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The problem of dumodulating amplitude-mcdulabted radic frequ

been gtudicd by a large musbor of ovtstascdine electrical engir
papers have boon written cn the apnslysis of various types of

veuits. It has been shovn by these numerous analyses thatb

of o-n detector for use in the ordinory a-m recelver is the lioea

NOers.  Euny

W

a-n detoctor

the

he

ot bype

dacbsctor. Hr. Robort Ledbetter has spent many years working with audio

[EX

frequeney eguitment. Hecently he constructed a recelver in which he employ-

P . »

od a new type deboa

o

was feld tha

b an intersoting study could bo mude by anaelyzing

cor clrceult and obtained very sutisfactory results It

this new cir~

it , determining its merits, and compering it with ths popular linear

diode dctector cireuit.
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IHTRODUCTION

pogulation is defined in the 1988

I',,‘J

andards Report of the Institute of

»

Radio Inginecrs as "the procass of producing o wave sope characieristic of
virich variss as a function of the instantaneous value of another wave, c¢alle-
od the medulating wave.”

The most outstanding applicationg of modulaticn are in the field of

Y

communication, where it i used in the transmission of voice, music, pictures,

)

andé other forms of informetion by means cof radio and wire. In the appli-

cation to radio, the informstlon-cerrying frequencies are modulated or super-

imposed on higher radio erﬂuencies which are capable of establishing vad-

Iy

iating Tislds %to carry the information over groat distances without the ¢

of interconnseting wirss, The modulating frequencies are in themselves too

low o produce a substantisal radiating field, oo that only through the
medium of modulabtion is radio cormmnication possible. This communication may
talke the form of telegraphy, telepiony, facsimile, or television, all of

3
which utilize the same fundsmental principles of modulation and demodulation.”

K5

here are four basic types of modulstion used in redio communications.

y

They are amplitude modulation, Treguency modulation, phase modulation, and

pulse time modulstion. This iavestigation will copncern oniy amplitude-

modulated waves., The Standards Heport of the Institute of Esdio Engincers

defines an amplitude-modulated wave ac "one whose envelope contains a com-

ponent similar to the wave form of the signal to be transmitted." If the

1

Zagtman, Austin V., Fundamentals of Vacuwn Tubes, p. H08.

®Ibid., p. 510.



wave shape of the envelope is exactly like that of the signel, modulobion
iz s8aid vo be lincor and no distortion is prosent.”
Afver the transmitted carryier with its supurimpos modulating fre-

gueacy bag veached sume renote point, the criginel sizgncl must be removed
4 R ) ] <>~’

ﬂ}

from the carrier before it can be used. The process by which thig ig ace-
eopiplished is known as domodulation or, especially with rier wvsvas of
radic frequency, delection, and the vacuum tubes and asssociated circuits used

in this process are known as denodulators or detscters.

Demodulation is defined by the Institute of Hadio ¥nginecrs in their
Standards Heport ag "the process of modulation carried out in such o manner
as to recover the original signal.”™ As implied in this definition, thé pPrO-
cegs of modulasion and demodulotion are very similar, the difference usually

z

liog primarily in the type of culput circuit selected to utilize the pro-

: . 4
ducts obtained.
- “ - \ -
There are many different types of detoctors used in modern a~m Tecelvers.

Those include diode detectors, plate dotectors (also called bias detectors),

O
cr
(“a

grid-leak detectors, infinite impedancs detectors, regencyative devecltors,

and crystal detcetors Of these, the threo basic typcs used for the detection

iplitude-mofulated waves are the diode detector, the plate detector, and

"
D

the grid-leak detector. There are advonbazes and disadvanvages that accon-
pany each of the above. For exomple, the diode detector hes the adventage

gignel proporticnal to the

of a soures of ave voltoge, which is a1
signal gtrength that is fed from the detector stage brek to preceding amp-

lifier stages to mainbtain a conptant signal level. The plate detector hag

Sibid., pp. S5L0-51L.

4 o
TIDIC., pe 963,
LSt



the advantase over the diode detector of proater gensitivity since it amp-

lifies the domodulated signal, but rocguires a sepaerate tube to provide an
ave volizge. The grid-lzaX dstecltor also produces an smplified dosodulated
signal, but has the disadvantage that prid curwent flows in the inount ¢ir-
culbe.

1% ig sntirsly

here are obthar mothods of demodulating

an a-m signel. 4t is the ourpose of thio paper to investizate and analyze

tonal bype of detector eircuit. Since the

the oporation of a non-conven
linear diode dstoctor is by far the most popuvlar in commercial radio, it
should prove interesting to compare the operation of this ncow Lype debsctor

with the linear diode detector. -

¥y
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divoation than in the other., I

sctifisy oubtpub, thero

arise hecauge of the
relative amplitud

cteristic curve in

<

3 7
oltage char

d~¢ couponont also Gap

a non-~Lliaear

~

no d-g component in the

alonent ha » Lhe

voltage is applied so that the

rating Do iz at 4, the

polication of 2 small plge-

aal will result in & net in-

crec @ in the dirsct curvert

over that produeced by tho bias

: the

hecauss
averasge curront will
ior

P N e o
tha pogitive swings

thoe negative ones,.

