p and is

determined exc lusi vel y by the relationship /rat io of values k —

constant load impedance and ~~~~~~~~ — the resistor/resistance of

__.. a. -.-~~~• — . • . .-  -&- --
~~ 

—
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nonlinear cell/element. But at the large v alues of p value ‘
~~ is

determined by  two oppositel y operating factors whose act io n w i t h

specific ratios between them is such, that the contraction

coefficient, beginning with certain value of the parameter 1/b2,

begins to decrease , that also it is possible to see on the presented

curve/grap hs. In connection with this during the design of real

logarithmic amplifier it is very important to know such values 1/b2

and p. whe n value 
~ 
is close to maximum.

Figure 20 depicts the cur ves of the dependences of relation

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ p. Cur yes are construc t ed as

follows. By equalizing the derivat ive dy/ d (1/b 2) zer o, f r om t h e

obta ined thus e quation
p ( p + I )
— 

1~
,— -— d0= 0 (26)

it is poss ib le to f ind  the values 1/b 2., which correspond to  t he

ma ximum contraction coefficient i at this value of p. The practical

value of the presented in Fig. 19 curve/graphs lies in the fact that,

by using them, it is possible to determine those parameters of the

logarithmi zing circuit, by which in each cascade/stage is provided

the maximu m value of d ynamic range at input signals.

I

- I~1~ 1 —
~~~~~~~~~~~~ .~-.-—
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Fig. 19. Dependence of the contraction coeff ic ient  of dynamic range

of the par ameters of amplifier circuit.

Page 37.

Consequently, during the construction of •ult istage logarithmic
amplifiers are open/disclosed the ways of the achievement of the

required parame ters at the min imum number of nonlinear

cascade/stages. The obtained by calculation data are confirmed by the

results of experimen tal check (Fig. 21). The experimental curves

(amplitude characteristics of sing le—stage transistor l o g a r i t h m i c

• 
. • • . . . .  - -.- - -

-— —--  - 
_ _ i_~~~~~~ —~~~~~~~~ • -— •~~— ••- —. . -— ~~~~~~~~~~~~~~~ — . ~~~ - • — ~~~ -
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video amplifie r) sufficiently visually illustrate the action of

linear resistor on the extent of the logar ithmic section of the

amp litude characterist ic of amplifier, i.e., on the value of its

dynamic  ra nge a t  i n p u t  signals.

100 --- , —~~~~ --—--  - ~~~~~ • -. 
___________Jo ,

~~ 
—,--

~ —.--— — ~~— 
— 
,-

_
aOo~’ ~ 792 ~~~~ f~O/ 

~O2 ao~ a’ 0.2 cc

Fig. 20. Curve/graphs for determining the parameters of amplifie r

circuit.

i
-.~T ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 21. Amplitude characteristics of ncnlinear amplifier.

Key: (1). NHz. (2). ohm.

Page 38.

In conclusion it is necessary to note that to the dynamic range

of amplifier at input signals exerts influence not only the extent of

the logarith mic section of the volt—amper e characteristic of the

nonlinear cell/elemen t, which shunts load, but also the nonlinearity

of amplifier instruments — transistors (see §11). Therefore it is

possible to assert that the true value of the dynamic range of

- - - — - - - - • - - - - - - -- - -
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am p lif ier  stage f ro .  input  signals is det ermined by the f o l l o w i n g

ex pression:

~~~ ~--J~ , 
~27)

wh ere d.~1 is t h e  d y n a m i c  range of cascade/stage at input signals,

caused by the action of nonlinear cell/element;

Ad — the incremen t in the dynamic range at inpu t s ignals , caused

by the effect of the nonlinearity of the stat ic characterist ics of

am plifier transistor.

By calculation to determine value Ad is sufficiently difficul t

in view of the complexity of analytical expressions. Experimental

data show that an increase in the dynamic range in inpu t sijnals

because of the effect of the nonlinearity of transistors (Ad ) reaches . -

by 6—10 dB.

Furthermore , the presence in the composition of the

logat ithaizing circuit of linear resistor has a definite effec t on

the degree of the coincidence of real amplitude characterist ic with

ideal logarithmic law. However, the analytica l determination of a

change in the accurac y of logarithmic amplitude characteristic turns

out to be impossible. This is explained by the facts  t h a t  as

nonlinea r ce ll/ e lements  are ut i l ized the  not f i t t ed/no t  

~~~~~~~~~~~ ~~~~~~~~~~~~~~~ I- iT T~~~~~
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adapted/unadapted for purposes logar ithmic operations semiconductor

diodes, and also by considerable technological scatter of the

characteristics of the latter. Therefore both deter.ination of the

accuracy of l oga r i t hmic  a m p l i t u d e  character is t ic  and t h e  e f f e c t  of

linear res istot can be determined on ly by empir ic i sa.

Page 39.

5. Diagram wi t h n o n l i n e a r  d iv ide r/ denomina to r .

The l oga r i t hmic  a m p l i f i e r s, constructed wi th  t he  applicat ion/use

of the  s imples t  diagrams of nonlinea r cc.pressicn (Fig. 22), do not

ma ke it possible to ensure  the s ign i f i can t  m a g n i t u d e  of d y n a m i c  ra nqe

at input  s ignals  and  have  ampl i t ude character is t ics, wi th small

degree of accuracy coinciding with ideal l o g a r i t h m i c  cu rve .  Thi s  is

explained by t he  f ac t s  t h a t , in the f i r s t  place , the  exten t of t h e

nonl inear  section of t h e  vo l t—amper e  character is tic ot th e  m a j o r i t y

of the Sovie t semiconductor diodes , used as non l inea r  resist or s, is

compara t ive ly  smal l (coef f i c ien t  dR .~3 ÷ 5) ;  in the second place , th 1~

ncnl inea r sections Ct vo l t—amperes  characterist ic  have  essential

deviations f rom ideal  loga r i thmic  c u r v e ;  t h i r d l y ,  pa rame te r s  of

seuicond uc tor dio~ es ( in  pa r t i cu la r  on ini t ial  — n o n l i n e a r  sec t ion)

- - -.. - • .-~ — — - -- .- — .-.- -— - - — —. — - —~--~-—

p - _.,_.__•_— —— ~_—_- _~_~
__ — - _ .— •——- - ~~— —-----—-- - - ~~~~~~~~~~~ - • - -



r

DCC = 77182903 PAGE

they have considerable scatter .

In  order to remove (or at least to reduce  to a m i n i m u m) t h e

ef fec t  of t he  def ic iency/ lacks  indicated, and c c n s e q u en t l y ,  to

increase the dynamic range of amplifier in input signals and to raise

the accuracy o logarithmic amplitude cha racteristic, can be

recommended completely determined circuit solution.

I +T,~Me,
__________ j (~ )14cf nn.1Nax imaJ 1uwj ~~~~~

cii

5— J
I’)

rig. 22. Simple c i rcu i t s  of logar i thmic  a m p l if i e r , a) amp l i f i er

circuit for  the signals of positive po l a r i t y;  b) a m p l i f i e r  c i rcui t

for the signals of negat ive polar i ty .

K ey: (1) . Ampl i f ie r  cell/element. (2) . Power supp ly.

_

~
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It is comprised in the complication of the loga r i t ha i z i ng  c i r cu i t  by

the introd uction of l inear  resistors (see §1) or by its ex ecut ion in

the f o r m  of the re sistive fou r—po le , the  t ransmiss ion  fac to r  of w h i c h

changes depe nd in ,j on of input signal level according to the necessary

law.

The simplest and sufficiently widespread method , whic h ma kes it

possible t o  sol ve the tasks indicated , is the swi tch ing  on of

nonlinear  cell/ element as one of the a rms  (in th is  case — pa ra l l e l )

of the resistive vol tage  divider . As can be seen from the  g i v e n  in

Fig. 23a e lectrical c i rcui t  of logar i thmi c cascade/ stage wit h

nonl inear  d iv ide r/ denomina to r , the loga t i thmiz in g  circ ui t  is t h e

• pa ssive network , the transm ission factor of which depends on signal

level. 
- -

We examine this circuit for the purpose of the explanation of

its possibilities in the relation to the value of dynamic range at

inpu t  signals.

I
L ~~~~~~•

--
- - -

~~~~~~~~~~~~~~~~~~~~~
• 
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Fig. 23. Circ uits of nonlinear cascade/stage with the voltage

divider, a) generalized; b) is equivalent .

Key: (1) .  Ampl i f i ca tion  cell/element. (2) . O u t p u t/y i e l d ;  (3)  . Input .
(4) . Powe r supply.

- - - - - . - 
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By utilizing the equivalent circuit of nonlinear amplifie r

stage, dep ictei on Fig. 23b , it is possible to find output voltage

from the following formula:

17 — y Z11R,1~1
11DLI

~~ 
II 

~~~~ + R~ea + ~~~ 
(28)

wh ere 
~ 2 1 is conduc t iv i ty  of the direct drive of amplifier

i n s t r um e nt ;

Zn - the resistor/resistance of the load circuit of amplifie r

instrume nt ;

R11~~ 
— the resistor/resistance of the symmet r ical  non l inea r

cell/element , carried out in the form of the  a n t i p a ra l l e l  connect ion

of two semiconductor diodes;

R~ea is resistor/res istance of the  fixed resistor , conn ect ed  i n
t h e  consec utive a r m  of the vol t age divider.

R,1~For convenien ce  in the fu r t h e r  calculations one sh o u l d  d et e r m in e4

and ~~~ in un i t s  Zn, n amel y:

r - - - •

—- _A_ - --_ —_-— ---— __— —--- - —~~~~.-- - - --—- - — — — _-- •-- -- -
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where n is any positive number;

R1~ = bZ11,

where coef f icient b varies from b1, th. corresponding to beginning

exponentia l section of static characteristic R,1e~=q~(U) the diode , to b2

wh ich corresponds to the end/lead of this section.

The value of the output voltages, which correspond to beginning

and the end/lead of the logarithmic section of amplitude

charac teristic, are respec tively equal to:

I I  — V 7 7  b Z ~,
‘ 31 L/ j3~~ 

~ + H + ~ (29)
uL’bI~ 2 ~ II)~~ 1 + n + b 2

Henc e it is possible to fi n d  the  dynamic  range of a m p l i f i e r  stage

from input signals. Its value is determined f r o m  the f o l l o w i ng

ex pression:

U.Xl U 1 L I ~ i 
—d1~~~~~ —=0-------- b~ 1+n+b *

1+’z
I+ b,

—d -d 
- 

- (~3O)— ~~~ R 1+11
dR + -

_ _ _ _ _ _ _
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Directly from the anal ysis of the obtained expression it is possible

to be convinced of the fact that the circuit of logarithmic

operation , carr ies  out in the form of the nonlinear voltage divider ,

provides wider dynamic range at i npu t  signals, than simple  circuit

(Fig. 22).

Pa ge 42.

As it fol low s f r o m  curves , constructed according to expression

(23) in Fig. 14 —18 , value  ~~ increases w i th  an  increase in  the

pa ra mete r 1/b 2. In expression (30) value ~~ is de te rmined  by

parameter 1 + n/b 2, i.e., other condition s being equal, dy namic ran~je

for input signals the amplification cascade/stage wit h nonlinear

divider/denominator in load circuit it iill. be the greater, the

greater the value of the resistor/resista nce of resistor R~ ,=nZu.

~i~is increase cJ~~ can be explained by the facts that the transmission

factor of nonlinea r four—pole — the  resist ive divider/denomina tor of

the  voltage , input  of which enters the a m p l i f i e d  s igna l , a l way s 1es.~

than  u n i t y .  Therefore  in divider/ denominator  occurs the  s u p p l em en t a r y

wea kening of the voltage of signal, whereupon the greater, the more

powerful the signal, and therefore occurs the expansion of the region

of logarithmic ope ration to the mo re considerak~le signal levels.

— •~~ 11T~1~~11 - - - ~~~--- -~~ - -~~~~~~~~~~~~~~~
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It is clear that as in this case for deter. in ing v a l u e  it is

possible to use the curve/graphs, presented in Fig. 14-18. Onl y

instead of the  coeff icient  1/b 2 one shoul d su bst i tute ( 1 -~-n)fb2 .

During the constr uction of practical ampl i f i e r  c ircui ts  it is

necessary to keep in mind t hat the execution of the l o gar i t h a i z i n g

circuit in the form of the nonlinear volt age divider not alway s makes

it possible to obt a in large gain in the re latic; to va l ue d 1 .~ in

comparison with sim ple circuit. It is possible to show t h a t  the

degree of an increase in the dynamic range in input signals in

circuit  with divider/denominator  f i r s t  of all depends on t h e

proper ties of the used nonlinear cell/ele ment, in particular on the

value of the paramete r 1/b2. Actually, the lesser value ~~~~~ i.e.,

than more 1/b2, with the facts to a lesser degree it changes the

transmissi on factor of divider/denominator with a change in value n.

This can be illust rated by the graph/ diagrams of dependence= ~~~~d

1 / 1) 2: dft) ,  presented in Pig. 24—27. By examining curve/graphs, it is

possible to make the conclusion that  the  applicat ion/use of a

nonlinear divider/denominator  turns  out to be more effective in the

wideband a m plifiers: the wider the passband, that the more caused by

divider/denominator increase ~~ as compa red with circuit without

divider/de nominator. This is explained by the facts that in the

circuit in question the nonlinear cell/element is shunted not

directly b y the resistor/resistance of load cir cu it Z~, but by total

~~~~~~~~pr 
-- ~~~~~l
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resista nce Z11+R~ 1=Z~ ( I +n ) .

Page 43.

It is clear  tha t than  more J~~.-,, that tc a lesser degree is lowered the

effectiven ess of the logarithmizing cell/element because of sh unti nq

by its fixed resistor and the greater the extent of the logarithmic

section of amplitude characteristic. With respect increases the value

of the dynamic range of amplifier at input signals. Furthermore ,

introduction into the circuit of resistor R,~~ somewhat decreases t h e

currents, which take place through diodes; as the final result this

contributes to an increase in the reliability of the logarithmizing

circuit and entire amplifier as a whole.

