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SECTION 10 

SWEEP-GENERATOR ClRCU!TS 

PART 4. ELECTRON-TUBE C!RCUITS 

SAWTOOTH-WAVE, GAS-TIIRF SWEEP-GEtrEP..*.T[!B 
c !acn!Ts .  

A sowtooth w o r e  is defined r;s n pe?!odic wave ,which 
varies Ln nmpiltude 'ktweer, two .values to prov~de c. wcvr  
form pattern resembling the teeth of a saw. 

7he sawtooth .~ave!orm ios mony app!:iatlcns in ieie- 
vlalon, radar, and speoal t ~ s i  ecu:oiimt. It is :ommoniy 
, ,= ,,e? :s 7b.e time base for catihde-i: ! c k s  ,w3:ck cmpjuy 
o,np,.n<,T, ;- -*'I .-.,-. ~ -< .:- - >  ----- ~ ' 
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ot deilectlon, the hciizontal 2eilectlan clrcults req : re  o 
l,i:m, :infir h s e ,  h a t  15, o t y p e  ai ,voitale wovetorm w3lch 
.s 5irecrly picpoitlanoi to tlmr. . .   SOW:^:^ vnitnqe ~ 1 . 9 ~ -  ,-.- < ~ .  ;?,.,c*."."> LA: .- ... " .,,, ~.,-,~ , , > ~ <  ,... 
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ine uselui po~tian ai the sowtmth wovrtorm i s  called 

<:e sweep ;ime, m~d t!le renldirllng prtlon is colie6 the 
rstroco, or (Iy-bock, time. The sweep voitooe devpinp~6 hy 
the sweepaeneratoi circlilt is used to move (de!!ec!) tL.e 
scot across the !loo:~sc*nt i-rePr oi !he ccthole-rsy :.;Sc 
2! 3 ~mforr"  rate. .?L:LC i !hil i c t i ~ c e ,  ji i l l - o x < .  mrtlnrr 
s i  me wuveioirr,, !he spot IS ie!!~rrle! very rap!d!y tc tLe 
,nl!ial sta:!inq . rn'nt . ni ih-  CWW:, :???,; !?r 3:::'~: ::..en; 
trnr,? !p tP 'Ie~er?!"?. T ~ D  Y C . / ? S L ~ ~ ?  S !  !L^ ;;:;;,:i nGlt>l(  
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ilnearity of the sweep i s  difiicult to obtain with this type 
of sweep generator. 

NEON GAS-TUBE SWEEP GENERATOR. 

APPLICATION. 
TL ,,,, - . auniuuJ~:-nort - . . . . . . s ~ e e p - ~ ~ ~ ~ e l u i u i  u ~ r c u l r  uslng u 

neon gos tube is one iorm oi reioxatlon osciiiotor. n i s  
.. , f ~  -. ". -t ",mi! -.  i s  occosionaily used where a sirnpie "fiee- 
running" sweep generator will provide a satisfactory sow- 
twth waveform for use in certain noncritical test-equipment 
circuits and in cathode-ray tube clrcults ernpioyinq eiec- 
::~s:atic deilect~on. 

i n n i ( n i i t K l S l  lCb. 
Free-runmng, relaxotion~scillotor type. 
Output i s  sv#tsn:'. woveform. 
n,..",,. ,*,,,, .?,, -seep f;e;ier.cy is de ie i~ i r~ed  by 8-C c~rcuii, 

;)-F Sf n; .. .. -c, , ,as tdoe i lsrd, rind voiruge oppiied to clrcult. 
Creep frequeilsirs u p  to iC k l 1 u ~ ~ c i - e ~  can be produced. 

zleon gas tube is used a s  sw~tch to coritrol charqe and 
discharge of capacitor. 

CIRCUIT ANALYSIS. 
Gonsral. In L?e discussion of time constants given in 

Src:lon 2, jencrci infoimatlon on tiectron Tube C~icults,  
the typlcol charglng curve for an R-C circult was illus- 
trated. If a capacitor i s  charged through o resistance from 
o constant-vcltoqe sou:ce, an exganential voltage curve i s  
&!zifi& .~=:"CS !he :e:-irj!c cf :he co:aiitor. Fjrct;j;ib 
. - - - - -. . . - - . 
L;,, , i , ~ ; , ,  <he capac~tcr rises to u value equai to the 
opplled voltaqe. T?e mmtiol portion of the R-C charglnj 
;.ir*e ;s reasirricly stra~ght, wit" very ilttie curvature, and 
:t oniv a srnali part of the initla1 portion of the chargln: 
c'urve is utilized, the degree oi l l~earity obtained 1s con- 
s~dered to be s o t ~ s f o c t o ~ ~  for many sweep appllcotions. 

in order to deveiop o sowrooth voitoge, i t  is necFssoiy 
to chorge the capacitor and then quickly discharqe it to 
complete the charge-discharge cycle: the cycie i s  then 
rc j e~ t i :  cve: m i  wer to produce lne desired sawtooin 
output w3vefoim. A means nus! be prov~ded to qu:ck!y 
,i?scb-lrge rie capocltor once it has received c partial 
"L-.-" . -.:..---, I - .  . r .  5 ,  =..,.i..,=i, .u.v ~ < e q u i : r ~ c s  i :necildilisd; ,swlrc'!: 
c3n je ;sed to short the copocltor terminals ond discharge 
li.e ~3puclr0:; however, svcn o switchmq system becomes 

._> ., * l . .  . .I _ :_. .  .... ... --. ", . , L  , . j r . r  C i L ' :  r -  

i i l e  : ~ w n  7"s !:I"? jnr neon %ir) !s 3 pf'?c!:c5! 526 

i , , ,  ; C  ~ .,-,,,, ~~ ~ .I w. "h "I" I<' 3' :̂ Ci"rtT=",:^ :.>.:::? :: i.5~ 
C " ~ P  !be ccpoc~tor. A neon gas tube has a nega!;ve resist- 
-?,,* -$ ,,3:,7, - ,er;s, ;,- ,:.& k-" ~- ,.,, ~.- <,< ~~ +L,- "L"." ...P.. ?.. - -- 

. . . ~ .  . .  
.a ...; .--c .i .-:..re;, ;,c;;y ;.:;en; *L.L 1r"h tnroug!, .. 

