B. R. 16004

Code Noe 1563
A.P.1093E(2)
Chapter 9
VALVES AS AMPLITUDE LIMITERS
List of Contents
Sect.
General principles 1
Dicde limiting circuits 2
Limiting circuits employing triodes or pentodes
Limiting emplifiers 3
Relative merits of triodes and pentodes 4
oplications of amplitude limiters
The production of rectangular pulses 5
Elimination of irregularities 6
Pulse selection 7
Time-constant considerations affecting the output circuit of a
limiting amplifier 8






CHAPTER 9

VeLVES AS AMPL.TUDE LIMITERS

1. GENERAL PRINCIFLES

In the normal operation of a pulse amplifier, described in
Chap. 7, Secs. 9-~13, care is taken that the wvalve works on the linear
portion of its dynamic characteristic, otherwise amplitude distortion
occurs. As an extreme case of this distortion, Amplitude Limitation
arises when the amplifier is operated over one or both of the
flattened portions of the dynemic characteristic (Figz.472).

Common
applications of
amplitude limita~
tion are:-

(i) Tne production
of a rectang—
ular output of
voltage from

a sinusoida. DYNAMIC
. S10U . l CHARACTE\RISTIC
input.

(ii) The elimina~
tion from .

the output of la 1S PLOTTED 4
irregularities AGAINST Vg |

1

1

1

]

o la IS PLOTTED
AGAINST t

which occur

at the exlreme
values of the
input voltage.

'l Vgis PLOTTED

(iii} Discrimination
AGAINST T

between wanted
and uwanted
pulses,

Either
diodes or amplifying ]
valves may be used t
for amplitude
limitation, In the Mige 472 = Limiting at cut-off
case of the diode
circuit of Fig.473
the maximum value of the output voltage is approximately zero, so that
the positive portions of the input voltage are ineffective. By a suit-
able viasing arrangement this limiting action can be made to take place
at any desired voltage level.

Two diodes are necessary if both upper and lower excursions of
the output voltage variations are to be limited.

With a single amplifying vaelve both positive and negative
excursions of the output voltage may be limited if the valve is
operated over both of the flat regions of the dynamic characteristic.
Alternatively, the grid-cathode portion of the valve may be used as a
diode, and the positive part of the input limited when grid current
flows by the inclusion of sufficiemt series resistance, as in Fig.473.
This takes the place of limiting at the upper bend of the dynamic
characteristic, and limits the negative-going portions of the output
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Chep, 9, Sect, 2

voltage. In all cases the o

limiting action is independent %

of the mature of the input @ Y ),

voltage variation; for l

simplicity, in discussing the Y -

action of the elementary -

circuits we shall assume that ==k i mm A g m o e

this is sinusoidal. YA /\

LIPS A ¢

2. DICDE LIMITING CIRCULTS % : JU M ______
A diode circuit is %

considered first, as it 7% S N e

provides the simplest case of ’ ! H ! |

the use of a valve 28 an © o T T =1

amplitude limiter. Suppose A E :\V/i \/

that a sinusoidal voltage is B A e e S [ R

applied to an unbiased diode PR i ! 5

in series with a resistor Rg P S :

(Fig.473). The diode L S - S R~ I

conducts during the positive @ o / N\ AR ;

half=-cycles of the input { : ' !

voltage and does not conduct % AN S S S E

during the negative half-

cycles. If Ry is large Hige473 - Positive peak limiting;

compared with the resistance output across diode.

of the diode when this valve

is conducting, the fraction

of input voltage developed across the dicde during the positive half-
cycles is small., If Ry is small compared with the impedance of the
diode when this wvalve is not conducting, & large fraction of the input
voltage is developed across the diode dwring the
negative half-cycles. The diode may have a
resigstance of betwéen 1000 and 2000 ohms when
conducting, this resistance being the ratio of
the anode-~cathode voltege to the current
through the valve, and not the slop resistance.
The impedance of a dicde, if it is not
conducting, is entirely due to the anode~
cathode interelectrode capecitance, and this =
capacitance may bevabout 10 pF. Fig.473 shows Pig.474 - Negative peak
the limiting of the positive half-cycles in limiting; output across
the voltage developed across the diode, and resistor.

also the limiting of the negative half-cycles

in the voltage developed across the resistor Rg.