:

o

Rectifiers that are usoc-
ful for dotection purnosoes have

that

wy ba definsd

an uni-directional comnonent.

aRT enar

a2 of the harmonics

onds o ble

an ou

tance to cuwvy

808

oBenG

denend on the gl

seberistic curve

The uni-dirccetionsl «

addition

chaer of

oporating rezion.

ontnut 1f oporated ot zmero

PIER IX

LITHERATU

sration on an o-¢ voltage to pro-

nonent ariges

ent flow ie less

the rectbify slement. lae

of the current-

Yhe waganitude of the

the eharactsristics For omampls,

of Figure le-a

bisg, bub 1f a d-¢ bias

[N
-

B
-~

k‘,n e L

Hon~-Linear Dlcuent
GhurCCDurL“E s
trical charnclarist
L charactaristic usmofel for
detoction

ie







In the use of the rectificr for detection there sre two clagsifications
thot sre of particular interest: {1) linanr and (2) sunare~law dstection.

detection, the reciifizr fuacticus cgsen=

idsal wectifler charactoristic is showum in *igure 2.

wave is impressed oun bthe ideal rectilier

the average current will bo proporticnsl bo

tho amplitude of the dnpub wave., Thisg )

is trus becguse the resictence in the

back dircetion is infinite and in the for-
Figure 2

1 Rectifier
st J.(LC'L(J_L-L )t'(‘

vard dircction it is low wnd ceaslant.

The voltage acress the rectificr load

will then bo compesed of s d-¢ component proportional to the aanlitude of
the inrub frequency and its even havmonicsa
diost reediliers will apvroximste this ideal performance if the ingutb

signal is large encugh to lske the region of eurvature near the origin swall

the charocberistic ovor

compared with the gubstantially straight
whieh the volbaze varies. Furthormore, the lead resistence is ususlly
chosen large compayed with the rocetificr resistonce se bthat the effect on

e of variation of thc forverd rosistance of tho rectifier

hhs Uuu suh voli
is small.

The ofticiency of rectification iz defined ag tho ratle of the d-¢
voltare aecross the oubput load resistance to thoe pesk amplitude of the inpub

sionels It depends on the ratio of load vesistance to the internsl rogis-

ance of the recebificr and the zeplitunde of the
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tive of tha characteristic does nob vanish ab tiue operating poink.

pa.

[}

A wigorous aualysis of sguara-law dotecticn will not be attarpted here
However, a thovough anslysis iy be found in a number of stendsrd toxbbooks
on vaeguum bube cirveuitc.

Ik . -

The anaslyeis may be summarizoed briefly as follows. Congidering an

inmat signal of sinuseoidel wavelor:, the outpubt will contain, in sddition

c-l-
<
o
£y
5y
5

frequency of the sigpal, d-c and second-hammonic comwponents with
saplitudes propertional te the souere of the insut voltage. Eﬂ.ﬁeneral,

- the exeitation voltage contains two or nore Trequencies, the output
carrent will conbzin components having these froguencies, their harvmonics,
tho sums and differcunces of the improcased frequencies and their intesral
multiples and a steady component. The amplitude of the d-e¢ component will
be proportional to the suvr of the sguares of the amplitudes of the sigral
coaponanta. he anplitude of soch gecond-harmonie component will be »nro-

portional to the sguare of L itude of the corraspond al eome

ponent; the ammiitudes

portional the product of the
in the combination.
The squave-low detoctor is a uscful device for the messurement of the

nouer of an a-¢ signnl beczuse the recbified oubput is provortionsl to the

. o
1y wda

s

Torrey ond “hitmer, Op. Cit.,

-

“hoich, Op. Cit., p. 302.
ot R e by -

-



C. The Fature of the Crysital Rectifier
In the early days of the develenment of radio communication the

crystal recoifier almost wilversally uset as ths detector in radic

rocelvors, A bynical detoctor wos mode Ly scldoring or clomping a small

pigce of bthe crystal in o wmelil cup or recepbacle. The rectifying contect

with a Tlexible wirve “cat whiskoer® wiich was held in light contack
with bthe crysbal. Good regtification was obtained only Lrosm "sensitive®
spots on the erystal and frequent adjustments of ths contact point were
necaspary for good paricrmance.