:;, :! !kP tu>s .*, -",,p,e".?A A:r"r,lL, ~ ~ . . .  , - r.qs: - - c.,,r-- -< -. 
vci!o.e whlch !s s?~!!!c!PP!!~ hiqb to ionize !(re ? ? c ,  tie 
c;;:~;:: :;;ci ;;p;:ll :s ; d u e  niucia ciiil dan.uqe h e  lube. 
::?weve:, In  2 :;~:c31 sweepgene;ator a r m i t ,  the resist- 

ZLL;. I;. ii;r cl:;uit :n i ts  iiie cyrrer.1 and >revents it irom 
damaqmq the qos tube: turfhernore, the tute conduns pi- 
--.,!., ." A:--;-. ....., ., .., -..-. je :he C353C::C:. -. , . .  ,," ,,,,,,- ,,. ,-.-, ,.-: .. ..I,"-" .- . I, _.,". iu.,-<- .ILLLO. I"," ,.. . ii 1.7 

icn?alncr ci :!E. 3cs ?l'k :E !e:?,pl :ke ~ : ~ i k l i . i  c: !irino 

,ol:gqe. ';$hen :he tube Ionizes, its Internal resistance 

i0-A-i 



ELECTRONIC ClRCUlfS HAVSHIPS 

becomes very low cnd will allow a heavy csr:er: f lon 3s 

long a s  the vol:sge applied to t i e  tube 1s sui!:clent ts  
tam lornzotlon. Eowever, when the vo!tiit ^:2ps to a 1a.v 
value, condliciian ceases.  The value 3f voit~.;e ct "nick 
conduction ceases 2nd the tube daonlzes :s termei !he 

0: recovery,  voitoge. ipi ;rs~!xate vqi7.e~ O! 
stnklng and extinquls'linq vaitoges for scvercl commcn 
types of  neon gas tubes ore 65 ond 20 vol:~, dc, respec- 
tively. 

Circuit Operotion. In the accompanying illustrotion, o 
simple neon gas-tube sweep-.;enerstor circu.: is st.cwn. 
Pesistor R1 i s  a se:ies current-llnltinq resistor; resls:or 
R2 i s  a voriohle reslnto: which per-il:s the frequercy oi 
a s c ~ l l o t ~ o n  to be cicnged. lapocitor CI :s a chrqinq 
capacitor and V1  i s  o n e o ~  30s iube. 

Neon Gar-Tube Sweep-Gener.tor Circuit 

Initiolly, when voltage i s  applied to the circuit, copaci- 
tor C1 begins to charge through res i s to :~  R1 and Hi, m 
series. The R-C time constont establishes the fr-quenq of 
oscillation :or o given value of opplied voltole ond depends 
upon !he value of the capocitor and the combined resistance 
of the two resistors, R l  ond RZ. The tube is not ionized 
during this period of time and represents a high lmpedonce 
in parallel with the charging copocitor. The voltage across 
capacitor C1 buiids up gradually fsllowing the 3-C charge 
curve, shown on the occurnpanying il1ust:ation of the output- 
voltoge waveform, until the terminal voltoqe of the capacitor 
reaches the striking voltage of the neun gas tube, VI. 
When the striking voltage i s  reached, the tube imizes and 

- - - - - - -  
/ 

/ ' L R - C  CHARGE C U R V E  
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c a n d c t s  to form 3 low-impedance path to discharge the 
c3pocitor. Zapoc~tor C1 disc53r7es through the tube, and 
the te;mind voltage drops ropidly. A s  soon a s  the voltage 
drops !o o value e q o l  to the extinguishing voltage of the 
gas tube, the tube deionizes and current stops flowinq. 
The %be a2dn rqresonts  c hiqh impedance in parallel 
wlth !he chorqinq copocitor, C1, and the voltaqe aqain starts 

~ ~ 

to rise ocross the ~0p3Ci!Ol. AS shown on thewoveform 
illlrst:otion, cnpacltor C1 charges agoin until the striking 
.,oltoge of the q3s tube i s  reached. The tube then ionizes 
and discharges !b.e capacitor; this operation repeats over 
2nd over o s  long a s  voltcge (Ebbj i s  applied to the circuit. 

Tne linear sweep portion of the sowtmth waveform i s  
produced when ccpocitor C l  i s  charged, and the retrace or 
flyback portion of the woveform i s  produced when the 
copacitor i s  discicnged by conduction of the tube. The 
sweep time depends upon the values of resistance and 
ccpocitance in the cucuit, upon the applied ,voltage, and 
upor. the characteristics (striking and extinguishing volt- 
ages! of the neon o s  tube. T3e characteristics of the 
tube are fixed and depend upon the pcrticulm type of tube 
used. Therefore the sweep time ond frequency ore con- 
trolled primarily by m y  of the first three fanors  previously 
zentioned: the resistance, the copocitance, or the applied 
.oi;oge. 

In o:der to obtain reasonable linearity of the sweep 
portion of the sawtooth wave, the applied voltage i s  main- 
tained at a high constant p t en t i a l  so thot operation of the 
neon gas tube ond chorging capacitor takes ploce on the 
lower, straight portion of the charging curve, a s  showr! on 
the accompanyinq waveform illustration. Variations in 
operating frequency are usually accomplished by changing 
either the circuit :esistcnce or copocitance, or both. In a 
proctlcal sweep generator, the vdue  of the capacitance 
( C i )  i s  fixed, ond the resistonce (R2) i s  adjusted to change 
the H-C time ConstMt of the circuit. ' h e  range of operot- 
ina freauencv i s  sometimes extended bevond that obtainable 
with o variable resistance alone by incorporating a switch 
either to select one of several fixed capacitors o: to select 
and parallel a number of fixed capacitors. 

The time required for the retroce, or flyback, portion of 
the sawtooth waveform to occur i s  determind by the imped- 
ance of the neon gas tube when ionized, the difference b e  
:ween the striking and extinguishing voltoges of  the tube. 
ond the value of the copacitor in the circuit. Normally, 
however, the impedance of the tube i s  sa low that the r e  
trace, 91 ilyback, time does not become appreciable until 
the sweep frequency exceeds approximately 10,WO cycles 
per second. 

F A I L U R E  ANALYSIS. 
NO Output. A neon gas tube rodiotes o characteristic 

orange-red glow when ionized. An indication of gas-tube 
operation can therefore be obtoined by visual inspection 
to determine the presence of the characteristic glow itom 
the ionized ?as witnin the tube. 

If the gos tube i s  ionized continuously and no sweep 
output i s  obtoined, it i s  likely thot capacitor C l  i s  open or 
th:! :esistorc R l  and R 2  hove d e n e o s ~ d  in value, In this 
c a se  b e  tube attempts to oct a s  o voltage-regulalor tube 
3.4 it ,conduns mn!lnuoilsly: the voltage developed across 
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Capacitor C1 cnd resistor R4 make up the R-C chorqinq 
circuit, which i s  used os an integrator to produce the 
sawtmthoutput wave. Thyrotron VI i s  connected in 
parallel with capocitor C1, ond functions a s  o switch d3- to control the charge ond dischmge of the copacitor. 
Hesistors Fil and R3 form a vcltage divider from tb,e 
negative bias supply to ground, which supplies fixed 
grid bios voltage to the thyratron through grid-current limit- 
~ n g  resistor R2. Since resistor R3 i s  vmiable, the grid 
bios, and thus the trigger potentiol of the thyrotron, con 
be varled. 

When voltage i s  first applied to the thyrovon sweep- 
generator circuit, capacitor C l  begins to chorqe through 

R Z  restsfor P4. As the capacitor chorges, the voltage across 

it,  and across thyratron V1, increases from zero toward 
- k c  the full value of the plote-supply voltoge. If the capacitor 

RI R 3  - were allowed to reach full charge, the voltoge a n o s s  it - would increase exponent~ally to the full value of the plate- 
supply voltoge, as shown by the broken line on the accom- 
ponying output-voltage woveiorm illustrailon. 