.V 3~
— I 

_
_

~~~~~~~~~~ j J
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Tb. resm]ts of the calculation — the curves of dependences
y~~~p (n; 1/b2: dR)

,~
, in Fig . 2 4 —27  — sho w that during the introduction of

nonlinear divider/denominator into the circuit of amplifie r stage it

is possible to expect an increase in the dynamic range of

cascade/stage in input signals on 5—7 d~ (with to values n = 3—5). Of

course, by increasing n, i.e., the resistor/resistance of resistor Ra,,.

L _ _ _ _ _ _  ~i - ~~~:~~
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it is poss ible to a t t a in  even lar ger g r o v tk d .11. However , this one

should make two reasons.

First of all, with a > 5—7 degree of an increase in the dynamic

range of cascade/stage in input signals wit h an increase o f n is

considerably less than at the low values of n.

0,1 0,2 0,4 0,6 ‘O 2 4 5 10 20 40 671 120

~~~~ 2 4 .

L —--- -  ~~~~~ -- 
:: ~~~~~~~~~~~ TT -~~~~
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In the secon~ ,, an increase in the fixed resistor of divid er (Rara)

leads to a decrease in the output voltage of cascade/stage. From the

viewpoint of an increase 
~~ this property of the circuit in question

is as has already been indicated above, advantage , since i t  makes  it

possible to expand the limits of logarithmic operation into the field

L _ _ _ _  1~T~~
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of the considerab le signal levels and, therefore, makes it possible

to raise the upper limit, with which occurs the overloading of

cascade/stage. But during the amplification of the small due to

am pl i tude voltages, when  is not required a ny  weakening  of the

ampl i f ied  signa l, the presence of d iv ider/ denomin ator leads to a

decrease in the  sens i t iv i ty, whereupon the greater, the greater the

degree of division , i.e., the greater value n.
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The aforesaid is illustrated by the given in Fig. 28-31

graph/diagrams of the dependen ce of the standardized/normalized

output voltage fr3m the parameters of amplifier circuit

= i
~
, (ii; 1/b 2; di).

There fore dur ing the const ruction of the mult istage logarithmi c

r - - - - ~~~~
-,— - -  - — -

- _______________- --~~~--~~~- ~~~~~~- --- ---~~~~~~~~~~ -~~~~~~~
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comput ing  circuits wit h the use of nonlinear divider/denominators one

should , in the first place, select R;~, from compromise

considerat ions, namely :

R je.~i~~~ (3-i-5)Z 11, (31)

when a decrease in the output voltage of each cascade/stag e

comparativel y small — not more t h a n  2 t imes in comparison with  si m pl e

circuit, and , in the second place, to introduce into amplifier

one—two linear the cascade/stage of preliminary amplification , that

ra ke it possible to compensate for loss in amplification.

0,7 !IU11i~~~i~~~~I ~~~
_ _ _ _k

‘y7. ~~~~~~~
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I-n conc lusion to note which on the curve/graphs, presented in

Pi g. by 24—31 , it is possible compa ra t ive ly  s im p l y  to prod uce the

calculation of amplifier, Specifically, by knowing the value of the

load of am plifier Z~, the type of the used nonlinear cell/element,

dynamic  ra nge on o u t p u t  voltage ~~~~ aid also value f l =R ap.,/Z H. wh ich

characterizes the degree of the division of voltage, on curve/graphs 

~~~ - ~~~~~~~ -- —~~~~~~~~~~~~
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it is possible to determine the contraction coefficient of the

d ynamic  range of the  ampl i f i ed  signal or the dynamic range of

cascade/stage in i n p u t  signals.

6. Special fea t ure/peculiari t ies of the  execution of t h e  c i r cu i t  of

transistor logarit h mic a m p l i f i e r .

As it was shown above , nonlinear cell/element has the maximum

effectiveness only when it insignificantly is shunted by the

resistor/resistance of the load circuit of amplif ier instrument.

Consequent ly, for obtaining a maximally possible value of the dynamic

ra nge of logar i thmic  ampl i f i e r  with input  signals necessary to

increase fix ed res istor value loads, that shunts nonlinear

cell/eleme nt. Therefore will increase the extent of the logarithmic

section of the amp litude characteristic (and, ccnseguently, the value

of dynamic range) of both of each separate cascade/stage and entire

amplifier as a whole.

If in v acuum-tube amplifiers an increase in the

resistor/resistance value plate load it is v i r tua l ly  the  o n l y

measur e, which makes it possible to decrease the degree of the

shunting of nonlinear cell/element by t le  effect ive  resistance of

linear net wo r ks , then in transistor am p li f iers it is necessary to

_ _ _ _ _ _ _  ~~~~~~~~ — -~~~~~~~~~ -—~~ ~~~~~~~~~~~~
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bear in mind several such resistor/resistances. They include: the

cutput resistance of amplifier transistor, the resistor/resistance of

the resistor of load in the circuit of collector/receptacl e and the

entry impedance of the subsequent cascade/stage, which has

sufficient ly small value , especially if the transistor of the

subsequent cascade/stage is included according to common—base circuit

(order of hundreds or dozen ohm). The presence in the composit ion of

the load circuit of the amplifier cell/element cf seve ral f i x e d

resistors, the values of resistor/resistances of which are

in dependent one f r o m  ano ther , leads to the sericus compl i ca t ion  both

Cf the process of the tun ing  of logari thmic a m p l i f i e r  and its

electrical circuit .

Page 48.

In the general case d u r i n g  the t u n i n g  of transistor l o g a r i t h m i c

ampli f ier  it is necessary to per form thre e indepe ndent  ope rat ions ,

whic h faci litate a n  increase in the effectiveness of n o n l i n e a r

cell/element. Nost i m p o r t a n t  of these ope ra t ions  is t h a t , tha t  makes

it possible to remove by—passing the entr y impedance of t he

su bsequent cascade/stage. This resistor/r esistance it has in

comparison wi th  other components of the total resistance of load

circuit the lowest value and on t he  strength of th is  to t he  greatest

degree lowers the  effect iveness of the action of the logarithmizing
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cell/element d u r i n g  the  direct con nection of aj F l if i e r  stages.

The task indicated can be solved in the best way by  m e a n s  of

failure of the direct  connection of nonlinear amplifier stages and

introduct ion into the circuit of cascade/stage — betwe en t h e

- l o gar i t h m i z i n g  circ ui t and the transistor of t h e  subsequen t

cascade/stage - t he  separa t ing  matching  cel l/ e lement  w i t h  h igh  i n p u t

and low output resistance. As this cell/element is applied the

emitter followe r or, more precise, cascade/stage with the sw itching

on of transistor according to ccmmon—collector connection ; j
conventional desi;nations of this circuit “OK ”. In thi5 case

nonlinear cell/element is shunted by the high entry imp~?dance of

emitter followe r, determined following known expr ession (on the basis

of the  representat ion of t r ans i s to r  in the f o r m  of T—sh a pe ~1

rep lacement  scheme) :

I - ’’’ I~t fi l R~~, (32~

whe r e rr. is the distributed resistance of ba se;

— the resistor/resistance of emit ter  j u n c t i o n ;

R .. — the resistor/resistance of resistor in e m i t t e r  c ir c u i t ;

~ fac t o r  of . t .pl i f icat ion of transistcr in current.
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On the basis of the aforesaid it is possille to propose the

following construction of the cascade/stage of logarithmic amplifier ,

illustrated by circuit diagram depicted on Fig.. 7. As can be seen

from figure, the logarithmizing cascade/stage must consist of

strictly amplifier stage, nonlinear cell/element (or in the genera l

case from more complex than nonlinear value) and emitter follower —

the decoupler, to output/yield of wh ich is connected the input of the

following logarithaizing cascade/stage, carried out according to

analogous circuit.

Page 49.

In the multistage logarithmic amplifier, all cascade/stages of which

are  carried out in accordance w i t h  the proposed circ ui t, the re  can be

com para tively easil y they will achieve/reach wide dynamic range at

input signals, i.e., is provided the sufficiently high effectiveness

Cf logarithmic operation.

A def iciency/lack in the proposed mat-hod of the construction of

the logar i thaizing a m p l i f i e r  is tha t  the f ac to r  of a m pl i f i c a tion of

emi t te r  follcwe r in voltage is less t h a n  u n i t y.  This def ic ienc y/ lack ,

wh ich leads to the de termined weakening of the amplified signal ,

- 

~~~~~~~~~~~
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acquires special importance if necessar y to have for the composition

of recei ver the logar i thmic  ampl i f i e r , which possesses cons iderab le

ampl i f i ca t ion  in l inear  conditions and the smallest possible o v e ra l l

sizes.- Wit h ver y s t r ingen t  requirements  fo r  weight  and ove rall sizes

of the develop/processed assemblies the introduct ion into the

logar i thmi zing cascade/stages of emit ter  fo l lowers  en te rs  into

contradiction with the requirements indicated, since twice increases

the number of active elements. Furthermore, emitter followers have

poor fre quency pro perties, wh ich impedes, and now and then generally

makes impossible their application/use in wideband amplifiers or in

the amplif iers, inclined for comparativel y high frequencies.

In connection with this as the untying cell/element is

represented more advisable to utilize the cascade/stage, carried out

with the switching on of transistor according to c o m m o n - e m i t t e r

connection , but when are accepted the measures to an increase in the

e n t r y  impedance of this cascade/stage. This car  be reached b y  k n o w n

recept ion , na mely:  by the inclusion into the  emi t t e r  circu il- of t he

a .p li f ier  t ransistor  of supplementary resistor R~ (Fi ;. 32) . Then

the e n t r y  impedance  of cascade/stage is determined from t he  f o l l o w i n g

formula :

~~~ = R1~ TI~II R6, (33)

where R~=— ~ -~i 
— the resistor/resistance of divider/denominator inR~, +~~~~~2
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va lue grid priming to the base of transistor;

R.~~ =R ~+~ (r + R~) th. entry impedance of the transistor, connec ted

according to circuit with common/general/total em itter.

Page 50.

Since the value of the resistor/resistance of the res istors,

connec ted in the circuit of grid priming to base, usually is selected

large, entry impelance of cascade/stage is determined by the entry

im pedance of t ransistor , i.e., R,z.Q.~~ R,X T1,, can reach the  value  of t h e

crder seve ra l d oze n k i loha , bu t  voltage a m p l i f i c a t i o n  fact or —

several u n i t y ,  t h a t  also is required.

—0 -ç

Fig. 32. Circuit of the logarithmizing cascade/stage.

--- - - - -~~~~-—~~~~~~~~~~~~~~ - _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
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Key: (1). Input. (2). To the subsequent logarithaizing cascade/stage. 
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Fig. 33. Dependence of the en t ry  ispedanc e of cascade/ stage on the

va lue of the resistor/resistance of res istor in emit ter  ci r c u i t .
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The curves of dependences R~~~~~=~~~~ (k,) for a s tandard t r a n s i s t o r  are

represented in Fig. 33. It is necess ar y also to note, t h a t t h e

characteristics of the untying cascade/stage in different operating

conditions and upon the exchange of transistors they will be the more

stable, the greater value R3. This fact  acqui re s decisive i m p o r t a n c e

when selecting the electrical circuit  of t he  mult is tage lo g a r i t h m i c

ampl i f i e r, w hich must enter in the composition of the equi pment ,

intend ed f o r  a work under conditions of the diverse mechanical and

climatic effects of e n v i r o n m e n t , and a t  the sa me t ime i t  m ust po ssess

compara t ive ly  small  overal l  si zes. This all t h e  more i m p o r t a n t  since

the provision for a high stability of the characteristics of

logarithmic amplifiers of the type in question is at present most

essential of entir e complex of the tasks, whic h must be s3lved in the

process of prod uction and tuning of these amplifiers.

As concerns the resistor/resistance of resistor in the circuit

of the collector/receptacle of amplifie r transistor, to its increase

one should approach wi th  considerably larger precaut ion , t h a n  an

increase in the resistor/resistance of the resistor of the  p la te  load

of electron tube in analogo us circuit. The experimental check of t h e

:-: -— -— 
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logarithmi zi ng t ransis tor  cascade/stage, schematic  d iagram of whic h

is given in Fig. 34 , it showed that  an increa se in the

resistor/resistance of resistor in the circuit of the

collector/receptacle of ampl i f ie r  transistor br ings , as is ev iden t

f rom the ~ mpl i tud e characteristics of cascade/stage, depicted on Fig.

35, to completely opposite results — to decrease in the  ex ten t  of the

logarithmic section of amplitude characteristic and volume

contraction of cascade/stage in input signals. This phenomenon can be

explained as follows.

C7I  IC1
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Fig. 31$ . Schemati : diagra . of the amplifier logar i thmi z ing
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cascade/stage.

Key: (1 ) .  Inpu t .  ( 2 ) .  Output/yield .

Page 52.

It is k now n t hat the  dependence of t~e factor  of a m p l i f i c a t i o n

of transistor cascade/s t age in voltage Krr f r o m  the  cur ren t of

emitter  at  the cons tan t  value of direct/constant vol tage on

collector/receptacle takes the for .  of the cont inuousl y ; rowin g

curve. The f a m i l y  of such curves , taken for t he  d i f f e r e n t  vol tages  on

collector/receptacle, which  a r t i f ic ia l ly  we re supported by c o n s t a n t s ,

is re pre sented in rig. 36. If we , however , do not take measures for

the •aintenance of the constancy of va l ue UI( ( t ha t  also occ ur s in

real c i r cu i t ) , then  cur ve Nr =~~(I~
) or , is more precise, K~~~i I ( 1 J~~)

has more co.plex character .  The f o r m  of the real depe n~1en:e K - = ~l ’( I~
; ~~~~

presented in Fig. 36 by dotted curve , can be expla ined  on t h e  basis

of the obvious pr inciples  of the work of amplifie r circuits.

r - -.  —— _

-~~~~~~
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Fig. 35. A mplitude characteristics ot t~e logarithmjzjng

cascade/stage. Inpu t signal is a cont inuous  Oscillation/vi brat ion
with  f re quency i~-~ MHz.

Key: C l) . pV. (2) . outpu t .

Fig. 36. Dependence of the amplification fac tor  on the cu r ren t  of

em itter at the  d i f f e r en t  constant values  of voltage on

collector/ recapta:le. .... — t rue  dependence ~~ $(I~. V~~) ; tJ ,~1 >U~ 2 >U~~>

> U114> U 15.

Pa ge 53.

With an increa se in  the ampli tude  of inpu t voltage grow/rises the

curren t of the eiitter of ampl i f ier  transistor, tha t  is accompan ied

by an increa se in the voltage drop across fixed res istor i n  t h e  load

circuit of collect or/receptacle (also on the resistor of f i l t e r, if

it is). and by  a decrease in the stress leeel on collector/receptacle.

This in  t u r n , leads to the deferred—act ion increase in the vol tage
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ampl i f ica t ion  fac tor  and with  po werful  signals — to the appearance of

the f a l l i n g/ i n c i den t  section in am plitude characterist ic .

Consequently, the  more value R 1, the more the voltage drop  across it

i the fact a t  the smaller values of the amplitude of input voltage it

begins the  fa l l ing/ incident  section of ampl i t ude chara c te r i s t ic,

i.e. , the torque/momen t , with which ~~~~~~~~~~~ Therefore for an

in crease in the ex t ent of the logari thmic secticn of amplitude

characteristic in transistor amplif iers  (is in  form a case of

applying wideband a mplifiers) one ought not to increase t h e  cons t an t

load impedance of amplifier cell/element to most feasible values (in

the same way as this it is made in vacuum—tube circuits). Certain

decrease in the amplification factor, caused by the smaller value of

the resistor/resistance of resistor in the circuit of

collector/receptacle and undesirable when, at the input , the

amplifier of weak signals is present, can be compen sated for b y

simple boosting suppl y of power (EM) on 3—~4 v ( 1!ig. 37) .

- 

- ~~~~~~~~~~~~~~~~~~~~~ _ _ __ _ _ _
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Fig. 37. Schematic diagram of the logarithaizing cascade/stage.