Tho dovelopment of bhernlonic tubes made the crystal rectifier ob-

2

golete in radic receivers. From about 10235 bo 1940 the crystal rectifier
weg used chiefly as a laboratory dovice Ior debecting and moenitoring uhf

r

powiET,

[0}

The developnont of radar ond other typss of wicrowave equlpaont stine
ulated regearch on crysbal rectifiers., Heocspbion of microwave rodar echoes

raguires a high gain receiver in waich the linit of gounsitivit

mineé by the masking of the signal by the nolse gensrated in the receiver
glreuibs. Sinee wacuum btubeg become incrsasingly noisy ot increassd fre-

quency, astenbion was bturned to the ¢rystal roetiiier as a posglble sub-
stitute for use as sixsrs and defectors of microwsve pulses. Besides tho

current-volbage churncteristic, noisc Tizure, conversion logg, and the

4
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ing

been concerned ezclusively with silieon, boron;

and 4o widely held opinien, tho crystal rcetifier has

8
Ibide, pD. D~E.
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been porfocted Lo o point where, handled with reasonable care, 1t has remark-
able endurance and stabllity, both scchonical and eleetrical. Ixtensive
ressareh on geraapium has rosulted in the dovelopment of the high-invors

~

roctifisr and the welded cor

et rectifisr.

dave .LO") cd for

sltbhorgh the nigh-inverse-voltaze cryotal roctitier -

uce oo bhe sgecnd detector in xo ity high-inverse-voltase cha

aeteristie makeos it useful in ications to low froguency rectifiers. The

154 vdiodeY is roabed for use abt a paximun oeal inverse voltage of 50 volts,
2k anode current {sine vave) of 60 ma maximum, and an average anode cur-
[e}

&

rent of 2.3 na.

bies >y

The advantages which the crystel rectifisr of tbhe high~inverss-voltugs

type over the tube diode include the Tollowing:

a0 anced

[
i)

1. #Ho filument voltage is roguired; conseguently, there

et

for a heaber powor sunsly snd can eoniribube no .
Z. Thers is a relabtively high forward conductance.

Se  Thoe current voltoge

e with

Lime whean vnder uge
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It warn Teit that an analysis of a linear diode detector would help
in the understondipg of the general problens ilpvolved in the design of

with the limitations thet oxist as to their perfomnance.

Many awthors have analyzed the lingsr detector. #ay standard texibook on

radio engineasring uill centain such an anolysis.

In the dicde weetifier the dircet output vories lincerly with the
pub voltage and is nearly ogual to the posk value of the input voliage ovar

a vide ranse hig is the reason for the widesproad uge of ﬂ?u»? detectors

RS

in radio recoivers. This migue behsvier is possible boceouse the inoub

o PR . -

voltage ig not directly applied to the dlode, Dhut ig made o Iurnish a
iirect bias, such thalt the culy voltage causing the dloge to conQucet is

the differential bebween bhe iaput and the scolf bias,
Figure § shows a simple linsar diode detcctor. If the applicd volt-

-

plitude-nodulated sinc wave, a properly chocon BC produet will

e

cause the condonger voliase L@ follow very closely the envelope maznitude
of the inputb.
Tor ideal operation cortazin conditions must be fulfilled.‘
1. The time consbtant 1 must be J”*ﬁe enough 4o let € hold most
of its chufge during the r-1 cyclos It muct be small enough
to allow the outyut voltage to follow the cavelope varistiong.
Z. The eftoctive load impoedanee shoed pe essenitlally the same

ot audio frequonciocs as the G-¢ resighbunceo.

1. e a , . - .
Temmen, F. H., BEodlo Eneineering, nn. DBOES-L1S,
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the offeccet on the inusut eircult

3, HKllowmnce should be

5.

of the current drawm by the diode.

4. Fho inout volbtase should be large cnough to provide linear
3 ’
opeivbion.

Fipure 4-0 ghows tho aelion of the

vapriebions in the

o

]

condongar ok Lo nca;ly LI

poak value of the inoal wove

during one-half eyele, then dis- © X/ \[

charges throush the wreasistor, EH,

during the aoxt hall cyele wrod- (n)

ueing tho i

o

- Digde

curve. O coupee,| —ro0¢
Currs ut, n

4

.

the r~C variations are greatly exu-

grorated and thers wo actually

vaveforne in Figure 5
acticn of C in eliminating
r~{ veriations and

diode curronb.

\

e P
L8 X

be wany mors cyclos o

sach onvelope cvelo,

gor volbaso to ro=-

smaller than the envelopo voltage during any peried of bizme, v, the

tive vhan the slope

1Bor volbane, must be mors nc

curve of corn

of the suvelope of the modulated wavo.

A time congbont thot relubion ig glven by

(5-1)

y hotveon the maximun and min-

acculateod carrier oand o @ is

’tc uimben, L. Do, Yacuwa fube Cireulbs, pp. 4ol-4




ing Travusacy ths dolectar is dosigned to
ay e ewpresced in a dilforvend way, nagely
, 1
vz 8 i —
{s-2) o= TS
A,

modulating frequency., It hop bsen showun  experie-

5,

of

ronlc generation, or distortion, in tho

detecter is vot excessive Tar reproduction of soupd if

e

. & G

& .

ot

(3-3) RO & i or

£

1
P
M

o

The rectificabion efficicacy, D, of & linooar dlode dotector is enual
to the ratio of E‘ to E~c pealt apd is independent of the apnlied voltage.
o ds dovermined only by the rstio of the load resistance to the dynusie

roplotance.

