
ELECTRONIC URCUITS N A V W I P S  

SECTION I S  

LIMITER (CLIPPER) CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

DIODE LIMITER. 

APPLICATION. 
The diode limiter i s  used to eliminate, or swa re  off, 

either extremity of the appliedsignal. The limiter i s  also 
know a s  odipper,  because the output waveform presents a , , clipped" appmance  on thewave peaks. 

CHARACTERISTICS. 
inpur moy be o posiuves~gnai ,  a nrgotivc ~igrtul ,  or c 

combined s i p 0 1  hoving either the same or different wave- 
forms on thepositive and negotlve peaks, depending on the 
design application. 

Output may be a positive signal with negative portion 
completely clipped, or a negative signal with positive por- 
tion completely clipped; or it may contain only o portion 
of the positive peaks with the remainder of the positlve and 
al l  of the negotive signal clipped, or contoin only o portion 
of the negotive peaks with the remainder of the negotive 
and a!! of the positive signal clipped. Finally, the output 
may contoin both positive and negative signals, with both 
positive and negative peaks clipped. 

Output amplitude i s  always lower than input amplitude; 
may be preset at any value between input amplitude and 
zero ampiiiilde in ine design uf iiir circui t  ~o~~s tm~i l i s .  

Output signal i s  in phase with input signal. 

CIRCUIT ANALYSIS. 
General. Limiters are used in wave-shapinq circuits 

where i t  is necessary to "square off" h e  peaks of the in- 
out sionai. A sine wave mov be malied to theinout of a . . 
iim;:er; :o obtain n ne-,.!y s&ar wat.,e ou!pct. d p d e d  
wove may be applied to a limiter, to eliminate either the 
positive or negative peaks, or parts thereof. Limiters alsc 
find use in appl~cations where it is necessary to restrict the . . 
omplitude of o signol to a constant value, such a s  the sign01 
applied to the detector circuit of a frequency mcdulotion 
receiver. They are also used m a protection type of circuit, 
where the input or output voltage must be prevented from 
exceedinq o predetermined level. 

, 
Cirsubt Op.rat~on. Dioae iiz:te:r msy he ?iu:?rd into .. I*" .- . j e x r ~ i  - ilzssi!i:c:io~s: se::es .'lode !?m!ters and 

p<:2i1<: :iC:< !::t,:e:5. rc::, :: :>,ese ~y ; :~ l ;~ . s  rcj * 
further subdivided into two gioups: positive lobe limiters . . 
z;,< r,~gat:~".c !a* !;z;:e:s. T?.E s;e:;::: z?.~:2:!e~:sLcs 
3nd clrcult operollon oi eocn group ore contained in h e  
f;.".e c,rn.,,,.- ,,I,., ." +o!~- . ..LW ir. h i s  s e l i cn .  A brief d i s o ~ s s ~ ~ n  
-.ve:ing diode li-lterz :n qensial i s  given in the following 
pmoqraphs. 

A vacuum-tube diode conducts only when i ts  p l n e  is 
a t  a positive ptentldl  with respect to i ts  catnode; in oiner 
words, when the cathode is negative ( less  positive) w~ th  
respect to the plote. If the cathode isfixed at qround pc- 
:e!!Lisi, ,LC,& *i;; ,:c,rfi60c: .":,sz*<e? ;:s Fl~:c kcc7,cz 
fi,nsi(i."+ %it>, j?S?Ct :z zra~n5. i t  z zGsitl...e ;c:?zt:~l :s 
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placed on the cathode, the diode will not conduct until 
the potential applied to the plote exceeds an equally positive 
value. In like manner, the cathode m w  be fixed ot a neaotive 
potential, and the diode will ccoduct while the plote is ' 
positive, and will continue to mnduct while the plate i s  
negotive with respect to ground but is l e s s  negotive than 
the cathode. When the plote potentla1 ismade more positive 
with respect to tne coinode, ine condoction oi current thruugi~ 
he diode increases rapidly, while theplate-twathode re- 
sistance decreases ropldly from rm open-xcuit (ulfinite re- 
s lstance) value to on overage value of approximately 5W 
ohms. 

The action of o diode limiter i s  shown in the following 
illusuation, which shows o simple typical diode limiter 

O - " : ' ~ ' ~ O  lNPUT OUTPUT 

Typical Diode Limiter Circuit and Input- 
Output Woveforms 

clrcult and typical input-output waveforms. When the input 
voltoqe rises in the positive direction, the diode (V1) con- 
ducts, and mntlnues conducting until the voltoge fal ls  to 
zero. As a result of the current flow most of the voltoge 
drop i s  across resistor R1; the mount of wltage drop 
across the diode due to i t s  plate-tosathode, or forward, re- 
slsranc? i s  shown i n  the output woveform os o slight 
positive value obove zero. When the input falls to zero and 
rises in a negative direction, the diode will not conduct, 
and i ts  reverse resistonce i s  practically infinite. Since no 
current flows through the diode and resistor R1, there i s  no 
voltage drop across Fii (assuming that the load connected 
:; the o u t p ~ t  terminals has G high impedance), m d  the 
output voltage waveform i s  therefore a duplicote of the input 
waveform, during the negatlve half cjcle.  

FAILURE ANALYSIS. 
Us Output. P diode iirnlter circliit i s  ordinoriiy rother 

simple, and the analysis of fa:lure :s also simple. The 
,-l'lsr qf i n  i.,:tpllt may k resolved to either of three con- 
J~ t l cn s :  no input, c drfec:ivr resistor P.1, cr o ?efectii,e 
d:nrie. Ass):minq that the proper input signal i s  being appli- 
ed, either resistor R l  or the diode must be ot fault. The 
iesistoi rain, be ~ppe-ri irai ted,  or the d ic ie  may Sc shoecd. 
Elther condition would result in no output. 

ii-duc.6 or Unsrobie Ouipui. :ii lht C i r i ~ i t  illustrated 
previousiy, a diode whlch is defective to the extent of p o r  
cathode emisslon would Se responsible for insufficient limit- 
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increased value of voltage to remain on the limited half 
cycle which would have k e n  eliminated in normal operation 
from the output signal. A radical change in the volue of 
resistance of R1 would also ;educe the output signal. 

SERIES, POSITIVE LOBE DIODE LIMITER. 

APPLICATION. 
The series, positive lobe diode limiter i s  used when it 

i s  necessary to square off part, or all, of the posiuve por- 
tion of an input signal waveiorm and allow the neqatlve 
portion to pass without modificabon of waveform. 

CHARACTERISTICS. 
Input signal waveform contains both positive and n e v  

ative signals. 
Output waveform containsonly negotive signals. 
Output amplitude i s  lower than input amplitude; no am- 

plification i s  realized in the circuit. 
Output signal i s  taken onoss  a lwd resistor. 
Output signal i s  in phase with input signal. 

CIRCUIT ANALYSIS. 
Gen.r.1. The series, positive lobe diode limiter con- 

s is ts  essentially of a diode connected in the signal line, 
in series with the signal source and thelwd, and polarized 
so thot the negative portions of the sign01 will pass through 
the diode without being affected. A load resistor i s  mn- 
nemed on the load side of the diode, and the output signal 
i s  taken across this resistor. 

Clrcult Operotion. A simplified series,  positive lobe 
diode limiter i s  shown in the following illustration. In this 
circuit, the diode conducts during the negative portion of 
theinput signal. Conduction i s  accomplished by driving 
the cathode negative with respect to the plote, which has 
the same effect from the viewpoint of the tube electrodes 
a s  driving the plate positive with respect to thecathode. 

I N P U T  OUTPUT 

INPUT 

C l R C U l l  
LOSS 

- 

Simplilied Series, Positive Lobe Diode Limiter and Input. 
Output Wavcfomr 

When the input signal gcesnegative, the diode conducts, 
and it presents a low volue of resistance to the signal. The 
total resistance in the circuit, connected across the input 
terminals, then consists of diodeV1, which has a low re- 
sistance, in series with lwd resistor R1, which has a com- 
paratively high resistance. Since the voltage drop across 
each individual resistance in a series circuit i s  in direct 
proportion to i t s  resistance divided by the sum of the re- 
sistances, according to Kirchhoff's laws, most ofthe input 
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signal voltage will appear onoss  load resistor Rl,  while a 
smoll amount will drop across diode Vl and be lost insofar 
a s  the circuit output i s  concerned. For this reason the 
volue of the lood resistor, R1 should be many times grwter 
than the forward resistance of the diode, V1. Men the 
input signal goes positive, the diode cuts off and thus limits 
the flow oi current in the series circuit. The voltage across 
load resistor H1 then falls suddenly to zero, and remains 
at zero until the input signal goes negative on the following 
half cycle. 

The value of l w d  resistor Rl  offects the output of the 
circu~t in severol ways. First, for the best frequency re- 
sponse charocteristlc, HI should be ns low as practicable. 
But in order for the circuit to function to the best advantage 
os o llmiter, theload resistor must be several times the 
value of the forword, or conduction, resistance of the diode. 
The effect of various values of load resistance on the output 
voltage, for three characteristic tubetypes a tV1  in the p r r  
vious circuit, are shown in the following table. The three 
tube types me all twindiodes, and have different values 
of forward resistance, The forward resistance, or resistance 
during the period of conduction, of a single section of each 
of the tubes i s  as follows: 6AL5, 250 ohms; 6x5. 5W ohms; 
6H6. 750 ohms. The values of output voltage ore listed. 
assuming an input voltage of 10 volts to the circuit, with 
the polarity of the voltage such that the diode V1 conducts 
to the maximum value (10 volts) on the negative half cycles. 

Tube Type Tube Type Tube l y p e  
Value 6AL5 6x5 6H6 

of (250 ohms (500 ohms (750 ohms 

R1 fwd re,) fwd rer) fwd 16s) 

I K  8.0 6.66 5.71 
5K 9 5 2  9.09 8.69 

10K 9.75 9.52 9.30 
50K 9.95 9.90 9.85 

l W K  9.97 9.95 9.92 

Output Voltage of D i d s  Limiter Using Various 
Tubes and Load Rcrirtonccr, at 10 Volts Input 

It can be seen, from thetoble above, thot with a load 
resistance of 10K, which i s  400 times the value of the 
forword resistance of a type 6AL5 tube, pramlcally the en- 
tire input voltoge i s  available at the output of the limiter, 
with only 0.3 volt circuit loss occurring within the tube. 

FAILURE ANALYSIS. 
No Output. Because ot the ielotive simplicity of the 

series, positive lobe diode lim~ter, the anolysis of failure 
i s  likewise simple. The failure of either component will 
cause trouble, but only the foilure of the diode would be 
responsible for o nwutput condition. Obviously, the failure 
of the applied signal at the input to the limiter should be 
suspected if no output i s  obtained from the limiter. 

Reduced or Unstable oukut. In a series, positive lobe 
diode limiter, a reduced volue of output would most likely 
be due to o diode which has pwr cathode emission, and 
therefore has a high internal, or forward, resistance. It i s  
also possible, although less likely, that the lood resistor 
may hove decreused in ohmic value b e c a w  of age or over- 
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Imd. If, however, the cathode emission of the diode falls 
off,  i t s  internal resistance will increase, and the end re- 
sult will be a decrease in theourput voltage. This con be 
seen from the previous table, which shows the dependace 
of the autp-t w!tage upon b t h  the load resistonce and the 
dlcde used. Consulting thetable, suppose that the circuit 
comprised one section of a type 6AL5 d~ade and a 1K lwd 
redstor. 'Uith o !&volt ?.put, the nlltput may be expected 
to be on the order of 8 volts, since the 6AL5 has approx- 
imately 250 ohms farward resistace. If, however, the 
cathode emission decreased to the extent that the forward 
rcslslmce !nnwsw lo 00hna (cctp:mble 13 t l l to l  1i-e 
tvce EX: !:-?el, t5e Q L : L L ~  .MI! i s ?  -.we !eI:rtose! 1: 

ap&oximately 6.66 volts, comprable to theoutput of the 
C V C  --A-- '.- ----.I .,nnrn,inn mnriit,ons. 
"2.4 Y lS ,  .I"..-.... "_ _r__.__) 

SERIES, NEGATIVE LOBE DIODE LIMITER. 

APPLICATION. 
The series, negative lobe diode limiter i s  used when 

it i s  necessary to limit, w square off, part or all of the 
neqative wrtion of an input siqnal waveform, and at the 
same time oiiow the positiveportion of the input signal to 
poss without modification of wovefonn. 

CHARACTERISTICS. 
Input signol waveform contains both positive and n e p  

alive signals. 
Output waveform contains only positive signals. 
Output amplitude i s  lower than input amplitude: no 

amplification i s  realized m the cncuir. 
Output is token ocross o lmd resistor. 
Output signal i s  in phase with input signal. 

CIRCUIT ANALYSIS. 
C.n.,ol. The series, negauve lobe diode limiter con- 

s is ts  essentially of a diode connected in the signal line, 
m series with the signoi source and the lmd, G-,d oola;i;ed 
so that the positive portions of the signal will poss through 
the diode without being affected. The output i s  taken across 
a lmd resistor which i s  connected in series w~th the diode. 

Clrsv~t  0p.ratl.n. A simplihed series, negative lobe 
diode limiter i s  shown in the following illustration. In this 

INPUT Ck",csT OUTPUT 

- I 

Simplified Series, Negative L o h  Diode Limiter and Input 
Ortput iiaveiormr 

c::cu::, the d l d e  conducts duririo the positive poruon 
G: tkei,?v": s igz l .  '*?T~:! i ! : ~ i ~ j p ~ l  ~ ; , ?ZGI  2 .  GZ.% p2~:!i'!e, !b>? 
4 . 2 0 "  ...-.. ":"w ",,I - -' ---:-.-- i-iiPn rn. inrw"[,; r..-.. .~ I? t,x ,~>,>,",,c€ \*" .-. 

r e s ~ s t a c e )  to the signal, o n d p s s e s  the signal through 
the circuit to the output. The total resistance m the circuit 
then consists of diode V l  connected in serieswith the lmd 
resistor, R1, and this combination i s  ccnnected anoss  
the input terminals. As explaned in the previous ,circuit 
covering the series, positive lo.& dlcde iimirer, the value 
of the lmd resistor should be many times grater than the 
!orword res ls tane of ine diode. 'h'lteir t:is cin?i:ion p r ~  
vails, most of the input signal voltage wlii appmr ocross 
Imd resistor Rl  and thereby be furnished to the output 
tetminals, while only a small mount of the input voltqe 
will drop across diode V1 and be last insofar os the circuit 
output is concerned. Men the input signal gcesnegotive, 
the d l d e  cuts off and thuslimits the flow of current in the 
series circuit. The voltage across load reslstor R1 then 
fz!!; 1- zero, a ~ d r e s a i n s  nt zero untii %e input siqrlui q c s  
positive on the following half cycle. 

One application oi the series, negotive lobe diode limiter 
i s  given in the following illustration, which shows o series- 
connected peak noise iimiter for use m on AM receiver. 

Tnls circuit operates a s  follows: Assme that an input 

Series, Negative Lobe Diode Limiter Used in a Noire 
Limiter Circuit 

audio level (rectified dc from a diode rectifier applied 
beiween point a and gio~nd of -13 volts i s  cpplied to the 
:nput :e:rn:nols cf the circuit. The ifi thde of diode ?'I is 
connected to point c and assumes a potential through re 
slstors R3  and R4 of -10 volts with respect to pound. 
(Since no appreciable current 1 lows through R3 ma ii4 tnere 
i s  no appreciable voltape drop ocross them.! R e  plate of 
Lode '!! i s  c o n n ~ t e d  !s s i n !  b and, with no cwrent tlow- 
i.9, ossumes a potential -5 volts with respect to grwnd, 
through the voltogedivider effect of resistors RI and R2. 
3, p ! c ! ~  O! !hi. diode (point b! is thereby momentarily 5 
volts positive with respect to i ts cathode(poin1 c):  under 
& e s ~  ;;;;di:ic;s t 'e d i d e  r n n d ~ ! ~ ,  mil its resistance 
becomes oppmximately 2MO ohms. Capacitor C1 i s  mn- 
nected to ooint d and charqes thmush resistor R3 to a a~ 
:~~tia! nf o?p:aximotely -? volts wtin respect to ground 
w h r n  i i l e  ,Lade ias:gzi.ce i; 35. ohms. Any m~s!ri-obie 
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change i n  this potential would reqiiire upproximately 0.1 
semnd, because of the time constant of R3 and C1. 

If a noise voltage of -100 volts suddenly appears at the 
input to the circuit (point o) across R1 and R2, the plate of 
the diode (point b) will assume a potential of -50 volts 
instantaneously, while i t s  cathode (point c )  remains at -7 
volts due to the time delay of the R-C circuit R3C1. Thls 
m&es the plme of the diode 43 volts more neqotive 
than its cathode, and the resistance of the diode becomes 
olmost infinite. This effectively disconnects point c and 
audio output capacitor C2 from point b, ond the circuit 
momentarily has no output except that small value which 
passes through R3 and R4, shunted to ground at their 
junction point by Cl ,  m d  also shunted by the capacitance 
of the diode. By the time the momentary noise pulse has 
decoyed, the cathode of the diode will have assumed a pot- 
ential considerably more negative than itsplate (due to its 
connection to point 0 ,  through R4 and R3), and will again 
conduct the audio input signal born p i n t  b to point s and 
the output capacitor, C2. 

The time period during which the circuit limits a noise 
pulse depends upon the R-C time constant 01 R3 ond CI, 
wh~le the percentage of the audio input voltage which is 
available at theoutput of the circuit depends upon the re- 
lationship of R1 and R2. The actual valuesof these corn 
ponents that may beencountered in a particular circuit d e  
pend upon the intended use and opplicotion of the circuit. 

FAILURE ANALYSIS. 
No Output. In a series, negative lobe diode limiter 

circuit similar to that shown in the first illustrotion, the 
analysis of failure i s  simple. Either the failure of the diode 
or the failure of the applied sianai are the oniv ooss~bilities . . . . 
N ~ I C T  CXII: 5~ LX C ~ L S ~  of 3 ~ M L ! F - I  -cz:.t1<:. 

',fie? the ,e:les, nequtive iobe 1.:- !.:r:w: .- . s r j  
:n J n.ore :ccp.:cxei :I:C,JI:, u r n  35 d.e rclsz I IKNC:  
sk3*72 :n :ne se?cn,i 11i~strat:cr. 3ie*c:iitn:.ol cc11.;3r.ents 
could be responsible for no output. If R1 become open- 
circuited or if output coupling capcitor C2 became open- 
circuited no output would be realized from the c~rcuit. (If 
R1 became operrcircuited, there i s  apssibili ty that some 
small value of the input signol, without limiting, would he 
obtained through R3 and R4, depending upon the particular 
input waveform.) If capacitor C l  become shorted, the 
cathode of the diode would be at ground potential and, since 
the plate of the diode i s  at anegativepotentiai, the &ode 
would be cut off; thus, no output would be obtained from the 
circuit. In my case, an analysis of the particular circuit 
would be necessnry in order to isolate the faulty component. 

Reduced or Unstable Output. A weak tube, due to poor 
cathode emission, would likely be r e sms ib le  for o reduced 
value of output. In the application of the series, negative 
lobe diode limiter shown in the second illustration, a lenkv 
capacitor C1 could causeboth a reduced and a distorted out- 
put, while a substantial change in the volue of either R3 or 
R4 could be the cause of distorted output, a s  could also a 
shorted coupling capocitor C2. Since the output voltage i s  
dependent upon the mmparative values of R1 and R2, a 
change in the value of either R1 or R2 wlll affect the cir- 
c7uit output. If R1 should increase in volue, the output 
voltage will derease ,  while if R2 should innease in value, 
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output voltaae will increase. An open capacitor C1 will 
prevent the circuit from limiting and, a s  a result, noise 
pulses will he present i n  the output; furthermore, some sliqht 
lncrwse in output may he noticed. 

PARALLEL. POSITIVE LOBE DIODE LIMITER. 

APPLICATION. 
The prallel ,  positive lobe diode limiter i s  used when 

i t  i s  necessav to limit any pan of the positive portion, 
or the positive-going part of the negotive portion, of an 
input signal waveform, andallow the remainder of the input 
signol to pass without modificotion of waveform. 

CHARACTERISTICS. 
Input signal may contain both positive and negative 

signals. In special cases it may contain only positive 
signals, in which case only those of higher amplitude will 
be limited, or clipped. 

Output waveform contains only negative signols, or sig- 
nals which ore less positive than opredetermined limiting 
level. 

Output amplitude is lower thon input omplitude; no amp 
liiication i s  realized in the circuit. 

Output i s  takm across a diode tube. 
Output signal i s  limited when the diode conducts. 

CIRCUIT ANALYSIS. 
General. The parallel, pasitive lobe diode limiter cir- 

cuit consists of a diode and aresistor connected in series 
with each other across theinput signal. The diode i s  
polarized so that it will conduct during the positive portions 
of the input sionol. Theoutput siqnal i s  taken across the 
diode tube and i s  produced duiingihe period that the diode 
doesnot conduct. 

Circuit Operotion. A simplified parallel, positive lobe 
diode limiter i s  shown in the followingillustrotion. In this 
circuit, the diode, Vl, condunsonly during the positive 
portion of theinput signol. When theinput signal goes 
positive. the diodeconducts, ond its internal (or conduction) 
;esistancedrops from on infinite resistance, when non- 
conducting, to a value of nppioximately 500 ohms. Since 
the resistancevalue of resistor R l  is very large compared 
to the conduction resistance of the diode, practically the 

R I  
0 . 0 

INPUT OUTPUT 
v I 

Simplified Parallel, Positive Lobe Diode Limiter and Input- 
Output Waveforms 
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entire value of theinput voltage drops across l w d  resistor 
R1, while only a very small voltoge drops a a o s s  dicdeVi. 
This voltage may become negligible when the ratio of the 
i m d  resistonce R i  to thediode resistance i s  very high. 
Some voiue of vuitage, howeue; s r x l i ,  will s';!! exist 
across diodeV1, because any diode has some measurable 
c r n r ~ ;  ;: w;is:ancc. 3 : s  :-I-- c! ~ d t q e  1s show in 
Lie output waveform as E,I, url tile positive side of 'LC 
zerc-voltage h e l i n e ,  a7.d represents o!oss in the circuit 
because theoutput contains this unwanted amount of positive 
signal. When the input siiylol goes negative, the diode dces 
not conduct, and the current flow thrmgh R1 1s ~nterrupted 
(except for that infinitesimol cilrient which flows though F.1 
because of the high resistance of the l a d  connected tc the 
nl~tput termlnois;. % l r i  no (or ui:l#uai ilu: ,.uiisigt f:;-:;iq 
through R i  there i s  no voltage drop o a o s s  R1; hence, the 
output vcl:nqe i s  equal to the input voitaqe. It should now 
he cbvious that the load impedance connected to the output 
:em,inds shouid be 3s high as pos sh l e  iil oiGi: :; ;kc:;, 
the highest possible -ioltoge ot the outpl;t terminals The 
actual value of the output voltage in the previously illu- 
strated circuit du ing  the negative half cycle of the input 
signal (neglecting the source impedcnce of the input signal, 
and assuming that the resistance of the diode when non- 
conductinq i s  infinite) mcy be coicuioted by opplying Ohtn's 
law ocnrdifig to the proportion: 

E , : E I = R , : R , + R I  
where: E, =output voltoge of circuit 

E I =input voltage to circuit 
R, = output load resistance (impedance) 
81 = Iiaiter !m;ld r~s i s t o r  

The proportion above con be restated and solved for E,, 
a s  fciiiws: 

It can be seen tram the a ~ v e f o m u l o  that the output voltoge 
(E,) will be ipproximately equal to the input voltoqe ( E l )  
when the output load resistance (R,] i s  very larqe compared .- Lu .L ~ , e  resistance cf the iirniter Iwd resistor, !R1!. 