Key: (1). Input. (2). Output/yield.

Page 54.

On the e f fec t iveness  of this  measure it is possible to judge  f r o m  the

comparison of t he  given in Fig. 35 and 38 amplitude characteristics

of the logar ithmiz i nq amplif ier  stages (curve 1) ,  t hese

- — -- - - e-s - - C - - - - -
~~ - —-~~ — -- --  - - — —— ~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~~~~~~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -~~~~~
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characteri stics are taken with E = -6.3 v and E = —9 V r e s p e c t i v e l y .

Unlike vac uum—tube amplifiers the caused by this increase in the

source powe r of f eed  is not accompanied by de ter iora t ion  i n  t he

thermal  co ndit ion is n a r r o w  or by a noticeable inc rease in i ts

overall  si ze s.

The made  deri vat ions  tes t i fy  to t h e  presence of t he  f u n d a m e n t a l

difference between electron—tube and transistor logarithmic

amplifiers. This lifference is developed, in particular , in the fact

that in t he  latter the task of the s imul taneous  a c h i e v e men t  of wide

passband and considerable dynamic range in input signals is not

irresolvable. Of course, this problem into a given degree is solved

in the electron—tube logar i thmic  compu t in g circuits .  However , in this

ca se substantially grow/rise the difficulties bot h circuit and

construction—engineering character.

One should note, for example , that in single—stage transi stor

amplifier without any special measures there can be achiev ed dynamic

range on the order of 25 dB, whereas in electron—tube sing le—stage

amplifie r — only 15—20 dB. This is explained, in the first place, by

the facts  that  the transistor is character ized considerably  l a rge r ,

rather t h a n  tube, by t he  value of the cond uc t iv i ty  of d i r e c t  d r i v e

T2 1  and , theref ore , provides larger gain per stage, but , i n  t h e

second place, thereby that the static character istics of tra nsistor

L -~~~~~~~~~ -- — -  ----— - --
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possess the consilerably larger degree of nonlinear ity, the the

anode—gr id charact eristics of electron tubes , whe reupon wi th

compa rat ively weak signals at input .

6

Fig. 38. A m p l i t u d e  characteristics of the l oga r i t hmiz ing

cascade/stage. Inpu t  s ignal  is a cont inuous  oscillation/vi brat ion

with frequenc y /~ -i MHz.

Key: ( 1 ) .  p V .

Page 55.

The reasons indicated cause the  large extent of the  l o g a r i t hm i c

sect ion of the amplitude character istic of t ransistor a m p l i f i e r in

- - — - - —

—~~~~~-——~~~~—.- -~~~~~~- - -~~~~~~~ - - 
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comparison wit h e l ec t ron—tube , other conditions being equa l , in

part icula r wi th  the  identical type of nonlinear cell/element . This

increase in the extent of the logarithmic section of amplitude

characteristic numerically is estimated at ~d [expression (27) ],

determined , of course, by empiricism. However , as can be seen from

experiment al data, the falling/incident section of amplitude

characteristic, i.e., equality dU1~~x!dU,~..o, in single—stage transistor

ampl i f i e r  beg ins w i t h  voltages on input  on the order of 0. 7—0 . 8 v

(F ig. 38) , while in vacuum—tube amplifier this cccurs with U 1~~~7÷8 v~
This is ca used by the facts that the static characteristics of

transistor have considerably smaller extent of linear section, rather

than the cha r~cteristic of tube.

7. Frequency character is t ic  of t ransistor logar i thmic  a m p l i f i e r .

Dur ing  the t3tal anal ysis of the  l oga r i t hmic  a m p l i f i e r , made  of

the princi ple of the shun t ing  of load as nonl inear  ce l l/ e lements, it

is necessary to keep in mind tha t  for  the m a j or i t y  used at pre sent of

the modifica tion of a m p l i f i e r  ( inc luding  for  modi f i ca t ion  of t h e  type

in questio n) is characteristic the dependence Cf f r e q u e n c y  propert ies

on of the amplified signal level. This means that unlike linea r

a.plifiers t he  description Cf the properties of l o ga r i t h m i c  am p l i f i e r

- - —  -..
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with the aid of the frequency characteristic, taken for  cer tain valu e

of the amplitud e of input voltage, is completely insufficient.

In connection with this it is necessary first of all to stop at

the special featur e/peculiarities of the frequency characteristic of

logar ithmi c casca de/stage,, dif fer ing nonlinear ampl i f i er f r o m  the

linear and caused by the presence in the composition of the load

circuit of the transistor of nonlinear cefl,element. Since the  value

of the res istor/resistance of the latter depen ds on the  ampl it ude of

the applied to it voltage, i.e., from the level of the en t e L i n g  the

input signal ampl i f i e r , in this case it changes t he

relationship/ratio of the active and reactance cf loa d c i rcui t  the y
q (o)

appear the corresponding changes in the form frequency A ( ~ ) and phase,j

the char acteristics of amplif ier  stage, whic h in the most general

for m are record/writte n as follows :

A( ~.) = - (34)
V I -f- 1.\’u/Rii ((J a ~)Pc(~

) =arctg[X uIRU (Ua!)]. (35)

-~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~ -~
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Page 56.

Specifically ,  these changes are developqd the dependence of  t he

bandwidt h and t ime lag — the funda mental  pa ra meters, which  are

de scribed from the quan t i t a t ive point of view of the  f requency  and

ph ase response of a m p l i f i e r  stage, from changes of in pu t signal

level.

In the work of the  logar i thmiz ing  cascade/stage (is e x a m i n e d

aperiodic type lo g a r i t h m i z ing  cascade/sta ge — the more g en e r a l  case,

than  resonance type logarithmizing cascade/stage, from the v iewpoint

of a change in the f o r m  of frequenc y characteristic) it prov es to be

tha t  with  an increase in the  ampl i tude  of i npu t  vol tage the  f o r m  of

frequency characteristic undergoes considerable changes, name ly:

a) occurs the expansion of passband into the range of hig h

frequencies, i.e., an increase in the upper cut—off freque ncy;

b) occurs contract ion in the passband in the ra ng e of l o w e r

frequenc ies, i.e., an increase in the lower cut—off frequency. The

aforesaid is illustrated by the experi.est~aLly taken frequency

chsract.ri st tc. at simgl.—stag. tr amsistor aaplifi.r (Pig. 39),

presented in Fig. 10 , and also by the calculated curves , depicted on

Pt,. . *1—*2.

- ~~T1~ --
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Pig. 39. Schematic diagram of the logarithmxzing cascade/stage

Key: (1). V.

Page 57.

The curve/grnphs indicated are constructed in accorda nce with

the fo l lowing expr essions:

fo r  the f requency  characteristic of a m p l i f i e r  in the  ra ng e

in.w ii I + I~ b~ -— d~ + I, b,’ (eu)

for the fr eq u ency char acteristic of ampl i f i e r in the  range of

the higher f re q uencies

(37)

—
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Pig. *0. ?r qu.ncy characteristic of the  simplest logar i th m iz ing

ca scade/stage. 1 — with U• T M ~~I~~ IO mY ; 
~~(,$.M —18; ~Fo, -3.Io~i.s.Io’ flz ; 2 — with  ~~~~~~~~

mY; K~,111.—Is5 . ~F0 7 —Io~+ie•ln’ Hz.

Key: ( 1). Hz.

--
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Pig. *1. D~ pe.d.sc. of the d.gr.. of a ~~.ag. in the lover cu t -o f f

frequency of passband on the parameters of amplifier circu it.

Page 58.

(Expressions (36) and (37) are obtained on the basis of the

common/general/total theory of amplifier circuits. ).

On Fig. L~1 are represented the calculated curves of deçendences

~~‘~i~(d R) . Curve. at. constructed for the different values of relation

~/ b2~~RN/R,, 1..,.Tlfl,fl. Pro. the figure one can see that in the work of amplifier

in the wid e dynamic range of a change of input signal leve l the lower

- ~ r ~~~~ 
-z
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cut—off frequency does not remain  constant in value . W i t h  an increase

of i n p u t  siq ua l le vel changes the upper cut—off frequency, which is

evident  f r o m  Pig.  42 . on which ars r•pre..nt.d theoretical the curves

of the dep endence. ~ on values dR a md 1/b5. It should be noted

tha t  the cu rve s ~~—I ~’(dR ; I/ b 2) character ize not only  the  degree of

an increase in the upper cut—off frequency of aperiodic amplifier ,

but also the ex pansion ra tio of pass ban d in re sonanc e t y pe

logar ithmic amplifier, i.e., they have more genera l charac ter.

The expansion of t h e  frequency characteristic of logarithmic

a m p l i f i e r in to  the range upper f requency is explained by the facts

tha t  wit h an increase of the a m p l i t u d e  cf i n p u t  vol tage t h e

resistor/resistance of th. nonlinear cell/element, which shunt s load

circui~ decreases. As it is obvious, this leads to a decr ease in t he

va lue of the resulting resistor/resistance of collector load of

a .p l i f ier and , therefore , to an increase in its upper  c u t — o t t

frequency.

— -~~~~~
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rig. *2. Dependence of the degree of a change in the  upper  c u t — o f f

frequency of passband on the parameters of amplifier circu it.

Page 59.

With an increase of the amplitude of input voltage for this same

reason occurs an increase in the ~avalanche” of lower f requ enci es.

caused by the effect of isolating capacitor. Isolating capac itor and

nonlimear cell/element form during work in the range of lowe r

frequencies the divider/denominator of the voltage, the coefficient

of transmission which the lesser, the greater the signal amplitude .

In conn ection wit h this in transit through the logarithmic pulse

amplifier wit] occur the distortion of their form, the degree of
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distortion depe nd ing on pulse amplitude. Since the upper cut—off

frequency of logarithmic amplifier increases with an increase of the

amplitud e of input signals, rise t ime of lead ing im pulse f ron t

decreases. Since “the avalanche” of frequency characterist ic at lower

frequencies in this case grow/rises, the flat/plane apex/verte x of

output pulse, determined by the form of frequency characterist ic at

low frequencies, obtains decay the greater, the greater the pulse

amplit ude at input.

In an appropriate manner will be changed the phase response of

nonlinear cascade/stage.

When the expansion of passband and the connected with it

distortion of momentum/impulse/pulse (during th€ passage of the

latter through the logarithmic amplifier) are undesirable, it is

necessary to raise the question concernin g the stabilization of the

form of frequency characteristic (is in for m stabilization of the

band width) in all interval of the variation of input signa l levels.

Are exa mined below some practical methods of providing a

stabilit y of the bandwidth in the logarithmic amplifiers of resonance

and aperiodic types.
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8. Stabilization of the passband of aperiodic transistor ampli fier.

Under the stebi]ity of the frequency characteristic of the

aperio dic nonlin ear ampl i f ie r , which works under condition s of effect

on its input of signal with the changing in wide dynamic range level,

is implied the constancy either lower cub—off frequencies (f,,), or

the uppe r cut—off frequency (1.)— partial stability eit her the

co mple te sta bility of the frequency char ac ter istic, when logar ithmic

amplifier possesses the more or less constant bandwidth inde pendent

of the am pli tude of inpu t or , i.e.,

f .—f ~’—A F~~const. (38)

Page 60.

In the  pre sent sec tion are examined some methods of s t a b il i z a t i o n  of

the frequenc y characteristic of aperiod ic type transistor logar i thmic

amplifier. Majority of them is based on tbe determined change in the

circuit of the load circuit of the loga rithmizing casc~~le/stage.

Fur thermore , the determined results gives introduction into the

amplifier of the linear cascade/stages Cf prelimi nary amplification.

The specif ic special feature/peculiarity of the majority of the

possible circu it solu t ions is that the tas k of the sta bi l iza tion of

the band width in certain interval of the variation in the amplitudes

- 
~~~~~~~~~~~~~~~~~ 

- 
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of the input voltage in aperiodic type amplifier can be solved

separately - for the range of lower and highe r frequencies.

First let us examine some methods of providing a constanc y of

lover cut— off frequenc y and compare their effectiv eness. It is known

that certa in stabilizing effect on the frequency character istic of

nonlinear amplifier exerts switching on consec utively with the

nonlinear cell/element of linear resistor R:t~tii- In this case the

resulting resistor/resistance of the nonlinear cell/element, which

nov must be considered as combinat ion (series connection) of linea r

and nonlinea r resistors, it is equal to:

~~~ ~~~~~~~~~~~ (39)

But if with weak signals (with 1~~ - : ( ’ T~ !) t he  act ion ot l i nea r

resistor in practice does not manifest itself, since ~~~~~~~~~~~~~~
then with powerful signals, which corresponds to the york of

amplifier on the finite segment of the logarithmic amplitude

ckar*ct•tistic, when the resistor/resistances of resistors R - .~~ tII

aad R~111~ have an identical order of magnitude, a value Ri,~-:i 1~

substantia lly it ;row/rises. Besides entire other, this leads to the

weakening of the effect of isolating capacitor on the love r bo undary

amplifica tion freq uency, which is determine d by the ex pr ession

~ ~
- R 1 ,  +R :iiiit ) - (40)
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And although when, in the composition, the logarithmizing circuit

l inear is presen t, the resistor of lowe~. cut—off frequency of

cascade/stage changes insignificantly, which one should from the

presented in Fig. ‘$ 3 curves of dependence \ = 4 ( p ;  1 /1)2: dv) .  appl y this

method inexped iently, since an increase R~~, leads to a decrease

in the dynamic range in input signals.

Page 61.