Lo
[N
(o]
)
o
pos

(5-2) Lo L

- R,{,, o had 1.._
u 1 ~0 ~5cos D
Also the effective input roslgtance, E@, of the linear detector circuit is

Sopendent of the spplied volts

m=
i}

‘e Sl Z
6os D = Dafl - D

the potential developed zeross A

loaé roaistor

ihe amplitade of the carvier cavelope. fotuslly,

“Massachugebts Insbitute of Technology whalf, Anplied Zlectronics,

Oh. $58-0658,

'”ru¢n, ¥, &, ond Nelson, J. H., "Discussion of *Some ilotes on
P |

Gircuit and Diode Rectillcnuion'“ ﬁroceodlnhs of the Inztitute of Hadio
Fngineers, XX {(1832), pp. l97l"l97&.

s 3 » ! - . v 2 "“i“ 2 ™= Do e & . - - 74
“Eilgour, . B. and Clessnor, J. d., ™iode Detecbion Analysis®, Pro-
ceedings of the Institute of Hudio Fuginoccrs, XI (1933}, pp. 950043,
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If the rechification curves,

pﬁﬁeﬂtia with the neal a-c inpub
arg plobted, ideally and thoorvetieally there will be scual incresmants of

d-¢ bias with egual variations in a-c in ut voliage. “etuzlliy, not only
will the static curves not be lipear, bub the coupling to the next stage re~
duceg the a=¢ rosisbance while the d-c¢ resistonce staye the ssme. The
dynamic or a~c resistance load line will have a grester slope than the d-g

9 5}. Since both load linss pass through

e .

or stabie load line. (Heo Figu

H

u’

the operating point, P, the dynamic load line reuches gzero befors the

erest value of wvoltage does sad conscguently, the tube current will be zero
before the negative peaks reoach a minimum. “hus, with high modulation
parcentages, negative peai elipoing will result. The modulation factor at

whaieh cub~=0ff distortion will stsrt is given bjs

{Gmt) L = 1)
Rbc ’
vhere —
Bele
The current in a diods consists of uni-dirgetional w»ulsss Llowing

only neor the positive peaks of the iaput voltage. This current may bo
aplit up into a steady component, & component al the fundanectal fre-

guency and a series of components el hammconice frequencics by Fourier

{(3-7} i.= i, ¢ i,{peak) sinwt + i (pcak) sin {(Fwbt + 8) + evvcenn
4 [

The amplitude of the componend at fundamental frequency is equal to the

applicd enf, e,{peek}, divided by R,. Dy equations Y~4 andé 3-8 it can

be shown that 1f B>

- tar RG apnroaches the velue w—=.
4 €1, -

2D
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;. 2

e o Tths roec o

inths diode ig vexry nearly equal to

twice the value ¢f the N U= Sury

The havmonic and steady state com-

ponents of the @rrent toke ne power from the gource and, honce, do not affect

i1t bhag besn shown r with no condenser altross

whers 3‘?’.23 egnals the aversge voliage across the resistance mod B equals the
5N hs%
7
peak value of the carrisr velbagoe. ihe firet verm of cgustion 3-10 represcnts

the direet output volbage while the gecond form, the modiulatvion Trecueoncy oub

ok volbe

;A

axpreasion for rechtification offici

;_..,
,..

whaich 1ig Tk

the load. Thoe effective innub resistanee is given by the zelation

——
-

o

o)

= 2{R. R
5! 2 Lt hI))

¥

"Reich, Ons Lib., pp. 307-3513,
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out by the low-pass filter network, L?‘lG leaving only the modulating fre~
ok &

guency voltrges at the outout.

Due %o recent developments in microwave eguipment, crystael rectifiers

of the gorasmmiug bype have baen porfected with high-inverse volbage ratings

- o

and current-voltage charactoristics thal are linear down to o Lo Lenths
of 2 volt, This makes them suited for use as gecond detoctors in low fye-~

guency rocoivors. Since the geormariwa diode is 2 non-linear elenent at low

voltages . bthe volbage spplied to the crystal must be of such 1 3 G

&

opavate on the lincar porbion of the current-volitase choracteristic. (See
igure 6). Uplike the linear diods cetactor, there iz po condenser in para-
llel with the crystal load registor, PLQ This ig done purposely so that the

s

p=T Pulu{}f' prﬁ(zuc od bf waehit

< o

dleation zre opnlied to the srid of the pentode
amplifier,

The cathode resister, L, iz puroosely not by-pageed to produce degenser-
44,
ation, or negative feedback, for the reduction of amplitude disdortions
One of the factors that limite the response of a diode detector to high

porcentages of modulabion is bhe difference in thse a-¢ reglsbance and this

a~¢ resistan T the detector load impedance. This difference is caused
by the low reattance of the couling condenser to modulating frequencies which

makos the g-c shbance less bhan the d-e resistance {poe Fipure 35) as ox-
plained in Chapter IIXL.