A nornllel, wsit lvelobe diodelimiter may beused to 
limit only the peaks of the positive woveiorm, while ollow- 
ing a given vclue of !he positive signal to pass through the 
r r rcu i i  10 the wu;?;:. This any be occcmp!?shedby applying 
a biusinq voltoge, 5ivinij ; vdue  g u a i  to !he vail?e oi the 
pcsitive s;qnci to be pcssed by the clrcult, toihecainaae 
of the diode, a s  shown i:. !3t i;csmpaay:ng :Ilyslratior;. 
7Fe hasinq, or lim~ting, volto"e may be obtoinedfrorn a 
intten;, -i s h o w  in the illustration, or tiom a tap on a 
S1eedi.r resistor connected in !he output c~rcui t  of a d-c 
power supply. When Ccijie2:rl >s shc in  i: :nc :iiust:ot:or, 
v n t h  the cathode ai  Vi connected to <he positive :em;nai 
of the d-c source, the cathode of the diode i s  held more posi- 
tive thin the nlnte by the value of El in the absence of an in- 
put s i g d .  As lonq o s  the positive cycles of  the input valt- 
oqe remoin l e s s  positive thiin L: ,, the bias vcltaqe 31 !he 
b x t e n ,  t i p  (iimle r r a ~ i l i , ~ ~  naiiiw?uctinq, and the ostput 
:.c!:c;e 15 ~pprrnv!mnrf.i~ P ~ I O ~  lu i i ~c  i i i ~ u t  .vGito;ji. S.ncc 
aii u i  t i 8 e  ~ t c q u t ~ v c  LyLk: sf ::-,< ,r,+: ;cP.:;c z:c i e ~ s  -*-,- c - 

P a r ~ I I e l ,  Positive Lobe Diode Limiter tiled or o Positive 
Psok Limi ter  

live than E I, these t m  cause the diode to remain nonconduct- 
ing, with the result t+at the output voltage i s  approximately 
equal to the input voltage. Yrhen the input signal increases 
to o voiue which exceeds the voltage of E i ,  the diode con- 
d u n s  during that portion of the positive cycle when Lhe in- 
""1 voltage i s  greoter :han E I. 5 r i r . q  this pe::cd z! cmdcc- 
tion, the output voltage of the nrcuit  i s  equal to the volue 
of E l  (on the positive cycle), while the peak of the positive 
input cycle which exceeds the value of E I i s  clipped, or 
limited, appearing a s  a voltoge drop across the diode load 
resistor R l -  

An application of the positive peak iirniter i s  shorn  
i r  %e !31!c%.in~ i!l~st:r~!!o~. !"!?is C ~ T C U ! ~  on input timing 

OUTPUT 

- 
R 2 

I 

Typwol 4pplicatien of Poiallai,  Positive Lobs Diods 
Limiter in a Radar Indicnter Circuit 

puise having a pulse duration of approximately 5 m i m e  
seconds ondan nmplltude of ,120 volts, trom a radar trans- 
xitter, i s  applied through a diode limiter to o sweep genera- 
!or cl:cuit, !o p r c s ~ c e  the sweep presentation on on indico- - . . .  .-- ----- , L -  4.-.- ,.-..a * ,.;".A < - " "  --,, ::,.: ,,,,< ;;;\,- 
."I *LYYS. Y Y Y L  ..lll..ll., .....-,. 1" " r--..-., i--...- . '""a 2%"" .:'-7.. i. , < * .  ,,, !"".i,:r ,j :;xi?, s,i:se aii.c:i. ~. 
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tude of +38 volts output to the sweep generator circuit. 
This i s  occomplished by opplying a fixed bias potential 
of +38 volts to the cathode of diode '41, from o voltoge 
divider composed of R2 and R3 connected to a +40&volt 
power supply. When the input sign01 rises to a potential 
more positive thon +38 valts, Vl conducts, andits resistance 
(conduction resistance) drops to o very low volue. Since 
the cothode i s  held a t  a potential of t 3 8  volts and the re- 
sistance of V1 i s  negligible, the potential at the plate of 
V1 i s  also t38 volts, while the remainder of the i l 2 v o l t  
input pulse appears a s  o voltoge drop a n o s s  the plate load 
resistor, R1. 'Ihe t38-volt pulse, which comprises the out- 
put of the limiter stage, i s  coupled through capacitor C2 lo 
the following (sweep generator) stage. The output potential 
i s  thus held, or limited, to a moximum of 138 volts, r e  
sad less  of haw l a a e  the value of the pulse i s  at the input 
t i  the limiter circui;. if, however, the input pulse decrksed 
to a value less  than t38 volts, the entire pulse would be 
passed through thecircuit to the output, and no limiting 
would occur. I? this event the wltage ot the plate of the 
diode would be less positive than the voltage at the ca- 
thode, and the diode would not conduct. 

A oarallel. oositive lobe diode limiter mav olso be used . r  

where'it i s  desired to li& not only the entire positive 
peaks of theinout sionol. but olso aoredetermined level of . > .  
the negative peaks, in order to furnish an output only when 
the negative peaks exceed this predetermined level. This 
may be accomplished by opplying o biasing voltoge to the 
cathode of the diode, equal to thevalue of the predetermined 
level, but of opposite polarity to that of the preceding cir- 
cuit, a s  shown in the following illustration. h this circuit 

INPUT 

E, T 
t 

0 L 0 
- - 

Parallel, Positive Lobe Diode Limiter Used lo Pars 
Negative Peaks 

a negative potential E, i s  applied to the cothode of diode 
V1, from a bottery or power supply. With the cathode 
negative with respect tothe plate, the diode i s  mointained 
in o conducting state in  the absence of an input signal, and 
the w t ~ u t  voltaae is held at a steadv (neoative) 6 c  level . .  . 
equal t6 E,. ~ i i h  an input signal applied to thecircuit, 
the output voltaae will continue to be held at this steady d-c 
level, with theinput signal appearing across the diode l&d 
resistor, R1, until theinput signal becomes more neqt ive  
than E,. When this point i s  reached, the diode will no 
longer conduct; its resistance will then have increased to 

s4),000.102 LIMITERS 

an infinite value. As a result, the inout sional, which me- , . 
viousiy oppearedanoss R1 because R1 wosmuch greater in 
resistance than diodeV1, now will owear anoss  Vl and 
the mtput terminols of the circuit, s&ce Vl i s  now much 
greater in resistance thon Rl. Theoutput signol, therefore, 
mntoins oniy the negative peaks of the input signal which 
ore more negative than the biosing voltoge, E,. 

FAILURE ANALYSIS. 
No Output. In a parallel, positive lobe diode limiter 

circuit similar to those shown in the first two illustrations, 
the analysis of failure i s  os simple a s  the circuit itself. 
Either the failure of the diode by shorting, or the failllieof 
diode lwd resistor R1 or coupling capacitor C2 by open- 
ciicuiting, or the failure of the applied signal ore the only 
possible causes of o nc-output condition. 

When the parallel, positive lobe diode limiter i s  used 
in a more extensive circuit, such a s  in the radar indicator 
circuit shorn in third illusl'rotion, some of the additional 
components could be responsible for no output. In this 
particular circuit, which i s  intended to limit positive pulses 
to o level of t38 volts and not to completelv limit positive 
pulses to zero potential, a s h o d  caihode bypass capacitor 
C1 would couse complete limiting to zero (ground) potentiol. 
Since the input contained only positive pulses, complete 
limiting would produce no output. 

Reduced or Unstobl. Output. h a parallel, positive lobe 
diode limiter, o reduced value of output may be due to either 
an increased volue of the diode load resistor R1, or the 
result of a change in the parallel portion of the circuit, 
which consists of thediode itself and its cathode biasinq 
companents when applicable. In the first two illustrations, 
on increased value of R1 due to overheating or aging or 
an improper value of biasing voltage E, could be the cause 
of reducedoutput. h the circuit shown in the thlrd illus- 
tration, the failure of the a o ~ l i e d  voltaae to the cathode . . 
circuit or an open-circuited resistor R2 would allow the 
diode to almost completelv limit theinput pulses (assuminq . . 
tney cre FCslt.ve pdses,  csshcur  :r t te 11I~ i t r a \ c r  ,xi 
* o , ~ l i  IrL? CCUF 3 S L ~ S ~ ~ ~ I : I I I Y  re!.cel cmL!. :I, h w -  
ever, the low end of the cathodevoltage divider, resistor 
R3, became opencircuited or resistor R2 become shorted, 
the full value of the bias voltaae fmm the wwer s u ~ ~ l v  
( 4 W  volts) would be applied <o the cathoie of ~ 1 , ' ' k t h  o 
400vo l t  patential on the cathode, the diode would be 
completely cut off, and no limiting would be iealized. In 
this case, the output siqnal wwld be the same as the input 
signal. 

PARALLEL, NEGATIVE LOBE DIODE LIMITER. 

APPLICATION. 
The parallel, negative lobe diode limiter i s  used when 

it is necessary to limit my port of the negative portion, or 
the negative-going part of the positive portion, of an input 
signal waveform, and allow the remainder of the input signal 
to pass without modification of waveform. 

CHARACTERISTICS. 
Input signal may contain both positive and negative 

signals. h sped-: cases it may mntain oniy negative 

ORIGINAL 
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signcls, in whish case  only those signals oi  higher ampli- 
tude will be limited, or clipped, to a predetermined level. 

Output waveform contoinsonly positive signals, or 
signals which me lessnegauve than c predetermined limiting 
level. 

Output amplitude is lower than input omphtude; no 
ompllilcot~on is aiiurdrd iy ;lie ciri?ii:. 

Output i s  token ocross o diode t u k .  
Output s~gnoi  is limited to o preset .;c!;e, iete:m:>ed by 

in i t id  circuit design, when the & d e  conducts. 

CIRCUIT ANALYSIS. 
G.ner-I, The   mi lei, nejotive lo?? iiode l im~tei  

circuit conslsts of  o &ode m,d o resistor connected ;n 
, - ,  

2 t ,  ! 2 s  e : s o .  ine uludr 
is polarized so that it will conduct during ;he negotive 
portims of theinput siq.01. The o i l tp~t  s~gna! is token 
across rhe hude tube, arid :hc a;:put signo! is prduced 
aunng the p e n w  that the dioce doe, not COS~L::. 

Cirsult Opermlon. The iiicui: of o sizp!ified parallel. 
negative lobe diode limiter i s  shown in The following illustro- 
tion. in this circuit, thediode, V1, conducts oniy during 

Simplified Parollel. Negative Lobe Diode Limit. and input- 
Output W.*rf.r.t 

the negotive portion of the input signal. As long a s  the 
Input signal remains positive, the d.'ide remclosin n non- 
;;i.i;c*,;n; s:c!e. 31?tt"-inpil~ s>mni 1s mnduned thiouqh 
R1 to the cutput !nminols. Since under ordinary conditions 
he i w o  con:ectri ii. ;hi ;i:p';: !e:%iro!s hcs 0 vPn, high 
:rs:;::zce. a?,c~b.erri,?rr i:snrnoril; if c;;:mt !!ow is 
:n!!nl!e~!mi;i. !t,m? is l i x t l ~ u l l r  r.3 :i::cj~ 12; n-355s 

. . .  
ti,. i , ~ n e  ,red icsi;:c:, Pi. As z ~ c s : ! ; .  :b,e g!:tpu! voitoge 
:s pract~colly ?quo1 to ine~npu; uoltcje. r?.is 1s shows :-. 
;:,- --..,?" 

. . . I  .. ,, . "! the c,i!?>:- wnvnlorm d i a ~ a m  abve.  
' >I,,L,. - ' -.L ::.;*~ + d . r  -.-I-: ... :-. - ^ I L c - ~ - - ? + ~ ~ ~ P  . . rnerliooe conducts, on0 
! t i  r~sictnrrcr .3rors :i;n on ;;i:n::en!~?e (when in n now 
canductlnq stalej  to on  dvridqr  rli:ui 2: bit ;.?;-.s. L::e 
::.; 5 3 : ~  !:& i e s i = + ~ r ,  R1, !s VPF! mrge ~timwim iilii fie 
reslitonce oi Vl  when coduc t i n j  (50hhhn!. x a r l y  ail 
' ' L  -;--I i--..s rlinns o n o s  R l ,  and a very u, I<;= -.?.. .u.,-y. ..~- 
small part oi h e  siqnd input .ioltage:si~ow, ir. theoutput 
waveform as t,:? zaps ocross &ode 'Vi. This i d ~ e  cf 
. -,!:,n:~; . .v'.::h Secc-es nr:l!::iie whrn i h i  i;:;; ?,I/'!! ic 

:,J,ue. ;; ;;;cr.: I: rC? ?SF! ni r b  r r l r ~ a ~ i ~ .  i~uni-iei, . . 
, .L .  . .?.",, a d  represents o loss o e c u u b t  I. a - i ~ ; ~ ~ . ~  ;.-,.. - -  

ORIGINAL 
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effective value of the output siqnal, since it i s  a voltage 
of apposite polmity. 

A parollel, negative lobe diode limiter moy be used in 
ieverol different opplications, each of which requires a 
slight mod;!ica?ion o! the circuit and ossacioted companents. 
By the application of o fixed value of biaslng voltage to 
the A ide ,  !hro>qh th? use of a battery or biasing resistor, 
the voliogz iit "hich :he diode ~ w i  !!tart to conduct, ond 
thereby limlt, may be preset to any desiredvalue. In 
oddition to the basiclimiter circuit, in which the entire 
negative lobe i s  cut of f ,  or limited, two other applications 
are commonly used. In these applications, either the peaks 
of the neaarive portion a! the input waveform may be limited, 
or the peaks of the positive portion of on input waveform 
!!,cY Lr .t:ai-;<, x"!c :be :ezcic.i?r nf th? y s i t i v e  wrtion 
ond all of the negotive portion oi  the wovetorm ore iimited. 
These circuit opplicationsare described in the following 
paragraphs. 

'i$ilrr: 1; iz de5iiel tc Iixit only !he neqntive peaks of 
the input signal ondailow the remainder of the negative 
portion andall  of the positive portion (it any i s  included) 
of the input signal to pass, unmodified, to the output of the 
limiter, the circtuit shown in the foilowing illustration may 
be used. In this clrcuit, a negative biasing voltage, equal 

O U T P U T  

"I 

lNPUT 

- 

Porollsi, Nsgotive Lobs Diode Limiter Used or a Negative 
Peak Limiter 

in volue to the negative siqnal which the circuit i s  to pass. 
i s  applied from o wttery or power suppiy bieedel rrsis:ar :c 
the plate of diode Vl, whlle the positive ierminal of  the 
hior vnltnoe i s  returned to qround. By thismeans the piate 
.! diode i s  " r i i  nsqawce :i'::r. :CS:rc! i the ~4t$,0i.li!" 
D" the voiue a; E,, lii,&r cz.'i!isnz ?! nc inp.i: signoi. 
hnen un mpui sigili is ;;;:&2 :; :he I:I~.x:; c->; Fsi!!ve 
voltage, or any "due  of negative voltage which i s  l e s s  
,.,e.Jui*ve ;llr ru:;"9, t, G;l:c-: :3 .he *il l  7,": 

alter the s tauc  conaitlons ot i. ;, MG L1 will renuin sir;- 
,-croi~r-!!!!q. 'n:e /?SPY: siqn3! "ill thereby pcss through the 
L;;& loid rejistsr, P!, !:the autp'i! terminals, Incurring 
very little-if any-voltage drop Lhrough fil t c i au se  s! thc 
very high lmpedonce of the load under normal cund~tions. 
and the extremely minute miue oi nirrenr iiowirrg ii.2 lhs 
!oad circuit. The output signal will therefore be appmximate- 
iy eq~d to themput uoltoge, whlie the &ode i s  nonconduct- 
,.,,, :,,>en <>? ixpuc h;,<::,-i te,-;ze: zotz  Zeoa::,!? L h X  :he 
i , - - s - -  . . . . . . . .rl,--- . .  7. . diode ' J :  ;an"-c:s, an l?rs  ~e5is~tlr i i . r  

. - 
I>-A-~ 



ELECTRONIC U R W l T S  NAVWIPS W0.000.102 LIMITERS 

drops to approximately 500 ohms, which i s  very low com- 
pared to the normally high volue of lood resistor R1. This 
low resistance is now in parallel with the output lood, 
effectively short-circuiting the output. The resulting cur- 
rent which flows through V l  and i ts  lood resistor R1 pro- 
duces voltage drops across R1 and V1 in direct proportion 
to their resistances. Since R1 i s  very high compared to the 
forwmd, or conduction, resistance of V1, practically all of 
the negative portion of the input siqnal which i s  more 
negative than E, appears a s  avoltage drop anoss  R1, and 
i s  thereby clipped from the output signal. Thus the value 
of the applied biasing voltage, E,, establishes the paint at 
which the circuit will limit, or clip, the input signal. 

An application of the negative peok limiter i s  shown in 
the followina illustration. This circuit i s  used a s  a noise 
I \rntm io l lcc~rq the clode ietecto: smqe in :n A l l  :e:eluci. 
' h e  o t ~ p l t  of the le:cco: 1s :: necctwe o::lo s~.jnal ncvln2 
a maxi& value of 0.2 volt rms, &d this signolis opplieh 
to the input of the pelk noise limiter. The resistors, R1 and 
R2, are connected as a bleeder to a negative lX!-volt power 
source. The -10 volts obtained at the junction of R1 and 
A2 due to the voltage divider action is applied a s  a fixed 
bias to the plate of the parallel diode limiter, V1. Under 
normal conditions the input signal i s  passed through mupl- 
ing capacitor C l  to the output terminals, unaffected by V1 
and its associated circuit. When a noise pulse having a 
peak amplitude exceeding -10 volts (the value of the fixed 
bias applied to V1) appears at the input terminals, diode 
V1 conducts, ~ loc ina  on effective short circuit across the 
output termin& for the duration of the noise pulse. The 
noise pulse is conducted to around throuah the low resist- 
ance o* V1 (when in a mnducting state) &d the low react- 
ance offered by C 2  to a shorp noise pulse. -Since the noise 
pulse i s  shorted to ground, the pulse is prevented from 
activating the agc circuit, which would in turn block the i-i 
amplifiers and interrupt the output signal for a much longer 
time intervd than the actual time duration of t ie noise pulse. 

- INPUT OUTPUT + + 
INPUT IvA 1 xdiT-z6 

LIMITED 
! NOISE 
: PULSE 

FAILURE ANALYSIS. 
No Output. The analysis of failure which results in 

no outout from a parallel, negotive lobe limiter should 
be relatively simple, because of the small number of com- 
ponmts comprising the circuit. In the first two illustrations, 
for exwple, only three conditions could be the cause of no 
output. Either the diode load resistor R1 moy be open- 
circuited, the diode Vl may be shorted, or the input signal 
may have failed. One other condition could contribute to 
no output in the semnd circuit illustrated, but the possibili- 
ty that this condition will occur is remote. If the input sip 
no1 to this circuit contained only negative pulses, the peaks 
of which were to be limited, andthe biasing voltoge E, was 
removed (because of battery or power supply failure) or the 
oolaritv of the voltaae was inadvertentlv reversed. then the 
&tire negative inpui signal would be conducted to ground 
throush diode V1, and no output from the circuit would be 
obtained. In a more complicated circuit, such a s  that shown 
in the third illustration, additional muses of no output 
may be an open mupling capacitor C1, a shorted bypass cap  
acitor C2, or failure of the biasing voltage due to either 
power supply failure or an open resistor R1 in the voltage 
divider circuit. 

Reduced w Unstabl. Output. A reduced or on unstable 
output from a parallel, negative lobe diode limiter may be 
due to a substantially increased value of the diode lwd 
resistor, R1, resulting from overheating or aging; an inter- 
mittently shorting diode, V1; or an erratic output from the 
biasing voltage supply, E,, when used. In a more extensive 
ciicuit, such a s  that shown in the third illustration, akaky  
coupling capacitor, Cl, would contribute to an unstable or 
erratic output. In addition, if the resistor at the low end of 
of the bleeder supplying the biosing voltage become open- 
circuited(R2 in the circuit illustrated), the output of the 
circuit would be distorted from the nonnal output, in that 
the output would contain negative signals up to a possible 
negative 15C-volt volue, ond no limiting would be obtained. 
If, on the other hond, bypass capacitor C2 became open- 
circuited, a sharp negative increment of a noise pulse applied 
to the input to the circuit would encounter a much greoter 
impedance to ground throuqh R2 than would normally be 
offered by C2. As a result, the decoy time of the noise 
pulse would be increased hecouse of R2, resulting in distor- 
tion of the output waveform. 

Parallel, Negative Lobe Diode Limiter Used as a Peak 
Noise Limiter 

ORIGINAL 
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TWO-DIODE, POSITIVE AND NEGATIVE LOBE DIODE 
LIMITER. 

APPLICATION. 
?he two-diode, positive md  negative lobe &ode limiter 

i s  used where it i s  required to limit both the positive and 
nwntive oeaks of on inout sianol waveform, in order to --. .L." " ...-... ":,.-.I r.,." ,",..Ai," ,.d,,,,i"&- pi=*"', YYLr", my,,r ------ ...r) ?.-- . .... 
maximum values for both the positive and neaative peoks. 
With the elimination of both p-eaks, the remaining s&al i s  
generally of squorewwe shape; therefore, this circuit i s  
often used a s  o squarewave generator. 

CHARACTERISTICS. 
7.- . .:--> ---... :-- L...L ..,.";.c..n"mA ,.a-"+;,,o -<",."Ic "1P"L Dlyl,". CVl,lYllil -.,, -1- l.-y" -_2_._._ 

Output waveform contains both positive and negative 
signals, both of which do not exceed values which are preset 
limits in the initial design of the circuit. 

Output omplitiide i s  lowe: than the input amplitude; ro 
amplification i s  afforded by the circuit. 

Output i s  taken across two reverseconnected diode 
tubes 

CIRCUIT ANALYSIS. 
Genatai. The two-diode, positive and negative lobe 

diode limiter consists of two diodes, o source of both posi- 
tive ond negative voltage, and o load resistor. The load 
resistor i s  connected on the input side of the two diodes, 
and the diodes with their source of (bias) voltage ore con- 
nected in pmallel with wch other and in pmallel with the 
output terminais of the circuit. The output slgnai is pru 
duced os a repetition of the input signoL during the interval 
that either diode does not conduct, ond i s  limited ot the 
p i n t  where either diode conducts. 

Circuit Operotion. The circuit of a simplified twu 
diode, positive md  negative lobe diode llm~iter i s  shown in 
the followinq illustration. in this circuit the two diodes, 
'(1 md i'2, each have a d-c .vo!;age c~nnected in series 
with them. The cathode of diode V1 has a positive potent- 
ial applied which, for the purpose of illustration, has a 
value of 13.0 volts, os indicated in the associated w w e  
form. The plate of V2 has a neqotive potential opplied, 
which for illustration has a value of -3.0 volts. A load ie 
sistor, R1, is connected between the input terrninais onc 
the two diodes. Under mnditions of no input signal, hoth 
&odes me i n  n nonconducting state, since the voltaqes 
h a t  are applied ro them me of jucti plmity as :o appose 
the iiow of current through the diodes. These wltoges z e  
often termer! alos vokiiges, smce they estab::sk :he 1;i.e: 
of potential at which the diode wili switch from a nancon- 
aucting io a conductinq slatc. : L w  us iumc.  tirit XI II;.;.u: 

signol, having a sine waveform w~tn positlve and negatlve 
peaks of t6.0 on" -6.0 voltb, respectivziy, Ls opp!led tc 

Simplified Txo-Diode, Positive and Negative Lobe Diode 
Limiter and Wareforms 

the input to the circuit, as shown by the input waveform in 
in the illustration. When the voltage on the positive cycle 
of the input signal reaches +3 volts, this same value of 
voltage oppems at the plate of Vl, since, with no current 
flow, there i s  no voltage drop across the load resistor R1. 
At this point the plate voltage i s  equal to the voltage a p  
plied to the cothode from the Sics 'buttery, E,. As soon as 
the positive cycle of input signal exceeds t3 volts, diode 
V1 conducts, and a current flows through Vi and load re- 
sistor Rl. If the wltoge drop ocross V1 i s  assumed to be 
nealiaible. anv value of inout voltme which exceeds 13 . .  . , 
volts wiii appear as a volrage drop acruss HI, iejuking fro- 
the current flow due to the conduction of V1. This i s  in 
accordance with Kirchhoff's lows, in that the algebraic 
sum of the voltoge drops and the applied voltage mound 
any closed circuit equals zero. (At this momentdurinq 
the positive input cycle-the pmallel path consisting of diode 
V2 and battery E, i s  effectively out of the circuit, since it 
. . 
is in a noi,conducting stcte.) The signal at the outp'~! 
terminals, during the psit ive half of the cycle, will then 
rise in sinewave fashion to a value of 13 volts, a t  which 
ooint the voitaae will be iimited, or held, until the input 
Lignal passes ;hrough its peak of 16 volts and falls to +3 
volts aaoin, when it will follow the sine waveform durinq 
the decoy of the positive cycie down to zero volts. 'Thus 
the positive holi cycle of the output waveform wili have a 
ilot top at 13 volts. When the input signal passes through 
zero voks wl izciecscs 12 3 negotlve direction, the odt- 
-. ,,, .. signal ;etoins the size w a v e f o ~  until the input s i p d  

;sock.rs J .;due 3: -3 volis. At this p i n t  t!!e cathace 
voltoge of V2 i s  equal to the negative voltage (-3 volts) 
"rPLed tc the plate of V2 is-  bias battery E,. 4 s  saor g: 
the negative cycie of the input signd exceeds (negativeiyj 
:i,e -3 va!ts Sios, diode V2 mn?ucts, causing n curter: to 
flow through V2 n d  !ood resistor Rl. In o similar mcmner 
to that described ior diode L'l and the positive cyde, m y  
value of input voltage which is more negative thm -3 
voits will aopea as a witaqe drop across R i ,  as o resuir 
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through its negative peak of -6 volts ond returns to the 
value of -3 w l t s  agoin. Then V2 will s o p  mnductinq, 
and the output signol will again follow the sine wweform 
of the input signol os the negotive half of the cycle i s  
mmpleted. 

The p i n t  a t  which the positive ponion of the input 
signol will be limited, or clipped, may be preset by opply- 
ing a positive bios wltage of equal value to the cathode of 
diode Vl, which i s  the positive peak llmiter diode. In like 
mmner, the point of negotive limiting moy be preset by 
applying a negotive bias voltage to the plote of the nego- 
tlve pwk limiter diode, V2. In this way the output signal 
may be held within any desired ps i t ive  and negative limits. 
Such a circuit i s  sometimes referred to as a gate clipper, 
since it acts a s  o gate which allows the center partion of an 
input signal to pass through to the output. More i n t e  
quently it i s  known as o slicer. 

When the applied bias voltoges are equally ps i t ive  and 
negative and oi a low value, while the input signal i s  o 
sine wove of a relati:,ely high value, most of the ~ ~ e d  
portions of the sine wave at i ts  peaks will be clipped, ond 
the remaining positive-going and neqotive-going portions of 
the waveform will have steep sides which approach the 

~ ~ 

vertical. Thus a fairly accurate square wove output may 
be obtoined, and such o circuit i s  often used a s  a square 
wove generator. 

FAILURE ANALYSIS. 
No Output. in o two-diode, positive and negative 

lobe diode limiter such a s  that previously illustrated, 
several mndit~ons muld be respnsible for no output. 
Falure of diode loud resistor H1, due to an "open" r e s i s  
tor, or failure of the applied input signal would result in 
no output. Another possibility which should be investi- 
sated i s  the failure oi both bios voltoqes. If individual 
tatrerles ::c Jsec for  MI^ :ie L ~ C ! I Y C  a d  ~ S I ~ : V D  ~ i 3 i e s .  
1-e ? : ~ L ~ ~ C P P I S  !xl..re T I  bo:n .3 very ~n!l<e!y, :z tks  
some measure oi output signal would he obtoined. If, 
however, the bios voltages ore obtoined from o d-c power 
supply operated from a power line, and the power supply 
foiled, the diodes could then conduct through the circuit 
completed by the bleeder resistor in the output circuit of 
the power supply. Under these conditions the positive 
portion of the input signal would be clipped, or limited, by 
diode V1, ondthe negotive portion would be limited by 
diode V2; thus no signal - or extremely little - would be pre 
sent a t  the output terminals. 