The circ uit realization of stated problem (provision for an

independence of the bandwidth from of input signal level) must be

such in order that any other parameter at the develop/proc essed

logar ith mi c amplifier (but dynamic range at input signals — in

particular ) would not change its value during the correspo nding

change in the circuit of load or logarithmizing circuit.

From this viewpoint most rational is the introduction into the

composition of the circuit of the logar ithmizinq network element of

the low— frequency correction, which would afford possibility to

remove “avalanche ” at lo w frequencies and to ensur e th er eb y a

maximal l y flat passband of nonlinear cascade/stage for all of input

signa l level. This correction can be tealized ty means of switchin j

on consecu tively with the nonlinear cell/element of RC net work that,

as shows in Fig. **. The prese nted in Fig .. £45 frequency

char acteristics of that loqsr ithmizisq ce.cad./staqe sufficientl y

visually illustrate the stabilizing effect of the circuit of

low—fr equen cy correctio n.

- ~~ -. -
~~~~~~ ~~~~~~~~~ ~~~~
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Pig. ~3.. Dependence of the degree of a change in the lower cut-off

frequency on the parameters of amplifier circuit for the case of

using as nonlinear cell/elements diodes of the type D9D (1/b 2 200)

and D2B (1/b 2 = 20).

Page 62.

If in uncoapensated amplifier a change of the lcwer cut-off frequency f,~
comprises approximately two orders, then dur ing  the in trod uction of

correction value f,, remains virtually constant in the dynamic range

of a change of input signal levels. One should note also that the

circuit of low— frequency correction indicated , after stabilizing

valu e f,~ in the interval of the var iation of input signal levels

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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being inve stjgatel, does not affect the extent of the logarithmic

section of amplitude characteristic..

As concerns the upper cut—off frequency of the passband of
transistor logarithmic amplifiers, as can be seen from Fig. 45, va lue
in this case changes not more than double, wherea s in ana lo gou s ty pe
vacuum— t,~~e amplifiers change of value f~ composes 5—7 times.

— —--~~~~~-~~~~~~~~~~~~~~~ _~~~~ _~~~r
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Fig. •4. Fund amenta l  ampli f ie r circmit with the correction of love r
frequencies.

key: (1). V.

~~~ L ~~~
1~~

*
1 Ql fl7

Pig. *5. Frequency characteristic of amplifier with the correction of
lover frequencies. 1 — with  t’~ ~~~-~o mY; Kr.,~, p~~~ I 7:  £F - 4 •  IO- --&5 . io~ lix ; 2 — with

4 mY ; K,~ ,,,,1—l .;5:AF,,—2,7 t&’— 15. 10’ Hz.

Key: (1). Hz.
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Page 63.

In connection wit h this it is possible to ma ke the conclusion that in

logar i th . ic  t r ans i s to r  a m p l i f i e r  (Fig. 41$ ) the appli ca t ion/u se  of

special measure s of stabilization f~ 
is not required. To explain

this is possible by the following form. In transistor ampLifie r thei~

is a sup plemen ta r y  fa ctor, facilitat ing the stabilization of t h e

value of the upper cut—off frequency, caused by the physical special

feature/peculiarities of the wor k of transistors. Wit h an increase of

inpu t signal level increases value two of ccmponents of the total

capacitance of load circuit , namely :

1) the collectot transition capacitance of amplif y ing transistor

(
~ 

(_ .  C• 1( 4 )

where E,~— the voltage of battery of the feed of collector circuit;

Ia— the current of emitter;

RR -- the re sistor/res istance of the load c i rcui t  of

collector/receptacle on direct current ;
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a is a transmission factor of the current decreases;

C0 — t h e coef ficient, which makes sense of the starting capacity

of p—n junction in the absence of cutoff woltage and whic h is

determined physical properties of the mat erial of semiconductor .

The tbeoreti:al graph/diagrams of tk. dependence of the

capacitance value of collector junc tion C6.~ from a change in

direct/constant voltage on collector/receptacle, construct ed in

accordance with elC pression (41), and analogous ex perim e n ta l  c u r v es

for high—f reque ncy and low—frequency transistors are represented on

Fig. 46 and 117;

2) diffusion emitter transition capacita nce the transisto r of

next cascade/stage

c 1 ,21 q ,
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

(42)

wher e f~ 
-

~~ curre nt-amplification cutoff frequency in common—base

ci rcuit ;

T is absolute temperature ;

q — electron char ge;
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k — the  is Bo lt zm an n  constant ;

I,— the c u r ran t  of emit ter .

(Graphically dependence C,.~., =4 (J ., I .) is repres ented on Fig. 48. ].

L . - - —

~

----— — - — - ‘

~~~~

--

~~~~~

-- ----———- — -‘ —‘~~~

~~
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I I’)
$0

• _____

2 4’ 8 ê 10 ‘. 14’n()~

Fig. 46. Theoreti:al graph/diagrams of the dependence ot the

capacitance value of the collector junction of tra~ sistot from a

change in direc t/:onstant voltage on collector/receptacle.

key: (1). pP. (2). V.

— ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~ ____________

~

- ~- .  --
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I4 LI~IJ

~~~~~~~~~~~~~ ~~~ ~~ --~‘i3 0—  -

‘LIZ 4 6 3 ‘0 /2 14 . S 8 10 6
a)

Fig. $7• Dependence of the capacitance value of the collector of

transition of transistor from a change in direct/constant voltage on

collector/receptac le, a) for transistors of the type P13A ; b) for

transistors of the type P403.

Key: (1). pF. (2). iA. (3). V.

Page 65.

As a result in  the composition of the load circuit  of t he

logar ithmizing cascade/stage are two nonlinea r cel l/ e lements  whose

values are  changed app rox ima te ly  on m u t u a l l y  reverse/ inver se

fu nctional laws , namely :

Rj u.a~ u A/ $1( 1Ju) (43)

— • —
_ 

- ,., .-.. ~~~~.—
._ .: :

II~ 
. - - - — -

~— - -  - - — 
~~~~~~-~~~~~~~~~~~~~ -- - - -.— --- - - — -
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and

C. ,  —Bs~3 (u11~

The respectively upper cut—off frequency of cascade/st~tge, determ ined

by the expression

2L484.~ (L/.,)/+, (U,1 ) ‘ (44)

increa ses not more than double , in the range of a change of input
signal level of approxima tely 40 de, i.e., f u n c tional f ac tor

remains vi r tual ly  constant/ invariable , that  also is required for
the solution of stated problem.
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(S) ,
~~

I 
—_  —

20 - ‘~~~~~-~~~~~- ‘~~~~~ ‘ ~ ~~ -~~~~‘ -

I_ f  I
/02 2-10’ 

- 
510’ 10’ , ? l~’ 5/ 0 ~M~4 (3 )

Fig. 48. Depen dence of the d i f fus ion  enittet t tansit ion ca pac i t ance

cf transis tor f rom changes in the input  vol tage.

Key: ( 1 ) .  pP. (2). mA. (3). MHz.

Page 66.

In this plan/la yout for the problem is provided the stable value of

the up per cut—off frequency of logarithmic amplifie r stage can

considered as task of the mutual compensation for the effect of the

- 
- 

~
—

~~~~~~~
- 

~~~~
—

~

-- - ~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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separate ce l l/ e lements  of nonl inear  cir cu it . As can be seen from

expression (42) , with an increase in the boundary frequenc y of

current mu ltiplication (1,) the absolute limit s of a change in the

capacitance/capacity C~~, decrease, whj ch decreases s t a b i l i z i n g

a b i l i t y  of the la t ter .  This  means that  d u r i n g  the  execu t ion  of

logar i thmic  a m p l i f i e r  on h igh—frequenc y t ransistors  the  va l ue of t h e

up per cut—off frequenc y will grow/rise to larger degree than in the

am pl i f ier, assembled on low—frequency transistors other condit ions

being equal. Therefore it is not always possible to obtain sufficient

stability of the upper cut—off frequency without the application/use

of special measures. The aforesaid is illustrated by the frequency

characteristics (Fig. 50) of the logar ithmizing cascade/stage whose

circui t is represented on Fig . 49. As is evident , the uppe r c u t — o f f

frequenc y cf cascade/stage increased during a change in the input

signal level 11.4. times (without the application/use of special H
measures of the stabilization of value f.)-

- - --- -—~-.----~~ 
- ___________
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4 ., . 
~ c4a~ 1X ~~~ ~~~~~~~~~

H’  I~1ö80 I
LTJ 181

~ LI’~ ~ I1 ~ R I

~ I 11~~J~~~~~~,~~gq,iJ
42E

Fi g. 4~ . Schemat ic diagram of logarithmic a m p li f i e r .

- -~ - -. - ----~~~~~~~~~~~
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/0
1 w ~ in’ in’ ~~~ ~~ (

‘I)

//1~ 111 ‘0$ 10~ ,O~ .‘~~

18” 10’ 97$ 
-

rig,. 50. Frequency characteristics of logarithmic amplifier, a)

characteristic f  or the case ~~~~-iso ohm; R~~~..O; — — — — U.~-OOI 7; 1~-s MHz;
— —

4 V; 1,-n MH z ; ,,~-s~’s: b) char~~ter istic for the case *,,, -mo

ohm; R~.a I.s *ch~ : — — — — U,,—O.OI 7; 1.—s I Ix; ~ iiii ,r
24 — — U,,—o., v ; 1,— ti

Hi s; ~,,~~-s-e C) characteristic for the case R,,,-750 ohm ; 
~~~~~~~~

AiM~ — — — — U ,,—OOI 1; 1,—i His; ~~,,,—IS — U,,—O.2 7; /,—to MHz ; ~~~~~~~~~

Key: (1) . ~~~ . 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

-

~~—- -Ii
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Page 68.

The obtained difference in the results of experiment can be

explained by the facts that the depicted on Fig. 44 and 119 circuits

of logar ithmic amplifiers are carried out on the different types of

transistors. The amplifier whose circuit is represented in Fig . 44,

is carried out on transistors of the type P403. It is known that the

equiva lent capacitance/capacity of load circu it in transistor

aperio dic amp lifier is define d as

C,.,,=C,~ .,+Cs.,Ku fC,,.~, (45)

wher e c,~,.— the diffusion transition capacita nce of emitter -

base of the subsequent transistor;

C..— transit ion capacitance the collector base of amplifier

transistor; 
~~~~

,_ the factor of amplification of casca de/stage in

voltage/stress;

c.,,, — i s  wiring capacitance of interstage network. 
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Experimental calculations show that the fundamental component of

the total capacitance of load circui t i~ the diffusion emitter

transition capacitance of the subsequent transistor. Thus , for

instance, for a transistor of the type P403

S. 07.10-’
— 

~y
= 

~ 1o~~.Lo’ — 
160 p F

where S.~~I il.IAU..— the slope/ t ransconduct ance of inpu t

characteristic , dete rmined  accordin g to the  static charact er is t ics  of

tr ansistor l.~=~~(U.~ ) with LJ~~ ~ count; S,=o ,7 0.7 m A/ T ; ~~~~~

MHZ — cirrent-amplification cutoff frequency in common -emitter

connection.

Capac itance va in, of passage collector base ~~~ = 5 pF.

Set/assuming c...~ • 10 pP. the factor of ampli fication of

cascade/stags in voltage/stress with weak signal on input =

12, the factor of amplification of cascade/stage in voltage/stress

with powerful siqial on input K.,, a 3, we det ermine the

capacitanc e va lue C...~~... at weak signal at the input of the

am pl i f ier
C., . MflU ~~~160+J !2+I O— 23 O~pj~~

’

it is know n that with an increase of the amplitud e of input signal

the diffusion emitter transition capacitance and the transition

capacitance collector base grow/rise in value approximately double.

- - 
.- -.--

- - 

- 
— ~~~~~~~~~~~~~~ - ~~~~~~ 

—
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Consequent ly, with an increase of the input signal level

~~~~~~~~~ l6O .2-~-5 •2 • 3 +  10—360

i.e. the e q u i v a l e n t  capacitance/capacit y of circu it w i l l  increase

1.57 times in comparison with ~~~~~~~ B y t his is e xp lai ne d the ef f ec t

of the stabilization of the upper cut—off frequency in the amplifier ,

made on transistors of the type P403.

The diffusion emitter transition capacitance of transistors of

the type P417 — on then is made the amplifier whose circui t is

represented in Pig. 49— considerably less than of transistors of the

type P403, and is equa l to c~ +c~~ 16 pt ~v alue C s . + C T 16 pF

is obtained by calculat ion). Consequently , the equivalent

capacita nce/capacity of the load circuit of the logarithmizing

cascade/stage under the conditions, analogous to that examined abo ve ,

will be equal to:

C,,,,,,,,— 16+5 12+ 10—86

Page 69.

With an increase ~f input signal level the capacitance/capacit y C.,,

will be eq*l to:

C,,, .,,,, 16 2+ 10 . 3+ 10i~’72 pF

______ _ _ _ _  -
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i.e. capacitance value c3,, decreased 1.2 times, and c3nseq uently,

in this case the expansion of the passban d of amplifier will be

considerab ly more , rather than dur ing the use of transistors of the

type P1103. The aforesa id sufficiently visually is illustra ted by the

frequenc y characteristics of amplifier , presented in Fig. 50.

On the basis of presented it is possible to make the conclusion

that the need for the stabilization of the uppe r cut-off frequency

for transistor amplifiers must be determined for each specific case

(more precise, by the type of the used transistors).

When occurs an undesirable increase in the uppe r out— off

frequency, it is po ssible to use the connection/inclusion of the

nonlinear resistance as arm of the resistive voltage divider in the

ma nner tha t it is shown in Fig. 49.

Figure 50 depicts the frequency characterist ics of am plifier; as

is evident, the upper cut—off frequency in the range of a change in

the inpu t signa l being investigated will increase in all 2 times

(instead of 4—5 multiple increase in ths uppe r cut—of f frequency in

circuit with out re sistor R~ ,). In this case the dynamic range of

am plifier stage at input signals because of the introd ucti on of the

nonlinear voltage divider grow/rises approximat ely to 30 dB (Fig.

51).

_ __ _
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The stabilizing effect of the resistive volt age divid er on the

upper cut—oft freq uency to explain as follows.

Since f ixed  resistor of this d ivider/denominator is included

between the isolating capacitor and t h e  input electrode of the

transistor of the  subsequent casca de/stage, this dividar/~enominator
is equivalent  on the f i n a l  effect of its act ion t o  c i rcui t  wi t h the

divide d capacitance/capacities or to law- pass f i l t e r .