Ju the erystal-driven amolifying detector the pentode serves to isolate’

¥

the outnput impedance from the crgsual load impedance. Therefore, since the
crystal load is resistive, the resistance to the d-¢ and s-c¢ crystal current

components should be the same and nsgative poak clipping action, vihieh occurs

-~

in the diode detector for hish values of I, will be eliminated if the pentods



[
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B. Design of Iguipment

Crystal-driven Amplifyine Dotector - Figure 7 shows the final design of

the cireuit to be tested. The tank civeult, L L., is tunable over ths broad-
gach band {550Xe - 1600 Ke). The r~f amplifier stago was included to increase

the magnitude of the testinz signal. The GAG5 pentode wen designed to oper-

ate as a wide band amplifier using o 10K plote load resistor. Operating volt-
i

ages on the GAGS ave 200 wvolis on the plate, 100 volis on the sereen and 1.5

volts grid bias with no signal applied. The Luf sere:n hy-pass condenser was

]

uged to give adeguats by-passing abt low Lrequencios The cathode resigtor was

o
("»

not by-pasged in oxrder to provide degeneration ss explained in the previous

-

section. The low pass filter nebwork was desigaced Tor o cub=-off frecucney

s

of 35Kc. The valus of Rgl is determined by the succeeding tube. A velue of

1 megobn was uged fox ! The crycbal load rosistor R was not assigned a

value since 1t was believed that an optimam valus of B covld be debermined
from tests on the 34 eryotal.
The Tilter coil, I, was ﬂauigﬂed and comstructed to give proper cut-off

1F60u01¢” and -characteristic impadance.

Lincor Yiode Deto ctor -~ Since a comparigon is to be made of the crystal-

driven anplifying detector and the linear diode detector, comaonly used in

eommereial radic, a typical dicds deboctor circuit was designed.  {Sec Figuve
). The eingle tuned »=f amplifier stage is the same as in Figure 9. QCne-
half of & 6H6 diode serves as the veuctifisy elanent. G, functions as

R
11

resistance~capacibance filter Lhu' prevents the r-f vipple veoliage, developed
acrosg O, from reaching the output terminals. Cc iz Por the purposge of pre-
venting the d-c¢ component of ths roctified ouwtput from reasching the output.

P

The diods load resisztance to the d-¢ component consists of Hl*.ﬂbi A mod-
£a

ulating freguencies Lhie a%ﬂf7¢uapling condenser, Cc’ has negligible resch-
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INVESTIGATION

It wos the purpose of thils investigation to compore the opzration of

the crystal-driven amplifying detector {Fisure 7) with the linesr diode
detector {Figure 8). Jinmilear tests wore planncd Tor both circeuits, with
principle interest directed 16 Lfroquency rosponse and harmoeic distortion for
different values of the modulation factor, U, approasching unity, Houwever,

it wag necessury te perform several preliminary tests to various phases of the
two cirvcults (0 determing their overall characteoristic

A, Crygtal-Driven Amplifying Detector Circuit

The followin

porformed on the overall crystal-driven aap-

mases of this eivecuit.

!':\i‘

» JNBA Germanium Diode - Data for a seb of

Fal

vagtification curves were taken uming the circull on Figurs

ified curwent, iﬂ was messured as a funchion of the

C,
while the a-¢ swwply velbage wos held congbant abt veriocus values as a para-
neter. The 4000 ol resistance in gerics with the ammeber vwme inscrted to

compengate for the awmneber resistance on tho low (5Qaa) TENES.

gtatle Crysbal Characloyistics ~ PFront and bhaek curront-voltage charpe-

acterigtlics for the 184 cryveital were measured with the aid of the circults
on Figere 10, To obbtain the back charsetoristic, the crystal voltage, Ly;
and tho resistor voliage, E )2 were neasured Tor various voalues of applied

voltage, as shown in Figure 10. The back resigtance, R, , was then calw
I

w
J-At’
culated from the ratio of EK to H. mulbiplied by R. Crystal current,

™
T
AL

;x’ wag then caleulated by the rabic of E_ to Bpe To obtain the froat



93
s

characterdstic, the crystal curyent, I, was moasured for various velucs

1{-‘3

of Ex as ghown in Figure 10. An interesting relabion is shown by the

plot of R, as %, {(See Figure 11).
¥

Linecarity ~ leasuremenis wero made to determine the lincarity of the
crystal rectifior {d~c voltaze ve a-c¢ inputb voltag03 uging sevoral values
of crystal load resistence, R, (Fipure 5). load vesistors used were 13K,
30K, 100K, and 2800K. %his test was performed with the crystal in the cir-
cuit as in Figure 7. The input was a 800 kiloceycele unmodulated r-T volt-
age. The a-¢ voltage was measured across the tuned tank, chg, and the
d-c velbage was obtainad by plaecing en ameber in series with R by-passed

with a .25uf condenser. Average d-c wes the ammeber reading times R, The

rosult of this best is shown in Figure 12.