Rodu.4 or Unstable Output. In a twc-diode, positive 
and negative lobe diode limiter, a reduced or unstable 
outpit may be due to o defective load resistor, R1, which 
may have suffered a considerable increase in resistance 
value. In addition, poor emission of the cathode in diode 
V1 or V2 may couse unstable output, a s  may also insuffi- 
cient bias voltage E, or E, due to oging tatteries or a de- 
fective power supply. Finally, the possibility of a reduced 
value of input signal, due to some defect in the preceding 
circuit, should not be overlooked. 

TRIODE LIMITERS. 

APPLICATION. 
The triode limiter is used to limit, or squore off, o 

prtion of the input waveform. It is often referred to as a 
clipper, or clipper amplifier, k o u s e  of the "clipped" 
appearance of the wove pwks in the output waveform. 

CHARACTERISTICS. 
Input may be a positive signal, o neqative signol, or a 

mmbination of both in which the wweforms on the positive 
and negotive portions may be either the same or different, 
depending upon the design opplicotion. 

Output may be o positive signal with the negative por- 
tion completely clipped, or o negotive signol with the 
pasltive prtion completely clipped, or either a positive or 
o negative signal with the opposite prtion partially clipped. 

Output amplitude (peak value) may be higher than in- 
put omplitude on the peak which i s  not limited; that is, 
omplificotion i s  afforded by the circuit. However, the over- 
all mplitude (peak to peak) of the output signal may be 
higher or lower than the input omplitude, depending upon 
the circuit application design. 

Output signal i s  out of phase with input signol. 

CIRCUIT ANALYSIS. 
Cenarol. Triode limiters are extensively used in rodar 

circuitry, where very norraw pulses often are required to 
trigger oscillators into action, or to force grid potentials 
h v e  cutoff values so that a tube may mnduct for a short 
period, or to modulote rcdio-frequency power into brief 
pulses. Alternate positive and negotive pulses, obtoined 
from vonous types of pulse-generoting circuits, may be 
passed through G limiting circuit to obtain pulses which 
are either positive or negative with respect to a predeter- 
mined reference level. This reference level may be at 
zero wltoge or any desired value of ps i t lve  or negative 
potential. By alternate stages of amplification and limit- 
ing, the pulse moy be narrowed to any width desired. 

Circuit Operation. Triode limiters may be divided into 
four classifications: Grid Limiters, Saturation Limiters, 
Cutoff Limiters, and Overdxiven h.plifier Limiters. The 
specific characteristics and circuit operation of ecch of 
these clossificmions ore contained in the four circuits to 
follow in this sexion. A brief discussion of triode limiters 
in general i s  given in the following paragraphs. 

A grid limiter utilizes the qrid-to-cathode circuit of a 
triode in the smne manner thm the plote-to-cathode circuit 
i s  utilized in a parallel, positive-lobe diode limiter. The 
similarity between these two circuits i s  shown in the fol- 
lowina illustration. 

in part A of the acmmpanying illustration, the grid of 
the triode, when driven wsitive with respect to the cathode 
by the positive portion of the input signal, conducts current 
and acts the same a s  the plote of the parallel diode shorn 
in port B of the illustrotion. Limiting of the input wove- 
form occurs only when the triode grid draws current. 

A snturotion limiter utilizes the cothodeto-plate cir- 
cuit of a triode, with an input signal opplied to the grid 
which is of sufficient omplitude to cause plote current 
saturation on the positive portion of the cycle, but which 
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Typical Overdriven Amplifier Limiter 

the grid i s  driven above ground potential, and ot this point 
grid current flows, limiting the signal. The plote voltoge, 
now at i t s  lowest value, remains ot this point until the 
inout sianal oasses throuoh its oositive peak and falls . . .  
again to ground potential, when grid current ceases to flow. 
Limitino of the wsitive ~ e a k  i s  thus completed. When the 
input signal, on'the negiive cycle, folls;o the cutoff 
~ o t m t i a l  of the grid, conduction ceases, and the signol i s  
limited on the negative peak. The plote voltage, now at 
its highest value, remains at this point until the input 
siqnal passes through its negative peak and again returns, 
on its positive cycle, to cutoff, when the operating cycle 
is repoted. In this manner, the werdriven amplifier may 
be utilized to clip both the positive and negative pecks of 
an input signal, and at the some time decrease the rise and 
fall times of the center portion of the input woveform by 
steepening the sides of the output square wave. 

FAILURE ANALYSIS. 
No Output. The circuits of triode limiters present 

various configurations, depending upon their type and 
particular application. In general, a no-output condition 1s 
usually caused by a defective tube or a failure of the in- 
put signol. If o tube becomes defective a s  a result of in- 
ternally shorted elements, an excessive current may 
momentarily flow and cause the burnout of a cathode or 
plate load resistor, and possibly o plate supply voltoge 
divider resistor if used. Therefore, if a shorted tube i s  
found, the possibility of these odditional defects should 
not be overlooked. An open output coupling capacitor 
could he the couse of no output, a s  could olsa failure of 
the plate voltage supply. One odditional possible c a s e  of 
no output, although rare in occurrence, i s  failure of coth- 
ode emission in the tube due to trolble in the heater supply 
circuit. Therefore, although it may appear to be superfluous 
to mention, the triode should be checked to see that the 
heatedcathode is glowing and that the tube envelope is 
warm. 

Reduced or Un.tobia Output. Reduced output or un- 
stability in a triode limiter could result from several con- 
ditions. A tube hwing poor cothode emission, due to age 
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or sustained overload during its operating life, may be r e  
spnsible  for a reduced value of output. A change in 
value of o arid resistor. if used. mov affect the waveform . . 
of the input signol abnoimolly, ond thereby reduce or distort 
the output wovefonn. If the circuit contains an input capa- 
citor, and the capacitor is leaky or shorted, on improper 
value of bias may be applied to the grid from a preceding 
stage, thereby changing the operating point of the grid 
with reference to the input signal. If an output capacitor. 
where used, becomes leaky or shorted, the plate voltoge 
may be decreased because of the additional load poth and 
the increased current through the plate load resistor, re- 
sulting in reduced output and possible distortion. A short- 
ed cathode bypass capacitor, if used, would cause the 
cothode to operate at zero bias, increasing the plate cur- 
rent cmd pss ibly  causing grid current to flow, resulting in 
distortion of the output woveform. A reduced value of volt- 
oge applied to the plate of the triode, a s  a result of a d e  
fective power supply, may change operating conditions, in 
oddition to beinq the cause of a reduced value of output 
signal. 

TRIODE GRID LIMITER. 

APPLICATION. 
The triode grid limiter i s  used to llmit, or clip, the en- 

tire positive half cycle, or a portion thereof, of the input 
waveform. 

CHARACTERISTICS. 
Input may be either o positive signal or a signal con- 

toininq both positive and negative portions. 
Gutput may be a negotive signal with peoks clipped, or 

o signal having positive and negotlve portlons in which all 
or o portion of the negotive peaks me clipped. 

Chtput signal i s  out of phase wlth input signal; there 
fore, the clipped positive half cycle of the input becomes o 

clipped negotive half cycle of the output siqnal. 
Output signol will contain a positive signal which is 

the amplified negative input signal. It may contain a nega- 
tive portion, which i s  the result of o partially clipped posi- 
tive input signal that has been amplified. The over-all 
output peak mplitude may be higher or lower thon the in- 
put, dependinq upon the circuit application design. 

CIRCUIT ANALYSIS. 
General. The triode grid limiter i s  similar in its 

limiting action to that of the parallel, positive lobe diode 
limiter. An advantage of the triode grid limiter over the 
diode limiter, however, i s  that omplificotion of the negative 
portion (that part of the input signal wh~ch i s  not limited) 
i s  accomplished, in addition lo the clipping action. In the 
triode grid limiter, the clipping i s  obtained as o result of 
the action of the cothode and control grid, in the same 
manner a s  the action of the cathode and plate of a diode 
limiter. Limiting action is obtained when conduction oc- 
curs i . e ,  when the grid i s  positive with respect to the 
cathode. When conduction of the "diode" (cothode to grid) 
does not occur, i.e., when the grid i s  negotive with respect 
to the cathode, arnplificotion and phase inversion af the in- 
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put signal t ake  place, in the monner which 1s chorocteristic 
of o reaular triode mol i f i e r .  

Circuit Operetion. A typical unbiased grid limiter cir- 
c i t  i s  shown in the followins illustrntion. i n  thls  a r c u l t  
the input rlgna! i s  app!id !o the grid of rrinde V1 rhrauyh 

INPUT 

Typical Unbiased Triode Grid Limiter and input-Output 
Waveform 

grid resistor R1. In thecircui t  illustrated t h e  nc-signal 
plote current will be relatively high becsuse the tube 1s 
lunhiosed; therefore, the plate  voitaqe will be mrrespondmg- 
ly ;ow. For !hi5 rezs;i,, : ;cs:?i.ie i-3-r s!;?o! m3y have 
little e f fec t  upon the plote current. Hwwever, when the in- 
7;: s ~ g n c i  goes ~ o s i t i v e ,  this  ~ p i j i t i v i  ;cit;;i a z p c r c  =! 
the qrid of V i ,  and grid current begins to flow. Slnce the 
cathode o f  V! i s  grounded, the only resistance to the flow 
of grid current in oddition to R l  i s  that offered by the grid- 
toso thode  resk tonce  o i  V: . If ,grid res is ter  !! ic: 3 ,ier: 
t,igh resis tance in comporlson to the g r i h t ~ o r h o d e  resis t -  
ance  of Vl when grid current flows, proctica~iy the entire 
positive portion oi th? input s iqnal  will De cflpped, or iimlt- 
ed,  to the voltoge 01 the  cothode (which in this  particular 
circuit i s  zero v a l t ~ q e ,  or qro-nd potcntia!). !n the  sane 
rnmner thnt the reverse resis tonce o! o diode (the pl-te-to- 
cathode resis tance when in a nonconduct~ng s tole)  i s  in- 
iinite, ?;bile the forward !or conductinn) res is tance i s  only 
'"" n,,, ' !a~l$"""":'"'c.y, -----:--.-'-" "?.,,,;, -I.- -" ---I-.. ".-- ." .. ' h a  rcrli-,o<i.n\idp ?... - re- 
sis tance of 3 t r i d i ?  st an lnfinite ,,clue whe? !n o noncon- 
duct:nq s t a t e  ::hei the  ?rid i s  negll t i~e wil l  r*sp?ct to me 
cothorie); however, this  r e s l s t an ie  arops t c  c :muc 31 suu 
t c  1000 qhms when the $id becomes positive w ~ t h  respect 
!c !'.e ,:g!h?de. The~~f^lrp.  ?r2ctjcoily t i ?  entlrP value 01 Int  
nositive wr t ion  of tlle input voltzge wil! drop n r ross  tne ~ e i ~  

hlqh resis tance of hl und is irlowo on *,e input h;~eioi:: ,  :5 
7 

:;, :. ?p,!y ,- w r y  i r n ? l l  p r :  oi me i n ~ l ~ t  voildqr wlii d r w  
ocioss  the qid - toco thade  (conduction) r i s i s t cncc  cf V I  
,.,;Y~;-, is ; ;e!c'Y~:cli. !*:: reeistc 10; !hi- vni1oi?e drop, 
olthough s n a i l ,  is s h o w  on tile input ~ ;vc fc :m ;e the :..-!x 
Eqt. A s  n re;ult of the small posltlve bms  on d!r , jrli  a: 
'"'1, a r,cxir,;;m . ~ d ~ e  s! =late  ccrrect f i3ws 17 rh? ?iutv 

,,,,,.,, - ~ .  L:.L -1 -6 "  -.... "". ' ,m,,,,"" *h,",,"" n i  ,,,- ,,;c ,;,",a Yiu,r ." ii..,,., .....y ? ~ . . ~  

iood reslstor n i ,  c a u s e s  a moxl-um d ~ ; ~ c q e  JIU? J L J U - ~  
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R2, resulting in a minimum (nearly zemi volt3qc ot the 
plate of V1. Because of the phase invcrslon n::t~ !re 
triode, the e f fec t ive  grid volto$s, which i s  t5e ri-.irr.:r 
pasitive voltage droo ac ross  the grid-to-zathode res l s t c rce  
of V1. becomes an inverted (nryo!ive) on" ornr;liiitx? o+- 
oge, although s t i l l  mlnirnum, s t  the plntr  ni V i ~  

When t h e  positive hali cyc ie  a i  the Inpit i ~ q x a l  1s zcm- 
p k t d  md the input voltage fo lk  to zero ( the p t e - " -  ,,,.u. -. -+ 

the  cothode), the grld cur:ent c e a s e s  to flow. >As a res-it 
there i s  no longer o voltoge drop oc:oss 91. ?hen, c s  !be 
grid gces  more negative during the negative hali cjc:i, 
with no voltoge drop c c m s s  81, tk,? entlre value a! i c p ~ t  
voltoge o p p w r s  nt the 3 r d  a i  V!, s n c e  ~t 1s oppl!. icros+ 
the ( in i~n i t e )  reslst3.c- S-tr;-=: : -  7 3 '  t r r ,7 , :< .  
A9.1,m,nn ,h"t tho -.--...I, 1. . ~. , . 1% :.I I ,., . ,r 

grld to cutoit, the negative holl cycie isaxpi l i ieG by lilr 
triade and i ~ i t r t e l ,  s:l :k,i; C:Z:!:,:= X?,:C!SIT 1 ~ 0 0 1 ~ 5  

the output t e n i n o i s  oi  tne z.rc.21. Ii I-,;: n o x r : ,  :-.e 
- ~ i t i , # a  .."" n,,rti.?r " n'thc .. .... ~ .--#.. ~ -~ -; -??1  ..:lyi.!rrr. : $ c u t  ?!! 3r 

limited, practically to zero, whiie the negative portlo?. o! 
the input s ignal  i s  amplified ,without distortion cnd inverted, 
aad passed tkoug!: co?lpi!cg copcc?tor Ci t o  the autplit 
terminals. 

Anorher type o f  grid lin,!!ci zir;;lt, %Lick ?;.v,e!:;: ?rid- 
leak bias  to limit bath :he j;;;tiv; =:! ?rgat ivc r;csks r f  
the input signal, is the yii:-!s;?: 53;:< 2::: l:~,:!:: :li.i~!mt- 
ed below. In this circuit,  a sine nove  iiom a master os- 
cillator i s  applied to t h e  input terminals, to piocuce o 
square wave which will be eventually used to produce 
tiigger and timing pulses  in n roda; circu!: appltcatlon. 

. . T'le ! r i d e ,  Vi, opPro!es wmitho~t ;I.,:% h a s ,  ;i: :ii;!;:s 
gnd-leok bias  a s  a result of qiid current 3aw. A s  :he in- 
2-1 ,,o!!lgc ?,>r?-" , t i -  .~~ 7 . i i t l l i ~  ~ T(:l l"r: of f h ~  inr i l l  
signal, t h e  Input zwci;nj. ClF3CitC:; 2:; &;I;?s kili2;i .  

of the current which f iows through gild rrturn resistor Tr! 
and through grid :esis:or if :r. s?nes  ,+zltn we gr lh to -~0 th -  
<.tie i t s l s t n n z i  sf '!I. '!,?.:.n :k: ~ ~ s i : : : ~ ~   tic!? ?! !he ! 1 ~ ~ ' 1  

cycie 1s compieted ma tine iopur goes negutivc., iilc ~ i l ~ ~ q r  
~n capacitor C 1  l e ~ k s  o f f  thiougi~ resis:or 91. ?-:in3 :he 
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'i,'i ' I -# 0 8 ,  i I ,  



ELECTRONIC CIRCUITS NAVWIPS LIMITERS 

charging cycle of C1, the resistance in series with C l  con- 
sisted of R1 in parallel with R2 and V1. During discharge, 
V1 will not conduct when the arid i s  more neaative than the 
cathode, and therefore the resistance in  series with C1 i s  
that of R1 alone. ' h e  resistance in series wtth C1 i s  there- 
by grater during discharge than it i s  during the chorge 
cycle; a s  o result, a charge accumulates in capacitor C1 
and becomes a negative bias, applied to the grid of V1 
(between grid and cathode). 

The neqative bras an the qrid, produced bv the flow of . . 
grid current during the charging cycle of Cl,  acts in opposit- 
ion to the effect of the input siqnal in drivinq the qrid wsi- 
tive. The bins therefne estobfishes the average iolue, or 
baseline, about which the inplt sine wave varies. In the 
previous illustration, this bias i s  shown as having o value 
of -8 volts. Now, when the input signal during the posi- 
tive portion of the cycle swings from -8 volts to zero volts, 
or cathode potential, the flow of grid current thmugh the 
high value of the grid resistance of Rl  limits the signol 
at approximately zero volts at the grid of Vl .  The in- 
creased flow of plote current through the plate lood resis- 
tors, R3 and R4, produces m increased voltage drop across 
them and a minimum voltage at the plate of V1. This i s  
shown in the output waveform a s  the output signal falls 
from t150 volts to t50 volts, and i s  clipped ot the ievei oi 
150 volts until the positive portion of the input signal, at 
the input terminals, passes throuah the crest of the wave 
form and falls back t i  zero volts: As the input signal falls 
belwr zero volts, the plate current beoins to fall, the volt- 
age drop in R3 and ~ 4 d e c r e a s e s ,  anbthe voltage at the 
plate of V1 -wiuch i s  the output voltage of the circuit - 
begins to rise. W.en the negative-going input signal falls 
toward the cutoff bias volue, the plate current decreases 
toword zero, reaching zero when the combination of input 
s i y a l  and bias reaches cutoff. The plote voltage of V!, 
and therefore the output signol voltoge, increases toword 
the Bt voltage, reaching this volue of 12% volts at cutoff. 
Thus the top of the output waveform i s  limited, or clipped, 
at the level of t250 volts, os shown in the illustration. 

A third type of grid limiter circuit i s  thot in whlch o 
fixed negative bias i s  applied to the grid, from o battery oi 
d c  power supply. A typical circuit of this type of grid 
limiter i s  shown in the following illustration. In this cir- 
cuit, a fixed bias of -5 volts, dc, i s  oppliwl to the grid 
fmm a bias supply, along with the input signal. As the 
signal increases from the negative >volt bias value in a 
positive direction, the plote current increases in accord- 
ance with the signal input, with a consequent dcxrease in 
plate voltage, until the input signal rmches the cathode 
potmtial of zero volts. When this Faint is iwched, any 
further rise in grid voltoge drives the grid positive with 
respect to the cathode, and the resulting flow of grid cur- 
rent thmugh grid resistor R l  llmits the voltage ot the grid 
to approximately zero volts (disregarding the voltage drop 
anoss  the grid-tosathocr. resistance of '41). The plate 
voltage, now ot i ts  lowest value, i s  clipped, or limited, at 
a level determined by the circuit application, which ior 
illustration i s  shown a s  150 volts in the o u t ~ u t  waveform. 
As the input signal passes thmugh its positive crest and 
falls, grid current ceases to flow when the input sianal falls 
to zero valts. b r i n g  the remainder of the positiveialf 
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cycle of the input signal, and through the complete nega- 
tive hall cycle, the flow of plate current follows in accord- 
ance with the qrid voltage, without distortion, and the 
n?I::lca -r: .ivenec nivc!cr o! voltage 1s t ~ r n ~ s h k  :o 
the 0.:"-t :p:m:x.s 01 t : ~  31rc1.:. T.IC JKF:::..:~ I the 
negoti'e portlon of the input signal i s  not sufficient to 
drive the tube to cutoff.) 

A fourth type of grid limiter circuit i s  the self-biased 
grid limiter, in which the bias is automatically developed 
bv the flow of dote current throuah o bv~assed cathode - .. 
resistor. A typical circuit of this type of grid limiter i s  
shown in the followina illustration. In this circuit, the 
grid of V1 i s  normall~held at ground potentiol, and the 
grid bias i s  produced by the flow of plate current through 
cathode resistor R2. In order to mointaln the bios at a 
relatively constant level, so that it does not vary with the 
input signal waveform, R2 i s  bypassed with copocitor C2, 
which has a large value of copacitonce. Tne flow of plate 
current thmugh R2 established the cathode of V1 at a 
positive voltage above ground potential, thus furnishing 
the bias to the grid, which i s  at ground potential and there- 
fore negative with respect to the cathode. When the input 
sianol rises ot the start of the positive half cvcle. the . . 
plate current in V1 increases with the signal, and the 
waveform is not limited until the arid voltwe reaches a 
value equally positive to thot of ;he cathobe. When this 
point i s  reached, a further rise of the input voltaqe pro- 
duces grid current, which results in thelimiting bf ;he 
voltoge at the qrid. ' h i s  i s  indicated by the input waveform 
in the illustration, ot the point of cathode bios.  Grid cur- 
rent c a s e s  to flow, and thereby limiting i s  completed, 
when the input signal has fallen bcck to the point where 
the voltage i s  equd to thot of the cathode. During the 
remainder of the positive half cycle, and throughout the 
negative half cycle, the circuit operates a s  a Class-A 
amplifier, furnishing an output waveform which i s  on ampli- 
fied and inverted reproduction a! the input sigrra!, without 



ELECTRONIC CIRCUITS NAVYIIPS 

OUTFUi  
NO-SG 

OUTPUT 

I N P U T  FL4TE 
VOLTAGE 

1 I 
+ '.J 

3 A A ,  

T - 0 

Typical Cathode-Binsrd Grid Limiter ond lnput-Ou~ut 
Wavelormr 

distortion. (The amplitude of the negative portion of the 
input signai i s  not sufficient to '-ve the t h e  to cutofi.) 

FAILURE ANALYSIS. 
No Output. The analysis of foilure which results in 

no output from a triode grid limiter i s  somewhat similar to . . ,  Inor 31 mr pmullel, posilive lobe &ode !imi!er. Tn the 
triode grid limiter, foilure of triode V i ,  or an openz~rcilited 
qrid resistor or plate load resistor, or foi l~re  of the plote 
supply voltage could wch be responsible for a no*utpu! 
condition. If the circuit utilizes cathode bias, M open 
cathode resistor would also be a cause of co output. I! the 
circuit contains input and/or Output coupling capocitors, 
;;; 3pmiircuited capacitor in either position would result 
in no output Finally, failure o! the applied signal, ar an 
input signal of incorrect waveform or voltage level, could 
also be responsible for a no-output condition. 

Reduced or Unstable Output. Assuming thot an input 
sign01 of correct waveform and voltage level is being fur- 
nished to the input remindis of o grid 1i;r.it.r circ-it, a re- 
duced value of output is probably the result of either in- 
sufficient signal or the grid terminal oi the triode, msuffi- 
c~m; v i h a ~ f  31 the plate terzinal ;i the :;;ode, o: a I s k y  
ii,plir,q zc~paci:~: i- ~e gnd or plate circuit, when used. 
;i,s;fi;;:e:.: -I;:.;! z: !ke 3::i may be l ue  to n deiw!!ve 
grid resistor which has increased in value or become open- 
; ; r c~~ te i .  k.,,ff;c:sr.: ;l;:e ',=lrz;e -2. b. 42- !o ,, ??- 
fective plote ioad resistor or !nsiiffliler.: $n:e ~ ~ p l y  .?ih- 

uqe brought atodt by 3 defect i-. the pwer sipply. ,&, 

shorted p!s:e c-tpu: cogp!ir.; capncit~r may also be re- 
spnsible tor low plate voitage, wlh h e  foilonir.g stfigs 
loading the plote circuit. A cathode resistor, if used, may 
be too low in volue md cause excessive piare current, ir 
sulunq in o low plote voltage. Leaky coupling capacitors, 
if ssd, may couse distortion oi the wovefom, in additior. .- -'--.-- - "A*'.i"",.: : ,,,,: , ~ , ,  ;:,* ii;,:;i;:, i':nolly, - L" p."L.,,v .". """ .--- ... ..~. 
-L--- n r  i ~ ~ i , ,  irrnnnlin0 ,.,jni,:i;-j i,? t h ~  D:~:c s;Elj. - ,,u..-- -. ' .. . . 
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decoupling circuit, when used, would be responsible for 
low, or absence of, plate voltage. 

TRIODE SATURATION LIMITER. 

APPLICATION. 
%e !riode snturation limiter is used to limit, or clip, 

tibe positce peaks o! w input waveform: This limiter i s  
useh! when low amplitude input signals are used, at 
rother low plote supply voltages. 

CHARACTERISTICS. 
Input may be a positive signal or a combination of 

positive md  negative signals. 
Gutput ii.q t; ; n z i ~ : ~  si;?.~! ~ i t h  !he n ~ o t i v e  peok 

clipped, or a cornbinmiop of negative ond positive slgnais 
with the negmive peaks, or the entire negative portions, of 
the simol clipped. . . 

&!put umplitude (peak value) noy be higher thm input 
amplitude on the positive peak of the output signal. Ampli- 
fication of the unclipped portions of the input signal i s  
provided. The totai (peak-to-peak) output amplitude may be 
higher or lower thm the input amplitude, depending upon the 
relative values of the positive and negative peaks of the 
input signal waveform. 

Cutput signal i s  cut of $lase with input signd. 

CIRCUIT ANALYSIS. 
General. The triode saturation limiter differs from the 

triode grid limiter in its limiting action, in that the actual 
liriting i s  acccmr!ished m the  late circuit, while in the 
qrid limiter it is occomplished in the input, or grid circuit. 
in the saturatiin limiter the entire input siqncl is applied 
to the grid of the triode. Amplification of the entire s!g- 
no1 i s  provided by the tnode, up to i ts maximum capability 
insofar a s  i t s  maximum plate current i s  concerned. When 
i:e ;nput s i ~ c i  to the grid i s  such that maximum plate cur 
rent flows, any additional value of lnpu! signal has r c  
further effect on the plate current; this additional value is 
thereby iimited, or clipped, at the level of maximum current 
flow in the plate circuit. 