Thyratran Sweep Generatar 

/ 

HMIIZATmN A,/' 
POTENTIAL 

DEIWIZATION 
POTENTIAL 

0 

Output-Voltage Waveform 

However, when the voltage ocross copacitor C1 (ond ocross 
thyratron V1) exceeds the ionization potential of the 
thyrauon (point A on the waveform illustrat~on), he 
tube instantly ionizes and begins to conduct very heavily. 
Since the conducting thyrotron has very low (almost zero) 
imbedonce, it shunts copacitor C l  and couses the capocitor 
to discharge very quickly through the tube. Thus, the 
copacitor charges to the ionization potentiol of the 
thyratron, which i s  determined by the thyatran grid volt- 
age, and then discharges. As the capacitor discharges. 
the voltoge across it hops  taword zero. When the voltage 
ocross the capacitor drops below the deionization potential 
of thyratron V l  ( p i n t  B on the waveform illustration), the 
tube deionizes and ceases to conduct. Since the non- 

mndtictinq (cut off) thyrotron hos o very high (olmost 
infinite) irnpedonce, it no longer effectively shorts capac- 
itor CI,  ond the capacitor again begins to charge toward 
the full plate-supply voltoge value. The capocitor charges 
until the voltoge onos s  it exceeds the ionization potential 
of the thyratron, a t  which time the tube canducts md dis- 
charges the capncltor. This chcrge-dischmge cycle 
continues to repeot us long o s  voltoge i s  opplied to the 
circuit-capacitor C l  chmges while thyratron V1 i s  cut off. 
and dischorges when the th,c.rotron conducts. Thus, thyra- 
Iron Vl  octs as a switch ond causes capacitor C l  to olter- 
notely charge ond discharge, producing a sowtooth out- 
put wove. 

The sweep frequency of the thyratron sweep generotor 
i s  determined by ine rime it tokes ior capacltoi C i  to 
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charge to the ionizotlon potentid oi thyrotron V i .  The 
charge time of the capocltor i s  determined by t;>e time 
mnstant of rhe H-C c~rcult mode up of resistor HZ and 
capocitor Ci,  and con be chmged by odjxstirrg vaiicble 
resistor H4. Increasinq the value of iesxstar 5'4 increases 
the time constant oi tne S--C clroulc, ~k,,cL iiliiizscz :C: 
chorqe tine of copacitor CI. md thus decreases the s.ceeu 
frequency, Decreas~ng tne vdce oi resistor ii4 hos h e  
opposite effect, md increases the sweep frequency. 

The amplitude of the sowtooth output wove is deter- 
mined by the difference between the ionization (firing) 
pxentiol and the delanizotion (exting~ist~inq) poten!~al 
of the thvratroo. The ionizotior potentla1 is conuoiipd by 
varying ine grid biu,. Zi.;.;ey;er.:!;., :-.sii!zr !(i 1s 'GSP; 

to adjust the thyrotron qrid hies for the aesired output 
' J ;ncrwses ampl~tild. increoslng the value of resistcr :?' 

the neqotive voltaae on the qrid of tne thyrutroll md 
raises the ionization potential. 'ine cansevJent iarger 
difference between the ionization and oeionlzotian potentials 
thus increases the amplitude of the sowtooth-wow oatput. 
L e n ~ l s i n q  ine value of resistor R3 has the opposite effect. 
and decreases the outp~t  amplitude. Adjusting resistor H3  
also offects the output sweep frequency slightly, but this 

\ .  frequency can be conected by readjusting resist01 34. 

6 FAILURE ArALYSlS. 
No Output. A no-output condition may be caused by 

lcck 31 plotesupply voltage, an open plote resistor 
iC14), o faulty swe* coboator iLi), c: ; i e i n l i r e  
rhyratron (VI). Since the thyrotrun emits o cnorocterlstic 
,glaw ,&her, conducting, observation of the tube will show 
whether or not it is conducting. I! the thyrotron is glow- 
ing (anductinq), lack of plotesiipply voltage and an opeE 
plate resistor (R4) can be elim~noted cs possible troubles, 
since the tdhe mast hm;e ;!ate voltn?e applied to it 
rhrough reslstor 54 in order to conduct. If the tk~/ratron 1s 

nor glowing. first rneasiire the plote-suwly voltage witn o 
high-resisfonce voltmeter to eliminate the possibil~ty cf a 
foulty power supply, and then check resistor R4  for conti- 
n;;ty ,:~?th on ohmmeter. If it is determined that neither tire 

pow~r supply nor resistor 8 4  is ot icult (eltner b e c a ~ s e  
they hcve keen checked or because they k,ave M e n  eilml- 
cared as possible troubles), further checks must be made to 
loiote the t:o-b!e. Use n_n in-rite:it copacltor checker to 
it.eck cc-,oc;tcr !?I fcr 2 snorted, open, or lroky cori2;ti;c. 
If capacitor C l  is not oeiective, hy:ar:an L'; ia pioks!i 
nt fod t  and should be repiaced wit". a tube rnowr. :Y ir 
awd. 

Incorrect Output Frequency. An" I U I . ; ~  , , t>ii:.  c;.a;$es 

the chaqe 1)-e of capccitar C l  will cause t'ir outpsl 
irequency to be insorrest. T?.ereteie, c?eck I-r c!:uogra 

ir. the val,~e of copacitor ii m a  in t.:e se:;r,g ai :esistc! - 34, md for inconed plate-s>wly voltnqe. It is qood 
-,rii:i:c !o !::c! rnncsur? t h e  !~lnte-suppl~ voitoqe witn o 
hlqh-resistonce voltneter tc clinir.;te !he possibili!: of a 
d~fca !vp  power sulqly. ii the suppiy :oltaqi i; Grrcct, 
..-F ,T, ~Lmneter to check resictor i-4 loi the csr;ec: :c 
:isrsi,v.r v ~ d u i ,  .iX ; cz;cc~!nce 114yz~r 7 0  c : l e ~ i (  

capacitor Ci for the correct CapacilMce vo!ue; rep!oce L+e 
defective component. 

Incort.ct Output Amplitude. S~nce the amplitude of the 
smiitwth OU~DII! WWP i determined by the d~iference 
between the ionization ond deionlzztior. potentials oi tt.yio- 
tnn V l .  improper qrld bias or o defective thyrotron may cause 
the aspi.: mp!?tsde to be inmnect. Keosure the ioitolje 
on the qrid of tk.yrotron Vl with o hi$-resistance w1trne:er. 
If  the grid voltage is correct, the thyratror. 1s prabcbly 
defective and should be replaced. U the grid voltage 1s 

either high or low, the bias circuit is probably defect!ve. 
Use on ohmmeter to check resisfors ?i ,  32, nnd i? for the 
broper reslstunce values. 

TRIODE SAWTOOTI4-'VAVE SWEEP GEHERATORCIRCUITS. 