[ed]
Q
)
B2
=
Y
o
]
354
-
o
£L
el
Q
o]
o
k-g
o]
]

Frequency Hogponse and ave Analysis = A Tixed

600 kilooyeles was applied Yo ths input of the ecirveult in Figure 8. Iliod-
ulobion of the carrier was provided by an audic =ignal gensrator. Tho
audio output voltage, T, was meacured os a fuwnction of modulating fre-

- 10Ke} with the modulabtion percontege held constant at

o LB0%, 80%, 70%, 80%) as a parametor. ¢ogree of
modulation abtainable with the r-¥ signal gensrotor used was 30 per cent.
AL sach neagurement above, & wave analyzer was coanceted to the auwdio
éutpuﬁ apd the values of the fundamecntal and harmonic volbages wors noss-—
ured.,

~ The circuit of Figure 7 was dis=-

atbor connected atb that polut. %he

2a

grid voltage, “1’ o the GAGS wag beld consbant abv cne-half wolb.

0

the audio outzui, wes measured for various freguonties of the applied



~ 40 Ke). The vosponse of he GAGS pentode was checked in

The cirenit was disconnectad at voint B and the volt-

age across bthe plate load resishor, E%C, was neasured for various freguencies

of applied voliage (50cps - Sie). 4£lco, the response of the load impodance

et

5 FHe

after point B was checked for a range d frequencics from H0cus bo 40Hc.

Wave fnalvsis of fuplifior Stame ~ A sguare wave

point & of Figurs 7 and the oubpul obgorved with a ca
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7 Dicdce Detector

""" chbeotor as

the crysval-driven dgtector.

o

Doetvification Lurvag - A sob of zecbivieabion curwves oohained with
the ald of the circult op Figuve 8, 1. was a fuacbion of &
’ de de

oA Y P N - = g e e A e R e P R

Z s was bheld constant at various valuss as @ para-

P 4
ac

developed neross R (Ficure 8) by

the dlode debpetor was measured as o funciion of the a-c¢ applied volbag

N

toot procedure wag ide-

In the above es wore measured with o Dowlebt-Packard

vacuum tube voltmeter, Hodel 4104, and current was moasured with a Triplett

g of noduilsted r-f voltaze wos a Ceneral

Radio signal gensrator, Lvpe 1001-A, which bas s freouency range of 5 kilo-

7

eyceles to B0 megacycles. lLodulating vollaogoes were cuppliesd with an audio

WP

wi th. <

Vumond catlods

{‘)
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Heatification eurves for o 13534 germom

Fipure 9. reobilying elrcuit in the erystal-driven

o deb

2 pet of

rocvification curves shows

sharisgtbics of the 6218 Qiods

& cowparlgon of the

. " PR N
bae obbalned parison of flgure

:lincd, lessa

3 g [ Xup— q -, T SR S N S TR A kS b oy
5 with Figuze 2 the curves of the 1134 to be more stesply

move evenly spaced at low values

of the 506 dicda.

the back resistance of & diodo

stanee of o crystal.
1t condw

acras:

o R, the crystal forverd repistanco. Dupir
eat]
T

4

would he very much

Fipgure 11 shous a

¢ hoelow wwo vwelts, EB is

iderably lovor than this velue

losg of cry qu o1t

af the ordar of 100 XK. H. mught then be coas

and ab the sane time, must be nuch largor than ! increases exponentially




ag crystal Torward voltage decreages and is of the order of 400 olms al three~
In tho analysis of a linsar Gebscior using a cryctal as the rectifying
elemaent with o condenser across the load resgistance, as in thie case with the

3St driven amplifying debector, the expression for the dircct volitage

acrosg the load resigtance would bo Lar to cguation 3-10 fon low values

of load rasishbance. Tho resson for duis is thot for low valucs of B the
Lﬂ

a half sine wave of

pulees of clate current approx auplitude as in sgua~

tion 3-10, waile far large valuss of RL, wviiich approach tha back resistance

of the crystel, i

half cyeles of input

voltage,

tne omicgion of the condenger ceross the load wreglsgtor. In the cireult under

test, the rectificotion officloncy was caleulated to be boltwson .8 and .80,
the differencd beling ceussd by bthe change in vhe dynamic resistance ol the

cryatal. The offoetive inout resigbonce was

S OF

L,

which lovsrad the

o condenoner was used across the load.