Pig. 472 shows the diode limiting circuit arranged so as to
obtain the output in the form of negative pulses (Fig.4730 ), while
Fig. &f4 shows a circuit suitable for producing
positive pulses (Fig.473d ). If the diode is
reversed as in Figh?5, the positive half- Re
cycles appear mainly across the dicde whilst
the negative half-cycles are developed mainly
across the resistor,

—=
o—g

So far the limiting of either the

positive or the negative portions of the v
input has been considered as beginning when 1"ige&75 = Negative peak
the input voltage passes through zero, If, limiting; output across

however, the cathode of the diocde is held at diodes

a fixed positive voltage, as shown in PFig.

4768, the diode does not cgnduct until the

input reaches this level, and limiting of the wli. ;e across the diode
thus occurs at a fixed positive voltage. The voltage across Ry in Fig.
476a consists of the peaks of the positive half-cycles of the input,
shown dotted in Pig.476b . PFig.L477 shows the limiting circuit in a fom

486



Chap 9, Sect. 2

suitable for obtaining this voltage as an output. In this circuit
Rl and Rp, which are effectively in parallel, take the place of Rg
in the previous circuits. PFig.
478 shows circuit arrangemeuts in
which the negative peaks are
limited and the output voltage b4
is developed across the diode. T
¥,

In Fig.478b C is a blocking
condenser necessitated by the
chenge in woltage level., In
both circuits the voltage
across Rg consists of the peaks
of the negative half-cycles of
the input wltage. Figs.479a ()
and b show the corresponding Ve

circuits in a form suitable

for obtaining this voltage v ,")\/ \(“\

across Rg as an output. 3"‘?’“"““""‘—“\““‘ -
) [ t

In any limiting circuit ! \/ \/

using a coupling condenser, as

for example in Pigs.478b, 479b

the time-constant of the input @)

circuit must normally be Fig.476 - Positive peak limiting

chosen so that no appreciable with bias; output across diode.

slide=-back occurs. (See Chap.

7, Sec. k).

If a suitable choice of condenser and resistor values is made
slide~back biasing circuits may be used to
provide bias in some cases.

By using a pair of diodes arranged as
in Fig. 480 , both upper and lower excursions
of the input wvoltage can be limited. In
this circuit diode 2 js conducting if there
is no input woltage, so that the common ’
cathode voltage is Piges77 - Negative peak

. . . limiting; output across
Y R2 ___ (neglecting the resistance o iy 27

VK =RI + R2 of the diode compared
with R1 and R2)

When the input voltage reaches this walue diode 1 conducts, and the

o

VYV 11
VW

«|
!
£
N
s

b
b3
Ay v
—— (b)

Pige479 - Positive peak limiting;
output across resistor. With no
L voltage shift (a) and with volt-
Fige478 - Negative peak limiting; age shift (b)e

output across diode.

With no voltage shift (a) and

with voltage shift (b)e 4—87




Chap. 9, Sect, 3

voltage developed across Rp rises. 4s long as diode 2 is conducting
Lhe wltare at its anode is practically equal to the coumon cathode
voltare. Therefore, as the voltage across R2 risea from

. +V
Vv R2 o %“'
R1 + R2 f 1
b Vo
the ocutput voltage rises with 1 W 2R |
it, - DIODE1  DIODE 2 _j'_
As soon as the voltage
across Rp rises above V, diode
2 ceases to conduct and the o t
outrut voltage remains at the \/ \\/
value V. It follows that the U
portion of the input lying
between the values V and
: is the only portion aan, T N\ N\
R|+R,,
vwhich contributes to the
output. In this and similar Y,
cases we shall call this
vortion of the input the e _
Zlffective Input Voltage. RL Y 20 WY 2\
R+R,
o t

LIMITING CIRCUTTS EILOYD
TRIODES OR FNTODES #ig. 480 -~ Positive and negative
peak limitiuyg using twin diodes.