- ;;io;e sweep ;rl!er??to~s ' .SF ii:~:::~:!: CS?.!~D!!& 

e1ec:;or.-!ube weep ciralits whch broduce 5,jmmetri- 
col sawtooth wavforms for the duration of the trigger gate. 
As showr. ir, tne occompanyinq iilustrotion, u.e 0StF.u: volt- 
oqe rises at a linear (cunsrmt) rote nunnq the neqotlvc In- 

put gote, md then diops bock to zero Lethem i n p ~ t  gote:;. 

GATE 

OUTPUT 
VOLTAGE 

T r i ~ d e  Sweep Generator Woveto,mr 

~. . . , :c?Jllu,~> of <?e 1izpa: ,"art:;: CI ::.e ? ' > ~ ! J C  >#,!,8ei,:,r*, 
ir, k - o ~ ~  91 the sweep time, und i s  ieter-in4 LI t:,e 
L-;~;Z;, S! !h,C !?.FJt gCte. yt,? l ~ m t ?  h? :!k b%Sr:l~.< 
oi one jowtwth Nave (sweep) 13 the eqlortinq oi trlc r : e ~ ;  
-..,.:,;::; ,<WE 1~ k?:;;r. n-. l h l  : ~ ~ ~ p - . ~ p e + i t i o n  period. 
and is aetermjnec bj  :he ;e;e:;tli- berio! ci 5-c ::p: )c:c. 
TL- ,.., . .erz linmaritr is use+ i- descrlne tie strciyhmrss ,zi 

tk,? ;web ponisn of thc snwlooth wavetorm. Ine r u e  
closely the sweep approact~es 0 s t i~i jn :  [L-t ;!c;??,;! ! ! - r .  
the greoter tne linearity. 

in trjode soutuoth-wuve sreer, je:.ci;:ili ~ i l i ; ; : ~ ,  

the electrnn tube 15 used 25 3 s ~ i t c h  to cortrol :ne crlor r 

9.d aischaige o i  a capocit~r nt<cL. (;loC>i 
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the t r ide  mts  a s  an open witch ond ollows the capacitor 
to charge, producing the line= sweep. At t l e  end of tne 
input gote. the triode octs as a closed witch. musing the 
copocitoi to discharge very quickly, and preventing it ircm 
recharging until the next input qme is opplied to initiate the 
next sweev cycle. 

Two triode swatmth-wove sweep generator circgits 
ore in qencrol use: The basic Triode Sawtmth Sweqi 
Generator and the Bwtstmp S ,~eep  "rrnerator. The rnolor 
difference between the t.rro circuits is in the linemity of 
the sawtoothoutput wovefarm. ;Ihile the output of the bosic 
circuit is sufficiently linear lor most ap?licotions, the 
bootstrap circuit provldes an extremely Lloeat cutput for 
applications where the waveform distrooon in t:he haslc 
circuit cannot be tolerated. Each of these circuits i s  dis- 
cussed in detoilin the ioliov!ing purogrophs of this section 
of the Hondbook. 

BASIC TRIODE SAWTOOTH SWEEP GENERATOR. 

APPLICATION. 
The basic triode sowtmth sweep generator produces 

symmetrical, synchronized sawtautti wovelarms lor sweep 
voltage use in rodor eq~ipments, display indicotors,synchro- 
scopes and other types of speciol-purpose test equipment 
which use an electrostatic deflection cothoderoy tube. 

CHARACTERISTICS. 
Employs a high-vacuum triode. 
Requires o negative operating qote. 
Output i s  a symmetrical sawtmth voltoge waveform wltt 

equal intervals between sweeps. 
Sweep time i s  determined by the durotion or the nega- 

tive operotin9 gote. 
Sweeprepetition perioa i s  the same a s  the repetition 

period of the operotinq gate. . 
CIRCUIT ANALYSIS. 

I Hecoll from the elementary discussion of time 
constants in Section 2, paragraph 2.5.1, of this Handbook 
that 'when a series H-C circuit i s  connmed across a con- 
stant voltaqe source, the cobocitor charges at on exponen- 
tial rote unt~l the voltoge measured across i ts terminals 
equals the source-voltage value. Since the initial portion 
of the capacitor charging curve i s  nearly lineor. This portion 
of the curve moy be used in the generation of a sawtwth 
wove. In the basic triode sawtmth sweep generator, the 
electron tube i s  used a s  o switch to control the charge 
and discharge oi a copacitor over the inltialiy linear portion 
of the charging curve, and to produce o sawtmth output 
wave with good lineoiity. 

Circuit Operotion. The ocmmponying circuit schematic 
illustrmes the basic tilode sawtooth sweep generotor. 

W67-OOC-0120 SWEEP GENERATORS 

Bor ic  Triode Sawtooth Sweep Ccnemtor 

Capacitor C2 and resistor ii2 form the R-C circuit which 
produces the sowtmth output woveform. Triode V l  1s cm- 
nected in parollel with copxitor C2, and o n s  os o s,rritch 
to control the charge and discharge of the copacitor. 
Capacitor il md resistor Rl  form a conventional R-C input 
coupling circuit, which applies the input g d e  to the grid 
of triode V1. The sowtwt'l output i s  developed across 
the porollel conb~notion of triode V1 ond copacitor C2. 

In the quiescent stote, with no neqotive input gate 
applied, there is practically no bias on the grid of triode 
'il. Consequently, the tube conducts very heavily and the 
plate voltage drops to a very  lo,^ value. Since capacitor 
C2 is connected in parollel with triode VI, the capacitor 
charges to the low value of plate voltage existing across the 
tuhe, orid remains chorged to this voltage until an input 
gote is applied. 

>/hen o negative input gote is applied to the bosic 
triode sowtmth sweep generator, it drives the grid of triode 
Vl  below plate current cutoff and the tube ceases to con- 
duct. '?!hen the triode cuts off,  the plote voltage tends to 
rise instantaneously to the full value of plotesupply volt- 
oqe, Ebb. Ho,.vever. copacitor C2 i s  connected in paralle! 
wlth the triode md thus prevents the plote voltage 
from rising instontanmusly. instead, the plae  \ioitoge 
rises expnentially toword the plate-supply volue at a rate 
determined by the time mnstont of the H - i  circuit consist- 
tinq of capacitor C2 and resistor R2. As the copocitor 
charges, the voltage across it (and therefate onthe plote 
triode V1) rises at on exponential rate as shown, beginning 
at time I, on the accomponylng output (plate) valtoge wove- 
form iilustrat~on. 