- 

~~~~~~~~~~~~~~~~~~~~~~~~ 
-—

~~~
-

~
— — . - - —  
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(9) 
______________________

~~~~~ - --+H•-~~~~~
I
~tV1 tZilO2 a004’ O~OF 6~OZ 1?04’ a’ 6~~

Fig. 51. Amplitud. characteristic of logarithmic amplifier. Signal

f reque nc y j ,.. 500 kBz.

~ 3~~(I) .  V

Page 70.

For this reason the execution of the  l o g a r i t h mi z i n g  circuit in the

form of the resistive voltage divider mak es it possible to

considerably decrease the degree of an increa se in the upper c ut—off

frequency de pending on of the amplified signal level. The equivale nt

circuit of cascade/stage with nonlinear divider/denomin ator is

represented in Pig. 52. On the basis of the theore m about equivalent

gene ra tor can be written the expression for th e

standardized/normalized frequency cha racteristic of amplifier stage

wi th  the nonl inear  voltag e divider  in the r a n g e  of h i g h e r

freq u encies. It takes the form :

‘I. - — -  

___i_ 
~—~~~~ -- :i ~~~
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A (w) I 
—/ r R,R,,aRji t a 1’V tI_

~~~
1d1
~~~~ +R~~i 

÷
—~: 4 - ”  r ~~~ (C~Rrn ,i + C~R1) + Ra*aRa (C, + C,) 1~R~ + R*.a + Ri.a J

(46)

Set/assuming

= bRa,

where C 1 it is de te rmined  by  the  o u t p u t  in tere lect rode capaci tance  of

amplifier instrumen t and b y the wiring capacitance of the circu it of

output  electrode; it is accepted equal to 
~tCn; to C2 i t  is

de termined b y  the input  interelectrode capacitance of the  a m p l i f i e r

instrument of the subsequent cascade/stage and by the wiri ng

capacitance of the circuit of input electrode ; it is accepted equa l

to y2C~;

YI+Y2~’l.

~ 

-:~~T :  -
-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ -~------ -T--~--- 

-
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Pig. 52. !qui v alea t circuit of logarithmic ca scade/ stage w i t h  the

nonlinea r voltage divider.

Page 71.

In the general cas both components of total capacitance are

different, i.e.., \ I~~~ V2.

Taking into account the introduced designations expression (46)

can be re.ritt n

i/ [
~ 
_
~~2(:

2R2YII
T~~~~
±

~~~~j’÷ 

. .

• ____________________
. (47)

~~~~ 
n( i ,b+~ ,) +b 1’.R. I+n+6 J

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~
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By set/assuming for simplification in calculaticn C1 = C2, i.e., 
~~~~~~~~~

0.5 , and by being given the nonuniformity of amplification w ithi n

the limits of passband , equal to 1/V2~ it is possible to f i n d  t h e

standardized/normalized value of the upper cut—of f fre q uency as

function of several values, which charact erize the circuit of the

load strictly of a mplifier stage and the circuit of th? nonlinear

voltage divider , namely:

— ~ (b, n) = ~~~~~~~~ ~~~~~~ 
+ 4~ 1 

(48)

where

y — __________ 

1

‘
~~~~~~ 1+ .n-f Fj

and

Y — Ln( ~,b ± Y) +b J ~— 2 Ti ’r ~n b O +n +b )
a - —  ( I +n - f b) ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ±~I~~ ----~~~~~~ - —~~~~~~~~-•
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they are the  coefficients of the biqu adtat ic  equat ion

(~aC,1Rf l) 4 Y, + (W R C,R,) ~~a — = 0. (49)

Figure 53 depicts theoretical the curves of the dependences of

the upper cut—off frequency on va lue b =R i~e.,IR,i. Curve s are

constr ct d in accordance with expression (*8) for different values

~~~~~

I
Page 72.

From the pressnte~ cur ve/graphs it fol low s, t h a t  t he  more  t h e

resistance R,~, (i.e. value n), tha t to a lesser de;ree it depends

the uppe r cut—off frequency on changes in the value of nonlinear

resistance — coefficient b, i.e., from changes of input signal level.

Here for a com parison is given the curve of dependence 0,C’1IRN~1,(b)

wi th  n = 0, i.e., the simple circuit of logarithmic amplifier , mad e

Be of the application/use of any circuits of the stabilization of the ~~~ (\~~~ $

bandwidt h.

Thus, and the results of experiment and theoreticil curve s (Pig.

53) comple tely confirm the effectiveness of t h e Amethod of

stabilizat ion. f..

Fur the rmore , in t roduc t ion  in to  the  c i rcui t  of the  I D g a r i t hu i z i n g
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circuit of linear resistor Rj~eji contributes (as show n in §5) to an

increase in the dynam ic range of amplifier in input signals.

I n  conclusion it should be noted that  t he  s t ab i l i za t ion  of t h e

bandwidt h of aperiodic type logarithmic amplifier it shoul d be

realized by all examined methods simult aneously, thanks to which not

onl y to preserve, but also it is possible to increase the dynamic

ra nge of a mplif ier  in inpu t  signals in compar isos wit h the s imples t

circuit.
-. -~~

I \~
7•t9 

- 
I I

• .

ao ’ ap z o.a’ 01t~IVv u.; ~z.’ .v ~~~ a;’ 1,0 2,0 ~fl 40 .?D 10 20

Pig. 53. Dependenc. of the standardized ,normalized upper cu t — o f f

frequency of t he  pa ssban d of logar i thmic  a m p l i f i e r  on t h e  parameters

of i ts  circuit .

Page 73.

Prom the analysis of the proposed circuit solutions it is

I
L _ _  _ _ _ _ _ _ _ __ _ _ _ _ _ _ _  

-~~~~~~~~~~~- —-—-~~~~~~~~~~~~~~~
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possible to see that some of them provide not only the stability of

the bandwidt h, but also an increase in the dyna mic range in input

signals. This is espec ially valuable from the viewpoint of the

execution of the operations of construction—engineering character —

the adjust ment and the tuning of logarithmic amplifier.

9. Special feature/peculiarities of the stabilizat ion of passband in

resona nce type logarithmic amplifiers.

The stabiliza t ion of the bandwidt h in resonance type logarithmic

amplifiers can be realized by several methods.

3f these methods the introduc tion intothe composi tion of the

logarithmi zing circuits of the linear resistors, stabilizing effect

of whic h is described in §8, and also is i l lustra ted by  those

presented in Fig. 54 calculated curves of the dependence of the

relative expansion of the passband of the resonance logari thaizing

ca scade/st age

Q
ÔJP ”~~FMaI,~C (mpH U,z.,akc)/~FM,,,, (npM U,~— U,x,M,~,,)

ley: (1). vith.

from values 1/b 5 and p—Rai~/Ri; the curves are constructed for

certain concrete/specific/actual, t ype of the non linear  cel l/ e lement ,

which is cksract.riz.d by vain. d*iit.b i1b2 5.

— 

:—-- — -

~ 
-

~ ~~~~~~~~~~ —_- 
—_- ——-- --_- —-.~~~~~
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45

I 1 t~~~dq~J ‘ T I

~~~~~~~~~~~ 
i~~~~~

0,1 17,2 0,4’ 45 
- 

~0 2 4’ 8 10 28 4 ’8 SD 700

Fig. 5*. Depee dence of the expansion ra tio of the passband of

logarith mic a m p l i f i e r  on t he  parameters  of i ts c i rcui t .

Page 74.

From the g iven  Fig.  54 cur ve/graphs shows that the int roduction of

l inear resistor into the logarithm izing cir cuit of an am pli fier of

the t y pe  in  question considerably lowers the expans ion  r at i o  of its

passband during an increase of input signal levels. Presented in Pig.

55 the  cal cu lated curves of t he  de pendences of the p a r a m e t e r  1/ h 2 = Z II f R I c ,~ RR

(I)

(np W.~8f = 
~~~~~~~ 

)
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n value ~ ni ;t ke i t  ~‘ossibIc to  ~r aph i c a . 1 y  determine values l/b~,

and p, which correspond to the  maximum ex pansion ratio of passband ,

and conseque nt l y ,  to select d u r i ng  the cons t ruc t ion  of a m p l i f i e r

those values 1/b2 and p. to which corresponds an insignificant change

in the passband during an increase of input signal lev’1.

Curves, depicted in Fig. 55, are const ructed as f o l l o w s .  F i r s t

must be determined derivative d~ ,/ d ( 1/b 1) ; here

(1/b, + I + p, b,) (dR + p/b1)

~~~~~~~~ (I/b,+dR +p/b,) (1+pIba) 
‘ (50~

‘~g ‘-~~T Tf~j~j 
~

-
~-Ff~f ~f1 H -

~T~i H

_ i_ 
~i~~I iii~ I I ~0,001 0,002 4L~~’ 401 ti.02 0,04 ~~‘ 0,2 0,4 40

Fig. 55. Curve/graphs for determining the parameters of a u p l i f i er

circuit.

Page 75.

Furthe r expression for a derivative is equated zero, and from the

L __ _ __ _ _ _  _
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obtained in this case equation , which has the following form:

p(p+’)  -
b~ 

“R~~~°’ 
(DI)

can be obtained the va lues 1/b 2, which corres pond to the ma ximum

va lu s ~ with t h i s  p.

However , as noted above , this met hod one ought not to apply as

fundaaental that reason, that an increa se in the degre e of the

stabilization of passband (i e. increase p) is accompanied by a

decrease in the  d y n a m i c  r ange  of a m p l i f i e r in i n p u t  s i g na l s  d1~1, that

undesirably.

Thus, it is possible to assert that resonance type logarithmic

ampl i f i e r, just as aperiodic type  a m p l i f i e r , made with the

application/use of the simplest circuit of l o g a r i t h m i c  ope ra t i on , is

characterized by the considerable expansion of passband .

Quantitatively this expansion can be by the specific relat ionships ,

analogous obtained above for aperiod ic type nonstabilized circ uit.

The second method of stabilization of the ba ndwidth of

logarithmic am plifiers of the type in question is the execu tion of

the interstage circuits of cQ•munication/connection in the form the

more or less com pound circuits (Fig. 56) , described by the

d i f f e r en t i a l  equat ion s of the f o u r t h  (and above)  order.  This  is

L — — —~~~~~~~ - -
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caused by those by  the known fact tha t  the  f o r m  of t h e  f r e q u e n cy

characteristic of circuit that nearer to idea l rectangle and that

less depends n ch anges in the values of external

resj stor/r en tat aac•s.

Pig.  56. Cir cnit of intsrstage coupling circnit with the  large number

of deg rees of f reedom , loaded to nonlinea r cell/ele ment .

Key: (1) . Amplifie r cell/element. (2). In put. (3). Output/yield.

Page 76.

Let us examine the special feature/peculiarities of the

logarithmic amplifier, where as interstage networ ks are us ed c ircuits
more complex, rather than simple resonant circuits. Specifically, is
examined the a m p l i f i e r  with  the use of the two—circui t  b o d y — f i x e d

system ; the  ge neral ized pattern of this  ampl i fi e r  stage is

re presented in Pig . 57.

Tb. logarithmic selective amplifier made wit h the

— ..-. 
~~~~~~~~~~
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application/use of two—circu i t  f i l t e r s, possesses the  proper ty ,, whic~i

prof ita b ly d i f f e r s  it f r o m  tuned a m p l i f i e r , n a m e l y :  by t he  s t a b i l i t y

of the bandw idt h during a change of inr.t ~ign ~~l le vel. This  can be

explained as follows (is examined sin is cascade/stage). tt is

assumed that the frequency character ist ic ~.if cascade/st age because of

the appropriate select ion of the commu2.~~dtion,’connection between the

ducts of filter takes the form of doubl.-hu..ped curve, the

communication/c onnection only insignificantly exceeding cr it ical,

i.e., k/d ri 1.5—2. It is clear that w h e n , at the input , the

amplif ier stag. of comparatively weak signals is present, the

resistor/resistance of the nonlinea r cell/eleme nts, connected in the

• ducts of filter, has the maximum value and does not exert noticeable

effect on the form of frequency characteristic. With an increase in

the amplitud e of input voltage circuit dampin g of filter (d)

grow/rises, which leads to an increase in the bandwidth of amplifier.

But si m ultaneo usl y wit h this wi th  an increase in circuit ~amping of

filter occ trs the corresponding decrease in the value of the factor

of communication/connection ~ k/d to unit and less. Consequently,

the freque ncy characteristic of cascade/stage will change its form ,

acquiring gradually the form of the single—humped curve whose widt h

must decrease.

I

k:- — •- --- — --- -  - .—— •-- . --‘. _ _ _ _ _ _ _

_

~

•-- - - -- -



_____________________ - 
- •  ~~~~~~~~~~~~~~~~~~~~~~~~~ 

----
~~~~

,
~~~~~~~~~~~~~~~~~~

-,- — --- --- -—, •

DOC = 77182905 PAGE ~~~~~~~ / 3 9~

Pig. 57. Circuit of nonlinear two—circuit selective amplif ier.

Key: (1). Amplifier cell/element. (2). Input. (3). Output/yield. ( L 4 ) .

Power battery.

Page 77.

This means that the bandwidth of the logarithaizing amplifier stag e

with two—c ircuit filter is in this case the function of two variable

va lues
I~&F 1j[Rfle.l(U Rx) ; i(U 111)1, (52)

of wh ich the f i rs t  ~~~~ it causes expansio n , and t he  second (i) —

_ _  ~•~~
i- 

~~ _ _ _ _ _
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the contraction of passband with an increase in the amplitud e of

• in put signal; it is known that the lesser the value of the

generalized coup l ing  coefficient  between t he  ducts (or the factor of

communicat ion/connection ,
~
), th. narrower the bandwidth. At the

appropr ia te  select ion of th . parameters of the ducts of filter the

action of these va l ue s can be mu tual ly  com pensa ted for , thanks to

which an absolute change in the bandwidth , equa l to

L~F ” 
~~~~~ 

U,r.M,,~c) —~ F ’ ((r7~1I Uax.M1R ) .~~F , (53)

Key: (1). with

it proves to be are very insignificant, i.e.,

ÔF—.O.

For t he  ana ly t i ca l  de te rmina t ion  of the expans ion  r a t i o  of the

passhand of amplifier one should investigate the expression for the

freque nc y characteristic , which is det ermine d by the fre quency

depen dence of the transmission factor of two—circuit filter. The

latter is described by the known expression

(~4)

Here k is a coupling coefficient b tween the duct s of (tit er ; y -

s.p I.
relative 4.tusing ; the attenuat ion of the firstRtnp.çr
duc t; d11 the attenuation of the secondary  c i r c u i t ;

~~ ~
-;
~
-
~
-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  • •-- - •  ~~~~~~~~~~~~~~~
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— the resistor/resistance of the resistors wh ich shunt the ducts

of filter.