3. Limiting amplifiers.

Since there is no fundamental difference between the action of
a triode and that of a pentode used as an amplitude limiter, unless
otherwise stated the discussion of triode circuits may be taken as
applying equally well to those containing pentodes.

Consider & sinusoil 1 voltage applied to the control grid of a
resistance-loaded amplifier. The cut-off voltage is determined by the
HT swply Vg, and for values of the input voltage below cut-off the
anode voltage remains constant at its maximum value V3. By adjustment
of the bias, the lower level of the imput at which limlting takes place
may be fixed at any desired value.

The upper level of the input at which limiting occurs deperds on
the position of the flat portion of the dynamic characteristic {4 in
Fir. @72}, Thrs in turn is determined by Vp and the anecde load resistor.
If a suiViciently large load resistance is used the anode current
reacnes 1ts maxinmun £Qr a correspondingly low grid voltage. This is
wsawily advisable because of tne undesirable erfects of driving the
_rid voltage far beyond the region at woich grid current begins to flow.

3ince it is not usuwally advisable to employ a very large anode
load tnis netiiod of limiting is aormally confined to pents;des, Wm.ch' do
not recuire tne large load resistances needed by tricdes |see Sec. 4.

An alternative method of achieving cthe limiting action for the
gositive portions of the imput, is to use the grid-cathode portion of
tie valve os a diode. The circuit arrangement is snown in Fig.481 .
The moae of operation is almost identical with that already described
for the diode circuit of Wig. 473. In the circult of Fiz.481 as long as
tne wnput voltage does nut exceed the cathode voltage almost the whole
value of the input voltage is developed between zrid and cathode.
However, as this voltape reaches the cathode voltege grid current {lows
and the resistance of the grid-cathode path drops to a low value, of
the order of 1000 ohms, If the limiting resistor Ry 1s large compared
with 1000 ofuns, €,2. 50 k@, only a very small {raction of the applied
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Chap 9, Sect.3,t

voltage appears between the grid and cathode when grid current flows.
The greater the value of the grid resistor tne greater the limiting
action. There are, however, reasons

why Rg should not be too large. Rg
and the input capacitance of the

valve form a series circuit across
the input, and it is the voltage
developed across the capacitance
which is actually applied to valve.
The allowable mpximum value of Rg

is determined by the frequency f of
the input voltage, since the react-
ance of the input capacitance of the
valve must be large compared with
Rg if a large fraction of the
applied voltage is to appear between

-
v

grid and cathode, This_condition Pige481 - Cirouit of triode
may be written CjRg ((—L-, so that amplitude limiter (grid
2 current limiting).

2. short time-constant circuit is
required., If the voltage appearing
between grid and cathode is not a
large fraction of the input voltage
it may not raise or lower the grid potential sufficiently to cause
either grid-curreut or cut-off limiting.

If insteau of a sinusoidal voltage a rapid change of voltage is
applied to the circuit, the rapidity with which the grid voltage folloéws
the input is determined by the time—constant CiRg. If this is too large
the action of the amplifier in producing a rapid change in output
voltage is largely nullified.

In the foregoing discussion the resistor Rg has been included for
the specific purpose of limiting the output voltage. 4 similar effect
is obtained if the oubput resistance of the generator is large. In this
case the effective limiting resistance is the sum of this output
resistarice and any additional resistence Ry included to ensure the
limiting action.

it should be noted that in the grid-cwrrent method, limiting
occurs actually at the grid and is reproduced in the anode circuit. In
the two other methods the grid voltage is substantially the seme as the
input voltage.