CHANGE 1 
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Theoretical Input on4 'lut-ut Ywefornr  

!! t r d e  V l  rcrnaind c ~ !  of! ~ndef:n:te!:. the  voltcl;e 
across capacitor Ci (ond on the plcte  of V l j  would r l se  

'3 exponentially to the platesupply value, a s  shoivn by 
the broken line in the illustrotlon. However, ot time t,  the  

(?( neqotive input gote ends ond the grid Sics  on trlode V1 
- 

letbins to zero. i rerelore, m o d e  ? i  .Igair rcndu;!s 
heavily and the plote voltage tends to fall instsntoneously 
!a a verv low vnlue (the inlt!d qiliesrsot vn1,:ei. S l n i r  
capacitor C? 1s connected i r  2crollel ,:;,ti. 1:ide '11, 
the plate voltage connot ciianqe mstuntoneously, but 
rather falls a t  o rote determine3 oy the discharge time of 
!he cspccltor. Since the conduc'lnq t:ioi'e hz: -; verj' !3%. 

impedance, it efieztively shunts (silartsj copocitor CZ, and 
the i a w c l t o r  discharges very quickly through t!!c low la.. 
pedance offered by the tube. As  the cupocltar discharqes. 
the plate voltage measured between the plate of triode V i  
ond ,grodnd decreases exponentially to the originol 
qdiescent value, m d  remains there until !he next negc- 
live input gote i s  oppiieii. Thus, t i e  bosic t i l d e  sc#- 
tooth w e e "  oenerator oroducrs one ncwtootn wove P O C ~  

time c neqati~vr input gote 1s spplied, ~ c ?  rerc!cz ic the 
:-lescent (sf!) s tc te  b e P l / e e ~  :?w! -jotcs. 

it cnr be seep i r c r  the precedllq blsc~sslo.?  t':ni 
!?e 3 : w t  ~c:sve:orm chcToCter?st:cs c t  t?r Cc;:c ::ad!? 
sowtooth sweep generotor are determ~ned in part by the 
clirollon oi the nmotlve inpl:t 1 0 1 ~ .  it t r -  zlr:q!ll: n! I- ,? 

input gate  1s increased, copacitor 112 cbnrscs ior a l n y r r  
~ e i i o L  u! t i ae ,  anJ tkis  ;5ar$ea t i  i : ,I,.,,cL ' .' - . euter,t:ui. 
Since n iarqei portion oi the copecitar cilor71:l; curve !r 
a s 4  when the  duroticn of tk.e input qaie i s  incressed, the 
I "  f h e  h , !  0 4 ,  T!>#hC, - - ~  
ificreosing the inktit qate  duration (f5i t i a i i i~ :e .  -i. dec:e-s- 
Ino the lnuut freuaencvj oifccts t r e  s3wtmtn s?:zi,e :- 1 2 : ~ ~  . . 
w-vs: m e  cv!eep t r e  !o!act?nr: ?ccre?res, t r e  w e e r  
""..,<,,,A" ""2 .h" ".,,""- 1; ..-.,.,. An-."""n- ,..,.v... ""L .,,-.-" --.,, . , . L "  ..--- -" ..., " 

Chinging the cnnr.qe tune of cokacitor L2 olsa  n f fec t s  
the chorncteristlcs oi  the sontooth output wave. Smce 
capacitor i 2  chorges though resistor h2, the charge time 
of t.ne copacltor is chnriged r y  umy?ng the res?s!mce of 
"2.  Adjusting resx to r  R2 for a hi:tlei res js tarcc ,,olue 

,." 
increcses <re charge r?ne  ai capacitor #..L; tniis, ioi a 
given input gate duration, u s ro l l e r  portion of the cspucitor 
crnrginq curve 1s used, and the ropacitor charqes t o  0 

lovier potentlol. Consequently, h e  sweep cmplitude 
cecreases and the s h e e p  ljnenrity increcses, since only 
:be :elc:lvelv smcll strcigi.1-llne portion of the si;cep is 
used. 

30th the +yiction of tne mpdt qotc- and t i e  settlnq 
"i .zaiatGz : ,z  "&L! i k  a*==,. u ~ ~ > ~ ; , ~ u " c  ",>& ; , ~ , e d , ~ t ~ ;  
therefore, resistor 112 i s  oied tn compensate !or chanqes 
In s.:r-e; c i . o r c t e r i s t ~ c s  ccgsl-L i)!i cho:rjec [I? t/:e m b ~ !  

-. - . 
.late curauor. l ~ ~ s ,  res1st.r f i L  csn be od:sc!e.' to cakcc 
tne c i r c ~ i t  t o  piodcce a so..ttootn o ~ t p u t  wavefoinl o: 
constant ~rnpl i tude ond l~neori ty ,  even though tt.e invut 
qote d ~ r a t i o n  chmqes .  

FAILURE ANALYSIS. 
No Output. 0. ~o-output  conditicn may be : c s e d  t;. 

c?tke: loci  ci ZK 1rp::t y t e ,  Isck C! j!ctc ~ l l p ~ ! j .  ,:?lto", 
or il defective tube or ciicult canpcKent. It 1s qcod 
practice to lirst check the input gote i,v~th 37 o s c i ! l o ~ ~ o p e ,  
ond the plote-supply voltage s ~ t h  a hqh-resista-ce vil!- 
meter, to determine thot the trouble i s  definitely ir. the  
s;+eep generutor ciicuit. it the correct i:~put gate is 
ooseived and the proper plate-supply voltage is neosurec,  
, ~ - e  !he n s c ~ l l o c c ~ p e  !n Q ~ S P ~ V F  the .wsefor? C" the  q r i l  
c! triffie V ! .  I! r u  y i d  :;avefo:n: :; akserved, c,ti.er 
copucltor 2 1  i s  open or gnd reslstor 3 1  is shorted. Use 
on in-circuit capocltor checker to check the capacitor, 
ZE? cz z h r z e t e r  !c ckeeck tCc :esic!sr. 7L.c CLITEC* ~ 5 , u , L -  

iorm on the grid of triode Vi indicates tho1 t i e  trouble 
1s in the plcte circuit (C2, 112. V l )  cf the sweep generator. 
Check capocltor ii ior o short circuit ivith an in-ciicult 
copacitor checkei, and resistor P2 for t h e  proper res ls tcnce 
vallie with nr ohmmeter. If co drfect ive c?,qonen! 1s 

iaund, triode !'I i s  probably of foult and should be replaced 
wltr, n tube known to he good. 

Dista.tcd Output, A" defect i- t'le circuit w',ich 
caises cc:cc?tcr C? to chc:;e !cr 3 3reate: thcn zc:.zci 
:-.:ti-? "! t" ecppc:!sr "-cr?.>; cry" .... ,'.>~ 8 '  -- b ..-- ~. - ...., i'-~ 

!r:tc:: s<~*~toot i l  c u t 5 ~ t  ,WWP. Uossii-le C O \ > S ~ S  ot :::s:~rti-- 
:re: k a:started i rvat  3.1tc, :zcorrec: ;!cte-slyp:;. ;3Itcje, 
chnnges in the volues of copncltor C2 cmd rpslstor H 2  
i lncludlno wrono ~ i i~ l i s tmen t  i t  i e s ~ ~ t n i  "2) mylj 13%' 
em!ssio!! in t r i d e  \,I. Firat,  abser:.e the :.put qgte ,.*,it" 
d ~ ;  ~ x i E ~ s c a p e  t c  be certcin t?.ot za hstcr t iun presergl, 
on.: then measure tne p i a t e ~ u ~ l y  vcitcge 'jwti II!?\- 
resistor.ce voltmeter to be certain !+.GI the s;pp:Y i d t a q e  
1- r"FTP"1. If ,he lnpllf qntp nnri t h e  " i0t~" '"1~ "v"!!~?~ are ",." ..,.... a!, f ~ r t h e r  checks .%"st be l o d e  tc isoi;tc die nsubie .  
ijse o cawci tczce  ~ n s i y z e r  r check caoacitor C% f3r tt,e 
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faulty component, t r~ode V1 i s  probably ot fault. Heploce it 
w ~ t h  o tube known to be gwd. 