Tne action of the triode saturation limiter is sim?lor 
to thot of the triode grid limiter in i t s  end result; that is. 
in both cases the positive portion oi the input waveform 1s 
the p r c o n  which i s  !imited, or clipped. In the saturation 
, . 
n m l i r r ,  i~orcver; the output is general!y o! n h i g h ~ r  ompli- ..... 
;ude, becacse the plite currect :s dr:ver la i ts  mmirnum 
.,,e. Or, the other hmd, since :! is necessary to drive 

FL: s i ~ , o l  i s  rzq~ired to drive the qrid. 
Circuit 0p.rotton. The circuit of a typical triode 

saturation llrruter 1s showri in ;tie accompmylz; ~ l l ~ s t : ~ r ? ~ ~ ~  
I-, !his c!rc)~i! the input signoi, wh~ch i s  obtained iram 

a low-impedmce source that i s  capable of a relotively high 
p x e ;  out;-!, is az!!ed ditertly to the grid of triode V1. 
ma no grid resistor i s  used. Tne cathode i s  connected 
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directly to ground, and the triode i s  thereby operated at 
zero grid bias. A voltage divider, consisting of R3 and R2, 

INPUT is connected in the plote supply circuit, to obtain o lower 
value of voltage. Capacitor C2 acts as an oddltionol filter 
for the plate voltage supply, while resistor Rl  i s  the plate 

Voz2E load resistor. If the resistance value of Rl i s  relatively 
high, ond the relative resistance volue of R3 and R2 are 

FOR PLATE - - zr",?? such !hot the voltoge ot their junction is relatively low, 
C U R R E N T  

SATURATION then o fairly low volue of positive input signal will drive 
OUTPUT O U T P U T  the grid to the point of plate current saturation, ond limit- 

ing will occur. The reason for this i s  a s  follows: The 

+ 50 
followinq illustration shows the dynamic characteristics of 
a typical triode amplifier tube-a single section of a type 

0 12PU7. Assume thot this tube i s  used in the circuit pre- 
viously illustrated, wlth a plate voltoge (m the ]unction of 

- R3 and R2) of t303 volts, and a load resistance Rl of 
+ E b b  60K. The vlode is operated at zero bias, since the cathode 

1s grounded, ond the input signol to the grid i s  a sine wove 
Typical Triode Sobrotion Limiter and Input-Output of 14 volts peak- t~peak .  From the illustroti~n, it may be 

Wclveformr seen that the plate current flowinq in the circuit, with no 

1 / I  INPUT 

P L A T E  
C U R R E N T  

- - - - -  
PLATE VOLTS 

- - - - -  LOAD RESISTANCE 

PLATE 
C U R R E N T  

WAVEFORM 

I \ 
I 1 LOAD LINE 

I OUTPUT 
SIGNAL 

WAVEFORM 

CLIPPED 
( P L A T E  VOLTAGE) 

PORTION 
OF  O U T P U T  

SIGNAL 

Operating Chorocteristicr of a Typical Triode bturotion 
Limiter 
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signal input, i s  opproximotely 4 mo. It 1s also evident thot 
the maximum plate current that can flow, w~ th  the fixed 
values of plate voltage and l m d  resistance given, i s  5 
milliamperes. When the input signal rises from zero to- 
ward t7.0 volts on i ts  positive half cycle, plate cwrent m- 
creases from 4 ma to 5 ma, reochinq 5 ma when the input 
signal reaches approximotely t2.5 volts. At this point the 
plat? current i s  mcxixm,  ;n< limitinq occurs. ;?~e aurpur 

~ v u ~ i u y  ui  this point has decreased nearly to zero (there 
i s  alwoys some volue of voltoge drop within the triocie, 'be 
cause of i t s  plate resistance). ' h e  output voltage wove- 
form is  thereby clipped on i t s  negative half cycle, until the 
input signal has possed through i ts  positive peak of t7.0 
volts and fallen bock to t2.5 volts. At this point limiting 
cecses, m d  the plate current begins to d e n m s e  in ac- 
iu~durrce wlrh me inpui srqnni.  

It becomes evident, from the illustration, thot the point 
at which saturation i s  reoched, cnd thereby the positive 
limit at which clipping of the input signal occurs, may be 
udiusteJ by udwstmci the slow oi the iood line, which in . . 
turn may be odjusted by varying the load resistance and/or 
the plore voltage. On the other hand, the percentage of the 
positive portion of the input woveform which is clipped moy 
be adjusted by varying the peok voltage of the input signal. 
iieferring again to the previous illustration, it can be seen 
thot clipping of the positive portion of the input signal 
occws ot approximately t2.5 volts. This is approximately 
30 percent of the positive peok input waveform. If the 
input signal i s  now increased to 25 volts peak-to-peak, 
clipping of the 12.5-vdt positive peak still occurs at 
t2.5 volts. The positive pr t inn  nf the inpm~t si~oc! i s  n3:: 
c!i;pe? s t  20 ;ercent of the peak ii;put wlue.  

FAILURE ANALYSIS. 
No Output. The m u s e  ot o nwutpu t  condition in a 

triode saturation limiter may be one of four possibilities. 
Either the input signol may hove foiled, the triode tube may 
be defective, the plate suppiy voltoge may hove fciled, 
or the output coupling capacitor may be open-circuited. 
Failure of the plate supply voltage may be due not only to 
a defective power supply, b-t o!so to on "open" resistor 
3 1  or R3 or a shorted bypass capacitoi C2, in the plote 
~ < ~ - , , i .  -~ -" ,. 

Reduced or Unstable Output. A reduced or unstable 
output from a triode saturation limiter could iesuit from 
almost any component of the circuit which hos become defec- 
tive. A weak or leaky ( p t i a l l y  shn t ed )  tiicde V 1  or a 
reduced value of plote voltage may te the cause of either 
condition, depending upon the extent of the defect. A 
reduced value of plate voltage moy te due to o defective 
power supply, or it may be due to on increme in the value 
of resistor A1 or R3 or a denease  in the volue of R2. A 
leaky coupling capacitor C1 may allow some of the d c  
plate voltaqe a t  V1 to appear at the input to the following 
stage, resulting in M improper bias to thot stage and 
probable distortion therein. Finally, in  the analysis of 
foilwe ol a circuit it i s  often assumed thot the proper 
i n ~ u t  sionol i s  beiny SII??~IP(I. "hi% fw! wi!! ~ P Z :  check- 
ing ,  itowever, k c a u s e  an input signai of incorrect volue or 
waveform could well be responsible for a distorted or re- 
duced value of output siynai. 

TRIODE CUTOFF LIMITER. I 
APPLICATION. 

The triode cutoff limiter i s  used to limit, or clip, the 
entire negative holf-qcle, or the negotive peaks, of the 
input wavefo~m. 

CHARACTERISTICS. 
Input rnoy be either a negative siynol or o signol con- 

toininy both positive and negative portions. 
Output may be positive signal with peaks which exceed 

a preset voiue clipped, or a signal having both posl!lve and 
negative portions in which al l  or o portion of the positwe 
peaks are clipped. 

Output signal is out of phase with input signal; there- 
fore, the clipped negative half-cycle of the input signal 
becomes o clipped positive halfcycle of the output siynal. 

Output signoi will contoin a neqctive siynci which i s  
.L- ..., ~ U I ~ ~ . ~ L ~ :  ---I:': positive poirion of h e  ~nput  slgnoi, ii such i s  
included in the inpl;:. Ii may contain a positive portion, 
which i s  the result o f a  partially clipped negative input siq- 
nal thot has been amplified. 'The peak amplitude of the out- 
put signal, mciudinq both positive ond neqatlve par!ions 
when applicable, may be higher or lower thon the input 
peak amplitude, depending upon the circuit application 
design. 
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CIRCUIT ANALYSIS. 
Gsnsrol. The triode cutoff limiter depends, for its 

limitiny action, upon the fact that in electron current with- 
in o vacuum tube can flow only from the cathode to the 
plate, and not in the reverse direction. When the slyno1 ot 
the grid of the triode drives the grid to cutoff, the plote 
current i s  decreased to zero, and i t  remnins at zero during 
the time thot the grid i s  held at or below cutofi by the input 
signal. At cutoff the plate current i s  zero, ond, regardless 
of how much farther the yrid i s  driven negative, the piote 
current remains ot zero, since the plote current cannot be- 
come o negative value. When the grid i s  at (or below) cut- 
off ,  s ince no current flows in the plate circuit, there i s  no 
valtoge drop across the plote i w d  resistor. The voltage ot 
the plote, therefore, increases to, and i s  maintained at, ~ t s  
maximum value, which i s  the voltoye oi the plate pawer 
supply, Ebb. T h e  limiting thus attained affects the posi-' 
tive peak oi  the output waveform, whereby the positive peak 
i s  cut ofi, or flattened, a t  the voltoge level E b b ,  as 0 

result of driving the grid in the negative direction to cut- 
off. 

Cutoff voltage is that volue of negative voltage, with 
r e spea  to Lhe cathcde, which must be applied to the yrid 
to reduce the plote current to zero. This value of voltoge 
i s  dependent upon the value of the plote supply voltoge, 
Ebb. h a triode the cutoff voltoye, E,,, is approximately 
equal to the plate supply voltoye, Ebb, divided by the 
amplification factor, p, of the triode; thus: 

(-1 E,, = Eab 
P 

The relationship expressed above i s  valid only for o 
triode; it does net opply to tetrodes or pntcdes .  

Circuif Operaflon. The circuit of o typical triode cut- 
off limiter i s  shown in the following illustration. In this 
circuit the input signal i s  applied directly to the yrid ot 
triode V1, and no yrid resistor i s  used. Cothcde bias i s  
supplied by resistor R1, bypassed by C2 to hold the bios 
value constant with the overoye volue of the plate current. 
If the value of the cathode resistor, R l ,  i s  suificiently 
large the bios deveioped will set  the operating point of the 
tube nenr cutoff. When the input signal rises an the 

Wo.ooo.1oz LIMITERS 

INPUT -I? ."L,-"L , 
PLATE CURRE : N T  

OUTPUT CUTOFF 
OUTPUT 

Typical Triode Cutoff Limiter and Input-Output Waveforms 

positive half cycle, the plate current will increase and thus 
produce the  resultant plate voltoge waveform shown in the 
illustration. Wen t input signal begins to fall, tb.is 
causes a correspan~ pasitive excursion of plate voltage. 
and this action conti, . until cutoii i s  reached on the ney- 
otive ha11 cycle oi the ut signol. At this time the plate 
current i s  zero, thus limitiny (clipping) the pasitive prt lon 
of the plate-voltage woveform. For the pu:pose of illustra- 
tion, ossume thot the resistance value of R l  1s such thot 
the  no-simol d-c blas i s  -3.0 volts at the q id .  The plate 
stipply voltaye, Ebb for this illustration i s  ,250 volts, 
and the maximun amplitude oi the  input siynol i s  2.5 volts. 
R e  yrid voltoge, with input signal, therefore swings from 
-0.5 volt to -5.5 volts. The dynamic conditions exlsting 
in this example are shown in the following illustrotion, 
tosed on utliiziny the triode section of a type 6SU7 tube. 
From the illustration, it may be seen that the nmlgnol  plote 
current i s  approximately 0.125 mo. When the input siynol 
r ises on i ts  positive ha l fcyc le ,  the plote current increases 
from 0.125 to 0.95 ma, reaching this maximum volue when 
the input signal reaches i ts  most positlve (or least nega- 
ti".) value of -0.5 volt. The input siynol then begins 
to fall, completing the pasitive hall-cycle when the voltage 
a! the grid i s  -3.0 volts. As the input signal begins i ts  
negative haifcycle, the voltoge ot tb,e yrid con t i n~es  in 
i ts  negotlve direction until i t  reaches -4.0 volts. A! this 
point cutoff n c u r s ,  and the plote current has fallen to zero. 
The output vaitage a t  thls point, with no plate current 
flowiny and therefore no ~ o l t a ! ~ e  drop through plate lwd 
resistor RZ, has increosed to 1250 volts, the yolue of E b b  

With the plate current a t  ofi, the autput voltage remoins at 
thls value un!?i the input signal hos fallen through i ts  
negative peak of -5.5 volts ond increased to Ihe cutoff point 
oi -4.0 volls. A s  the input signal continues to rise, the 
plate current oeglns to flow and the plate voltage (output 
sign011 i,eyins to fall; ct the end of the neyotive hoifcycie 
of input signal the output voltoge hus fallen to i ts  no-signal 
value d opproximoteiy ti35 volts, and the plate current has 
increased to 0.125 mn oyain. 
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PLAT; C U R R E ~ T  ' 
CUTOFF 1 

I 

I 
I 
j 

I 
6507 

TRIODE SECTION 

Operating Characteristics of o Typical Cuioll Limiter 

From the preceding illustrotion it becomes evident that 
the point a t  which cutoff i s  reached, ond thereby tne new-  
live limit a t  which clipping of the input signal occurs, may 
be chiiyed b,; adjusting the s!ope of the  load line and/or 
the no-sipaIgrid bias. The slope oi iwd line ;i,v Lc ci- 
lusted by changing the piate supply voitaye, Ebb, im&'zi 
the i w d  reslstonce; tnis aajusimeil;, ?.;;;eve;, ."ill ;ii?z! 
the no-signal yrid bios when cathode biasmy i s  utilized. 
The grid blos may tie lurrner o6)uslrG uy d,;;~.;.~ :I.$ :=:2 

of the cathode resistor. It should De noted that, wit" 
cathode bias, cutoff cannot be il!u!nrniiied with i steed; i i  
signal, because the bios :s obtained Cy mccns a! !be ?!c!e 
current flowing through the cathode resistor. At cuioii, no 
plote current flows, and therefae no b ~ a s  will be obtained. 
But with ac,  and especially with pulsed signals and the use 
oi  o larye capacitor bypassing the cathode resistor, the bios 
moy be adjusted we: 3 considerable range by cb,anging the 
v c i ~ p  ~i ,he C U L I I ~ ~  realstar, t h ~ r c i , ~  oi;u:ii:!:: ti!e p i c :  

or wh,ci, c"i";: ;b i;;;:,it. I""-- ,,..&.. -u...r...- ----I-.. P:'.,.'.~ ...c r~ "i I:,,. 
nyot ive  patic: ofthe input siqnol is not reauird , the 
percentage oi the negative portLon which i s  dipped ;i,q 52 

adjusted by varying the peait voltage of the i nwt  .signal. 
nowever, the aioxi~am Limit 31 t i e  inp~Ut si,~naI must in no 
ca se  be qreot enough to drive the grid into the p s ~ t i v e  
region, where yrld llmitlny would act to ciip the positive 

a: :he inpi 5 j i j i l ~ !  011 !'p,~reby intrc*i:rce :is;oItian to 
:b:: wr!:c? s! the waveform. Refer to the previous illiid- .." -- -,.,, r o  .p.> "1 the ,nout sp23^1 i s  Shown -"..L,.l, L..C ,-., ~ ~ 

driving the mid to -0.5 voit, and the negative p k  to -32 

. Zli;;:?; ~:-,:!s 1 1  --?.>vclts, on3 the oc-siqnnl bios 
,* -3.2 "&s, 'X,tb, the ne+*:c fro- -3.3 to -h.5 
:olts, 91 c total sw!ng a! 2.5 volts (of which the p o r t i s  be- 
tween -4.0 nnd -5.5 volts, or o totai ot i . 3  voks, is c i i p  
p d j ,  rhr w r i n r i u g i  i! :i;c n;;.o!ive nr!ion r l inwd . , is 
therefore 1.5'2.5, oi 60 percent. Under the some circuit 
conditims, ine ~ r c c i i t i i g e  iji :h; nc<c!i;*e ~ r t i o n  wh l rh  is 
clipped moy be increased, by increosiny the input siynoi 
amplitude, only by the odditiona; amount ol i.Uvolt peak <u 
- - - I .  ,-,,-. ' % . -  .,.." .--.""c.,i ...-,---.. ... ;rr,,>: *nl;id -':ive t" to 4 . 6  

r ~ 

coks ~n tke ceGc2,;e :mi., m.d to Y . ~ \ L  "0:s GC :he P C S ! ~ : ~  

peak, which i s  the ausoiute mox~mum llmlr a l r n u u c  m i d i -  

i;zg g:;i limiting. Nith t h e  aadihonol orive on Lilr !nwja- 
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tive swing, the percentage of the negative wrtion clipped 
riould thereby be increased to 2.0/3.0. or %per cent. 

The circuit of o triode cutoff limiter used in o specii!c 

. . . . 
o sine wave at o frequenq of 650 cps, obtained from a 
repetition rote oscill~ltm, to a square wove. In the absence 

OUTPUT 

wv 
INPUT 

r\ 6SN7WGT 

Triode Cutoff Limiter Used in Modulator of Radar Set AN/ 
SPS-IOD 

of an input signal, V1 i s  cut off by the positive voltage 
present at the cathode, obtained from the voltoge divider 
composed of the two cothode resistors and resistor H 
returned to +3m volts, dc.  Resistor R in this circuit re- 
presents the conduction through another triode tube. The 
0.1-pf capacitor across the 2.2K resistor in the cothode 
circuit acts to maintain the cathode bias at a constant 
overoqe value. ' h e  input to the grid of VI i s  a sine wave 
of approximately 90 volts peak to peak. As the input valtaye 
inaeases on the positive portion of the input siqnal, the 
q i d  voltoye overcomes the ps i t ive  bias voltage at the 
cothode from the voltoge divider, and the triode conducts. 
The output signal, which had maintained o flat top ot +3W 
volts, dc dwing the cutoff interval, now begins to fall in 
accardonce with the rising sine wave input signol, because 
of phase inversion within V1. The output siqnai maintains 
the l55Llpec pulse width of the input signal, but has o 
woveform which is approximately a square wove, with the 
positive peoks cut off sharply, and o peok voltoge of 95 
volts, a s  shown in the illustration. 

FAILURE ANALYSIS. 
No O ~ l ~ u t .  Assuminq that an input signal of m n e t  

polarity and sufficient voltoge is k i n g  furnished to the 
triode cutatl limiter, the cause of a no-output cond~tion 
could be one of several possibilities. The triode tube 
itself should be fiist suspected. If the tube is found to be 

capable of operation, the input sign01 may not be present 
at the yiid of the tube, because ol on open coupling copaci- 
tor. The absence of valtaye a t  the plate, due to an open 
plote load resistor, on inoperative power supply, or o 
shorted tiyposs copocitor across a plate load decoupliny 
cucuit, if such o circuit i s  used, may be responsible for no 
output, a s  may also an o p n  cathode resistor. Finally, an 
open output coupling copocitor, if used, would prevent the 
output from the limiter from being furnished to the following 
stoye. 

Reduced or Unstable Output. Several conditions a u l d  
contribute t o o  reduced or unstable output from the triode 
cutoff limiter. A ieduced value 01 plate voltage, due to a 
defective power supply, or an aging triode tube due to low 
cathode emission, may be responsible for a reduced output. 
An open cothode typoss capacitor would be the cause of 
degeneration, andreduce the output signol. If a flxed coth- 
ode bias i s  obtained from a voltoge divider in the plate 
voltorje supply line, such a s  shown in the second circuit 
illustrated herein, and if the resistor on the high side 
should become ooen-ciicuited. the ooeration of the circuit 
would be changed from fixed bias to'self (cathode) bias, 
thereby chansinq the mint of limitina, with the oossibilitv . . -. 
of a distorted, or even excessive, output. An open grid r k  
sistor, if used, may cause mid "blockins" and severe dis- 
tortion. In addition, the possibility of &input signal of 
incorrect waveform, or of insufficient amplitude, should not 
be overlooked in cases af reduced or otherwise faulty out- 
put. 

TRIODE OVERDRIVEN AMPLIFIER LIMITER. 

APPLICATION. 
The triode overdriven omplifier limiter i s  used to limit 

or clip, both the positive and the negative woks of an input 
signal waveform. It is also used to steepen the sides of 
an input signal having a waveform which is opproximately a 
square wove. 

CHARACTERISTICS. 
Input is generally a sine wove, or o partially squared 

wove produced from a sine wave by o pecediny limiter. 
Outwt is usually a square wave hovinq relatively . ~ 

steep sides. 
Output siqnal i s  out of phase with input siqnal, 
Amplitudd of output signal may be higher lower than 

input amplitude, depending upon the points at which the 
positive and neyative peoks are clipped. Amplification is 
afforded by the circuit to the input signal, before the 
peaks ore clipped. 

CIRCUIT ANALYSIS. 
General. The triode overdriven omplifier limiter 

accomplishes its limiting action by combining cutcif limit- 
my with saturation limiting (or with g i d  limiting). The 
princ~pal use of this type of limiter i s  to produce = square 
wove, having steep sides which are very close to true vert- 
ical, from on input signal whose woveform is only D rough 
approximation of a square wove, having sides which deviate 
ot considerotie anyies from the vertical. 7he preceding 
circuit which furnishes the input signal should have an out- 
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put impedance which is relatively low, and therefore be COP- 

able of delivering power, hecause a current of some degree 
i s  drown by the grid of the triode when it is driven positive. 
The preceding circuit should olso be capable of iurnishing 
ar a : s,,. ..,.. -: ,.gnal of considerable amplitude, so that the slope 

of the sides of the waveiorm may be as nearly vertical as 
pcssihle kinre amplification and limiting. 

i i r c u i i  Opro;:ri.. The circuit of a tvoicol triode 
overdriven amplifier limiter i s  shown in the following iiius- 
trotion. In this circuit the input siynal i s  applied directly 

Cl 

INPUT - 

Typicml Overdriven Amplifier Limiter and lnputOvtpvt 
Woreforar 

.- ,, .- ,..e gr:d of t i t  triude, '!!, asd no ;rid reslrtoi is iiscd. 

Since the source oi the signal tjos a low intpdonce ond 
thereby con furnish current to the grtd of V1, no limiting i s  
performed in the yrid circuit. No cothcde resistor 1s used; 
hence tne ;ad is ~pemted at zero bias. The input is a ver" 
large amplitude signol, oiten ten times the vuiue require: to 
drive the tube to cutoif and to saturation. When the input 
signal rises, the plate current olso rises until the paint of 
plate current saturation i s  reached. The inplit signal con- 
tinues to rise to its peak; however. the plote current cannot 
increcse further tecnuse it i s  already at moximun. Uuring 
this time, the plote voltaye is limited to its minimum vacut. 
A s  the i2pu: sign-! passes through its positive wok and 
begi.ns ia iall, it hop; ikIaw the sat7urotinn point, and at 
t h ~ s  time rhe plote current zgsin ioiiows tnr input >1qo;l. 
A s  the input sil;nlr! coctinses to ia:i, rhe p i u ~ t .  curielit 
decreases accordinqly to couse me plate vuii04c u, ;i;i 
.;n!i! the plate current i s  cut off by the input signal. The 

LIMITERS 

plate voltage i s  thus limited to its maximum positive vo!ue. 
When the i n p ~ ~ t  signal passes through its negative extreme 
and begins to rise, it rises above the cutoff point and, 
once again, plate current Legins to flow. 

I l e  action of the triode overdriven amplifier -with m. 
input sine-wave signai oi suificieni ampkude i s  +,o'm. in 
the following illustration. This illustratim shows the 
dynmic condl~~ons exiatirlp ;il :$e ;i:-it, bnssi n l  , $ t i -  

lizing the triode section of o type 6SG tube, wit9 =? inpat 
signal hoving M amplitude sufficient to h ive  &.e grid into 
plate current saturation on the positive swing, and beyond 
mtofl on the negative swing. It may be seen that the plote 
current flowing, in the absence of an input signal, i s  0.8 ma. 
When the input signal rises on the positive portion of its 
cycle, the plate ~ r r e n t  increases from 0.8 ma to opprox- 
iinately L.4 ma, at which  pint^ cnneni suiurC~;uil 

i s  reached. As the input signal continues to rise to its 
peak, the piate cunect Cannot increase in occordance wirn 
the input sianal, because it is already at its maximlim -?o:ue. 
The plate voltage at this time i s  ot its lowest vaiuc, iritl: 
nearly all of the piate supply voltage, Ebb,  existing a s  c 
voltoge drop across the plote load. (A small portion o! the 
total voltoge drop exists across the plate-tosathode re- 
sistance of the triode itself.) The plate current i s  thereby 
limited at the saturation value, and the output voltage i s  
limited ct i ts  lowest value, until the i ~ p u t  signal passes 
throuah its oositive oe& md fails asain below the so:u:z- 

A .  

tion point. At that time the plate current begins to fall in 
occordance with the jnput signal, and, consequently, the 
output signal begins to rise. ' h e  input signalcontinues to 
iaii as the posiuvr puiriofi G: t',c L7.lp.t qc!n is mmple!ed 
and the negotive portion begins. 

As the input signal continues to fall, the plate curr2fit 
continues to decrease until h e  gnd voltage reaches -2.2 
volts. At this point cutoff occurs, and the plote ~ r r e r :  
has deneased to zero. ?he output voltage at this print, 
with no plate ~ r r e n t  flowinq md therefore no voltoge drop 
inrough the plotc load resis!or, has increased to mcmiz.;;;: 
(the value of Ebb). ?he plate current i s  thereby limltcd ot  

zero, and the output voltoge i s  limited at i ts  maximum 
value, until the input sign01 passes Linough its negcti~:e 
peak and rises again to the atoff point. At that tune piate 
current again begins to flow, and tie output voitage b q ~ i i s  
to foil, untli the plate current iilaeoses to 9.8 .nc! wh- '5-  

negative portion of the input cycle i s  cornpieted. 
It k a m e s  evident, from the preceding iliustrutiur~, 
j,, pu,rjt ;; .#,';ib Lbe &&tive po:tion of f te  11./I: 

signai is. c i lppd (p!zte c.i!?ent saturation), and the PC>: 
. . .  

0, wr,,cn the nsg"L"c >3:tzx c! :he inp!t 51tlnf7: ; z  c;i:;>e2 
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I I CUTOFF 
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TRIODE SECTION 

Operolinp Cha,ncterlrtics of e Typica l  Overdriven Amplifier Limiter 

(cutoff), may be adjusted by chmqing the slope of the load 
line and the plate lwd resistance. The slope of the load 
line may be increased by inneasing the plate supply volt- 
age, Ebb, and at the some time increasing the plate load 
resistmce. This will produce a larger positive output 
signal, because it increases the value of the n q t i v e  input 
signal required to reach cutoff. 