Almost any resistance-loaded amplifier circuit may be adapted for
use as an amplitude limiter by arrenging for the input voltage to
operate over one or both of the flat portions of the dynamic character-
istic, or by the use of a grid limiting resistor, This normelly entails
a suitable choice of grid base and bias. Possible, arrangements for
providing either positive or negative bias are described in Chap. 7,
Sece he

L. Relative Merits of Uriodes and Pentodes

A pentode has the following advantages over a triode for use as 2
limiting emplifier;~-

(i) The input capacitance of a pentode is normally smaller than
that of a triode owing to the diminished Miller effect. This
enables a larger limiting resistance to be used. (See Sec. 33,

(ii) Because a higher gain can be obtained from a pentode the fall
in anode woltage as the grid voltage rises through cut-off is
much sharper than for a triode, so that the limiting effect
at cut-off is more definite.
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Chap. 9, Sect.k,5

(iii) The grid-base of a pentade is usually smaller than that of
a triode under similar operating conditions. This makes
it more suitable for the production of rectangular pulses
from a sinusoidal input voltage (see Sec. 6) and for
similar pulse-shaping requirements.

(iv}) Good limiting action at the flat portion of the dynamic
characteristic (A in Fig.472) is practicable with a pentode
but not normally with a triode. This enables the limiting

(5 {mA)
Vg = 200 veitas.
"o/”.’-———ZOOKQ
@
1oV B o sv +1I}
12 (mA)
30 ®
[[14]
Vg = 300 volts,
(b}
I0KN
~0 ~9 -8 -7 -6 -5 -4 -3 =2 I O | +1{"

Pige482 = Dynamic characteristic, (a) triode, (b) pentode.

resistor to be dispensed with, Fig.482 shows typical
dynamic characteristics for a triocde and a pentode., For
the pentode (Fig.482a ) using a 30 kQ anode load the
limiting action cccurs for grid voltuges greater than that
about ~1*5 voclts, In the case of the triode such limiting
action would not occur until much higher grid veltages were
reached, even with a much larger anode load and reduced HT
voltage (Fig.482b).

AFFLICATIONS OF 4 FLITUDE LITTERS

5. The Production of Rectangular Pulses

Fig, 483 shows how an approximately rectangular output may be
produced from a sinusoidal input by limiting action at suitably chosen
levels AA' and BR'. Pips.(a)-(d) show how, by varying the bias in
relation to these levels, the relative durations of the effective
positive-going and negative-zoing portions of the input (Mark-To-Space
ratio} may be controlled. If diode limiters are employed the output
voltage is approximately identical with the effective iuput, whereas
with limiting amplifiers the output woltage is an inverted and amplified
version of the effective input.
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Ohap. 5, Ses%.5

The greater is the ratio of the amplitude of the sinusoidal
voltage to that of the effective input the more closely does the output

(@)

EFFECTIVE INPUT
VOLTAGE

EFFECTIVE INPUT
VOLTACE

ﬁ&u‘{ej Production of "rectangular" pulses from sinusoidal
PUlle

pld

©

conform to & rectangular sl'ape. Pwrther, the rate of change of the
sinusoidal input voltage is greetest at the points where this voltage
pesses through its meen value; accordingly, the more closely the
effective input voltage approsches to this mean value the more nearly
rectangular is the output. For example, in Fig. 483 the output voltage
m)more nearly rectangular in cases (b) and (d) than in cases (a) and
Cle
4
EFFECTIVE

We deduce also that INPUT
as the inequality between
the positive-going and

negative=goi rtions of | &/ _________.)
egative-going po . -}/ j(— - o

the output becames more

marked the output pulses —
deviate further from a
rectangular shape. Figel84 - Productian of "rectangular"

pulses from triangular input voltage.
Fig, 484 illustrates
the production of output
pulses which are approx-
imately rectangular from & triangular input. The duration of the
ocutput pulses depends upon which portions of the tiriangular pulses
are limited.
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Chap. 9, Sevt.6,7,8

We have assumed so far that the amplitude limiter produces an
undistorted version of the effective input voltege. This is true in
the case of a resistive-loaded valve, but in practice the presence of
capacitance in pzrallel with the load may introduce considerable
distortion. The effect of this on limiting amplifiers is considered

in Sec. 8. ~i

6. Elimination of Irregularities o Véa)
In general the pulses Vi __EFFECTIVE INPUT

encounteéred in practice rarely Ao__ A

possess the perfect shape shown in B (d)