BOOTSTRAP SWEEP GENERATOR. 

APPLICATION. 
The baotsuap sweep generotor is used tc produce an 

extremely linear sawtooth waveiarn for bse in navigotlon 
equipment, rodor test sets ,  and in other types of electronic 
equipment where on exuenely linear sweep voltnge is re- 
qu~red. 

CHARACTERISTICS. 
Employs one triode os o s ~ i t c h  tube, and another a s  a 

canstunt-current generator. 
Uses positive feedback to produce tnc linear sawtooth 

sweep. 
Requlres o negotlve Input gate. 
Output 1s a synrneulcol sawtooth valtoge wovefcrm w~th  

equal vltervols between s*eeps. 
Sweep tlnle is determined by the durotlon of the input 

gote. 
Sweep-repetition perlod 1s determined by the repetition 

perlcd of the input gate. 

CIRCUIT ANALYSIS. 
General. Most sowt~oth sweep generator c>rcuits use the 

charging action of o copacltor to produce o sawtoath wove- 
farm. By using only the initla1 partlon of the exponential 
capacitor chorglng curve, a folrly llnear sawtooth output 
wovefoim 1s produced. However, sorte nonl~nwrlty (cur.,o- 
ture) 1s piesent in the output wovefar. because even me 
lnltlol particn of the copacltcr charging curve i s  not p r k c -  
tly lineor. Tne boatsuap sweep generator uses a feedtnck 
loop to straighten out the curvature i n  the initlo1 prt lon 
of the capacitor charging curve, and thus, to produce on ex- 
tremely llneor sawtooth waveform. 

Before dlscuss~ng the operation of the bootstrop sweep 
generator, i t  1s necessary to revlev' the charging octlon of 
on R C  circuit. The charge t m e  of the capacitor in the 
R C  circuit is determined by the time constant of the clr- 
cult. At the first instont that a series K C  circuit is can- 
nected ocross o constant voltoge source, the enure supply 
voltage oppeais across the resistor. As the capacitor 
charges, the voltage drop across it increoses, and at the 
end of one time constant mtervol. 63  percent of applied voit- 
age appears ocross the copacitor, and the remolnlng voltoge 
(37%) appears "cross the resistor. During the next tine 
constant, the copacltor further charges to 63 percent of the 
voltage remoinlng across the resistor, that 15, to 86 percent 
of  the tot01 opplled voltoge. Dunng eoch successive time 
constant, the copoator charges to 63  percent of the o l t -  
oge rernoininq ocross the resistor. Thus, os shown by the 
dashed line in the accompanying illustrotion, the voltoqc 
across the capacitor rlses expanent~olly toward the suppiy 
voltoge a s  the copacitor charges. 

0967-000-0120 SWEEPGENERATORS 
NUMBER OF TIME CONSTANTS 

Generation of a Lineor Sweep 

Although the capacltor theoretically never fully charges, 
after five tlne constants 11 is chorged t;l aver 99 p r cen t  of 
the supply voltoge ond i s  considered to be fully charged. 

The voltage across the capacitor of a s enes  R C  circuit 

Increases ot on exponential rate become the copacltor 
charges to 63 percent of the voltage across the resistor "Q 
eoch tlme constont. Since the voltcqe ocross the reslstor 
decreases as the copac~tor charges, the capacltor charges % 
o smaller a-ount each tune constont, resulting in on eapo- Pd L., 

nential increase m the valtoge across the copacitor. If the 
opplied voltage were increased as the copacitor charged, s o  
that the voltage across the reslstor remained constant, the 
capacitor would charge the some oxaunt each time constont. 
Thls is, the voltage ocross the copacltar would increase 
a t  a llnmr (constont) rate. The baotsuap sweep generator 
uses a feedback circult to cause the effective supply volt- 
age for the R C  circuit to Increase as the capacitor chorges. 
Thus, the cucuit produces an extremely linear sweep, os 
shown i n  the sweep generotion illustrat~an. 

Circuit Operotion. The occompanyxng circuit schematic 
~llustrates one type of bootstrop sweep generotor. 
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The pilrtmn ~f the ciicult made c p  01 couplioq ccpccltcr C1, 
qrld rcslsror R1, swltch tube V1, chuiqlnq cilwcltor C3, ond 

~~ ~ 

piote resistor R3 is a conventional bas,= Diode i a w t o i ~ 5  
snrep generator. Tiiclt VZ is a iothcde !;!!me: ,v;h::h 
provides feedback to ihorqing copaclto: C3 tnrmqn d-c 
b:cckizG ccpac; tc: C2, m- ,"-,,,""+- ;""--I,& ,h rn,, "!- ...- ...p ". y".- .- uyy..uu --x.. 

capacttar C i  rc rhe grid o i  rrlode '$1, and h e  cutput S U I Y -  

tooti, .~oueiorm is token from tL.e cothde ;! t:i;de V2 ;c:cs: 
cothode resistor R4. 

In the yulescent stote, no nigotlve ir.piit g3:e is -;>lied 
to the bootstrop sweep generctor, ond therefore, no b m s  1s 

opphed to Irlcde Vl. Consequentiy, the tube concuc!~  very 
seovlly, and h e  plate voltoge 8s very imv. Since ; ~ ~ J c z ! . . I  
,.., * ,=  ," -roil.! v?!b t!-.,,. '1, I t  ,:harq'i :,- t i ?  ~i; ;ii i i i  -" .- ... ?". 

of plote voltage existlnq ocross the tube. The  voltage 
zcicss copocltar C3 a l so  appears cn the 'jrid of : r i d e  '12 
;:eiduse of :he &. , ~ L L  -. Luupling !;:- :LC plotc s! ?'I t; tke 

grid oi V2j, o n i  cousrs iii w cor8duct. Tne piiite i"rrr.1: ,. 
rrlcds vi iiows rnrougi usthode ieaistor R4 unJ iausss ii 
smoll, but constant, voltage drap ocross me resistor. So 
lonq as no input gate is opplled the circuit remains in  thli 
quiescent stote, ond the output voltage "cross reslstar 34 
remains a t  the low quiescent value. 