Althou g h both ducts are made wit h the application/use of

identica l on their ratings cell/elements, neverthe less dz,~d31~

Page 78.

This  is expla ined  by the  facts  t h a t  in the  genera l  case of t h e

amplitude of the edge stresses of f i l ter  are differ ent , i.e.,

LI ii= q Ui, (55)

where a th. factor of c o mmu n i c a t ion/ connec t ion .
V ~i1 ii

Conse quently, the values of the resistor/resistances of the

nonlinear cell/elem ents, connected in the ccmposition of the f irst

and secondary circ uits of filter, are also different , namely:

Rii~:iij <R,~
,~i; (56)

b 11<br

Afte r  d e s i g n a t i n g  by ap —y/do the generalized d e t u n i n g ,

n
~l

;

di ..dnR~:
d~1

—~ kId 1~:
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dO=~~I,L/R111 circui t damp in g , determined wit h infinitesimal

amplitud e of the voltage of signa l on the input of amplifi er stage ,

can be written:

• i ~~~ 
= 

~~~~~~~
—

~
-
~~~

=---=--•-• -
~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 

~ + ~ I’ -+ ~~ t° 5 (R~ + R~)P

Rut in v iew of the fact that the two—circuit body—fixed system

usually is fulfilled in the communicat ion/connect ion between the

ducts of filt r, •qnal crit ical or insignificantly ex :eelinq it ,

those I ~~~ flo~~~ . with sufficient for pract ical calcu lations accuracy it

is possible to count (I~~~~J~ and !311~~B1..B. Then the

standardized /normal ize d frequency char acterist ic of filter is

record/wri t ten  in the fo l lowing  f o r m :

(58)
— s~ + ‘~)‘ + 4.~ ~~

In accorda nce with expression (58) in Fig. 58 are constructed for
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the different of input signal level, i.e., for different value s of b,

st andardiz ed/normal ized f reque ncy system performa nces.

Page 79.

Figure 58 sh~~ws that the bandwidt h of the logarithaizing

cascade/stage wi th  two—circuit filter in the load circu it of

amplifier cell/el?meat remains by virtually the constant durin g

change amplitude of input signal in more or less wide ~tyn amic range.

The third met hod of stabilization of the bandwidth whos~

application/use is ad visable in resonance type logar ithmic

am plifiers, is the introduction into the composition of the amplifier L

preliminary — forming frequency characteristic — band—passs filter or

ampl i f i e r stages, the frequency character istic of which differs in

terms of the higher degree of squa reness.

it is clear t hat the effectiveness of this me thod of

stabilization the greater, the more considerable the difference in

the bandwi dth of the logarithmic amplifie r and preliminary

equipment/de vice, i.e., must be observed the condit ion

~~FITP..,~,.<t~FMUN ,ar ~~~ U..— U .~ M.,,) , (59)

where AFIIP .AU — the bandwidth of linear preamplifier ;
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~F i s u s a o r — th. m i n i m u m  b a n d w i d t h  of l o g a r i t h m i c  a m p l i f i e r ,

determined on the minimum of input signal level.

The bandwidt h ~~~~ of the multistage selective amplifier ,

which is the series connection of two amplifiers — the prelimi nary

linear am plifier, the bandwidth of which does not depend on changes

in the level of the input signal.

and of the fundamental logarithmic amplifier, the bandwi dth of which

changes depend ing on of the input signal level

s.F,., tW.z,u ),

it is defined as :.rtai n resulting q u a n ti t y ,  computed t a k i n g  i n t o

account values “ - and “

_ _ _ _  •
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Fig. 58. S tandard ized/normal ized  f requency charac te r i s t i c s  of

two—c ircuit logarithmic amplifier.

Page 80.

For the purpose of the q u a n t i t a t ive  d e t e r m i n a t i o n  of the effec t of

the individual parts of the amplifier — linear and nonlinear — to the

degree of a change in the resulting bandwidth ~~~~~~ the amplitier

one should examine in the for m of the sim p lified model, wh ich
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consists of two resonance quadrupoles, freque nc y character is t ics  of

wh ich are multiplied. Then the stabilizin g effect of linear

preamplifier can be illustrated given in Fig. 59 by the calc ulated

curve of the dependence

41 (~iF .~a /AF a.u, ).

Fro. curve/graph it is evident, that the more value q - A F .~AI ~tF ~ i~..

i. e. the •ore the width of the bandwidth of the logarithmic amplifier

~F~. .1 j 1  com parison wit h the bandwidth of prelimimary linear amplifier • \ /~~~ui~

the lesser the wilth of the resulting passband ‘
~‘~pe3 

~~~~ d i f f e r s

from ~~~~~

Besides the stabilization of the ban dwidth of logarithmic

ampl i f i e rs , the introd uction into their com position of linear

cascade/stages makes it possible to solve other problems, appearing

during the prac tical cons truction of logarithmic am p lifier s of the

type in qu estion and caused by the specif ic character of their work.

Thus, for instance, during the construction of loga ri thmic

amplifie r with wide (80—100 d8) dynamic range the inpu t signals it

is necessa ry to k m e p  in mind that the effectiveness of log ar it hmic
• computing circuits turns  out to be maximum cnly when noticea bly  are

de veloped the properties of nonlinear cell,elements, i.e. , wi t h

• supply to the  la t ter  of powerful signals. But the signals of a more
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or less signif icant level will be observed at the output only of

certain stages (beginning with the second—third cascade/stage). Rut

since in the f i r s t  cascade/stages of t he  a m p l i f i e d  signal  leve l is

compar a t ive ly  smal l, the  property of the nonlinea r ce l l/ e lements,

connec ted in the load circuit of these cascade/stages, they are

developed very wea kly and dynamic range of the amplifier pract ically

does not increases relative to the input signals. Therefore to

• introd uce the logaritbmizing circu its into the first stages of

amplifier it is re presented unsuitable, and the y usually work in

linear conditions.

‘ .~ : : ..~.:: 
• 

_ ______
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~~~~~~~~~~~~
Fig. 59. Depemden~ e of the resulti n g bandwidt h of the series

connection of linear  and  logari thmic  selective a m p l i f i e r s  on t h e

relationship/ratio of their passba nds.

Page 81.

Thus, besides the provision for an in practice the constant and

inde pend~ r ’ variable of a change of input signal levels ba ndwidth ,

the linear ntk ges of prelimina ry amplification serve also for

achievement of the necessary value of the amplif ication of the

signals of weak level, and their presence in the com position of

logarithmic amplifier contributes to an increase in the effectiveness

of logar ithmizing circuits,, i.e., as the fina l result it leads to an

increase in the dynamic range of amplifier in input signals.

— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Furt hermore, th. stabilization of the f~~ i of f requency

characterist ic (or, •ore pr ecise, the bandwidth) in this type

amplifiers it can be realized in by some other methods, in particu lar

the part ial shunting of oscilla tory circuit b y nonlinear

cell/elements the so forth 1

$pce such the f undamental methods of the  stabilizat ion of the

bandwidth in resonance type loqaritbmic amplifiers.
It is necessary to note that in a transistorized logarithmic

amplifier of the resonance type , with a change In the level of the
Input signal a change in the resonance frequency occurs along with

an expansion of the passband which is Inherent to all nonlinear

amplifiers. The latter is caused by the fact that with the opera-

tion of the amplifier in a broad dynamic range of change in the

level of input signals the nonlinearity of the static characteristics

of amplifier transistors Is manifested . This , in turn , leads to a
change In the operating conditions of the transistors on dIrect 3

current and , consequently, to a change in the value of capacitances
a.id C ~ depending on the signal level.
As is kiown, the capacit ance/capacities indicates into the

composition of oscillator y circuit , in consequence of whic h during

their chan ge is changed the va lue of the resulting
Capacitance/capacity of duct and , consequently, also its resonance

fr eq uency. It is not difficult to see tha t the degree of a change in
th. latter is found in direct dependence on type the used during the

construction of amplifier transistots, wh ich are characterized by the

low capacitance va lues of passages, and is great, if amplifier is t
assembled on low- f requency transistors.

-~~~_ _ _ _ _ _ _ _ _ _ _  •~~~~ •• . 