A practical application of o tiiode overdriven omplilier 
limiter i s  i ts  use in the timer circuitry of a rodor transmit- 
ter. In this application the overdnven amplifier functions 
a s  me of the stages in a chain of circuits, which gmerote 
a sine wave in o master oscillator, and from it produce sync 
md  timing pulses for the operation of the complete system. 
The overdriven amplifier follows after the master oscillator 

and a triode limiter in the chain, and it receives an input 
siqnal whose waveform i s  that of a sine wave which has 
hem approximately squared by o triode limiter. The func- 
tion of the overdrivm amplifier i s  to steepen the sides of 
the square wave from the limiter, to produce o square wave 
hoving sides a s  nearly vertical as possible, which moy be 
used in o following stage to produce a sharp trigger pulse. 
The circuit of the overdriven mnplifier used in this oppli- 
cation i s  shorn in the following illustration. In this cir- 
cuit, which utilizes cutoff limiting with grid limiting (in- 
stead of saturntion limiting), the input s i ~ a l  waveform i s  
somewhat like a square wave, and of large amplitude, As 
the input s i g a l  begins to rise toward its pasitive peak, 
the plate cunmt remains at zao,  since the grid voltage i s  

ORIGINAL 
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GRID IINPUT~ WAVEFORM 

PLATE IOUTWTI WAVEFORM 

Overdriven Amplifier Used in Radar Timinq Circuitry. and 
W.~efol.l 

below cutoff ,  !!?.tll the 111d . .o! t~3r  -?;es (hiccrres l e s s  
nean t iv~!  ta tb8r ct!tnf! oo ten t~a l .  Tre triode then conducts. . . 
as the qri? v n i r n ' ~  r ises  n zer? k r cv r6 )  )c!e~"t?cl. 
the sionai drives the crici to zero bios, arid current beqins 
to flow, lin.itinq ory furtnrr r ise  oi  the arli valtose a t  thls 
point. ' b e  qr i l  current chilrce: c ~ c ! i r ;  capacitor C1, 
ttlrouqh the relotlvely i c r  ~r!d-to-cotho6e r e s ~ s t a n c e  of tri- 
, .,. , , , , ,  

UUU ,', , ............... .L 4, .  <,LLU*L ......I;;C "". i:ii;i Lei.ieS nlon,y 
neqotlve ilos :or t:i x i d  C! t:mde d I. rl3rin3 this :ii-.Ie the 
plote (a j tpbt)  volt;-le :lils f d l r l  cbnic:l.+, i!?creasinc near- 
ly to ZF13, 3rd :: :PPOI--, ~t 110: .:nl~..c :.:3:11 t5c 7111 ~1?no1  
folls,  fro:. i t s  pc;i:,;i wak, ha:, t; zerc. At zero 
bias, the plate :uire?t ce:lri to fail  :3p1dy 0 s  the crld 
vaitooe Dero rps  more n~,:n:i.~e, ~ : r ' i i  r i x r ~ i i  i s  v ~ ~ ~ i l e r i .  

,in ..,-,- " *  i-- i-li,-- .- --.- rL .-:- .:-- 
..a.L.. L, ,L  ?.",- b",,L,,, .,"d ~ " I  .-., ~" c...-. U",.,." L,,.h L . 2 2 , C  

the  plate  !c:!tp~:! eo!t-:e hcs i i sec  $:crp!y to i!s n:aximur. 
voliie o! Ebb. F T O ~  ;i,e :;3~.iij::.; s>.j;.~:, i t  s t , o ~ ; d  be 
noted that the nesatlve pcrtlcn 31 :):E c ~ t p ~ t  wwefornl is 
norracrr; tt,on tke i l a s l t ~ v i  pnrtlcn: tnis is due to f i e  iact 
that the t u i e  c c ~ : v i ~ t . -  orily d..:l:l? o ;lo:tlon of the positive 
holt-cycle ot i r e  ~n~: . . t  sl;nzl, ;:;:,e i t  iec.olns nonconduc- 
l ive durln; !he er:!:re n r m t i v e  half-cycle. 

FAILURE ANALYSIS. . . . . . . . . . . . . .  No outp",. 7.,: .:ZdLL -: d .2.. ,-,>:.:.,,>.. 1.1 .im= 
~ . .  ~ - : ~  . : , . L~ ! L . ~  .~ .. ~2~ .......................... ,.."". ".<....... " " > z A u d r  

tube, f31i'llr 0l !kle P!L~.? SU;~!I \o!!uu~. U!l O P H .  i:1!J~! O i  . . . . . .  . , ,, dj lL,A.AK ". t : , t  "dT,,", - d 4 v . . . l -  -Lvd -..-. $1. Ll..L. 1: u:.c-. 

mput s~qnal .  A i s ; ~ ; j  tn;: :ne t l r e  nas beer letermlned to 
. . .  . . . . 

hi i j p y i , , -  : , ............ . l . , I  : . .  t ....... L1IUL.WI 

. . , _ I j ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.>..'r.L.'.' .......... i."'... ..... ' ... k " '  .' L." "L'G", 

on open O ! U I ~  IOU(! resl;tor !o: ~ l ~ t e  decouplinz resistor if 
a <cccr;?i:r.: clrcilt 1s :xi) ;;olii rende: tn r  C L I ; L I ~  Inap- 
era!!"., in,: nr r ! t i . t  ,:->,?lr i... cv?i!uhle. A ~ h o r t ~ ?  de 
p p , , r  :,"- " .*"- -  -----,,, - -  ,,-- ,? ,L.- ...-.-< .,~- ,, 41 ,,-. --" -..... ...v.... --y--..-. \.- ...... ... "- 

... ..*.....--+ "a !rfJt*?;, ;: z ,:+r"u;.;:,< ,cir:2i: :: ...-, "- .... - .. . . . . . . . . . . . . . . . . . . . . . .  
LYY_)I "." ,."-YI.I".L LYI.".l.".I. .".II_.. IY.ipil,,i I Y Y U L I -  
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tor in the input qrid circuit,  if one i s  used, wouid likewise 
prevent any output from bemv produced. 

Reduced 08 unrtoble Output. \'ha the output ol the 
triode overdriven ampI~!iel b~camec.  ~ ;ns tob le  o: 1s of re- 
duced volue, o low voluv of plate vcltaqe, due to n defec- 
tive power supply: or or, ir,creusrri \nl,ip r i f  p lntr  iond 

resistance, due tu u defective or "aainq" resistor, mw be 
the couse of this condition. E ~ t h r r  u leoky input or out- 
put coupiinq capamtor or an open ond resistor could be 
rrsponsibic for unstoble opcratlon. :he triode t ~ l r  itself 
may hove low cothod? rnl lcslon; t t , ~ i  would produce a re 
duced output. F ~ n a l l s .  t h ~  i raut  s ~ m a !  itsc!f should t c  
rhprkpii li, ".i?.t"i, w h l t t , ~ ,  !c n! ml:eL! '"ll..O!c- W? 
nos sulticlcnt on~pl l l i~r l r ,  s~nce ony deticiency in the input 
sirplal would he ~i;;!ir.: IT, ;u:.pilt !lo:;, :!le ~uerd i iv r r ,  
amplilier. 

PENTODE LIMITER. 
A limiter i s  o circuit used to reduce, or far a l l  prac- 

tical purmses, remcve t t e  effect of mwcntcd o m p l n ~ d e  
~ ~ 

variations, whlcln occur t k c a ~ s e  of inherently d ~ f f t r e n t  
levels, atmospheric disturi'c!~cr:., 3: becausc of u n e q ~ a l  
response of ture,j ,'.,. ,.a!-.- " - --:. , L ~ , , a  "\ A , , , A , ,  , e ~ = . $ e r ,  or 12 5 

combinot io~ of circcits.  It res t r ic ts  t~ 2 spcc l f l c  voltoqe 
level either the positive, the neqative, or bath portions of 
t h e  waveform. 

Two mojor u s e s  for limiters are found in video cir- 
cuitry and mdio frequency circliitry. In video c i r c u i t ~  
t h e  limiter follows the vi+o &tec+r r r  q t o r r ~  ond prer-nns 
thelow level, cothode-follower outpl;! stoqe. In this 
p s i t i o n  i t  pe r foms  the!wc!icv c! 5cth 3-;!:!./ir.: c?? 
limiting lcw lc!vcl vidro siqru!:. 1:. th.c mse of r-f o r -  
cuityi ine limiter i s  located d t e r  the last 1-1 ampllt>er 
s t age  and prior to the discriminator (detector) s t age  in on ... f w,rcc i,;c:. L," .cc- "<.. < *  .- --- 1:r L.: ' -. . . .  .".,, .. -..., .. ." "..i ....,..I .-, ..,g;,7l - . . 
as weii os iimit 1:. I n e  Ilrnltei 1s lmportont i n  both vldeo 
and i-f circuitry, s ince  i n  bolt! cases tile ci!cuitry follow- 
inq thelimiter s t ace  i s  sensitive to ampl~ tude  variotlons. 

Limitinq i s  occamplished by litilizinq thp cutoif,  
saturation, ond grid currpnt c5ororteristics n! on nlec- 
Iron tube. Corclul exc:r,ins!io- of thc ::vo types o f  inii.um 
tubes (triode and pentode) rvi,~ch arp most f w s i b l e  for use  
in limiter circuits r e v ~ n l s  !he odvnn toq~s  ~f the prntnrie 
""Pi O triode. * "  ?mportnn! 2,!,?,tc~r is the rhcrp CU!~!! 

cnarocterlstlc wc7cc !c ecpDc!c!!y C~ZCTC:! IF. : t ~  ;ri:nrie 
and not opporent ir tr:e t r~nqe .  I!:? r+c~.(I~!~~:r! ir F P - ~  

mirs <ne tube to or!a:n F J : ~  :.:t: 7 :_zz S P ~ G ~ I V P ~ C ~ ~ ~  

(smaller) signal. At the same time. the pentode has the 
advmtoqe ot qreotrr ~ l f f t r o ~ l i  v n i l o n ~  swlnn. This !:< 

made o v o i l n b l ~  by t t ~  lnmz ronqe ?! .r~!!?:es ,which mcy 
k wpi lcd  to nst u - ,  ..., '., " .... ;:stL 4 : i . ~  :Ac i z s  ifi I:-& CGSC 

oi  tk~e trludr) out a l so  t ! ~ r  sr:rrrr: r:rlrl. r.1~ O T P : ~ P T  I ~ P  

screen voltoge, thcI3:ger ic  :ir r o y c  3f p ! ~ t c  ;i:irent 
m d  applied voltage. Tnpsp rhnrnr l~r is r ic i  mokn n\inl!- 

able  o greoter range cvcr :;i.i:i, ;;:;:c:ic~, C Y ~ C ~ : ,  x d  ,;1i,3 
conductton rmuy occur. 

Wm both piclr~ r m r i  =rmn- :r!+ ~r~ l t c : ac  zrc i?;h!ereC, 
n smniinr ? n p !  =!; ln!  !C r-c.l!reC !n ?:-!a :he p!!!!n c.;:Tc:: 
Lrlu auiuluciuii. A i  t i l e  aul.,e i ; ; , ; ~ ,  >:;.G:;L: nrrjarlvr .voitane 

CHANGE 2 



values a re  a lso required to drive tk,e :be to cutoff; there- 
fore, better limiting i s  provided for ,weoker input s iqnals  
when lower electrode patcr t ia ls  are used, rather than the 
full rated operating potentials.  

On the other hand, by incrmsinq electrode potentials 
and utilizing qrid leak bias  good limitinq can a l so  be ab- 
toined and, ot the =me t m e ,  a higher overall gain i s  mode 
ovoilable. 

fication factor and better isolation betrieen input and output 
impedances, which i s  or ad,!antoge in almost ony circuit.  
Thus, i t  i s  seen why a p ~ n t o d e  i s  to kc preferred over a 
triode for limiter clrcui:r:. Typlci! ~ e n t o i e  limiters o f  the 
video and r-f type ore disc  15s-i in detol! in the following 
paragraphs in this suction ci :he l x : j o o k .  

VIDEO LIMITER. 

APPLICATION. 
The v ldm lrmitcr 1s us?! to x p ! ~ ! y  on3 l ~ m l ~  to o 

specif ic  amplitude lo.:; level video i r r r ~ t  siqnol voltoqes 
In radar and tc le i ls lon eq8.>lpr.?qt. 

CHARACTERISTICS. 
Constant outpl>t i s  obtained ancc tt.e limitinq level is 

reached. Linear ampllficat~or, occlrs ilp to limitiny level.  
Screm qrld and plcte  voltz?i: 3ctcrn1:ni l ~ m l t i n ~  Ievei 

for a s p e c ~ f ~ c  bias. 
Best  perfomonce i s  abtaineci with s i a rp  cutoff  pcntode- 

hos rapid rise time -has  1it:le drmp. 

CIRCUIT ANALYSIS. 
Genorol. The  pentode video limiter is located between 

the video detector and the low !eve! cot'lcr!e followci 
output s t age  in radar and TV recei,,ers. Cutoff type 
limiting, rother than grid current or plr:? saturation limitinq, 
is preferred in video limiter operation. Cutoff limitinq oc- 
curs when the limiting lwei i s  determined s o l ~ l y  by t i e  
cutoff bias  level.  Grid current limitin: occurs when suf- 
ficient grid current i s  drawn t o  p r & ~ c r  the desired limitin,? 
bias. P l a t e  saturation limiting occurs ";her the qrid b ias  
i s  low or a t  zero and the signal eriires t i e  plote current 
into the saturation (no current change) level at which 
limiting occurs. 

T h e  limiter i s  supplied ivlth o neqative siqnol from the 
video detector. The s i3ral  i s  res tncted in  i t s  nesot ive 
amplitude direction hy biosing the liniter tube sa that 
cutoff occurs  ot the point where the desired neqotive volt- 
aqe anpl i tude i s  ottamed. A s  !he r . ~ 7 0 t l v e  voltaqe is cp 
plied t o  the grid of t h e p ~ n t o d e  it is inverted ond amplified 
at the plate  and coupled to t i e  ccthode follower follawinq 
the limiter s tage.  

A pentode tube is preferred in limiter applications for 
several reasons. The primary r w s o n  i s  that the pentcde 
inherently h a s  sharp cutoff  capabilities. T h i s  ollows the 
tube t o  reach cutoff bias with c l e s s  neqotive-qoinq 
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(smaller) signal than normally would be required, c rd  t 5 ~ s  
performs better for smaller input s l p o l s .  

Circuit Operation. The s & m o t i c  o f  a typ;cal v ldm 
limiter circuit using o pentode type of electron tube is 
shorn in the accompanying illustrotion. 

AVG. GRD. LEAK BIAS 

--I iR4 OUTPUT 

Pentode Video Limiter 

The  input siqnal is c a p a c i t i v ~ l y  coupled throuqh mup- 
ling capacitor C ,  to thegrid of V,. The combination a! 
capacitor C, and grid leak resistor R, establ ish the blos 
potential. P la te  load resistor R, i s  used to develop the 
plate  output valtoge. .The screen qrid dropping resistor 
R3 drops the screen grid voltage t o  the proper value and 
bypass  capacitor C, places the screen a t  qround potential 
far video. 

Without o signal applied, only contact bias  i s  devel- 
oped and the tube operates near zero bios. At this point 
the plote and screen gridvoltages largely mntrol the 
amount of plate current flowing. 

With the application of the neqative input siqnol (ob- 
tained from the videodctector)  to C , ,  qrid leak bios i s  
established by the combination of C, and R,. This  i s  
somewhat dlffermt than the qrid lpak bias  exp la~ned  in 
paragraph 2.2.2 in spction 2 of this Handhok s ince i, 
t h i s  application only neqotive pulses  ore osed. 

When the input siqnol used i s  first applied, the cur- 
rent through C, ls maximum and the total input voltaqe is 
dropped across R, ,  with electron flow throuqh R, ,  placinq 
the control qrid at a neqotive potentiol with respect to the 
cathode. C, charges throuqh R, for the duration of the 
pulse. Thc capucitoi then discharges through R, for :he 
period between PUISPS. Before completely dischcrclnc, 
however, C ,  begins to charge anoin with the cpplicotion 
of a new pulse. Aftpr o f ~ w  cycles  of operation, on vierace 
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negative voltage (bias) i s  established ot the control qrid of  
the tube bccuuse of the relation 01 th? timp constmt of 
C, R, to the duty cycle of the input simol. Tnis neqativc 
voltage !bias) establishes the cutofl point lor limitinq, 
which is deter~~sinrd from liieplgtr current versus qiid 
voltage chorocteristic curve of the particiiioi pentode used 
for 'J,. ?hi; ;;er;g; ncjo';;.c tic; vok;?  ?c:czzk;.cc 
where ine input signal causes cilrafi to occur, ond hus, 
.whict, of ,, ,,,p,, .- ... .:- .,,,,nu, -1 . . : I >  +.,A. L .r repiduce?. 

With the application 01 the input pulse, plote currmt 
flows lor ttrot portion of thepulse obovc cutoff. Once 
the tube r e a d r s  c:jtoff the currmt is ot zem and rerrcins 
ot this pan t  !or all portior.: cf thc ncqotlve :lmoi beyond 
cutolf re3;:?.lesu 0 1  whcti!i:r o r  nvt t h i  inplrt :i.lro! in- 
Ilrenir. 4.' ? ! ' P t ' ,  t h  pIntn :irlinlF 1s "t ,,̂  ?inx,mi,7 

md, I~kewlse,  will remain at this limited amplitude for all 
pmtlans of !i.cir!p,: :!qnol bpyofid mtoff. P,c plntr v l i : ~  

. . 
q e  t t ~ z  ?cc:czzcc to c ::I;~;ZYJ:F, .;oIx ,wb,cr, tb,c pla!c ~ 2 : .  

rent is brought ilach to it5 ! , . ~ k i n ~ u ~ i ;  V U I U ~  by ttlr tr<iiill. 4 
edge 01 tile r.egutluc ,,;put p ~ ! s i .  Note thot d ~ i i n q  hi 
entire time the s i g o l  i s  less than the cutof! blas value, 
~a li!c?!irq occur::. T h s ,  irl t h ~  rrqior fioiii zero bins to 
cutoff ,  norroal tdbe n!csliflcatlon octiorl occurs. Hencp, 
lim~tinq occurs only far those ~nput siqnols wnlch ore 
lcrqe:ir; 07.;!:!::c !!,c-. thc v c ! ~  ci  cgti.l! s ics.  >e 
large; the irlpl;: L; ;;lul, tiie iuurc eflcctivu tile LU~OI! UC~~OI : .  

The limited voltaqe output level i s  also controlled 
slightly by !hi. olotc onti screen qnd voltoqes of tt,e tube 
smcc !ilcse ,vuI!ar;i.; in olir!itlon la the bicsln: level a!- 
!=! !k,e :.:hi ,-i.:r-c!eris!ics otx! cn~tr-!  the tntc! ilmnunt 

. . .  
of p i t c  ,:urrcl,l lianli@. TINY appr~ximutw mo:n?t.iac G: rae 
Ilm~trd outpl!t can or ohtulneli from the prduct  a1 !ood rc- 
.5,sto: F2 2r.z :r,c c!.:r?r.: (LP, :,iil;:j::,per.csj "v.::. zz 
signal applied. 

Circuit V ~ ~ i a t i o n r .  l! tt,c plote arrerit ct.z?yer be- 
,,., ... een pu!;cr Secsuse o! c duty cycle chmqr ,  !!?e elfir!!ve 
iirn~:er oiitpil; .iiiirine 1.; oitcrcz oc~mrdinql;. Ti:,; p:u:c 

current chanqe occurs if the duty ratlo of the inpill siqnal 
IS I^~:PCSP?. 

[cEt.i :z;lo = - 
YTAK ""UL., " "" 
PULSE WIDTH 

-. 
, h , -  ,--.n,. .- , ?  ..... ,",," ."" .... ."" ".?-, -, 0 .  --.-<,., 

qii? CLliFTt jl?i,::l!itl, :j.eieby !nermslpq t h ~  ;,z:pri: ; : i :  
-, 

. ~ 

......... .............................. :."-* 1. !!,,. : , , . A  , ~ .  - . 
. . .  ;:,= , ! , ; c ! "  <,e:<~=,,t, d,~; ; ,d , . ,  b k ~ "  ,.., , U~ .,,, .,,b ~, ,..,, ,. 

..-I .--. -....... I . . . . .  . < ,  ..... .I ............ #?.. 1, 
. i i . _ _  . i ~ . , . 
- 1 ~ ~ o . :  :., .q...IId -,it, i '> [ ~ r  ~Il~~s!roted i n  .lotti,! !!roc r ~ - .  ~ : 

r r ,  li.e nC:,rI,,"tILJ , U " U L ~ >  iitc c i i ~ l i  "i "ll," L : l ~ i l l l i .  ill G:~;L 
idriiLi LL .. -- 2 ' . "" .o tuqe uliirie, uit;ui,. Thcx ;;:I! bc i1t:le 
~ h ~ f t  ai scree,-, vo i t~qe  wifn inc:rm;:;t.,; < lu~y :mi0 ,when ti.!: 

cuiient take7 by 3, nnd R, is relotivelv larqr ~ 0 l ; j ~ : d  tn 
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the screen ar ren t ,  since the voltage divis~on is fixed at 
that developed across R,. 

FAILURE ANALYSIS. 
NO Output. :ti a pentode v i s a  lizitei, a ~ ~ i j t p i ; t  

condition moy be c n u ~ ~ . i  bj :ny i tie follow~nq (piovlded 
.Lo i"..... ";-"I ir t L m  n~^nsr  . . ^ l . . n  -*,: - I r r <  t.,,. ".. . , ,y " ~ "  .,,,. ". .. y , " y - .  .-..- p. ........ -. ..... 
mupiing cupuciror C,, w l  u;lrrl ibus i r s ~ i u l  R, ul  vloir 
resisto; R,, o: bj ;i';S"ecc c;i ;!c!e 3: ;C:ECZ ,;aitc;e, 3: by 
a defective tube V,. To deterrlize the conpscn t  ct fault. 
first check the supply volicge 2nd then the plate and screen 
voltages with u ij!& resist incs volt:neter. If !tie silpply 
voltage i s  low or zero the trouble i s  in the power supply or 
prim"? fllse. if tilt sgcipiy valti ;F 15 normil h , ~ t  the plute 
voltage 1s iow or zp io l  p i n f ~  i o ~ l  IPSISIOT E, rnoy nave ~ n -  
creased in volue or i s  open. Likewise, if the screen voltaqe 
i s  low or zero, screen resistor I?, may hove ~ncreased in 
vdue  or i s  ow. .  Check !4, and 8, lo: volue with an ohm- 
meter. Note thot zero screen voitoge wlii aiso occur i f  

screen copcitor  C, i s  shorte?. Mearwhile the excessive 
current drain throuqh R, will cause i t  to heat, smoke, and . . 
eventually bum out. Check lor a shorted C, by measurinq 
the resistance to qround from the screen terminal. If bath 
 late and screen circuits ore s a t i s f o c t o ~ ,  check for o 
s i w d  an the grid of V, using a vamum tube voltmeter or 
m mcilloscope. If the siig,a: appears on the grid but no 
output i s  obtained, check R, lor proper value and continuity, 
since on open grid resistance will cause grid-blocking. 
The blocked grid will be indicated by no output and a large 
aega"ve bins uuhich rducec  os the meter is coxect"1 
hom q l d  to ground substituting ior the grid resistor. As 
the meter i s  left across the circuit unbicck~ng will occu;: 
and when the meter i s  removed the grid will oqoin block. 
This indicates I?, i s  either o w  or s o  large m value a s  to 
be useless. If coupling capci tor  C, is shorted the plate 
voltage from the preceding stage will 'd~ive V, into 

" ,  . . 
piate oiritn; sa;i;i;:;ai;. ,jc? 3 ~3ncii:;n -will be indicated 
by obtoininq lientical vcl!oqe rea-'ir,:s to qiolind from 
either side of C, , or by checking lor o short with an in- 
circuit c ~ p u ~ i t " , , c e  c!,eckc:. I! d!l tr>t- J l C  .,a:.,,al G,,? t!>C 
trouble persists the tube i s  nos t  pobably at fault. - 

Reduced or Distorted Output. !>!r c a n ~ : t o n  -W 
... ,., .............. * .. .,.... : ........ " 
,ijlj .,CL" .... L. l.lr" ....-. _/... ................. . .>.  . -r..., 

screen grid t yp j s s  copoci:~: C, 1s shurte?, picte an3lor 
. . 

screen vaitoge is redurei, 3: I"& ,!, is ie:e:!lve. 
, a , . +  - ...... > n- . . . . . . . . . .  r ..... .: ....:........ . , . , ,  . ,  , ,  . , ,  , ,r !, , ,  , 1  . . , r  l . ,  ,.,,. , ...-. . 

lb. "f ',j . . , + . , . . . I  .. ..... ;..- .. .."< ........ .. . . . .  . , , , , , 
. . . ,",,, ,," -7"" - . , , , ,  . " - ,  ... "-,,. ?,,"?v,. . .  . . . . . . . . . . .  . ~ 

an? :q enu j i  a?;?;; o:c.l;:;!;c: ;t 1 ;1- r:!;. A rl-nrtn7 - . . .  , . .- - .  ., , - , , ,  ! ,  ., . . . .  ...... . ...... . . .  
- 2  . . . . . . . . . .  , - .  
F : q  ,;i* re.>";[ ,:! !:!r : , > r : ,  ,, j >,,: u: - L d L i L L ;  7,,bC<G".,< "i 
; .... i.,. .-.,,,. ....... ""1 .,.. .. ' -  ..... -" ....... .. ' ........................... , . 

q..$, cq,,sr,: !.., ,," ,,. , -  +La ~e$c?tqvre rn< Q. ?. u. 
,. . 

. . 
rill, urw iuu>r 1ruuLci  ;;rp, . IulLuqr.  