Fig«85a ;3 typical irregularities are o >t

illustrated at (b), (c), (d) and (e). Vi

If any of these pulses is applied to A N

an amplitude limiter so that the g-—-—- -ty ©

effective input voltage lies between o t —>t

the limits AA' and BB', the 2

irregularities are not present in N W

the output, | - _EV"" t @
In a simpilar memner, if a i

succession of pulses of va A N

amplitude (Fig.4k86 )} is applied to a e (o)

limiter, the wper limiting level o t

AA' can be fixed so that the output
consists of a succession of pulses

of wniform arplitude, Pige485 - Elimination of
. irregularities.
7. Pulse- Selection

As an extreme case of the
elimination of irregularities,
consider the waveform of Fig.487 . By a suitable choice of the upper
limiting level AA' positive-going peaks of the input can be made
ineffective.

Y

In the particular example [ A ] M H YW
shown in Fig. 487, in which a B 11 “"H""n'_
limiting amplifier is used, not o mecnve/u NPUT t
only the positive-going portions
of-the input voltage, but also
the peaks of the negative-going fige486 = Limiting the ampli-
portions are made ineffective, tude of a sucoession of pulses-

Further examples of
discrimination between wanted
and unwanted pulses are shown
in Figs. 488 and 489.

8. TIME-CONSTANT CONSIDERATIONS AFFECTING THE OUTPUP CIRCUIT OF A
LIMITING AMPLIFTER. \

It has been shown in Chap. 7 Sec. 1l that capacitance in parallel
with the anode load of a resistance~loaded amplifier may considerably
modify the output woltage., This particularly applies to limiting
amplifiers used far the production” of rectangular pulses,

The circuit disgram of Fig. 490 with its simple equivalent
circuit (b} shows that the time-constant of the output circuit is

. Befe
Rat+ Ry

492
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Chap 9, Sect. 8

where R, is the slope ‘J{l

regsistance of the

valve, For a linear

amplifier Ry is o t

]
1
4
t
1
|y
m

constant; but for a e S ey
limiting amplifier
which works over the
curved portions of
the dynamic charac-
teristic Ry is by

no means constant,
and when the valve

is cut off Ry is
infinite. It follows
that as the input

EFFECTIVE
INPUT

]
{
|

T D e e e mem e

OUTPUT OF
rises through eut- LIMITING
off the time constant AMPLIFIER
of the output becomes:-

C. RaRy @)

R + Ry ° t
whilst, as the input Pige487 ~ Pulse selection; positive input
voltage falls through pulses ineffective.
cut-off, the time~
constant becomes

C Ry (Since Ry = oa)

v
e
AN K PO U / ________________ y
B_. o IS i B__ Ky

Fige483 - Pulse seleotion; pulses i*ig.489 - Pulse selection; negative-
ineffective below given amplitude going pulses inefrfective.

Consider the respdnse of an amplifier to a rectangular input pulse

up
O HT (+Vs)
b3
:’R!
€] <
o t
e T TR CUT OFF
TIME- CONSTANT
Ti=CRp ] (a)
[ 1
Ua | :
(b Va R
(€)
TIME ~CONSTANT VARYING

C

o ! t
Pige491, - Limiting amplifier; time-
constant considerations.

493

Mige 490 - Limiting ampli-
fier circuit; time-constant
considerations.




Chap. 9, Sect. 8

which cuts off the valve (Fig. 491 ). The initial rise of anode voltage
follows an exponential law with time-constant Ty = CRy.

Af'ter the input voltage has risen through cut-off at the end of

the pulse and acquired its steady value, the time counstant for the fall
in anode voltage is

T = CBQR/
Ra + R

Since R, is not constant this time-comstant is contimually changing so
that the fall in wvoltage is not exponential.

However, the time-coustant
is always smpller than CRy so that the fall in anode wltage takes place
in a shorter time than the initial rise (Fig.491 ).
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