~~~~

--

~~~~~
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On the basis of this it is possib le to mak. the followi ng

conclusions:

1. Du ring the production of resonance type transistor

logar ithmic am plifiers it is desirable to a p p l y  the new types of
transistors, which possess the large value of cut—of f freq uenc y f)
and the respectively relatively low value of a change in the

diffusion em itter transit ion capacitance. In this case will be

r eached the sufficiently high stability of resonance frequency bot h

in the separate logar ithmizing cascade/stages and in all amplifier as

a whole in the wor k of the latter in the wide interval of the

variation of input signal levels. The applicaticn/use above method s

of the stabilization of the form of frequency characterist ic

in dicated will make it possible to ensure the band width , virtually

inde pendent variable of of input signal level .

I

— — — — • • — - SS --~~ .S.a. S 
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2. Application/use in the amplifiers of the transistors of the

old types in ques t ion , which  possess low v alu es ~ one s h o u l d

restrict by the range of comparatively low frequencies (not more than

3—5 P~Hz), where is possible the use of s u f f i c i e n t l y  hig h capac i tance

va lues of oscillato ry circuit C1 ,,IT . In this  case changes of the

resulting capacitance/capacity of duct, caused by und esirable changes

in its separate components , wil l  be small , As a result  a chang e of

the resonance frequency of amplifier during a cha nge in the level

input of the signal will be brought to the minimum.

10. Calculation of resonance of logarithmic cascade/stage.

The s pecial fea ture/pecul ia r i t i es  of the calcula t ion of the

practical circuits of the resonance logarithmic amplifiers , made bot h

on the tubes and on transistors (are in form only the those special t
fea ture/peculiarit y of the calculation, which are connected with the
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determination of the fundamental paramete r of l og a r i t h m i c  amplifier -

dynamic range from input signals), are caused Ly the need for the

account of the entry impedance of amplifie r instrument an~ detunin g

of cascade/stage.

Let us begin from the electron—tuI~e resonance cascade/stage,

where in the anod ? circuit of tube (on alternating current) in

parallel to oscillatory circuit is included symmetrical nonlinear

cell/eleme nt.

The common/g e neral/total principles of the calculation of

logarithmic amplifiers with nonlinear cell/elements in load circuits

are presented in §3.

Therefore, the fundamental calculation formula is expression

(23), suitable for the calculation both aper iodic and tuned

amplifier. However , in the case in question this expression somewhat

is modified , na mely: value Rit~:i.~ n u ~e and ~~~~~ corresponding to

beginning and the end/lead of the logarithmic section of the

amplitude characteristic of cascade/stage, they must be determined in

the units
ZIII-= ----—~~~~~~~~~~~ -- (60)

Page 814. ~er. IZ~! is a modulus of resistance of oscillatory

_ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _  __ ____ J
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Rj i~~:.~circuit; a9 — the ge neralized detuning ;  -~-+ p--+ R-~ -ths resulting

effective resistance of d uct; R is resistor/resistance of the

resistor , connected directly in duct or into th. grid circuit of the

tube of the  su bsequent cascade /stage;’~ R~j5 the resistor/resi stance ,

caused by losses in inductance coil and the dielectrics of dact;~~ 
R~

is the input impeiance of a tube of the subsequent cascade/stage.

Conse quently, the parameter 1/b2, which is one of the initial

for determining value ~~ is calculated as foilcue:
1 (61)

~~ 
Rnrji.~,o,si Ri,,.~ .siii n ~,

/ ~..f.s2

It is not difficult to see that the value of the dynamic range

of resonance cascade/stage at input signals depe nds not only on the

value of the generalized detuning, but also on the frequency , for

which is inclined oscillatory circuit. Ac tually, the component of the

resulting effective resistance of duct R,. directly is d e t e r m i n e d  by

the frequency of tuning f~ , namely:

_ 
I (62)

where C,, is a capacitance/capacity of cscillator y circuit ; d,~ 
—

circuit damping ,  caused by losses in inductance coil and t he

dielectrics of duct (so—cal led its own circuit da mping whose value

ranges fro m 0.01 to 0.05).

- 
-
- - * — 5— •-
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Another component ~~~ caused by the input impedance of  a tube of

the subsequent cascade/stage, is defined as

R 1.~ 7Th - 
(63)

where A is the constant coefficient , dependin g on the geometry of

tube and mod e of i ts  operat ion on direct cu r r en t  and h a v i n g  va lue

from 0.05.1020 to (1.0—1.5) .1020 ohm.Hz.

Page 84.
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Fig. 60. Dependence of the internal resistance of the losses of

oscillatory circuit on frequency.

Key:  (1) . f<S41 (2) . Hz .F .

Page 85.

For the fa cili tat ions of the ca lcula ticn of value R-~, 1~ in Fig. 60

and 61 are con structed the gr~~ ’h/diagr a ms of dependence R 1(/11C ,~d1~)

andPn~=q2 (/~1, ~~~~~ A ) ,  designed in accordance with ex pressions (62) and

(63) respectively. Wit h t he  use of t h e  cu rve/ g raph s i n d i c a t e d  it is

necessary to bear in mind that the fact that they are constructed

irrespectively of the concrete/specific/actua l types of oscillatory

circuit and electron tube. This fact makes it possible to encompass

with the proposed curves the virtuall y all used at present types of

tube and ducts.

Thus, in the most general case, when tbe frequency of the tuning

of amplifier stage does not coincide w ith the frequency of the

amplified cascade/stage, i.e., occurs certain detuning , characterized

by vale. ~~ the determination of the  p a r a m e t e r  1/b 2 can be produced

with the aid of the curve/graphs, cons tructed on Fig. S2 i n

accordance wit h ex pression (61).

_ _ _ _ _ _  ~~~~ -~~~~~~~~~~~~~~~ - 5-~~~~~- 
-
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Fig. 61. Dependence of the input impedance of a tube on frequency.
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Key : (1) . ohm. (2) . MHz.
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n accordance with what has been said, the va lue of the dynamic range

of the resonance logarithmizing cascade/stage at input sig na ls can he

found  as follows:

1. Is de te rmined  necessar y for providing the assigned values of

the factor  of a m p l i f i c a t i o n  and  b a n d w i d t h  in t h e  mode of t h e

amplificat ion of weak  signa ls (more  precise, in the work of

cascade/stage on the linear section of amplitude characteristic) the

value of the resistor/resistance
- 

S 

R~,~’= I

The separate components of this resistor/resistance are

determined wit h the aid of curve/graphs (Fig. 60 and 61).

If the  des ign/projected a m p l i f i e r  is inte nded fo r  a work  in the

range of the com para tively low fr equen cies, when resistor/resistances R~

and R.1 have the s i g n i f i c a n t  magni tude , as coapcnents I/R ,~ and i/Ru it

is possible to disregard , and then Rw.’~R.

- - 5 - _ - ~~~~~~~~~ - 5 - - - 
S 
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Fig. 62. Dependence of the equivalent  res i s tance  of osci l la t or y
circuit with nonlinear load on detuning .
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2. Is found the va lue of the generalized detunin g Qp and f rom

c.rve/graphs (Fig. 62) is determined for the obtained above value

value of the parameter 1/b2.

3. For the ass igned values d 11.~~5 dR and 1/b , wi th  the  aid of t h e

graphs presented in Fig. 14— 18, is determined the  valu e of the

dynamic ra nge of cascade/stage from input signals d,~~.

Other parameters of amplifier , such as amplification factor and

the bandwi dt h, can be designed in accorda nce with the method s, kno wn

from the theory of tuned amplifiers.

Let us examine  now the special fea ture/pecul iar i t ies  of t he

calculat ion of the resonance logarithmic ampli fie r, ma de on a  transistor.

As is evident , the order of the calculation remains unchanged. It ~snatural that there is a difference in the calculation of the

transistor amplifier, it is comprised in the ac~~unt of the  character

of a change in the input an d output resistance of am plif ier
instrume nt, i .e . ,  d i f f e r ence  bears only quantitative charact er.

actual ly,  if representat ion in Fig. 61 curve/graph s are  des igned

irrespectively of the concrete/specific/actual type of tube, the

values R.~. found w i t h  the aid of to the type  of tube , wh ereu po n v a l u e

found wi th the  aid of these curve/graphs , close ly co incid ing  w i t h

real va lue s ove r a wide range of frequencies, then for transistors
such universal  curve/graphs cannot  be const ructed . Thus , f o r

instance, for compara t ively  low fr equencies, which do not exceed

_ _ _  r
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(0.05—O.1~ f. ’ wham the input and output resistance are rea l  v a l u e s ,

it is possible to use the expressions, real for  t h e  T-shaped

equivalent replacement scheme of transistor, n amely :

Rh~. -~~ 
r~ + r6 14 /~. 

(64)

R11~ . , —~r~ —l—r , 1 1 f —r—-—-—-4-~i z~ iI~R.~.0~=ro + ~ [ r ,+Z ,~J,

where r~, r~, r 1, - the parameters of replacement scheme; a - the

transmission fac to r  of the current  of emi t t e r ; ~ = a/(1—w) ; — the

equiva lent loa d impedance , and to constru ct according to  these

expressions curves , t h a t  make it possible tc de t e rmine  the  value of

the inpu t  and o u t p u t  resistance of cascade/ stage for t h e  more  or less

wide interval of the variation in the parameter s of transistor and

load circuit.

Pa ge 88.

However , for the high frequencies , when all parameters of

transistors become composite, the  ex pressions indicate d a n d ,

consequent ly , also the constructed in accordance wit h them

curve/graphs no longer can be used. Formulas, recommended for

determining the parameters of transistor at high frequencies , turn

~ 

- - . - 

-
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out to be too b u i h y .  In connection wit h this for practical

calculat ions can be used e x p e r i m e n t a l l y  obtained the c u r v e s  of the  S

dependences of th~ parame te rs of t r ans i s to r  on f r equency.  Some of

such curves are represented in Fig. 63—64 f o r  the

connection/inclusion of amplifier transistor accordin g to circuit

with commo n/general/total base and in Fig. 65—66 for the

connection/inclusion of amplifier transistor according to

common—emitter con nection.

- — — -. - - - - S  - - —.-~~—-——~~~ -- - ,-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .4 
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Fig. 63. Dep endence  of the real and imaginary com ponents of the entry

im pedance of t r ansi s to r  on f requency w i th  voltage on

collector/rece ptacle U1~~--5~~~ -~~ and the current of collector ~~~

mA. —_ — real component; — — ----imaginary com ponent.

Ke y: (1) - ohm. (2) - N H z .

Re(h22 ) ‘7403
2 Zm mfl&

_ _ _ _  - -~ I’~T ~
~

2 79 2 — —

0

0

_ _ _  _ E

3 10 20 30 IOM2Q (~
)

Pig. 64. Depen dence of the real and imagin ary components of the
output conductance of transistor on frequency w ith voltage on
collector/receptacle ~;,-~~~~--5 y s i i - 5 an d  the cur ren t  of

collector/receptacle ~~~~ mA. —— — real componen t ;  — —

imag ina ry  component .

Eey: (1) . mho. (2).  MHz .
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(R~~-)After on the proposed curve/graphs are determined values R ,,~ an~~’

it is possib le to perform further calculation according to ‘-he

proposed procedure.

Let us note only that since during the construction of

transistor tuned amplifiers it is necessary to take measures for

providing a mode/conditions of agreement fcr powe r and 1~ :reases in

the effect of input and output resistance on oscillatory c ircuit , is

recommended the partial connection/inc lusion of duc t both from the

collector/rece p tacle of a m p l i f i e r  t r a n s i s t o r  and  f rom the  base of the

transistor of the subsequent cascade/st age. In connect ion with this

value ~~ and~~~~ those which are introduced into the calculated

re la t ionship/ra t ios, one should de te rmine  t a k i n q  in to  account  t h e

appropr ia t e values of the coefficients of i n c o r p o r a t i o n.

S —f--— ~~ - —~~~~ -—~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--i
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Fig. 65. Dependence of the  real and i m a g i n a r y  components  of  t h e  i n p u t

ad mit tance  of transistor  on f requency w i t h  the  volta~je f r o m

collector/receptacle L , ~-~ —5 ~~ /4sand the  curren t of emi t t e r  i.~- i  mA (for
t he  t ransistor  P4 0 3)  and  (/ ,~-.--2 v o ( 4 c  and 1~~~I mA (f or t h e  t r a n s i st o r

P411) .  — real  componen t ;  — — — — i m a g i n a r y  component .

Key: (1). mmho.  (2). MHz.
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Pig. 66. Depen dence of the real and imaginary ccm ponents of the
15 =1

o u t p u t  conductance of t rans is tor  on fr e q u e n c y  with (1. — 
~~~~~ ~r o t -g~ and

mA ( f o r  the t rans i s to r  P4 03) and (
~~=--2 v&~-san d I~= t mA (for the

transistor P411).-. — the real comFcnent: — — — — imaginary

component .

Key: (1).. pmho . (2). P1Hz.

Pa ge 90.
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The proposed calculation procedure is related to tuned

a mp l i f i e r .  But  if we in  ampl i f ier  use the mor e compound circuits of

interstage comaunication/connection , for example two—circuit filter,

then in gene ra l f o r m  the calculation fo rmulas  tur n out to be more

complex. However , in logar i thmic  a m p l i f i e r s  the  p a r a m e t e r s  of these

circuits are selec ted so that the value of the factor of

communicat ion/connection would be equa l critica l to value , and

conseque nt ly, resonance cur ve was single—humped. In this case the

formulas for determining d8~ remain virtually wit hout the change: in

them is in troduced only the coefficient which considers an increase

in the bac k—out resistor of duct into1f~~with the same w idt h of the

transmission band as in tuned amplifier.

11. Use of its own nonlinea rit y of transistors for the construction

of logarithmic amplifiers.

The simplest and widespread method for the realization of

logar ithmic amplifiers is the introd uction of nonlinear resistor into

the load circuit of amplifier cell/elemen t — transistor. Thus, in

genera l f o r m  l o g a r i t h m i c  ampl i f i er  s tage is t h e  c o m b i n a t i o n  of u sua l

_ _ _ _  -Si
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linear amplifier and nonlinear cell/element, which possesses the

volt—amper e characteristic of the necessary form in this or another

range of stresses. As shown in the previous sections, the presence of

nonlinear resistor s to the certain degree complicates amplifier

circuit, since it requires the acceptance of those or other measures

for an increase in the degree of the coincidence of amplitud e H
characterist ic wi th  ideal l oga r i t hm ic  law .

Therefore it is of in terest to examine the following question :

there is a possibility to carry out a logarithmic amplifie r, without

introd ucing in to  c i r cu i t  special non l inea r  e l emen t s .  It  pr oves to be

that this is possi ble because of t h e  use of n o n l i n e a r  p roper t i e s  of

amplifie r instruments , in this case of transistors.

It is know n that the transistor is especially nonlinear

ilistrument and in the general case can be conside red as icti ve

nonlinea r four— pole, the transmission factor, input and output and

output resistance of which are the nonlinear function s of currents

and voltag es. In this case the cha racter of the nonlinearity of the

para meters of transistor qualitatively differs from the ch aracter ot

the nonlinearity of the parameters of electron tube.

Page 91.
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E x a m i n i n g  t h e  s t a n d a r d  character is t ics  of t rans is tors , it is no 4

diffic ult to ascertain that that field , within limits of which the

static cha racteristics can be considered linear, is very small. And ,

therefore, with any considerable signa l amplitude s at the input of

amplifier stage (order 0.1 V.) a m p l i t u d e  character istic b e g i n s  to

differ from linear law to which the greater degree, the mor e  p o w e r f u l

the input signal. This is illustrated by the given in Fig. 68

amplitude characteristic of selective tra nsistcr amplifier (Fig. 67).

5 -  S~~~ - ~~~ ~~~~~ — -. •~~~~~SS~~S S -- - - 5- -- - —S —- 
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Fig. 67. Schematic diagram of three—stage tuned amplifier.

Key: (1). Input. (2). Output/yield. 
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Fig. 68. A m p l i t u d e  charac te r i s t i c  of tune d am p l i f i e r .  In p u t s ignal  is

a c o n t i n u o u s  o s c i l l a t i o n/v i b r a t i o n  w i t h  f requency ~~~~~ MH z.

Key:  (1) . Ideal l o g a r i t h m i c  curve.  (2) . pY .

Page 92.

As is e v ide n t , in the  adopted s e m i l o g a r i t hm i c  system ot coordin~ttes

the characteristic is straight line (with very insignificant

divergences)  in  d y n a m i c  range at i npu t  signals of a p p r o x i m a t e l y  3(’)

-5- __
~~
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dB. Fu r the rmore , i t  proves to be t h a t  d u r i ng  a t e n f o l d  cha nge in the

a m p l i t u d e  of i n p u t  s ignal  — f r o m  20 to 200 mY occ urs the e xpansion of

the passband of amplifier from 17 to 25 MHz , i.e. , is observed the

same e f fec t as w i t h  the  shun t ing  of t he  load  of t r a n s i s t o r  by

nonlinear cell/elements. In actuality, so it there is. As is k n o w n ,

in mu l t i s t age  tra n sistor a m p l i f i e r  the  load c i rcu i t  of each

cascade/stage is shunted by the e n t r y  impe dance of the  s u b s e q uen t

transistor , equa l at the incorporation of transistor ac’ording to

common—emitter connection:

-~~ r~s + “~ + — ~~~~~ r :  pr ,. (65)

As is ev ident, the entry impedance in [~ractice completely is

determined by  the resistor/ resistance of passage e m i t t e r - b a s e  t h e

physical processes , which occur in this passage (hole inject ion into

the base of t rans i s to r )  , are analogous to processes in s e m i c o ndu c t o r

diode, and the volt—ampere characteristic of emit ter junct ion, which

describes the process injection , is close to the volt—ampere

characterist ic of the diode , utilized as the basic type of nonlinear

cell/element in logarithmic amplifiers of the type in question . Since

the differential resistor/resistance of emitter junction is defined

as
I

entry impe dance of cascade/stage equally to:

iT -

~~ r, ~- ~ 
‘
~~
j .  

(tu7)

-
. 
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De pe ndence R.i o a/I)~~~ (I,), being is cons t ruc ted  in t h e  semilog a r i th m i c

system of coordinates (Fig.  69) , has t h e  f o r m  of s t ra i gh t  l i ne .  Here

are depicted ( b y  io t t ed  l ine)  the char acteristics of rea l

transistors. As is evident , the latter coincide wit h described

ex pression (~13) of curve with very h igh  accu racy  up to the l o w  va lues

of e n t r y  i m p e d a n c e .  W i t h  the h i g h  cur ren t s of e mi t t e r  appear  more  or

less considerable devia t ions  f r o m  the  idealized depen d enc e , which is

explained by  the e f f e c t  of the res istor/r esistance of base ~~6. which

with the low currents of emitter can be disregarded.

Dur ing a change in the amplitude of input signal changes the

current of the emitter of amplifier transistor and with respec t is

changed within sufficiently wide limits the resistance An example

is the dependence of the entry impedance of the transistor P40 3 on

the applied to junction voltage, presented in Fig. 70. This  lead s
,.~ t f ( 1/Z . +  I IR~

also to the fact that the resulting load impedance, equ&T t~~~~~ Y

also decreases wit h an increase of the amplitud e of input signal ,

that in turn, Leals to decrease in nonlinear law and the coefficient

of the amplification of cascade/stage.