#hen a neqative input gate  1% oppiied to the bootstrcp C\ sweep generator, i t  1s appiled rhrough coopilng mpacl tor  
C i  to the grid of triode V1. When the input gate  is oi suf- C f i c ~ e n t  amplitude to drive the grid c i  triode "1 helow plote- 
current curoii. plote current c a s e s  to flow, and the plate 
,,u;iuge {CAE> ;o :lse icstcfi:,3ze.z"s>9 1s :he p!~:e-s~;pbi 
valve. however, copacitor 23 is connected in pro l i e1  ivltn 
triode V l ,  ond prevents the plote voltage i ron chunging 
instontaneausly. instead, the plote voitaqe rises relotiv- 
ily slowly os the ccpac~ to r  charges. N3rmally, copacitor 
C3 rau ld  charge exponentially o t  a rate determined by the 
values of resistance and capacitance in the c u i u i t ,  a s  
; h ~ s n  by the dashed 11r.e ofl the occon;cfiyin: the~re t i cc !  
wave1or.z il!ustratian. 

' 1  '2 '3 '4 

INPUT 
GATE 

! ! ! 

Theoretical Input ond Output Vsltogc Waveforms 
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In the bootstiap c l rcu t ,  however, the voltage ocross capa- 
citor Ci 1s oiso applied to the g r ~ d  of triode V2, vinlch i s  
isnnected 05 a cothcde follower v:l:h olmost w ~ i t y  yuln. The 
-L-..-,-~ ....u..,..., .,-I+,.~ ."..", e sn the c c t h d e  oi tr?cde V2 !.eh?ch IS renr- 

:y equoi to the voltage on the grid) is fed bock through d c  
~I..L,,~ -.nmr,tT,y r? ." th" !,lnrtinn "f rPsistors 97  -.-u.....2 --r...... -- ~~ 

n d  R;. Tius feedhi; I m p  jp j0 i t e3  i,7 the !z!!wiilg .zi.?~ 
ner. As ccpacitm C3 chorges porluve wlth respect tu ground, 
the voltage impressed on the grid c i  trlodc '12 olso n s e s  and 
teiones -:ore paslt:ve. The mcrexmq plo!e cgrrer t  !!ow 
thiouqh ccihode resistor R4 causes the cothode vcltcge cr 
rriade '12 rc increuse, uiso in  a p s l t i v e  diiecnan.  This 
incret.slng p s ~ t l v e  . , i~ltaqe 1s fei back :n::iqh ccpciro: ,C; ." ." -" , -- , ." ",e )unc:iLP 3: :eb,bLu,b ,",' 28,: ",J, u:u,r,q ;;hr "dt"je 
ocross resistor R?, ond effectively increasing the voltage up 
plied :c the 3-C clrault. Th1:5 , 3s c a p x i t a r  C3 choiqes, 
. L ~  .., .,--I -,,.:ed va!ts,-e 1s e!iwtive!y ~ncreosed so that the volr- 

acrC.. -- ,' . .--- --- -a .Er..,iri ,J rr...",,.> iui.St2CI, in2:rzc 
if trappi,zq ;; the cho;;c ;zc:m;cs. Si.?ce !he rcy~c!!or 
olwoyi chorges to 63 p r c e n t  oi  the voltoge ocross the re- 
s l s to i  i n  each t m e  constant, and the resistnr voltoge r-- 
;mums constant, the capacitor charges the some o.nount 
eoch t m e  constant, or in other words, a t  o llneai rote. 

Wher. tne neqatl,,e ?np.t ys te  ends, tne qrld blob on 
:;jade 'ii retu,cs lo -ere cad the tbke ;giln bqegln; tc -in- 
cuc: heavily. The  low impdance  of the conducting tube e f -  
!tstlvely shunts (shorts) mpacitor C3, and the capacitor 
i ~ s c h o r g e s  very quickly. t h r o q h  the tube. As c o p c i t a r  C3 
. .L" ",. .he nr,ri -! ,,,,%An 117 .i~niurco< , , . . , , , ,u.vL.,, .,,~. .-.. ""- %..- -. .'. 
i o s i n g  h e  vuitage an the ;uthoir ;G drCiriiSE ~ i c o i i i i . ~ l y .  
The ca tha ie  voitage i rops to the qutescent vciue, ond h 
cmc!ut remains in tne quiescent stute until the wginninq of 
the next !nput qate. 

-, the output .~ol tagc a! the b~a';t.ap s;;eep genet- 
uior nsej ot o !inear rote d u i n g  the input gote, and returns 
; ~ c ; ! y  t c  the quiescent vnllre nt t o r  end oi the mrut gore. 
it remoinsnt the quiescenl ievr i  until the next qcte  is ap- 
2l;ed. 

FAILURE ANALYSIS. 
No Output. A j t i ec t  in "em)) ory ccmpine;.; In  the 

cwtstru;.  :,.veep Grrrruwr c?uy LLIYST II 1 1 ~ ~ ~ i ~ i i  ~ ~ l m d i t i ~ i i .  
Therefore, 11 is good practice to use on osciiloscope to locate  
the deiecuve portion of the circult. First, use me os- 
c::;:;;;;.t :: ;o;.:.;c :nc :12.: yu!s !- :: c-!l,J?$: !I?i! 
. i  .._ ... . * .....,_I. ,, ,..r r.Y". ,,,i.u. ..) ..rr..el !! the Carrec! ?LC'!: :?:e ?S zo 

~ ~ - -  
,,%, ~ " c ; ,  "dL ~ . . C  ""-.::-u:""e :: -LC:;< t.. :;;:.:I z:. :be 
g r l i  3f triode Vi. No r,egotiue g ~ t e  o t  t i i s  pc;m ;ndic.;tcs 

. . .  , _,? . , c.L,.L. -*,> A , .  -.*,-,:G: -. 4. . .,.. ",, .,. . b " ~  -.-. :... 
Jse or oniilnctcr to cnem these con!pnents. .I tor  :lor:!ui 
-,,"=:sr,; ,A h s + r " . * ~  2; the ,::id "! !3;22c '?;, ;L~cP;c L?C ." w;,,s;_'3; ;- the :lati zf the :.;>c. 5c  s .~? " !  0" :>c clctc  
'1 triode \ I  indicates o defect in c a p c i t c r  C j ,  reslstcr Ki 
zr RS, or m the tube itseif. i i  checnlng capacitor 23 with 
a n  !ns!rcuit capacitor checker, ann reslsrsis RZ ona R3 
,u::t c .  ;h.7.!?etei, i c e s  nct reveal o rieiertlv? r c l p c r e r t ,  
t::OdE. ?'I :s prch?!; I t  !?~!t. ? n  zlc!;!c be rePior-pii w,tn . .. , . .^.. .- X-^..." .- i --,-. . .?- .- ... . . .  , i ,  .,.. ,": , . , , , ,  " L".,c ,.,". ,- ..- ..,. ." -. 3"u". .. 
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1s observed an the plate of trlcde '$1, the trouble is either 
o defective cathode resistor, 34, or o faulty coinode-i~li>sv- 
er tube, V2.  Check reslstor R4 with ahmmcter (11 the ccr- 
rect resistance valve. I1 no defect is found, made V2 is 
probobly a t  fault. Replace Vie tube w~th  one kncwn to be 
good. 