T determine :i,e sor::panent at isu:;, iiist check the 
iuppiy voitoge an6 tnen plotc or5 screen voltaqes i i t n  o 
high resistance vol!mite;. If :IF cLpr,ly voltoae i s  lc.; the 
troutic is in  tk,e poser s.pp1.j. :! :i.., ;..;:::,, io l t~ ;e  1.- 
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cycles  o f  36erct:cr ax -.;erc,;e :.I .̂: :i -itlb!ici-?, .?< :L,c 
voltage c r o s s  5. I.-:; i.r; IT~~::IC!: r ~ s t c n : .  This con- 
stant vi l taSe JC~O:: I ~;:xll:s!-: !re c.~i :xe  bias value 
around which the input ia i tage i l u c t ~ o t e s .  This bias point 
i s  depen l i ; .~ t  ur s f v ~ r o :  iz-t?r-, :::!:t ! c ,z !~ . :c  the vor,:rr 
w b e  t.lrctro!t y ~ t ~ z t w ? ! ~ ,  tile :IT:.- crrl--:t ::! oi Z L  ,cd 21 
(TC=P!YC2: z i i  .he ompinude oi  rhe input signal. '1'k.e 
iosr iocror ,<eter::,!r?s :ye 3r:i.nt 5i ;er!cr.?i: 
,L" -..J ,-">. . ~. ~ ' ' ~,,- y,," ~ L " h  .>I"> ,..?t,,v:. 

Limitinq IS ~ c c o m p l ~ i t e ?  t;y t i e  :?Sta?t31>M.iS bias on 
. , 

the vacuur, :::,be .,.cI:In-: I t  . . -  . r . . . , . , ~ - - t ' -  . I..-+ , . - -  e y a k  
~ ~ , p l i t u d ~  of !ke ,r,p~.: : .  -z: :cc. 11, zr, :-,a ;,c:,~tl;e 

. . .  
p !  0: . : :  : *..:. ..I:I,O: u r r v l l a , ~ e  :nrreoses 
to the p a n t  oi zero t i o s  i~ i i .1 ,  3: 213it .;here l r r d  c!,rrpnt 
iiows, tnP  .?hilr:e IC +,Y ;!3:n ;i :zp;;;;i C: L ~ U ~ T ~ L  LU h e  
grid becoxe; :Lore n:-~t:;e :.,ti: ;p;p--t t-. i i o  ntk-. d:lt-. 
Re ;r,? b,,,;? is t: ::!, .:.,:::..:.,<,: :. -. ;,:?e,J2>;,, , :,.. .: +:. , , .c 
Sam$ 7:::3"I: :" ; ; ic ., :<"=: l i l . , j  i:, i ,.#:'!nrt T "  ;-r--- -In.?:- 

, . 
Ze,:Jd.3 i:.c:~:.>~: . not l,Zr:? XaA;b. t,:) XI'!? t:,~ . . -. 
ji:; to  iaa u: 2i;s.e. 121s ;:alrt 1s t i e - o r !  :?.h~re I :xt1n7 
occurs, DPCJ~.;? :r e i k :  :: :5 ti.c : , i . k i t  ?i.-l:~v.. vr::t'~z'- 
thot the q i i i  r . , ~ y  .!!:::s. It ::, ?.;:-?V :! r ':clcc s: :;hick 
constant peak plcte x r r m !  i!~:: ccr-r: sn? thc \.olw fir 
which minimum plate voltnge is  obtoir-4. 

T'i- c,"i,n^. ---- .- ".--. ,, .,,.,.an: ( I t ,  I I - : )  ? I T ! ~  ?.!:yr! . ; C ! : : ~ Z  

can aiso bi oLtolnc2 by iowerlnj tne screen q r l c  snd picte 
voltage vaiues to wt,ere plcte cdrrent soturatior., rather 
than ?rid current ilo\.> occurs, :.v!:er !ks pcsitive plrtian of 
the input signill :eoches or e x c e e . 1 ~  t r e  irslre; positive 

-.,o!!c;e. At :>,is p;i-t plrt- -..-::: IS rcznixir in l :  ... . . .. , . ~ r , , ,  no ionqer ircrease :.::tl cn ..~:~e:si in s n n o !  a rcph t~de .  
Since plot-? cur:ent ic  m c v l r r l r ,  tier 1 - 8 .  ~ l i t e  rm.tlit v l l t -  

cqe i s  .r.inir,dn, CK? rerm71r1.z '11 t::!.: .!?,:I,=! m:::~:.-. !,x 
any i n c r m s e  ir input c1-r-I s:~l.'-:i. 

Althodgt. thls rneti~o:i !ocl;ll~tes reccc!r? r ~ t o i i  -::t? 
a l e ss  negc!b:e-gaini; i ; jnu l  bscz~st .,I rhp  )ow-r ni-r!ro<? 
pL2tenti3Is: I t  js %nme,:;t,?! :es!!!5:-: 7; ::.z :;zq,it~:e d! 

the plate load resistor. In nrier in: plyt i  sct.rx:cn :c 
occur before qrid rarrv;t i!o+:, t k i  ;lz9.- is-3 x i i s t o r  ,,aide 
f i s t  t e  i1:;:uciei to &c;-as? ?l:f~!:,le I?-c p ~ ! i n ! l ~ l  ot t5e 
plate .  Yy 1ccrezs:r; tnr size 01 the p l i t i  locl  resistor, 

nowever, the usable bandwidth of !he Limiter i s  lowered. 
?.;A - 

-"~:K;,: ~ , , , , l L , . J ,  >.. . . j - . : - ! ~ .~  ; ,:+:c::-,z :or .!;~e-Land 
applications ever, ttiluqrt ir order lo r  cutoi! to o c m i  o 
greater negotlve noii cyck of voitnle rn'y:! he ornser:. 

,A,L-. .L 
. . . I - , ,  Ll,-  ::':?..:; .; 2p::z::;: cue,  ;;,r I,?,,U,,"F 

L,:-= .? -Ic-, a-,"t.!, .>-: L.. .L- .~ ..-. -,- . "r L,#z ,,... :PC,, . A * ,  

,.ons+nnt .-"*in ...---- . , . . . . . . . .  . . . .., . ,1111.- _I L l i ?  

negat ivehalf  cycle. If the maqnitude of the neqotive haii 
,?-Im , <  ,.,, ;:;-, ~ " .  - z + - -  . . .._- r 2 --.iri.: L C  

lor12e; ilo".,s ~ J :  i,#:> .:'~:91! ;.0:2t zcc p,X? .Vo;tJTk 15 ct 11s 
. - - . . ' . -.. , .. . 

. ....., ,, , , . , , ,  ,,., e !  ' J L  , " " ' . ~ '  , ~. .,,",---- ~. 
or e x c e ~ i l %  !ti :'.:~ii ti3: ! - .  ~ : ,  p!::.: :A:+: .::::;L :<.c:s,it:,s 

-1 C i v i t i l d i l l  i::nlrec voiue. 
Llmiiirlq h t l l  only ocr'lr .:her <?.e s : ~ T . o ~  ~ i i p i i : u J e  ex- 

ceeds  h e  v c i t q e  extremes nccessarv icr ori? currnlt t r  !!-:.: 
on t t e p o s l t i ~ ~  t o l i  r y c i - .  PI (nt- tin c.::::i,:e iz!! L?c!L)) 

[or %!of: t,7 3cc;r. .;:I? .:l>r"' ?..*y%. :ez5 :b,z?. <?,2X 
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amplitude extremes will result in plate current chonqer ond 
plate voltage variations in accordance with this signoi 
strenqlh and no l ix~ t inq .  In or-ler ta hove a cor~stont limited 
output, then. the mput (drlve) s i p o !  st:en~th a;;; exceed 
the paints  where qrid cllrrent flow and cutoif occurs. 

FAILURE maLrs!s. 
No Output. In n pentode i-i lirnlter n ?n-mtp.t condi:ic;. 

may be  caused by ony of t"e foliowinq (provided the s i m o l  
from the prevlous s tage i s  thp proper value): o shorted in- 
put tank circuit copocitor C l  or output tsnk circuit capacitor 
C4, a shorted sc rem bypass copx i to r  C3, an open oi ci.o:ted - 
trmsformer TI sr i2, or  open cc8:plin~ ccp;r::c; LL cn 
o??~ " I S  :eeie!c: "!, G: :I !;A ;.: pltlit- v u l ~ u a r  rause6 
by m open plate resistor, R3, or a shorted plate bypass 
capacitor, C5, or by a d e i e c t ~ v ~  1n11.,c VI. 

T o  deterrnlne thecomponents ct fnlrit, !!rst chick $6~ 
.,o!'"-" ,L-- ".- -'--' ' .. ~ - y L ,  .,,L,, ,.,-  ILL^ .!l I .'::ten v o l t ~ ~ c z  : ,~ t t ,  c 

high resistance v o l t r r ~ t ~ r .  I! the sopply w!!aqe :; naimil 
but the  plote voltage i s  low or zero, plate lwi! resistor R3 
may have increased in v o l u ~  or opened. Check R3 for 
d u e  with M ohmmeter. To check if copocitors C1. C3, C4, 
or C5 are shorted, u s e  an ln-circuit capacitance checker. if 
the c a p x i t o r  C2 is open or if Ti is defective, n o  s i p 0 1  
would be present a t  ine qrid of V i .  This may be checked 
bv an oscilloscooe. If the plate circuit i s  sotisfoctorv ond 
a ~ s i m o l  apms'at  the gr idaf  V1, but there s t i l l  is n o  
output, check resistor R1 for rrorPr value and continuity. . . 
since an open grid resistance will cause  qrid hlcrkini?; n.e 
blocked mid will Se indicated Sv no output and a iorye 
negotivebrid bias which reduces a s  the-voltmeter i s  con- 
nected from wid to  ground substituting far the qnd  resistor. 
As  the meter is lef t  across  the circuit the blmklnq action 
will subside. When the meter i s  removed the mid will m a i n  
become blocked. This indicates thot R1 i s  plther open i r  
s o  ioige in value he :  i: :s :scless. 

if 1'1 1s upen uor sinrred no input siqnol wili be applied 
to the grld 01 V i .  ilkn:!sr, l f  T2 i:; open or shorte,! cc 
output will he ohtoi"i.4. Ct-ck tk :̂-:-i;t;n;e if ;',I: 
c o r r e ~ p o r d m ~  trmsicrse: p:;:-,311-5 m! s ~ c a r i i a c e r  ,.v~tr 
a. ohmme1t.r (be cci:::i :C ti:;: "$1 tile p i u ~ e  po*- 3cf3111 
measuiinaj. if ti:,, ~ P ~ I C ~ P P -  wqI,!- - b ! l j - r - l  i: z: : ; ,  : 
windinq i s  shsrtec. !! thp value obtolr-his icfinitr,  :LC- 
wind!nq , ;- .- -n-- i r  .. -11 .,..- I .-.. ,:= -.- .. ,w::ll-ll .I(.; ti.e : ; lunl i  i;;i- 
sists, 'Ce 4-.L .- 1.1 . ,"* 1 3  ,>,"a, , , K ? , y  !,I !rmIt. 

L o r  or Distorted Output. T:,i.; .-!lii!tln!; !I:-, .,r,?. 
P~*; :<" *: . . 

>. . L;,:;.;;;,i:;: -,i:< ' !  ' . . ' " .  
 ope^,, :e:~.:tsr F,l d,.L:, opc:i,, 1.i n e n q  ~ d e i ~ t r , ~  Z:>:-:::,:C c>i 

o partial r l lor t ,  nr 7.h; il !e!nr!i.- 

1,). ;>,?:.?" rm,, ,,.*" 1 .! . .  ' . . . , . . :. I_.__".. 
strqe ,#ill ?:,,:s !k,c ~f I J :  p:,v,l ,,),,, , ? I , :  ,'.+" --*,..". -.. 

. . 
::UX:+ G ;c-L.cL:,; st.i,u:. 1; LL were c : p ~ n ,  I-: tr~ns!or-,-, 
-. ~ , i  rO,~ 111:C71,̂  7 )  'i"rTn",-r :Lr .."A 1"" - -: . . . " 

) . . ". .,".,, ...,. 
rec;!t. ?;s, t!,crc? :;ill LC !!!!I? 0: r10 o,itput. .A?, k . ,  

iesisrnr Pi w!!! re$%!! i- ;::i L!s,:li;,j i d  L ~ L : , C  ;j.ilr 
;scil!m~on: x .i >ls.v ruie. ii scrcm Dypnis sn?uc:!cr ;:? 
1s shorter:, :w -crren i n !  cl!tp2t ,,c!! :?EC si!! i.ot? : .  r . , ~  . . .  ,,>~,?ec a72 ?;CF,!;=!bi :;1:t ::.;,,!t ;:, ,?>:st,>! h!!:s:?z c;: 

CHANGE 2 



ELECTRONIC CIRCUITS NAVSHIPS 0967-000-0120 

because of excessive screen current. I1 screen bypass 
capacitor C3 i s  open, resistor R2 will have droppee ccras: 
i t  the r-f voltage occuring ot the screen grid, which .wIl 
produce degeneration and result in n1tnrt.d screen and 
plote currents, ond plote voltoqe. Reduced screen or 
plote voltage, coused by incrcosd  resistance 3f P,2 or R3, 
will also cause a reduced output voltage. If copclcitor C4 
i s  open, the tuned circuit of L2 and C4 will not he res0nor.t 
to the proper i-f frequency bond. If C5 i s  opcr., ti.e I-! 
voltage appearing ot the plate will be fed back into the 
power supply through R3 ond cause feedback ,with possible 
oscillation. 

To determine the component at iaulf, first check the 
supply voltage and then the plote ond screen voltages with 
a high resistance voltmeter. If the supply voltoge i s  la.& the 
trouble i s  in the power supply. If the suppiy voltaqr is 
normal but the plate i s  low, plot? load resistor R3 may hove 
increased in volue. Likewise, if the screen .ioltaqe i s  low, 
screen resistor R2 muy hove increased in value. Check R2 
ond R3 for proper mlue  with an ohmmeter. 

A reduced plate or screen voitaqe may olso be 
coused by open m p c i t o r s  C3 or C5. Check C3 and 
C5 with on incircuit c apc i t o r  checker if p ior  checks 
have failed to find the fault. This some check (in-circult 
capacitor checker) may be used if symptoms seem to in- 
dicate open capacitors C1 or C4. If V1 i s  at a constant 
saturation level, check Cl for a short by measuring the 
voltage from each plote of Cl to ground with a high resis- 
tonce voltmeter, or by checking for a short wlth on incircuit 
capacitor checker. If symptoms jndicate trouble in either 
input or output tank circuits ond capacitors C1 and C4 are 
not defective, remove one lead of the suspected winding and 
check the d-c resistancr value of the windinq. If oil tests 
are normal and the trouble persists the tube i s  aos t  likely 
at foult 

CHANGE 2 
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PART 8. SEMICONDUCTOR CIRCUITS 

DIODE LIMITERS. 
The semiconductor diode limiter i s  comparable with the 

electmn tube diode limiter; therefore, the general ansidero- 
lions on limiter circuits discussed in Port A -Electron 
Tube Circuits, of this section are generally applicable. 

1" "Aditinn tn i t ?  qrnnli sire and lack of filament .wwer .. . --- .. - . . .- . .. . ..~ 
requirements, the semiconductor diode i s  more economical 
from a cost standpoint than the electron tube diode. Al- 
though the semiconductor diode may be operated at some- 
what lower power and voltaae levels thon the electron tube. 
the differenm in operating levels i s  slight. Usually there 
i s  no problem in obtaininq a semimnductor diode with pmk 
?LZ--! -15 ;eck izv-rse vn!tn;e rnti lnc q l ~ n l  tn those of o 
given electron tube diode. In fact, in most Instances me 
semiconductor diode has a current rating higher than thot 
of the comparable electron tube. Tne lorward and reverse 
resistances a! tL,c scmicond~ctor diode are different ! m ~  
those of the electron tube. Generally speaking, the lower 
forward resistance of the semiconductor mokes it more 
efficient than a tube in a clipper circult, because the loss 
across the diode is less. On the other hand, this advantage 
i s  somewhat offset by the fact thot the semiconductor diode 
has a finite reverse resistonce, rather than the almost in- 
finite reverse resistance possessed by the electron tube 
diode. In mmmunications work, the clipper is used to clip 
off the peaks of modulation and ollow a higher overage per- 
centoae of modulation to be emploved. In this apolication. . . . . 
both the positive and the negative peaks are usually clipped, 
r e d r i n g  the use of b t h  positive- and naprive-lohe ciip- 
Ping nicuits. As far a s  types of limiter circuits are mn- 
cerned, both the semiconductor and the tube diode cre 
identichl, each providing two general classes - the series- 
diode limiter, and the shuntdiode limiter. As a result flve 
diode circuit variations are available: the series-circuit 
pcsitivelobe clipper. the series-cirniit neqativelobe 

~ ~ 

clipper, the shunt-circuit positive-lobe cilpper, he shunt- 
circuit neaative-lobe clipper, and the two (double) diode 

~ ~ 

?osi t i>read negative-lobe clipper. Each of these circuits 
will be discussed in this section. 

SERIES LIMITER, POSITIVE-LOBE. 

APPLICATION. - ~ n r  series liriliier i s  used in mmmiiniccticns zqdipment 
as o speech clipper, in electronic equi?mer.t r:ic:e zr,p!:- 
tude liiiiitiiia i s  desire? i s i c h s  %! receivers 3: tmns- 
rnitters) and in waveshaping circui:; ,whc:e oil or o portlon 
31 !he 70sitive half-cycle of a waveform is to be clipped 
c!!. ?is circui! ix particularly su i t~ f l  fnr squorino of! o 
peaked waveform. It i s  used unlversclly ir: display ciicuits 
ior mamfying waveioms and determining the levels s t  
xhich !hey nre clipped or limlred. 

CKARACTER!ST!CS. 
Ko ampliiicotion i s  rwlized in the i i ; c~ i t ;  Sea;se  of 

circuit losses the output amplitude is sl~qntly less than 
. b e :  -..,- ",:p,d vr ! 7 ! , , , ,  ,,m:,La ,. e. .. 8ye,j"live *ref~iz :s z ~ ~ s ~ 2  :nc%ye<, h! ~CSI::~!-? 

waveform is either portlolly or compieteiy ciippei. 

Phase of waveform i s  unchanged (output phose i s  same 
a s  input phose). 

Presents a low (forward) resistance to a negative signal, 
and a high (reverse) resistance to o positive siqnal. 

Isolates output circuit from input circuit in nonconduct- 
ing condition. 

CIRCUIT ANALYSIS. 
~enor.1. A limiter circuit i s  used to accomplish any of 

the following functions: to square off the peaks of an 
applied signal, to obtain a rertongulor waveform from o 
sine-wave siqnol, to eliminate the wsitive (or negative) 
portion of a woveform, or to keep the input amplitude to an 
FV detector 01 a constant value. The positive-lobe limiter 
1 -  d p a i ~ e r i  to effeaivelv rlimlnate or reduce the positive 
portlon ot t i e  lnpur s~gnoi. 

Circuit Operotion. A schematic diaqrarn of a tvpiml 
series-diode positive-lobe limiter i s  shown in the accompany 
izq !ivxe. 

Series-Diode Poritivc-Lobe Limiter 

fi.s con be seen, diade CP i s  conneaed in series 5- 
tween the lnput and output, wlth R1 serving as the load re- 
sistor. When a positive input i s  applied between the cathode 
iind o u i l d .  :he nthode is mode more positive t'mn the ande. 
and the dlode does not conduct. Trius, ioi if is mnditi~il  
only the reverse resistance of the diode (which will be 
discussed later) will allow ony signal to pass to the load. 
'&hen the input signal i s  negatively polarized, the cathode 
i s  more zegotive than the anode and the diode conducts. 
When the diode conducts, electrons flow opposite the direc- 
tlon of the arrow throuqh R1 to ground, and the poiarity 01 
tI.e voltoge developed across R1 i s  negative with respect 
t i  qra;;nd, a s  shown in the illustmtion. The amount of 
a x e n !  f l w ~  c ~ i d  !he reslstonce vniue lietennine rile ourpui 
;.oito?e p:oducel. Since the torward resistance of tite tiiulr 
i s  in series wilh Hi to qro,mi, togetner they iornl o vo; i~gi  
divider ond the output voltoae taken across R l  is always 
less tho" the input voitoge. ( !he  loss jvoiiage aropj pro- 
? x e d  by t5e forward resistance i s  shown in dotted lines 
fin the nigati.de portior. s! tbe wwc.ref?r. 02.: ilm.tl!!?i !?;I 

the symbl is< In the ~iiuslrullon.) Also slr,ce L:.c luud :i- 
sistor i s  not frquency-selective, the waveform of that 
Fr!!nn " i  t h ~  s i q n ~ l  produced by forward current flow thro~gh 
the irsistoi i s  the scme as !be waveform of the origino! 
slqnoi (except where clipped) and of the same phase. 3 , e  
ool~r!!~, ni m)urse, is oiways negative. In  foiw:rd -1- 

?-aio-, :kc -;o<e cc" _he mms,&pre< os <i switch wiiiii~ 
connens ine ourput w lllr SiLl;i :'; id; :: : ::T: 

ORIGINAL 



ELECTRONIC CIRCUITS NAYSHIPS LIMITERS 

conductor, it introduces a slight omount of resistance, 
usually not more than 10 ohms, in series with the circuit. 
When the diode is nonconducting, its reverse resistance i s  
relatively high (50K to 1 megohm, or greater), but finite 
(unlke the electmn-tube reverse resistance which i s  usual- 
ly infinite). In most applimtions, the reverse-resistance 
value i s  hiah enouah to hove little effect on circuit opera- 
tion, but in o series limiter i ts  effect may be important. 
The following figure shows the equivalent circuit for a 
diode limiter with a hack resistance of 50K, plus o load 
resistance of 50K. As i s  clearly evident fmm the figure, 
the diode resistonce, R1, and the load resistor, RL, form 
a voltage divider across the input. Even though the diode 
i s  not mnducting, in the forward direction, the small leak- 
age current which flows through the diode reverse resistance 
muses it to a n  a s  a voltage divider with R1. A s  a result, 
half the applied input voltage appears in the output circuit. 
This illustrotes the serious disadvantoqe of semiconductor 
limiters. As shown in the figure, the positive portion of 
the waveform i s  onlv oartiallv cliaaed. whereas in a Vacuum- . . , .. . 
tube circuit the entire positive waveform would have been 
eliminated. One of the oractical results of this reverse 
resistance effect i s  tha; diodes of one type annot  be re- 
placed with those of another type (even though mltage and 
current mtings may be adequate) unless their reverse r e  

R~ver rcRcr l~ tonce  Equivolcnt Circuit 

sistances are similar. Otherwise, the mount of limiting 
or clipping will be different from the amount selected by 
the designer, and improper functioning of following cir- 
cuits a n  occur. 

Consideration of the equivalent circuit, in the figure 
above, during forward-resistance conditions reveals why the 
output waveform can never have the some volue a s  the 
input signal. If the forward diode resistance is assumed 
to be 5 ohms and the lood resistance 50K, then the input 
signal will be diminished by an amount equal to the ratio 
of the resistance of the diode and the lmd resistw, or 
one ten-thousandth. It i s  clwr from this example that 
the forward resistonce of the semiconductor diode i s  
low enough to produce even less loss than that of the 
electron tube diode, which i s  never less than 100 ohms 
and i s  usually more. (Practically speaking, 250 ohms 
i s  the average low value with the high value being on 
the order of 500 to 700 ohms.) 

The amount of clipping of the input waveform can be 
selected by using a diode which has the proper value of ~. 
reverse resistance, or by placing o negative potential 
(Ebb) in series with R1, a s  shown in the following figure. 
In the latter case, the diode will not conduct until the 

ORIGINAL 

0- 
Ebb 

U N B I I S E O  OUTPUT 
t 

. 0 
A. ~ v ~ . E ~ ~  - - W \-"f 

BIASED OUTPUT 

Bias Control of Clipping 

input signal i s  more negative than the applied bias 
(VR). Thus the reverse resistance looding of the diode 
on the input circuit i s  effectively nullified (the reverse 
resistonce voltoge divider action with R1 i s  eliminated). 
The complete positive lobe, in this cose, i s  eliminated. 
Note, however, that the voltage divider action produced 
by the forward resistance and R1 still remains, us 
indicated by vt in the figure. The total negative 
signal amplitude is reduced by the omount of forword 
voltage drop and the effective negative bias. 

FAILURE ANALYSIS. 
No Output. A nNUtDUt condition can be the result 

of either an open-circuit~ccndition (a defective diode, 
or open connection) or a short-circuit condition (R1 
shorted). A resistance check of the diode and load 
resistor will quickly reveol the defective component. 

L o r  output. t i c k  of sufficient input signal, a s  well 
a s  a defective diode, can cause low output. A change 
in volue of the lwd resistor with age, although not 
very likely to occur, con also couse a reduction of 
output. If the diode is biased, a change of bias volt- 
age con cause improper output. In either cose, a re- 
sistance check will determine whether the components 
are defective, ond a voltage check will determine 
whether the bias i s  correct. Be certain to observe the 
proper polmity when checking the diode with on ohm- 
meter: otherwise misleadina results will be obtoined. 

Dtstonlon. Except for the cupping effect, a diode 
limiter produces no inherent distortion. If a distorted 
waveform i s  obtained, check the input with an oscill* 
scope to determine whether the inout sional i s  distorted. 
 he. negative portion of the o u t p i  woveiorm should be 
identical to the neaotive wrtion of the input sianol: 
if it i s  not, the diohe i s  defective. ho the r  podsibility 
Is that the circuit following the limiter introduces 
distortion by feeding back on ou t~f -phase  signal. In 
some cases, it may he necessary to disconnect the 
limiter output to determine whether such feedbock exists. 
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SERIES LIMITER. NEGATIVE-LOBE. 