";;‘

of Yigure 7 the ied to the grid of the pen-—

tode amplifier must not be over one vold to prevent overdriving the pxid

gsince the bias is only 1.5 volts. this fmet cnd then determine

ingz the values of R and RB from Figure 11, an opbliuam value of R can be
b . 1,

Tound. The value of RL used wag 15 K. A lowor value of RL would sotisly

tuned touk circuitb.

the relationy Ew)) RI)) 2, but would
i‘,:)! - j}!
fso, with a 18K load pesistance, tihc lincarity of the reetifier is bolter

than for larger valuves of load resigtanca. Figure 18 shows the vectifier

bt

wle

inearity for ssveral valuss of RL. The curved pertion of ©



o
3

a,

caused by the crystal voltage operating ovor the non-linear portion of the
current~voitage characteristic,
Figure 13 gives an indication of the lineariby of the linear diode

detecter. For values of inout voltage above onc velt, the direct outpus

voltage is dirvectly proporbicnal o the applisd voltaze.

The fregusney respoase of bhe Lry**al~dr1von dotsetor was vory good.

3

(5ee Pigwe 14), At a sodulation frstusncy of Tiwe kiloeyecles and 80 per
cent modulsbion, the audio outnub 4ro.ped off Lo 76 per cent of ibs maximwn
value. The response was flabt well over the range of dellﬂtlﬂ Treguencies
ordinarily used in byoadeasting vhich is usgually a maximum of four kilecyclos,
but may be as high as 10 kilocycles depending on the fidelitby desired., The
nandwidth of the tuned tamk cirouit at the inpub o tig debtoetor wam very
wide due to a low § which was caused by the low inpub impedances of the recte

ifier circuit. The bandwidth was apnroxinobtoly 20 kilocyceles. Tho ordinates

on Figure 14 are moasured values of output voltage when the input voliage

was .8 volts {rams) measured scrass the tuned cizeuib, L,C,, with no medulaticn
LX)
gpplisd,

Fipure 15 shows a similary seb of response curvas for the linsar diode

debector. It was notsd that the relultlive cutput dronucd off corgiderably at

[

sbout twe kilocyoles. It wag found bhat the bvandwidth was only about soven

kiloeyeles and could be increasgsd to about 12 Lilocyeles by lowsring the

o

-

ank circenit gafficiently. The dotted lineg show the responge with

~

g of the %

increassed bandwidbh. The ordisstes on Figare 1o arve ueasursd valuss of oube

wured sceross the

put veltage when the ipnput voltepo was five velts (rus)

tuned circuitb, LEC“’ with no modulation ay
b

The result of tho wave anslysic shovs that there 1g very little differ-

ence in the anount of harionic dizstortion praduced by the twe typos of debec—



tors. Although the amount of hammonic @istorition produced by the crystal-
driven amplifying debtecbor was zencrally slightly highey, the tobsl distor-
tion faetol in both cases never exceeded .05 (five por cent), a value which

ig not objectioneble. Distortion fact tor,§ ; was coleculated from the relaticn,

—7 5 &
.‘}i‘) + .{:Jj'v < i v + raw R
S - -

3, ]

narmonle component and the subseript

1}

whore I represents the zmplitude of the
represents tho ordsr of the harmonic.
The purpose in performing the wave analyeis was to ghow whether or not
excossive distortion would be produced ag the percentage modulation was ine
creasefl toward unity. This phase ef tho btesting vrocedure wasg hondicapped
by the faet that the p-T signal gonerntor used to oroduce modulation would
only wodulste up to 50 per centb. Thiﬁ is below the point where cut-off, or

negative peak clipping distortion, starts in the lincar dicde detgcbor mnder

boste
One of the things responsible fory the high omount of dlastortion pro-
duced in the crystal-driven dobector is the Tact that the cut-olf freguency

of the low-pans filter network 1sg higher then the cut-off frequency of the
filter nctvork in the dlede debtoetor output circuit. A fi gher cut-ecff fre-
quency will pass more of the bigher-order harmonicg which cause objectionable
tones in the audio oubpubt. 4Alsgo intermodulation freguoncies appear mnors
rea&ily-iﬁ the crysbal-driven detector beeause of the usc of two non-~linea
devieces {the crystal and the pentode) in the circuitb.

The respoase of the pentode amplifiler, when ilsolated, proved to be flab
aver a frequency range of 50 cyeles per sccoond to two megacycles.  The responsec
of the asmplifier and {ilter network alone was £lat from BC cycles per second

o 10 kiloeycles. At about 20 kiloeyeleg a sharp resonant pesk cccurrsd in
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e oubput volbage. Thic was caused ov the input froguw cuey pa saing through

filter nebwork. £ reconant pesk of thie sowpd

ig

1
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results in greator smplification of Treguencies from aboub 10 kilogyelss to
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maximom modulating frequeney usually encountered, comp onents of fro quencies
close to the regonant frequesiey will be the vesult of harmonics or intermod-
vlation frequencises and will have very small magnitades,

It was shown by the applieation of = spuare wave signal to the gri& of
the 6AGS that congiderable phasce digtortion was present a2t low freguencies.