The extent of the section of amplitude characteristic with

positive slope/inclination and , consequen t ly, also the dynamic range

L - _ _

~~~~~~~~~~~~

5 5 - _

~~~~~~~~~~~~~~~~

_I, _

~~~~~~~~~~~~~~~~~~~~~~~

5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~
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of amplifier at input signals can be increased by changing the nod e

of t ransis tors  in direct c u r r e n t , th i s  method in the form of the

considerable n o n l i n ear i t y  of the s ta tic  charact er istics of

tr ansistors hav ing more great possibilities, ra ther than in

vacuum—tube amplifiers.

Page 93.

In conclusion it is necessary to note that such amplifiers

should not be applied in the critical nodes of the radio-electronics

equ ipment , where a re  required the  h igh accuracy of f u n c t iona l

transformation in the wide dynamic range of a change in the intensity

of input signals, or the high stability of the parameters in all

conditions of work. But, by speaking relative to the use of nonlinear

propec ties of t r ans i s to r s, it is necessar y to keep in mind “hat in

conjunct ion with the known methods of logarithmic operation these

properties give the determined effect. First, they contribut e to ar

increase in the ex tent of the section of amplitud e characteristic

with positive slope/inclination, although it is obv ious that the

degree of this expansion cannot be determined by calculation , at

least with the aid of known engineering formulas. From experimental

data it follow s t h a t  an increase in the d y n a m i c  ra nge of a mp l i t i e r  in

i npu t  signals can be 6 — 1 0  dB. In the  second place, they ma ke i t

possib le to  carry out a more or less satisfactor’, coupling of the

individ ua l section s of the amplitude characterist ic of sultj~taqe

logarithmic amplifier.
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Fig. 69. The dependence of the standardiz ed/normalized entry

im pedance of the transistor, connected according to common —emitter

connection , f r o m  the  cur ren t of em i t ter .

Key: (1) . m i .

Pig. 70. Dependence of en t ry  impedance t ransis tor , coupled  according

to circuit by common/genera L/total base, on input voltage . Transistor

of the typ . P 03: i5 -s mA ; t ’  ~ v~ Lt’

ley: ( 1). ohm.
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Page 94.

________________________________________________ 0/15 — ‘25

~~ n.~J ~B 
r7~

Fig. 71. Schematic  d i a g r a m  of f o u r — s t a g e  l o g a r i t h m i c  a m p l i f i e r .

Key: (1) . V. (1 A). Input. (2). Output/yie ld.

Pa ge 95.
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12. Special feature/peculiarities of the — technologica l

execution of transistor logarithmic amplifiers.

The e x p e r i m e n t a l  chec k of logar i t h m i c  a m p l i f i e r s  show ed t h a t

described into §6 the  method of the constructicn the latte r with use

decouple rs makes it possible to remove the undesirable shu nting of

nonlinear cell/element by the low by the entry impedance of the

transistor of the subsequent cascade/stage and makes it possible of

obtainin g the  considerable  dynamic  range  of a mp l i f i e r w i t h  i n p u t

signals wi th the m i n i m u m  numbe r of cascade/stages . An e x a m p l e  of t h i s

construction of multistage logarithmic amplifier is the depict ed on

Fig. 71 circ uit. As is evident , the amplifier ccntains four amplifier

stages, each of wh ich consists of strictl y the aper iodic ampli fier ,

made on transistor with its incorporation accordinq to common—base

circuit of symmetrical nonlinear cell/element in load circuit on

al ternat in g curren t — the antiparallel connecticn of two

semicond uc tor diodes and decoupling cell/element — emitter follower.

In the circuit in question on am plifier trans istors the supply

voltage is fed from two sources. This measure ccnsiderebly raises the

stability of the f undamental characteristics of logarithmic

amplifier. For this purpose amplifier transistors are includ ed

according to common—base circuit , which possesses in compariso n with

other circ ui t d i a g r a m s  of t r ans i s to r  t h e  h i g h e s t  s t a b i l i t y . From t h e

_ _  
j
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ex perimentally removed amplitude character istic of amplifier ,

presented in Fig. 72, it is possible tc determin e that the value of

dyna m ic ra nge d t  input signals is approximatel y 80 dB, whereupon the

degree of the coincidence of objective pa ra me ter with ideal

logarithmic curve is sufficiently high. Thus, is confirmed thou ght

about the high quality of the proposed method of the construction of

logarithmic amplifiers.

i

— 
- 

_ _ _

AII~4 (‘2)

Pig. 72. Amplit ude characteristic of four—stage logarithm ic

aaplifier........... the amplitude character ist ic of amplifier ;— —— -—

ideal logarithmic curve. Input signal is a continuous

oscillat ion/v ibra t ion  w i t h  frequency ~~ 200 k H z .

Key: (1). 7. (2). ilY.

Pa ge 96.

Pigur. 73a shows the appearance of t h e  experim ental mock—up ot

the amplifier, made in accordance with schematic diagram in Fii . 71.

A m p l i f i e r is made w i t h  t h e  applicat ion,use  of m i n i a t u r e / s m a l l  p a r t s
(condenser/capacitors of the t ype NBN , resistors of t h e  t y p e  O M L T  an d

so forth) . The non linear casca de/stag es not only iden tical in the

— ~~~~ - 5 S  * 4?’ - - ~~ -,r ~~
5 t S ..,. - s ..Sr ~ — .r,,. -, .
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relat ion to electrica l circuit , but also are mcunted according to

identica l assembly d i ag r a m  (Fig.  73b)

Let us pa use at the  special f ea tu re/pecu l i a r ities of the

execut ion of resonance type logarithmic amplifiers. As an example let

us ex..iaine the amplifier, made with the app lication/use of the

t w o — c i r c u i t  b o d y — f i x e d  systems as i n t er s t a qe  n e t w o r k s . Fig ur e 74

depicts the circui t of transistor amplifier with the frequ ency of

tuningf ? 8 21H z.

-a -

~~~—~~~~~~~~ —— - —~ — -— -~~~ ~~~~~~ - - 
—

~~~~ 5 -  . .

a) 1 .

~~

- /

vig. 73. Four—ata;e logarithmic am plifier ., a) the appearance of

amplifier; b) the app earance of one cascade/stage.

-~~~~~ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  - - -
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Pig. 74. Schemat ic  d i a g r a m  of selective l o g a r i t h m i c  a m p l i fi e r .  T1,

... , T6 — transistors of the type P’$1 6A ; D1, D —

semiconduc tor dioles of the type D9E.

Key: (1). V. (1A) . Input. (2). Output/yield.

Page 98.
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As is evident , in this amplifier the interstage network is ma le in

the torn of two—ci rc ui t system w i t h  t h e  ex t er n a l  c a p a c i t i v e  c o u p l i ng ,

whic h ensu res obt2ining the more stable under varied conditions

oper ation of resonance curve, than in systems with tra n sformer

coupling. The special feature/peculiarity of the circuit. in question

is also that the secondary duct is made consecuti ve: b�sides

capacitor and inductance coil, it contains input capacitance and the

entry impedance of the transistor of the subsequent cascade/stage.

The measure ind icated provides, as is known , the condition of the

optimum a;reeaent for powe r and virtually removes the effect of the

technological scatter of the parameters of transistor (entry

impeda nce and i n p u t  capacitance) on the character istics of the

interstage network of entire amplifier. As concerns nonlinear

cell/ele me nts, they are included in both ducts.

_____________________ _______- - -- -- --- _-~~~~~-~~~~~--~~-~~~~~~ -- -~~~~~~~~ 
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Fig. 75. The app e a rance of selective logar ithmic amplifier.

Page 99. 
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Fig ure 75 gives the  general  view of the amplifier , prepared

according to circuit in Fig. 7L 4 ~ As is evident , it is of

min ia tu re/ sma l l  design wi th  the  h i g h  densi ty  of m o u n t i n g .

Al l  ne twork  e l e m e n t s  are a r range/ loca ted  on the  p r i n t e d  boa rd :

each a m p l i f i e r  s tige , in t u r n , it is ar range/ loca ted  on t h e  s ec ti on

of board, limited by the shielding partition/baffles (for the 
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prevention of the mutual effect of adjacent cascade/stages). The

connection of amplifier into the common/general/total comp lex of

equipment is realized through high- freque ncy couplings.

On the basis of presented it is possiUe tc count tha t from

structura l/design point of view the amplifiers wit h nonlinear

cell/elements in load circuits in essence a re s uf f icientl y simple  and

do not requi re the exaggerated number of s up p l e m e n t a r y p a r t s  ( i n

comparison with usual linear amplifiers). Therefore the overall

dimensions of nonlinear amplifiers are determined by th~ same f ac to r s

that~~~ the size/dimensions of linear amplifiers, and, as a rule, the

complexity of the execution of mounting virtually does not gro w/rise.

Com paring electron— tube and transistor logarithmic amplifiers

with the shunting of load by nonlinear cell/elements, one should note

the follow ing important fact. In tra nsistor amplifier is a bsent the

undesirable combination of the strongly being heated amplifier

instrument s and temperature— sensitive nonlinear cell/elements , since

transistors virtually do not isolate heat. there is not strongly

heat ing par ts, heat liberation from which could cause a change in th€

pa ra me te rs of n o n l i n e a r  cell/element s and ccnnected w i t h  t h i s  changes

in the cha racteristics of amplifier. Of course, the transistors are

characterized cons iderably  larger, rather tha n electron tubes, by the

tempe rature depenlence of the parameters. However, in this case it is

- - —~~~- - ~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~
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necessary to bear in mind  fo l lowing .  First , the  t e m p e r a t u r e

compensation for transistor amplifier is realized with the aid of the

p a r t s , which d e t e r m i n e  the  mode of the work of transistors on direct

curren t , and u s u a l l y  do not r equ i r e  s u p p l e m e n t a r y  c i r c u i t s .  In t h e

second place, transistor and nonlinear cell/element — semicond uctor

diode possess approximately the identical value of thermal inertia ;

consequently. is open/disclosed possibility by the comparativel y

simple met hods to carry out a t empera tu re  compensa t i on  ( f o r  e x a t u p l ~~,

by the inc orporation of thermistors).

Page 100.

Speaking abou t the reliability of transistcr logarithmic

amplifiers of the type in question, one should note the explicit

advantage of the latter before vacuum—tube amplifiers , caused by the

following reasons.

First , transi stor itself is mor e reliaUe ampli fier instrument ,

than electron tube.

In the secon d place, in transistor logarithmic amplifiers with

the s h u n t i n g  of load i n  a n u m b e r  of cases is not r e q u i r e d

introductions into the circuit of the suppleme n tary cell/elements ,

whic h stabilize the bandwidth (more precise , its high-fre quenc y

.., 
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section).

Thirdly, a temperature compensation in trans istor amplifiers can

be carried out by com parativel y simple methods, which do not require

the introduction of supplementary circuits.

As concerns the ways of an increase in the reliability of

amplifiers of the type in question , they they do not differ from

conventional (for exam ple, the reliability of airplifier can be raised

by a decrease in the number of its parts, by the application/use of

nonl inear cell/elements, made in the form of parallel or antip arallel

connection of semiconductor diodes, and so forth).

The proposed method of the  construct ion of l o g a r i t h m i c

amplif iers  allows wi th  the aid of one and the same ce l l/ e lemen ts ,

introd uced into the  composition of load c i rcu i t , to ca r ry  out

st abilizat ion of t h e  b a n d w i d t h , ad jus tmen t of the a c c u r a c y  of

logar i thmic amp l i t ude  character is t ic  and  extent  of the  lo g a r it h m i c

section of the amplitude characteristic of amplifier.

Conclusions. 1. In transistor logarithmic anplifi~ rs with

nonlinea r cell/elements in load circuits the nonlinear cel l/element

is the unique spec~ fic part, which differ s logarithmi c amplifier from

the linear. Therefore the selection of the type of nonlin ear

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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cell/eleme nt and the determination of its operational conditions are

the fundamenta l questions with analysis and the practical

implementation of this type logarithmic amplifiers.

2. As the cell/elements , which possess nonlinear volt—ampere

characteristic and which ensure obtaining logarithmic amp litud t

ch aracterist ic, in c o n t e m p o r a r y  a m p l i f i e r s  are u t i l i z ed  the

semicond uc tor diodes, transistor s, and also electron tubes .

Page 101.

3. The fundamental index, which makes it possible to

qual i ta t ively r a t e/ e s t ima t e  the effectiveness of the work of

logar ithmi c ampli fier, is the value of dynamic range at input

signals, determined by the extent of the logarithmic section of

ampl i tud e charac ter i s t i c , i.e., by the parameters of load circuit and

by the type of the used nonlinea r ce l l/ e lement .  The prop3sed

procedure of c a lcu l a t i on  of l o g a ri t h m i c  a m p l i f i e r s  is u n i v e r s a l and

can be used d u r i n g  the  calculation of c i rcu i t s  w i t h  n o n l i n e ar

feedback, and a lso other equipment/devices , which contain ‘he

nonlinear cell/elements whose resistor/resista nce chan~jes under the

effect eithe r of the amplified signal or signal AGC.

14. Introd uction into the nonlinear circuits of linear resistors

- 
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brings: to a decrease in the dynamic rang e of logar ithmic amplifier

in the case of the  incorpora t ion  of linea r resistors c o n s e c u t i v e l y

wi th nonlinear cell/element;

to am increase in the dynamic range in i n p u t  s ignals  — in the

case of the exe cution of the l o g a r i t h a i z i ny  c i rcui t  in t h e  for m of

the resist ive voltage divider.

5. In transistor amplifiers (unlike the electron—tube) the

prob le m of the simultaneous achievement of wide passband and

considerable dynaa ic  range in i n p u t  signals is solved.

6. In t rans is tor  logar i thmic  a m p l i f i e r s  there is a s u p p l e m e n t a r y

factor, faci litating the stabilization of the value of the upper

cut—off frequency and caused physica l b y the special

feature/peculiarities of the work of transistors.

7. The non linear properties of transistors contribute to an

increase in the extent of the section of amplitud e chari:teristic

with positive s lope/ incl inat ion and make  it possible to carry out a

more precise coupling of the individua l sections of the amplitud e

characteristic of multistage logarithmic amplitier.

8. It is shown , that the most advisab le  m e t h o d  of t h e  
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construction of transistor logarithmic amplifier is ‘h e  execut ion of

each nonlinear cascade/stage in the form of the combination of three

circuits: linear amplifier stage, nonlinear logar ithm izing circuit

and untying cascade/stage.
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9. From struc tural/design point of view the transistor

am pl i f iers  wit h n o n l i n e a r  ce l l/ e lements  in  load circu its i n  essence

are su f f i c i en t l y s i m p l e  and do not r equ i r e  the  large n u m b e r  of

supple m enta ry  pa r t s  ( in comparison wit h u s u a l  l inea r  a m p l i f i e r s ) .

10. The e x a m i n e d  method of the  cons t ruc t ion  of l o g a r i t h m i c

t rans is tor  a m p l i f i e r s  possesses the  doubt less a d v a n t a g e ;  i t  a l lows

4 wi th  the aid of one and the same cel l/elements, in t roduced  i n t o  t h e

compositio n of load circuit , to carry out stabilizat ion of the

bandwidth , adjustment of t he  accuracy of l o g a r i t h m i c  a m p l i t u d e

characteristic and extent of the  logar i t h m i c  s€ct ion of t h e  am ç l i t ude

characterist ic of amplifier.

11. The temperature compensation for transistor lojarithm i~

amplifier is realized with the aid of the parts, which det ermin c- the

mode of the wor k of transistors on direct current , and usually does

not require the introd uction of supplemen tary circuits, which makes

_ _ _ _ _  
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it possible to utilize transistor logarithmic amplifiers in

miniature/small and miniature equipment.
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