APPLICATION. 
The  ser les  I~mlter  i s  dsed :n com:jc!;iaci;s eeJlpre:t 

0 5  n +peed i-lippri. !r S.!PC!~E?C e$":pr,a-.! :-.~cIc. zr:!:~ 
t t d e  I iniLno i s  desired ( w c l ~ ,  a s  F>i ie~elvelb bt L ; J ~ I ~ -  

mitters) F..! In wnvesb.op:r.: c i rc .~i ts  '::+,cis z!! :: :PC:- 

tion of the nelotive hoif-cycle of a wave:o:r 1s ts  be 
clipped off. n,ls clrcul: 15 pc: : :c~lcr l~ suite? fcr scLmn;  
of! o pecked ,i;ovefom. l t  i s  used i.r.iveisalli ?is3l,n/ 
c i rn l i t s  for modiiyingl ~ove io r l ! ; t  c!fl t i r iar . !c!cc !?Y 
, , "t ;+,-i " , ,~ - , ,  ",? -:.-- . -. 1 .-.. ", . ",. ". ..,,,,, p:. 

CHARACTERISTICS. 
No ampI!ilcotlan is rec!lz& ~ r .  t?e c?rc.;:t: zeccbsi c! 

c i r c u ~ t  losses  the o : l ~ o t  c m p i  ! r  s!i:i-!!.. ! ~ t ;  .. :.~ 
r ,e  n p d !  x : ~ p ~ ~ : u : e .  

Pos!t?vr woveiorm 1s passe.' ;n;i,xic?, 5;: cc;z:::,- 
waveform i s  either port idly or cor:,pic:e!y icilppec. 

Phasc oi  woveform 1s unck.onqed (o-tos: pk,:;c ic  ;c-.c 
a s  input phase). 

P r e s m t s  a law (forward) resistance to me positive 

s i y d ,  and 0 hiph (reverse! ipslstanc? to c ileqouve 
s,qncl. 

Isolates  output circuit from input ciicult in r3n:onduct- 
ing mndltlon. 

CIRCUIT ANALYSIS. 
Cae ,.I. A ;&liter "i: .s dsr; oczJr :,pi;s:, a-,7 

o i  the foliowlnq funcoons: to squareoff the peaks o i  cxr 
trom 0 applied s~gnol,  to obtoln a rectany!ar waveiorn ' 

s i n e w a v e  siqrol,  to ellminote the p o s l t ~ v e  o: neoc:ive 
portion o f  n wovefom,, or to keq the l r p t  m.p!itudt !? 

M FM detector ct c mrs tm, :  v a l u ~ .  The ieqatis.e-labe 
lK2;ter 1s <esi,qT,e< tG et:?,:;,~"ei" e;,.:.:rldte 01 tl,? 
neqotive portion of the Input siqncl. 

Circuit  Operotion. A schematic dioqram of o tyairal 
. .. se::cc-c:cdc l e ~ ~ : i ~ " . ?  !;hi. !iriti-: i: :hc;ci :i :LC 3izj-- 

ponyin: ~ i l u s t r o u a r .  

As c m  be seen, dlode CR is connected in series; b e  
tweer t+.e lnput and output, with R servinq as the load re- . ., sistor. rlnrr o p s l t ! v r  mput I S  q p i l e d  between the plot. 
m J  y c u n i ,  l i e  cuho~:e 1s made more neqarive than in? 
mode,  and tl:e diode ~n " rd . , t s .  W e n  the dlade con2ucts. 
C!:C:TGCS f:~'<" GppGS;tC tbjE kL:~~:l6<# ~f C C " w  f:CJ(?a 

qround, and ~p throuqn E, m,d me p o i ~ r l t y  of Vle v ~ l t a g e  
?eue:i>i? o;i;sa R is ~ j i f i v e  ihjlb respeck ;o orour,:, us  
shown i n  h e  illustrotlon. The ar>oun! o f  rurrent flow m d  
the :csl;tancc vcll;e dctcrminc the output voltoqc praiiuccd. 
Slnce the forword r e s i i t ( ~ ~ c ~  o f  the diode IS  in ser ies  wlth - w..." ,c.,* A . . ,, ,. ,.,.., :aqe*cr tiley L3r; z w i t o q ~  Avlder an6 the 
o u : ~ , ~ '  :o:' . ; i -  t : : k ~ ~ ,  :I$-:ocr E 1s . : i w ~ y s  lpss than the 
I ? ; . . . ., .- , , . ,, I i.; ,---:"",In7; '..?,) :Fc.1!2..,~ h\; th? 

Icrirard :c;jjtonce is sho,vn ,in dotted l m e s  on the positive 
p r t i n  o f  the novefcrr  or.! ! ?e r t : f id  by dle S Y I I L ~ I  ? i  
i7, thell! tior.), ,,u?- ,,..e,, - -*"--.:..- . j L q u u v ~  . ~ q m a !  -: is a m l i e s  bc- 

theen :>,e cotnoat i n d  qrti~rlri, ti.e cuthode is mode "lore 
pos luvr  tt,ol tnt  unudc, ~ I I J  ;.it. &ode does  not mnduct. 
Thus, for this cond l t~or  cnly tbe reverse r e s i s t m c e  o f  the 
diode will al!o*i any s ? ~ . a l  to pass to fie load. Since ':!e 
loui. resistor is not frzquenq-selective, the waveiann o l  
mot poit!on o i  the siqnal produced by forward current flow 
hr32q? tk,e :es:s!or i s  !'ne s m e  3s 1" e::cvcfom of h e  
o r iq~na l  slqr:ai (except h e r e  clipped) a rd  of h e  so~tr 
phase. Tne polarity, of course, i s  a l w q s  positive. In 
forward conduction, the diode can be considered as a 
switch whlch connects the output to the input. Since the 
?I& 1s c cemim:d-c!or, :! ir!:i.?i:i.es c s!i;ht Z - G U ~ :  O! 

r e s l s to ic r ,  ~ 5 u i ; i i y  riot :.:ore t r l q i  id oilms, i n  series wlth 
the c i r cu~ t .  Yher, the ?lode is nonconduct~nq, 11s reverse 
r e s l s tmce  1s re;cove:.v ;.,ilk, (5X la i r n e t & n ,  or qieatei),  
but finite (unlike the electron-tube reverse resis tance 
.,vt,~ct, 1s usually i:,Lmitc). In mst app!ication:, tile 
!e,!erser?sisp,n.- -.-- ,,,. -... : , e  i -  , L.;.,L ...,.. encdqh to have l i t d c  

ef iect  on clmil; operotion, hi); i n  il spr lPs  i ~ m ~ r r r  its eiiwf 

m q  be important. The  lollow1n3 hqure shows the w u i v ~  
lent c~:m:t for a .?lode !'m:te: ,c;lt? c back :cs i s tmce  of 
3i<, p i j s  o i o o i  r c s l s tmce  o i  5OK. As is cieaiiy evident 
irom h e  h ~ u r e ,  :he dicde resis:ar.ie, R! and :he load 
reslsto:, HL, !s:: a voltooe 5 w i e r  across  the input. Even 
.: 
,iuu$, .i,,Yc 1 , ~ :  I V : . ~ ~ ~ t I r I ~ ~  ii, ti?c loiwurj  &I~ .CUUI~ ,  

the small lc&aqe cuiicrzt wilici, flows Lhrouqh the diode 
reverse reslstor;cr causes 1; to act as o voitoqe divlder 
. .. ., . . 
.i2L E l ,  ,2,: ,: ; o : ~ ; :  ; ,):: :,!e ,.r,pily,: l t !p~: , ~ ~ l ! , > ~ ~  ,Jpzz,Li: - -* 

. 7 , .  I-!? Ili;str,a!.s tne SPr!";. 3 : c h  
^i ....̂  ̂"^  ; .-.. n.r hi -i,...._ .- * .>...a .~ . . . . . . . . . . . . , . , . . . . < A  , , 

*:e reqahve p;;u;r C i  tile h.V.Wrn is only p a r t l d l y  
, . I ; ,  ,,*: ,-: _ i . . .  .-. ,. ,, .,- . .  ..i', ^.,. .in " -"--~ -.- ' ?  ~ ~~ . .. . . ~  ~ 

~ v c  . v ~ i e i v : i i i  i<ju;i i . ~ c  Ysrt, e:.illliiiiie-. O r i ~  ~i V ~ C  
" ' " ~ ' ' ~ " i  .or. ! l5 "4 i l . .  .,,,,n ?<,% .,> .iCtl--.^" n'!n,"f ;.. .b"l ,, , ,, .~ , . , , , ~ . ~ " , 1 2 c , & l . .  ....-. .- 
modes o f  one *,;re *r>nrnt he  rapllrpr! witk ti,a;e 1.1 m~lt?ii: 
iype (tvnr iilvuq~l vuilurjr ul l i  cuttrr j t  ~ u u r ~ g n  oluy k ude- 
p2o:e) in!ess % e n  reverse i s j i s k m c e s  ore sirnilor. Ou~ei- 
m s e ,  the amount a i  ilmiuna or cilpplrlq wli! tx dilferent 

~~ ~ 

from the m o a n 1  selected by the ~ P S I O ~ P I ,  and improper . . 
Fdnctor.ln3 c! ic!!s;..;,: cl:cu;:i czr. ocmr. 

CHANGE 2 
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0 
INPUT 

1- I'i- >.; 
OUTPUT 

Reverse Resistance Equivalent Circuit 

Consideration of the equivalent circuit, in the fiqure 
above, during forward resistance mnditions, reveals why 
the output waveform can never hove the some value os the 
input signal. If the forward diode resistance i s  assumed 
to be 5 ohms and the load resistance 50K, then the input 
signal will be diminished by an amount equal to the ratio 
of the resistance of the diode and the lood and the lood 
resistor, or one tm thousandth. It i s  clear from this ex- 
ample that the forward resistance of the semiconductor 
diode i s  low enough to produce even less loss than that of 
the electron tube diode, which is never less than 100 ohms 
and i s  usually more. (Practically speaking, 250 ohms i s  
the average low value with the hiqh value being on the 
order of 500 to 700 ohms). 

The amount of clippinq of the input waveform con be 
selected by usinq a diode which has the proper value of 
reverse resistance, or by placinq a positive potential (Ebb) 
in series with R, as  shown in the followinq fiqure. In the 
latter case, the diode will not conduct until the input 
siqnal i s  more positive than the applied bios (VRI.  Thus . . 
the reverse resistance loodinq of the diode on the input 
circuit i s  effectively nullified (the reverse resistance volt- 
age divider action with R i s  ellmlnoted). The complete 
negative lobe, in this case, i s  eliminated. Note, however, 
that the wltage divider oction produced by the forword ie- 
sistance and R1 still remains, as indicated by VF in the 
figure. ?he total positive siqnal amplitude i s  reduced by 
the amount of  forward voltaqe drop and the effective 
positive bios. 

FAILURE ANALYSIS. 
No Output. A n o a t p u t  mndition con be the result of 

either an open-circuit condition (a defective diode, or open 
mnnection) or o short-circuit condition (R shorted). A 
resistance check of diode and load resistor w~l l  quickly 
reveal the defective component. 

L o r  Output. Lark of sufficient input siqnol, os well 
a s  a defective diode, can cause a low output. A chanqe 
in value of the load resistor with oqe, althouqh not very 
likely to occur, can also cause a reducuon of the output. 

UNBIASED OUTPUT 

*3 
I i..J + ' V E  L R. bb 
B l A Y D  OUTPUT . 

Bins Control of Clipping 

If the diode is blosed, o chonce of bias voltoce car couse 
improper output. In eltier case, o resistance check will 
determine whether the cor.ponents are defective, and a 
voltoge check will de!ermir.e r~hett~er :b.e bias i s  correct. 
Be certain to observe the proper polcrity ,when checkinq 
the diode with an ohr.aeter; otherwise m~sleadinq results 
will be obtdned. 

Distortion. Except for the cl~pp~nq effect, a h d e  
limiter produces no irherent d~stortion. If a dlstorted wave- 
form is obtainej, check tne :"put \\lth i n  oscillosmpe to 
determine ,whether the input siqnal i s  dlstorted. Tre posi- 
tive portion of ti,e out>ut woveform should be idmncol to 
the positive poruon of the input s i ~ a ! .  If  it is not, the 
diode i s  defective. Ano:her possibility i s  tqa: !he clrcult 
following the limiter ir,troduces distortion by f t e d r s  bock 
an out-of-phase sicnol. In same cases, it m3y be necessary 
to disconnect the l imlt~r o ~ ~ t c o t  to Zeter-ine ivhetner s,>ch 
feedbock exists. 

CHANGE 2 
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PARALLEL LIMITER. POSITIVE-LOBE. 

APPLICATION. 
~ e p o r c l l e !  liz:tir i s  ~ e . 2 :  r c ? r ~ ~ z : c c : : o ~ i  -I:;- 

mm! a s  n speech cl?p;sr, ir e!-:trr!r n:1:;ctpt ,-?ere 
amplitude i loi t inc 1s .iwir,-i  ( r - r .  >i :I.: ! Y C I I - . D : ~  01 

tronsmittersi m:!  in h?i ,es??r i r?  ? lm.~ .s  ; :PT  nil or n 
he ;c;iu.;z i r;;lc ; ;;;.;,.! s:7, :; :c L; 

clipped off. Th i s  c l rc l l t  i s  part!-'.!nrli. s :,jn icr s,ls>nrlr7 
. . 

off a peaked waveform. It 1s s e :  ur.:,:ersdiy 12 cIsp!ay 
circui ts  for moaifyinc v;uvefor.rrr CC'! Set t -~x?n ln~ l  the I e ~ e l s  
at whlch they are cl!:ped cr i : r l t e i .  

CHARACTERISTICS. 
::; z-p:i:;cc;;,, AS  ;i~:,ie.; ., ;:,i i,;;.,;; ,,..L.;.SC ~i 

circuit l o s s e s  the output c a p l l t l c e  1s sllr;i-di. !es; ti.an 
the lnput umpll:!ie. 

Nesative waveior: 15 plssr? ~ z ~ h c n ~ d ,  i ~ u t  D ~ s I ~ ~ - : P  

wuvrfort!t i n  cliilti  6.. ' 
" , . ,  , 

,, t " d 1 S  2: -L:I.bJ?!e:'j -1.b2eA. 

P h a s e  of woveiorm 1s t n c t a r z e ?  !at:c:! phase IS s x t  

a s  input phase]. 
P resen t s  a low (forv;ord) r e a s r m c e  rc ine p o a u v e  

slpal, and o h l ~ h  (reverse) r e s i s t m c e  :0 o neqatlve 
siwal. 

Output is token ::om across  a i lode.  

CIRCUIT ANALYSIS. 
General. 7 h e  posltlve-lobe limiter clrcui! 1s ~ s e d  to 

acmmplish my of the fallov:~nq funcuons: to square o f f  
the peaks o f  an applied s i a n d ,  to obtmn a rec:anaulor 
.w;;e!o= G si>e.#;c".e s;2:l;!, :s e~~:,~l,::z :k,e ccsl<.<e 
portion o! a wave!orm, or to keep :he input mpl l rude  tc 
FM detector a t  n cans!=,! "due. X",e ?cs.t!\elobc. i!x!ter 
IS d e s ~ m e d  p r ~ m a r ~ l y  to e l i r ~ n a t e  cr rearlce tne poslrlve 
portion of h e  input signcl. 

Circuit 0pe.otion. A pnrallel, oositive-lobe &ode 
i;;;;:e; ;; >,c,,- .- .. . . , '  ......... 

* I  . I t  , , c  uLL,,:.,,.,,a,, ,l,,~,,,L,u,,. In this 
urcu i t ,  diode CR conaucts only dur~nq h e  posiuve portion 
o f  the input siwd. Whem the input siqnal m e s  positive, 
the diode cunduc!~, and i t s  :esis!mce d:ops !:om a ver; 
high reverse r e s l s tmce  to a very low forward resistance. 

The m o u n t  of resistance of tile &ode in tile ionductinq 
(or the nonmr@uct.ng 510!-?) ! 5  d e t e ~ r n ~ e l i  i: !/l? !n!nml! 
chaiocter isucs  of the pa r t i cu l r  diode se!ec!ed for the 
circuit. Since k e  iejis:,mie valde o! P 1s verv Isroe 

. ,  , , comporrd to the mndccr ic l  r e s i - r a c p  3: T ~ P  CICW, c:?r!i- 
c d l y  the ectirc ~ 3 i i e  of t i c  ic>:i: ~31:;. np drops 3 Z i 0 5 3  .. , locd :esisto; p,, on:.v. ::;,;; .-- ' .--- "".,"\,e -""a 
o c m s s  &ode CR. Thls v c i t n r  :!lay otigrne n e c i l o ~ o l e  
,,,keE 'L" .""" " 4  ,L. '""A .m-'-.--"" *?  .Ln > , - A n  .-",". .......... ".." u.,.. ..," . . . . . . . A .  D . . . . . . . . . . . . . . . . . . . .  
""^- ir ..*-. L i - i  Cam. .."I .n - 6  . , ^ I . "  .? . . . I '  . .  . . . .  " . - 4  . . . . . . . . . . . . . . .  
still  exis t  CCICIS CF. !,ra,>re of i t s  cclr:n:-ti?7 r is i i t l - . rz .  
colied the tor\z,ard resistance 3rd  1s sn?.:.? or !ne illus:rw 
ti". - 0  C.. ,Ur,- .In :-* . -:- -) .-.- ..? .-*, ." .L" > .A>"  
"W,.  "- --.. .............. ? "." .*.- -,., ",- ",u"L 

h e s  not candilct, ~ 1 3  CUI:?I: f l ~ . :  !k.rz':t 5 ;jzo;t ceoses .  " . >  ........ . . I  1 ....... " . . .  I 
'7 O l i / U l  I C V C L > S  L U l l C l l L  > L A ,  L l L i l >  ...mu- 4.1 -.:, I S - U U I C Y I  

the reverse res!stance o i  tne 3 c A e  on? t rLs o small poruon 
of the i rpc t  . ;dtaqe 1s 2rosr;ed 2zrc;r " F.e 373J:t 3i 
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reverse resl;tar,ce of :.I" diode depends upon the chorocter- 
i s t i c s  of the diode s d e c t e d .  'Ihus, this i s  one of the dis- 
advmtages of the semiconductor diode over tile vacuum 
bbe.  n,.,.^-. .- *,.L.. _.r..C ...... ., -""... ,"-L .L.  .dL .c;l;:;i.ce is isn;i?ere? 
tc. be :n!i2:te, ,::he:?2; ti:- re::.:ca-ductc: i s  !in:te. ?'he 
wltoqe  i ropp~: :  OC:C.;S P :~Bt ro i i s  iro::. the output, and 

thUg t?? " ~ c  I .  lei ,:  tncc ilclt:i. on !ha "!her 
> ~ m d ,  tlhe f ~ r r n ~ : ?  r e a ~ t ~ l j C 2  6: t!#C S ~ ! I # L C " ~ L ~ U L ~ U ~  I S  ; e ~ ~  
th=. th.l! O! :?E. 1.3C.2LI. !:be, TC~!.?: I'.c CCC:?CO~?~~C:CI  

better in some a p p l ; c ; u a ~ .  

INPUT f CR OUTPUT 

Parallel-Diode Positive-Lobe Limiter 

INPUT + - OUTPUT 

PamI!eI. Poii:ii-c Lobe Diode Limiter Used ~i o Poi;t irr  
Peak Limiter 



ELECTRONIC CHANGES NAVSHIPS 

positive signol fo be passed by the circuit, to the cothode 
of the diode, as shown in  the accompanying ~l lustrat ion.  
?he biasing, or limltinq, w l t a q e  moy be o h t i n e d  from o 
bottery, os s h o w  in the  lllustratian, or from a tap on a 
bleeder resistor mnnected in the output c ~ r c u l t  of a d-c 
power supply. When connected as shown in the illustiouorr 
with the cathode of CR connected t o  the p o s i t ~ v e  terminal 
of the d-c source, the cathode of the diode i s  held more 
positive thon thc onode by the value of E ,  in h e  o i sencc  
of on input s i q a l .  A s  lono a s  the positive c t c l e s  o f  t i - t  
input voltage remom l e s s  pasltlve thar El, (lie bottery 3105 
mltoqe,  the diode iemuins csser>tlclly norccndrt ln , : ,  ;i- 
couse i t s  cothode is pasitivc ,with respect to thc :-ole m d  
the output valtoqe i s  rquni to the l rput  volt:?e r n : ; ~ . ~  tn? 
v o l t o q ~  d e v r l a p ~ r i  by the revert? rei!;tonce of tne diode. 
Since 011 of the ncqotive cycles of tne : n ~ u t  volt3:e z i ~  
l e s s  positivc tilon E,,  t i .esr  ma cousi, the :l!o<? to reraln 
essentially nonconducting, 81:" the result that :t:i o ~ : p ~ :  
wl toge  i s  aqoin equal lo tnr l n p ~ t  vol tarc  .-.!nus ti.e .;cl:>?e 
developed hy the reverse rer ls tancc of ti.c PIOCF, '#?en 
the input siqnal increases  to o value w h c l  cxceecs h e  
w l t a q e  of E,, the anode becomes positive wltt~ respect to 
the cathode ond the diode conducts, ond continues con- 
ducting a s  lonq as the input remmns more posltlve thcn E,. 
During this period of conduction, the output voltoqe of :ne 
circuit is equal to the value of E,, and that poruon o f  t . e  
input signol which exceeds the blos voltaqe is clippec, s: 
limited, oppeoring as a voltale drop across  the dlode load 
resistor, R. 

- - OUTPUT 

Porollel, Positive Lobe Diode Limiter Used to Pars 
Negative Peaks 

By reversinq the palority of E., the parollel, Ws i t ive  
lobe diode limiter mmy olso be used where it i s  desired to 
limit not only the ent i re  positive peaks of the input siqnol. 
but also a predetermined level o f  the neqotive peaks. ir) 
order to furnish an output only when the neqative p w k s  
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exceed thls  predetermined lcvel. With the cothode neqotive 
with respect to the onode, h e  dlcde 1s rnolntained in o 
conducting s ta t e  in the obsence a! ~n input siqnal, and the 
output voltcqe i s  held a t  a steody (neqouve) d-c level 
equal to E,. With on input siqnal opplied to t h e  circuit, 
the output valtaqe continues to be held ot tt.ls steody d-c 
level,  with the lnput siqnol oppearlnq across the diode load 
resistor, R,  until the input siqnoi becomes more neqotlve 
than L. When thls point is reached, the diode no lonqer 
mnducts ;  and i t s  forward reslstonce increases  to o very 
high value. As a result, themput  siqnal. w h c h  prev~ously 
appeored ac ross  R because R was much q rwte r  in resist- 
a n c e  tho" CR, now appeors ocross CR and the output 
terminals of the circuit, s ince CR is now much greater in 
resistonce than R. The output siqnal, therefore, contains 
only the negative peaks o f  the input siqnal which ore more 
negative than biasing voltage E,. 

FAILURE ANALYSIS. 
No Output. A shorted diode or on open load resistor will 

couse a no-output condition to emst .  The only other likely 
poss ib~ l l ty  i s  the ubsence of the input siqnol. n e c k  tb,e 
diode and the resistor with an ohmmeter, mokinq certcllr 
to observe the aolorities of the diode, s ince an erroneous 
indication may be obtained if the proper polarity is not 
observed. If b t h  components check mod ,  check fcr the 
presence of the input siqnal, makinq sure that i t  i s  o f  
proper amplitude. 

For the special  c a s e  where the diode i s  not completely 
shorted, but reads a very low reslstonce o f ,  soy 200-ohms 
or l e s s ,  the diode may be considered defective. 

In the c a s e  of the biosed limiter, check the bias  for 
proper voltage with o voltmeter. In the c o s e  of o battery 
b ias  supply the voltaqe will be elther weak or absent, but 
in the c a s e  o f  the bias  supply beinq a poaer supply, i t  
a u l d  also be high. 

Reduced ot Unstoble Output. A defective load resis- 
tor, R, or a defect  in the porollel branch of the circult, 
consisting of CR and the bias  supply. E, ,  con produce a 
reduced or unstoble output. The only other l ~ k e l y  p s s i -  
bility i s  o decrease in the amplitude of the input siqnal. 
The trouble con be localized in the same manner a s  d e  
s c r i k d  above for o no-output condition. 

PARALLEL LIMITER. NEGATIVE-LOBE. 

APPLICATION. 
The  parallel, neqat lvelobe diode limiter i s  used in 

transistorized equipment when i t  1s necessary to limit m y  
part of the neqative portion, or the neqative qoinq port of 
the positive portion of on input sinqle waveform, and ollow 
the remmnder of the input slqnol to poss without madifico; 
tion of the waveform. It i s  used universally in dlsploy 
a r c u i t s  for modifylnq waveforms ond determininq the levels  
ot which they are clipped or llnited. 

CHANGE 2 



ELECTRONIC CIRCUITS 

CHARACTERISTICS. 
No amplification i s  realized in the clrmit :  because oi  

a r c u l t  l o s s e s  the o ~ t p u t  amplltuce is sllqhtly l e s s  ha 
the input ampLitude. 

Posi t lve waveform 1s passed w.cncr.3e2, h ~ :  ncac:lve 
waveform i s  either partially or complkteiy cllppc!. . . 

Phose of w o v e i o n  is ur.chmqe3 (output phase 1s scme 
a s  input phase). 

P resen t s  a low iforwarol reslstcnce to the nr?a:;ve 
slq?al,  and o high (reverse) r e s i s t a ~ c e  tc a positir,e i :xcl.  

Output i s  token from ac:oss o dlcde. 

CIRCUIT ANALYSIS. 
Gensrol .  The " e ~ o t i . # e L o t , ~  l l ~ , > t ~ r  :,rc:2.: ~:~ ds?: tG - - -  1 : .  . . ' . . . i "LL",,,p.,>,, U,," "i .UZ.",".,,,. ,d,,L,,",,*. ,- - ~ .  

the peaks of on rqplied siqrmol, to o'ntair, n recton:l.;cr 
wavefoml from a sinehave siqnj l ,  to e l i - i ~ a t e  tr~e ne ; i t :~c  
portion of o woveform, or to k p r o  tn r  inpl:t arnpilrjce ru or 
FM detector ot o conston: ,wlue. 3% Nelot lve- lobe . I r>ter  
is deslqned pnmanly to ellnllnote or recllce tne reqatlve 
portion of the input s l imd.  