The outout voltage led the input voltage which was expected. &b high

frequencies, however, there was very littlo phaso distortion.

uiring s swoduloted »-T signel az The debteetor inpub,

¥
T

1 percenta

the caprris r level

out the test at a magnitude just below the valus that would nroduce a grid
voltage suffieient bo overdrive the pentode amplifier. oy appreciable in-

crease in the cavricor level caused a marked increase in tho

the output waveform. In actual practiece this would mean tha

gnituds wod

s

ong station may produce & grid voltsgs of proper

is a siznal
from & stronzer station wonld ovsrdrive the pentode amplilier end sorious
distortion would result, Therefore, it is essential that the crystal-

driven asmplifying detecbor supply & gource of ave veltage to maintain the

debector inpub congbant., & noszsible mesns of doling thig is to apply the

input voltage acreoas tho btunsed bank through = small condenser to the grid of

triode anplifier whose cathode in at = negative pobential with respsct to

o

sy bthen be obltained from the plave ¢lr-

ground. 4fn anplified sve voltsg
cuit of the ampliller acrosg o resistor tied direcetly to ground.

staetor withoud

An ave woltage may be obbtainod with the lix

jt
[=]

the nesd for a peparate tube. &b a point bebween Rl and R, on Yigure 8, a

ce the resonent frecuency is much greater then the

modulation woe beld constant through-



20

nagative ave vollbage that is proportionsl to the amplitudie of the input

pignal way be fed hack to previcus r-f or i-T awplifiers through 2 lavge

geries resistor snd hy-pn condenser.

In an cchbual recsiver such as the very popular gupsrhzterodyns recciver

the detector inpud would bo tho output of «

o

o intermediate~-freguency

£ ilocyeles or 175 kiloeycle

with s Trocuencey of

Fru,

L fracuencey of

U

200 kiloeveles was used ag btie inout freguency oy the debectors under tesh

to facilitate the use of & varisble 35 - 36§gﬂf tuning ¢ondenser with which

greazter onge in mal

R S g F el
voots woere peruillttod.



From the resullds of the preceding tests it was concluded thnt the
e ul~ar1v0n wplifying detector wag inferior o the linear diode detector.
The bases Tor this statement is born out by the following ohservations.

The use of a pure resistive load for the 1334 crystal reetifisr lowers

icovion offieciency. The use of low volues of load resistance thab
are necessary for proper rvectilicabion also tende to lower the roctification
efficiency and at the gomo tims lowers the efiective input resistance of the

detoctor. The resulting low ¢ of the tuned cireuilt destroye some of the

93

eloctivity of the last i-f amplifier stoge.

The grid voltage applied to Lhe 6AGS pentode ampliflier must be held cone
astant bo prevent overdriving the grid. with 1.5 volts grid bias, = constant
grid voltage of Tive-tenbhs to one vell would pfoperly drive the pentede
amplifier. 4 separate tube 1s required to provide the nﬁcessary ave voltage
b0 keep the detector Iinpubt constant.

Tdere ig & possibility that the crystal-driven amplifyivg detechbor will
produce less distorition than the linecar diode detector at high percentages of

moedulation, however, it wag mot pomsgible to ghow this since the maximum de-

gresc of modolation atitainable with the signal genorator used was U0 per cent.
It is doubtful that the crystal-~driven amplifying detechtor would give less

distortion with the bighor dejross of modulation bDecause of the various places

vhere digsborticn could be iutroduced. Tho

along with the BAGS, whose platc current-grid volisge characteristics are noon-

i...J

inger, will produce volitage fomponente of hawnonle frequencies in ths oulput.

Tho linear diocde deboebor, having g non-Llincar current-voltaoge cheracberisbic

only for low voltages, produces very little harmonic distortlon as long as the
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PV PP ¥
was buthber

gsengitivity of the cpyotal-d

isd by tho pontodo. L Lovor than uswally

&

gzoscted with a pont dogeneration pro-

P

duced by the cathodle vesistor heing nc dua to the low

valuc of plate resisbanco used.

=3

i, - - -y 3 pe PSR, S K T oy ER I
The nroperbtlos of a gormenivn dleds cxyotal rectld

4 Tt o AT
18r suca a3 v

make it spuear kore practical for use ag a sccond dotaoetos

g oK

a3 receliver,

Houwover, when used asg in the crysbal-driven amplifying debcchor some of its

advanber

the wiag voltage produced with o condenger
across the lood nakes the bhack resistonce mueh higher than when no condonscr

is used as shown ia Fisure 1l.

In prevaring this paper it vas realiged why the lipnesr dicde detector is

80 popular and so widely used. Uith proper desipn of the load circuit, the

5

andio output. can bo made bo follow almost exactly the variations of the capre
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alope. By using a large load vesigbor, the detectio:

to approach 90 oper canld and the maximun percentasze modulation withe

e

out cub-off digbortion will ~pnraac% 90 per cant.

An ec&moxze digadvanbage of the erystal-driven a dotcector is

the need Tor o mony clreuit commonents. Yhen an ave velbtage is developed,

two vacuum bubes and a crystal rectifier are nocessary, vinile o lincur diode

detoctor roequires only one vacuwn tuhe to provide similar operabion.
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