Circuit Operotion. n!e clr;ult of .; p ~ r c ' l e l ,  ne laave-  
lobe diode limiter i s  shown 11: tk,e e z o z p w ? ? n z  : l l s t r >  
tion. In this  c i rmit ,  diode CP ccn?r:cts only litlrin" the 
n - m " o v n  . . . . . . . p r r i o ~  mi the  icpur s i ~ . d .  A s  Ions o; f"r npui 
signoi remolns positive, the dlode remolns in o noncan- 
ducting stole, ond current flow thrauqh R ;Imast ceoses .  
A small reverse current s t i l l  flows throuqh R m 3  CR, 
hecause of the reverse resis tance of the diode, and t t u s  
a smaii portion of 6 e  irpl;r v o i r a ~ e  ;s iroppud I;;;>L~ ii.. 
resistor. The amount of reverse remstcnce 31 :?e :lode 
depends upon the characteristics of the d o s e  selected. 
nus ,  one of tb.e disocvcntaqec o: tb,e r?r:mnl,;ctor d:od- 
over the vamum tube i s  en:omlcre?. ' h e  ,va&d;. cube 
reverse resis tonce i s  mnsiaered to be intlr!te, w e r e a s  
the semlmnductoi is iinlte. Tne voltnry c:nsyei 'ICICSS i( 

s u b t r ~ c t s  from the o"tp":, ~ r , :  t,"s LL,e :~ i . .  d :k,e L;~i:c: 
i s  l e s s  than unity. On the other kmd,  forwcrd reslstcqce 
o i  the semimnduitor  is l e s s  thon h a ;  o i  tb,e vccuii:: ?<be, 
moking the scmmnduc to r  better in some c p p 1 ~ ~ 3 t ~ o c i .  
Wen h e  Input slanal mes nei;ouve. the  anode b i m n ~ s  
positive witrl respect to the co tno ie  and the +lo-:? ccn>i icrs. 
Thus the diode ies ls tance charqes tram 0 .re!-! il;n rcsizi- 
once to a very lw* resistance. The omourt sf rci ic tzncc 
o f  the dlode in the conduct~n.: stote. os well os he ?.on- 
cor~du~:!~tt~q st,>,? )>  ~ i ~ w ~ t w t t c < ,  t,v ::,:: t ~ ~ c c : : ~ ~ ~  C . J L , ~ L ~ : . ~ ~ . ; - ~  

;:[i. .,,, 3 ,  .,, ,e v",..L<~r.l, ,.iULW :,:-:c.-:m: .;. I.,= "..Lu.:. : .,,-: 

"1C leb?bi"l,Cr Y U i l i C i I  : I  ;> i r r y  L , > l  , V .  'i. / .  . 
the mnducnon resls!m,ce oi  t i e  cioce, przc::ccll, tne 
e"XI? "OL,.,C 01 me >,,V"T . ~ O 4 L d , ~  drop" >-ru:,-  ::,e id<< 
resistor R,  whjle only u vr:y slr~cil :cl:zze 7 r x i  c c r c s i  
A,m" ,.. ... -;,e L.7, ,:CIh2"C --; ..,,.;:..:...-.. :...,... .. .. 
:r;tio oi Lie ioad ;rs,s:aiici: F, vz :;.c . c : ~ ~ : ~ : , . c  ~u 

very hiqh. Some v d o ~  oi  voltoor, nowpvpr i t l i l  en is:^ 
ocross CR, becouse of i t s  coniuctir,q iisl;tar.ce, ccl:c; 
the foiivord v s i c t n ? ~ ~ .  7 , s  , v d t m ~  is i-o!lr. on i-- 
illustratfofi 0:  the hc:;ic .,L::,,s;;.z:~~ .;s '!'r. 
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INPUT tCR OUTPUT 

I 

Negative Lobe Diode Limiter and 
Input-Output Woveforms 

A g ~ r ~ f l k 1 ,  c e : ~ ~ t i . . e k b e  diode iimiter mzv ke also 
.. . "5%; to l i r a ;  only t i e  neqi i ive vvavefom peok, viniie 
d lowing  u given value of rleqatlve siqnol to p a s s  throuqh 
the c l rmi t  tc ti,? o ~ t p u t .  This  may be accomplished by 
applying o neqotlve biasinq voltoqe, havinq o value equal 
*^ 'I-" .... I .,^I *I^ .... ... : .:-" .̂  L" "^"r^i I-.. + L ^  '" LiiL *u.u. ", , , ~ i l l L ' " L  "i""l '- "& v"'o'" y" ",i 

circuit, to ure crloae 01 I:)? cloie, 35 5i:own in me uccom- 
pmylng  illustration. 71.c blar lnj ,  or l im~tlnq,  voltoqe may 
oe obtolne\C ;ion, o bilttcb, 11s s i a w  in the illustration, 
or from o top on c blec?cr reslstor connected in the output 
circuit o i  0 d-c pav.rr auppiy. 'iihtn connected u s  shown 
in the illvstiotion, wi:n <he anode of CR connect& to the 
nego!ive :em?rn' o! h e  ?-c i o c ~ r l ~  :k e n d e  I !  ~6~ r(l0Gti 

I S  held more neqatlve t h m  the cothbde hy the value of Ebb 

in lhe  absecce of OE Input siwo!. As lonq as the neqative 
cyc les  of the ,"put voitaqe remmr, l e s s  negotive than Ebb, 
the bias  voltoqe o i  the battery the diode remoms essen- 
t l d l y  nonconductinq, and tire output voltaile i s  qua1 to the 
lnpur voiiuqr i ~ : i l # u s  ti;e vu;tutjr oiopprs  by tile reverse 
resis tance oi  riie dlade. Since all o f  the posiuve cyc les  
of the inp i t  voltage a re  more positive t h m  Ebb, these to 
", .,,* .L* ,4,".:* .. -??"...,,.:I. . ,,-- -"..rC ..L -""- ,- .-" .....-., .,u..ba,"""" ,,.,, .,.". ."" .e !, 'L..' ,:-- .,",., .,.', ..., .:- ' *" !i,, _".. _"lr"i ." ,- .- _.(.ll. LqY". ," ,.... 

- . .> .  . .I , .  I I . ,  I ,  . I  ..lr"l .".."_l. ...... "" "i.elrr-" ") ;.i . C ; i r r i  

i e s i s t m c e  of <>e l iode.  V?Ylen the iilput s i w a l  increases  
, , , 8 " " ,"""",L """c ..,._ ... .;,..LC-._ U L  , , i i j u u r i  rul"i ". 

. . 
s~g?.ol which e r cee s  (15 rncrr ceqari,iej tho" the blos voit- 
one is ,c!lpprri, or Ilrni;~.!,  nppeorina cs a ml tnqe  droo o- 
...?. ? ,:,<, . : , p , : , . :  r , , , .  1 .,,, ~ ....-. ~. .~ ., P , . . 
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INPUT - OUTPUT 

tEbt 

Parollel, Negative Lobe Diode Limiter Urcd or 0 

Negative Peak Limiter 

By teversina the poloritv of Ebb, the parallel, neaative- 
lobe diode limlter may dso be used where i t  i s  desired to 
linut not only the entire neqative peaks of the input slqnal, 
but a lso a predetermined level of the positive peaks, in 
order to furnish m output only when the positive peaks 
exceed this  predetermined level.  With the anode positive 
with respect to the cathode, the diode 1s maintained in a 
conduc&g s t a t e  in the absence of an input signal, m d  
the output voltage is held at a steady (pos~ t ive )  d-c level 
to equal t o  Ebb. With m input signal applied to the circuit,  
the  output m l t o q e  continues to be held ot this steady d-c 
level, &th the input signal appecuinq across  the dlode load 
resistor, R, until the input s i ~ a l  becomes more positive 
t h m  Ebb. When this  p i n t  is reached, the diode no lonqer 
conducts; i t s  res is tonce then increase to o vew hioh value. 
A s  a result, the  input siqnol which previously wpeored 
a m o s s  R, because R wos much q w t e r  in resistance than 
CR, now appears  across  CR and the output terminals of 
the circuit, s ince  CR i s  now much qreater in res is tance 
t h m  R. The  output siqnol, therefore, contains o r ly  the 
positive peaks of the input siqnal whicb, ore more positive 
thon the blasing voltaqe, Ebb. 

INPUT 

Parallel, Negative Lobe Diode Limiter Used to 
Pass Positive Peokr 

FAILURE ANALYSIS. 
No Output. A shorted diode or an open load resistor will 

cause a no-output cor.&t!or to exlst.  n e  onl: ctLer l ~ k e l y  
xlssibility i s  the absence c i  the ingct sinncl. Ch.eck the 
diode and the resistor w i h  an oi-rlrete:, mdang  certain to 
observe the oolorities o! t:re ? ~ c d e ,  smce on errsnmui 
indication mzy be obtalned if t i e  pro?er palorlty is not 
observed. If bti; canloanents c t t c k  aood, check for the - .  
presence of the input s i ~ a l  with a VTVb! cr cn c s c ~ l l o -  
scope making ssre that i t  1s of proper mpll tude.  For the 
c a s e  where the diode 1s r o t  completely shorted, but reods 
a very low resistance of soy 2W-ahms or l e s s ,  the diode 
c m  be cmsidered defective. 

In the c a s e  of the blosed limiter, check the bias for 
proper voltage w1t5 a voltmeter. In the ccse of c battery 
b ias  supply the voltage \;,I! be either ..\rean or obser t ,  but 
in the case o f  the bics  sup?ly bein: o seporote power supply, 
i t  could olsa be 11gh. 

Reduced or Unstable Output. A c e f e c t ~ v e  loo? resistor, 
R,  or a defect  in the pcrollel brunch of ti-? clrcuit, consist- 
ing of CR and the b13s supply. Ebb, con p r o h c e  c reduced 
or unstoble o u t p ~ t .  The  jnly atner likely possi3llity i s  c 
decrease in the orrp:.tu,de of the inaut sicnal. The trouble 
c m  be locol izei  In  the some n,orner 3 s  described o b v e  
for a no-output candltlor. 

TWO-DIODE, POSITIVE AND NEGATIVE LOBE LIMITER 

APPLICATION. 
The parallel, two-dioJe positlve and neqctlve l im~te r ,  

is used in  tronslstonzed q ~ l p m e n t  \when i t  1s necesscw 
to limit o portlon a! k t h  the positive c n l  tqe reqotlve 
par ts  o f  the s i q a l  .wovefom, ond cllow the reminder  o f  
the input siqnol :o p a s s  i l t h o u t  r o d l f l c c t ~ a n  c i  *,e w c v e  
form. 
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CHARACTERISTICS. 
No orp l i t~co t lon  is r ea l l r e  ir :be a r c l t ;  becmse 

of c i r m i t  l o s s e s  tne OX!CL~ c n ~ l l t d e  1: sll?itl-/  l e s s  t h m  
the input or.pl!tuce. 

LlrnitS 3pOi:iGi 30tn n " L . ~ . , C  -. '... " - 2  ,..," mln"+,ye ,,-,. ",. .. 
of the input s:qnci, 0: t t r  ol;t:!e r.i-:ot?,w ,cr posltlve por- 
tion m i  r: port 01 tile Ltrlrr i u i f :  01 A ! , ,  ct.:.iil.atlor~ tilereof. 

Phase  of waveform i s  unchanqed (output phase i s  same 
a s  input phcse). 

U t i l ~ r e s  two poruilel z iodes concected in  apgosi te  
polonty witn each o t i e i ,  :;G i; :;,-nt .;l:t, t';c lor?. 

CIRCUIT ANALYSIS. 
G="=:C!. ':?,s ;c..:L.,: ::, , :.e.;<:::..v !?kc ! : r !+ar  

is used tc ccconts!is,t 1::: :: I ~ P  :C.!CI:>~ j :urCtlons: 
Sq .,- ' L "  ,,,. . ~ "  wL,, k., ;: ;:, 1 .  - . .- -' " -  

.b...... ......,., .- uut":.. 3 

rectanjuia: ..vaveforr !:or c -1:-e'i:ve s q n a l ,  or to ellrni- 
, , . . . - - . ,. _ . ,  . - . -.,n',-r- 
i.".* ." : - 
clip the cther partlor. 311 (:.scJsslon nere wdl primarily 
concern tile er;,!~! cl:;;.:, if kt !  the po;ltl,;- nn6 
negative pcraon; ot : s;;.c-:xc, ti:: :;, :k,c cxvc:-:3n 
d o sine-wcve Inlo es,ertl;i'; .: :;~~..c:e+ic~.e. 

tircuit Ope,otion, .v - .,. -: - - - ? -  , ,t.c *.., u... d l  . .u.,l:e!, positive 
and  negotivv l;l,e d.iidr li::.iti; i s  sic<;? .r ttle fi.!li.i;ii.,q 
iiiustiouon. L U e  C?i I,;;,it> 1i.c bc:,:ige I , J !  >VCIC "f ti.c 
input ond C!?2 Imi:s :be recc!i,!e hi! .  Ebb, r;nd Et,tl, 
supply the blos far their recpcct i te  2:o?es and tt.e resistor, 

R, a c t s  3s tne locd IPSISIOI. Feverse biases ore applied to 
the diodes so tnct *.e ccthodi  c! CPl 1s pcs luve  with 

-. . ~ ~ . . ~  
. "- 

7DcnPrt T i  1,s n m n i -  I?^ ."a nrr..? 37 8 -7 , E  nar"f , , ,e  

with respect tc i t s  i a t tode .  

INPUT It &-Ebb2 OUTPUT 
€bbl - 

T- T + 

Porallcl, Positive and Negative Lobe Diode Limiter 

CHANGE 2 
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duns, it provides a law res ls tgnc* y t h  far forward current 
to qmund, and shunts  the output !nrocqh the diode i n s t a d  
of the external loud. It is at thls point thot the output 
woveform i s  flottencd. Acv~al ly ,  even during i t s  co r ,hc t inq  
period, the d io i !~  offi.is o sllqi;t cpporl:inn to cJr:er.t f!ow, 
and n small farword v o l t q e  +rap cdds to the inod ,voitoqe. 
?h~hus, the output vc!:a-;e :c s!:qht!y "qker !%IF tne @lode 
bias by the m o u n t  shown as VF, an h e  output waveform. 

As the input sicpal reaches ?I-. pas!t!ve pe,A on0 beams  
decreasing towards zero, i t  oqmn reaches o level ,which is 
l e s s  positive tho" Ebb,, d lo le  C9i  r;qo;r, o l t s  a!! n n 2  the 
input is again faithfully i q i a & c e d  at the o u t p ~ t .  The 
input sicpol continu~s in !he npootlve cirection, ma snortlv 
h m m e s  morc n m u t l v i  tila!, Em.. '$ii:-ll t i l l s  o-ct~ri, t i e  
cornode o i  i E i  1s mu& lwulr r:eqruvr hvt i  i : ~  U ~ C ~ ~ ,  wii: 

diode CP2 mnducts ,  .'upl:c~:fic: ti,- ortia" whlch occurer! 
m tiic pos iave  hoif qcie .  T.e :c:,:.cr: v c l l q e  drop oi 
the ronductino d i d e  i s  shown as VF, on the cotput wove- 
form. ?he input then reaches t5e neqative peon md beqins 
decreasinq towords zem. A s  ~t becomes l e s s  neqotive t h m  
Ebbz, CR2 ceases c n n r i t ~ s t ! n r ~ ,  (mi the r emoin i~r  o f  the 
input signs! is repioducei at the output. 

?he m o u n t  of clippin- wh?ch tokes place 51 tne output 
i s  dependent :a a cc;!an cxtect apcn the ?{pe of "odes 
s t ~ e c l e J .  b i t  piim;ii:y ;p;; :?: ; 21~e  c! :>c t:cc. A.i Ebb, 

is made more positive, l e s s  clippirq occurs on the posi t ive 
holi cycle, and a s  i t  is mode l e s s  posinve,  more clipplnq 
occurs. By the sarne toker, as Ebb, i s  made l e s s  positive, 
more clipping occurs. Hy tile scmc token, as  Ebb, i s  made . ~ 

more n r q o t i v ~  lpss  cilpgln? OCOIIS on the neaatlve hci: 
cycle, m d  o s  i t  hecomes l e s s  r e ~ o t l v e ,  more clipplnq 
OCCLiTS. 

FAILURE ANALYSIS. 
No Output. Rn open loud reslstor R, or the absence 

if ihe ir~pii: siVc! arc :hi ::.;: mo:: ;:sIcL!e COcreS  o! o 
m u ~ u t  conmuon. Cinein rce voiue o i  i; wlil on ~ i , ~ i l i l l e ~ i . ~  

for proper value, und check for tile pieser,ce of 6% input 
signal with on oscilloscope. Note thot for the dloues to 
produce o n o o u t p u t  condi t~on,  b t l r  of them must be shorted, 
m d  thnt the loss  of b t n  b i o  c i p p l ~ e s  iwll prcnllce or 
extremely low clipped ci:p;t, ;:;;e? Li. the vzltc-a .,- - ?- 

across  the diodes. 
L o r  or Distorted Output. U n i - r  mo?t r i rcu-s tmces,  

tL," OiiDdt %.il! ?isto:!=.! 0: c"z"etel). 
?istonion ';oy bi. rc:rcc i..: :: c i z n e  :c !he e!cs ?,dpp!y, 
by s opm. or shcrtec <lo:?, 3-  -:-tcrtlr;.. I! t.!e xput  
s i q d .  Lllcch k t h  n;; ;bpp..is :i: ;:=par .:cltc?e 8:t; 
r v o l t m ~ t ~ r ,  :TI! Inti, ~iicclrs w!<', crl nhr!r~eter. Be sure 
tn ihseive " r n n r r  p i c r ~ t ! e c  ~wrer cnecki'v:: 1b.e i:100eS, 
as incorrect indicat ims could be obtained by not d o ~ n q  so. 
-he Lr,p"t s;,,,~,d :i~,~":\; "c ~ , , C & ~ L  <"!ti, :d<.;i2*2c>2 

to d ~ t e r m l n e  i t  thr  input wvPrnrm I: r:! !ca:,t. 
TIC w s ~ i i u l i t ,  o f  tfitl- t;lf . ---I.:; ,. -. a. :tr -,. ru ; xliiu ;-- 

.'.rresee.' h\! the scme nmnl,n: ,; ~ n l l ~ e i v .  htii hlos 
supp,ies ?ecri.z;i by tL.7 ..-... -. '" ... b...""..t ." """"C 5:s 
mndtuan. Il mm s u ; l p i r ~ s  :-crease, me o u t o ~ t  will in- 



ELECTRONIC CIRCUITS NAVSHIPS 

TRIODE, BASIC COMMON-BASE LIMITER. 

APPLICATION. 
A triode, basic common-base 11r.iter i s  used in semi- 

mnductor circuits when it i s  desi:& to limit the amplitude 
of a relatively small lnput sirnol to 3 definite neqotive md 
msitive oulput level. 

CHARACTERISTICS. 
Cutoff md d a t e  sotuiotlon l~rn~tino are used bv this 

limiter. 
Base to emitter blos and base to collector bios values 

determine the proper lim~tinq level. 
Low input impedance and hich output impedmce. 
No phase inversion. 

CIRCUIT ANALYSIS. 
Gmerol. The triode, basic coamon-base llrniter i s  

essentially a trmsistor amplifier whlch i s  operated at o 
level which allows it to be cutoff and saturated at certain 
positive md negotive amplitudes of the input siqnal. By 
using o specific emlttei to bzse voltcge a speclfic emitter 
current i s  obtained. Thls enitter current determines what 
siqnal level i s  required to cutoff and saturate the l~miter. 
These cutoff and saturation values are the limitinq levels. 

Circuit Operation. A tnode, basic NPN common-base 
limiter i s  shown in the occoapanyinq illustration. 

Triode, Basic Common Bare Limiter (NPN) 

Copacitar Ci and resistor PI form o cauplina network 
which couples the signal f rac  the previaus stage to the 
emitter of 01. Bias supply VEE determines the emitter to 
base bias voltage. R e  value of bose reslstor R1 in con- 
junction with the bios supplied by VEE determines the 
~ n i t t e r  current. Collector load resistor R2 and collector 
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supply VCC estublish the collector NIIent. Capacitor C2 
couples the output of Ol to the following stoge. 01 i s  m 
NPN transistor. 

Whm the incaning siqnal is pasitive-going the positive 
s ip01 voltage opposes the normal forwoid neqative bios 
between the emitter and the bose. n i s  reduces the current 
flowing through the transistor. When the collector mirent 
of Q l  i s  reduced, the voltage drop across R2 is olso re- 
duced, and the collector voltoqe upproaches that of tne 
mllector supply which, in effect, mokes the collector mare 
positive. Thus, for o positive incominq siqnal o positive 
output vol tqe  i s  obtained. 

When the positive incominq siqnal becomes sufficiently 
large that it concels the farwatd bios entirely the tionsistor 
m t s  off md collector current ceoses. The collector voltaqe 
of 01 i s  now at the supply value and cannot increase furthei. 
Hence, for m y  further positive Increase in siqnal voltoqe 
there i s  no chinge in oulput voltoge, which stays constant 
for my vmiotion of input siqnol voltaqe beyond the cut-off 
level. 

When the inmminq siqnal is neqauveqoinq the emitter 
i s  driven negative with respect to the Dase. This increases 
the forward bios md current flow (electron flow) from emitter 
to mllector. An increase in voltaae drop ocmss collector 
resistor R2 results, which drives the milector more neo- 
ative. Thus, o neqative input results in a neaotive outout. 

If the inmminq siqnol exceeds a certain neqotive value. 
the current from emitter to collector reaches i ts rnaxlr,um 
(sohiation) volue ond the collector voltaqe reaches o min- 
imum volue. Any further increase in amplitude of the nev 
ative input siqnal does not offect the mllector current or 
the voltoqe ot the collector, since the tronsistor hos attained 
a saturated level. 

It i s  ot these levels of saturation and cutoff that the 
output voltoqe i s  l~mited. Thus, to achieve limitinq it is 
necessav to supply a large amplitude siqnol. Between 
the limits of cut011 md saturation the circuit will act a s  a 
mnventlonal amplifier. Beyond these limits the peaks are 
m t  off ind the waveform is effectively "squared off". 

FAILURE ANALYSIS. 
No Oulpu*. In o triode, basic common-base limiter a 

nooutput mndition may be caused by any of the follow~nq 
(provided the input sirplal i s  present md correct): An open 
coupling cqon to r  Ci, m open bias resistor R1, on open 
or shorted supply wltaqe VEE. m open collector to base 
resistor 132, an open or shorted supply voltoqe VCC, on 
open output couplinq capacitor C2, or n faulty transistor 01. 

To determine which of these components i s  ot fault 
first use on oscilloscope todetermine if the input siqnol 
i s  present at theinput terminals of the circuit. Then deter- 
mine if the input siqnal i s  present at the emitter of the tron- 
sistor. if the siqnal i s  present at the input terminals but 
not at the emitter, first check C1 with on in-circuit capaci- 
tor checker. if C1 i s  not opencheck R1 with an ohmmeter 
(after d isconn~t ing one end of the resistor from the cir- 
cuit). If R1 is not open, check bias voltoqe VEE by either 
replacing it withmequivalmt wltaqe source which is 
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known to be qood, or by measurinq VEE with a biqh resist- 
ance voltneter. If VtE i s  not zero or shorted, d i s k  R2 
with on ohmmeter (ofter dismnnectinq one end at the r e  
sistor from the circuit). If R2 is not open, check the col- 
!=tar bics voltcge VCC with a hiqh resistonce voltmeter. 
Check C? nith an iz-ciri-iik copaiitor checker. if C2 i s  trot 
open and 01: other components chmk out, transistor Ql must 
iP I t  f"!!. 

i a  o. Distatsd Out. A low a distorted output 
t n q  "i :f.c.-;e: 5;: :;put ;cps:itsr C! k i n q  shoited, re 
sistor R1 t e inq  sirorted or Seyanc! taleronce, valtoqe sotlice 
VEE beirq other than the reqbired voltaoe, resistor 82 
beinq st.urted or beyurld tolerance, voitoqe sal:rcc V(:c 
bein.: &er tba? the rcquimd ..ci:s.:c, copcc;:~: C2 >cir.q 
st,crte,<, ci? :ian:istor G l  k i n g l  31vlrriivr. - 

lo e t e rmne  wnwn o+ these ~.onpon-ntc i s  "I !nt~!!. 
first ci.eck the voltage between one plote of C1 md qround 
wit!: d i . j ?  nrpsistance voltmeter, then check the voltnce 
!.r:eer :be c!??: p!cte a! C! m? ~ ~ r . 2 .  I! :Le;e .~o!tzje 
vaiues ore equai then capacitor C i  i s  shorted. Check 
the value of 31 widi an ohmmeter (nfter first discan- 
nectinq m e  end of R1 horn the circuit) for the 
proper c5:;c ,vc!ue. If R1 i s  not within the required Ioler- 
ar.ce reploce it with o resistor tho1 is. Check voltaqe source 
VEE wlth a hqh resistance volmeter. If the voitoge has 
dtered fmm !he r q i i r ~ d  volta~e, either sd;i?st the so-:cc .- . :L. ,.c . .npii j i l i e  GI replace VET w i t h  u voitoqe source 

of the proper volue. Cneck the value of R2 with an ohm- 
meter (after first disconnecunq one side of R2 from the cir- 
n i t )  for the proper ohnic vohe. If R2 i s  not within the 
required tnlerznce, rep!occ it with z resi::ta: tic! is. C c c k  
-?okoje souice VLL: .ditr, o hqi, reslstoncc voitrrteter. it 
h e  voltnqe has altered from the required voitoqe, eithm 
; q i r t  tke s a x e  :o t k  proper vci-i. or repiace Vzz with 
o voltage source tho1 is the proper value. Check the volt- 
age Se:-.cen anc plste a! C2 n,! qioilnd ivith o b.i~h r~;i; t  
once ,voltmeter, then check the yc!tcge kt,+!een the other 
ulate 01 X L  u:d around. If 6 e s e  voitoo~s nit- ~ t i n l  cnnnr!- 

tm C2 is shwted. If oil of these comments me good 
and the trouble still persists the fault must be in m s i s t o r  
Pi. 
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