L O W  outpua A sowtooth output of incorrect o:nplltude 
moy be caused by law platesupply voltoge, or by o c ~ r c u ~ t  
defect whlch affects the charge tlme of coplcltor Cj .  First. 
use  o high-resistance voltmeter to measure the plate-supply 
voltage to be certain thor the power supply i s  not ot fault. 
If the correct plate-supply voitoqe is obserued, use o copac- 
itonce onolyzer to check copacltor C3 for the proper value 
and an ohmmeter to check resistor '12 and R3 for the proper 
values. If no defective component i s  found, triode V1 1s 
probably a t  loult. Replace it with o tube known to be good. 

Poor ~ i n s ~ r i t y .  If the linwrlty of the sawtwth output 
is poor, probobly either capac~tor C2 or resistor ti4 1s a t  
fault. Use an in-circuit copocltar checker to c h n k  the ca- 
pocltor for o shorted or opensircuited condltlon, and an oh r -  
meter to c h n k  the reslstor for the correct vnlue. If nelther 
ai these components is defective, trlade V2 is probably ot 
fault, and should be replaced wlth a tube that 1s known to 
be g o d .  

TRIODE TRAPEZOI0AL.WAVE SWEEP GENERATOR 

APPLICATION. 
The t r d e  trapezoidal-wove sweep generotor praduces 

a tropezoldol x,ovefcrm far use as the sweep voltoqe m tele- 
vlslon se ts ,  radar equipment, test and athei electronic 
equipment using electromagnet~c cathode-ray tube displays. 

CHARACTERISTICS. 
Employs a triode a s  a switch to control the charge ona 

discharge of o serles R C  clrcuit to ~ r ~ d u c r  the output. 
Requires a negotive input gate. 
Output is o serles of tropezoldal waves. 
Sweep durotian and sweep-iepetltion perlod are deter- 

mined by the charoc ter~s t~cs  of the Input qote. 

CIRCUIT ANALYSIS. 
tenerol. The deflection colls of an electrarnayneuc 

cothode-roy tube require a sowtosth wove of current to pro- 
duce a llnear sweep across the face of the tube. Because 
of the ~nductonce ond resistance charocterist~cs of the 
deflection coil;, a trapezoid01 voltage woveform must be 
oppl~ed across the coils to prcduce :he desired linear sow- 
tooth wove of current through them. The trlode trapezoidill- 
wove sweep generator discussed below produces such a 
voltoqe woveform. Slncc the tropeza~dol wove is essent~ally 
o sawtooth wove superimposed on a rectonyular wove, the 
triode tropezo~dol-wove sweep generator 1s simlior to the 
triode sawtooth-wove sweep generators discussed prev~ausly 
in this section of the Hondbook. 

Circuit Operotion. The occompanylng c~ i cu i t  schematic 
illusiiotes one type of t r d e  i iaperoidol .~ove sweep gen- 
erator. 
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1 OUTPUT . - 0 

Triode Ttopezoidal-\Yore Sweep Generator 

Capocltor C i  and resistor R1 for- a conventional RC mpu: 
couplmg network used to couple the input gate to the grid sf 
lrlodc Vl. Trlode V1 acts os o switch to control the charge 
and discharoe of mmcltor C2. The charoe tlme of the co- 
pacltar 15 determined by the t lce  constont ol the ti€ clrcult 
nade uo of resistors R2 and R3 ccnnected in  series with 
capacitor C2. The tropezoldal output wuveiar:n 1s token 
from the plote of trlode Vi (across the series combmnctior c: 
copac~tor C2 and resistor R3). 

In the quiescent stole (with no lnpct gote opplied to the 
circuit), contact bias i s  applied to the grid o! triode Vl; 
consequently, the tube conducts very heav~ly. Slnce trlode 
V1  conducts nwrly ot platesurrent satumtlon, the vcltoge 
drop ocross piote resistor ti2 1s very large and the effective 
plate voltage is very lo*,. Capacltsr C2 ihorqes through 
reslstor R3 to the low value of voltage existing ocross the 
tube, and the circuit remains in t h ~ s  qulescent state so locg 
cs no Input gote is opplled. The qulescent output is the 
small ccnstont voltoge ocross copacltor C2. 

A negatlve input gate, such os that shown in the oc- 
campanymg illusvotion of theoretical waveforms, nust  be 
applled to the clicuit to produce a tropezoldoi output wove- 
form. 
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C2 

OUTPUT 

VOLTAGE 
00 

( 0 ~ 3  + 9 ~ 2 1  

Theoretical Warefornr 

The -n7nttvr qnre 1s apniled through ioupl~na samcltor  L'1 
, ,  , . , .  . - . * -. . - - . . . , ,. .. 

Lb L.,c 9,du -, ,,,-- c $1 ,  a,nd 1: -1 su!i.c;e~! >.:.>ht2!e T: 
irwr the tube beloir p lo te i i r r en t  c j t a f f .  Car.scqucntiy, 
piole curen: ceases :a :Ian, ;;; tne j;;;.; ;c::,:je 'J!r?:!;rL 

to ;lse instantaneously to me  $ate-supply v u i u t .  Hcivevrr, 
s:nce the series conblnotlon of m p c l t o r  C2 ond resistor 
83 1s c j ~ n e c t e d  acr;ss the t u k ,  the d o t e  voltace rises in 
cccordor.ce w i h  the charqing u c t ~ o n  G: the 8;L: :;i,-;;: r;? 
uo o f  resistors R% ond R ond ccwcl to r  C2. When trlode \'I 
first curs c!! (time t, an the wave lor^ ~llustration;, only the 
s n o i i  qu~escent ~ i i o r g e  +sea: 27, c z p c ; t c ?  C2, ~ 2 2  thc 
:errxnie: cf the supply vclroge appesrs  hstantcneccsiy 
a i r iss  the series carblnit:cn of res ls tsrs  h i  2nd ?2. Tnus, 
d t  ;,,::e c*, ;:,,: .";:<+ ;e:;=::r 3: (c::,,; : ; z c=  : z -  
stonlaneousiy frora nearly zero to ,s high ;.osltne voiue d e  
ternlned by the total reslsiance in  serle; rwiln c;pac:Lur ,i 

, -, ,,.: , . .  . , , n i i  ..u, .., :.,* ",;! ,.,,,, 4 ' ~ . ~  -. . A .. . . =. 2., ~. ...... "" .i.,.;.u. :< : . . 
:r:.(xe? hy tne !n!t!ni !ir,w . : I  ?n?:qir\? ..:.neni ; ,:IILUCI- 
. ~ ,.,, 4~ >.=. .Ln ---.. ,.,, .",.,,"I.,.-" ~ ,,-, s,,c*., ...---.... ~ ~~ ~ 

~ ~ 

4; i.3, st !?me !, in  the evmv~eic;m ;!I~st:a::-.n. A! roe 53-e 
-? ..; , , -" ,.,.,*,. f..." ,h', ;,.,*<.en: ,;,,!, ;,~, ;L,- ,. ., ...--.... -., . - . ~ , ~  . . ~ ~ .  . .  . 

~ ~ I c L C J V S  V G > t d $  ?&LC, <:.< :r.e . - . : J $ Z ~ . ; ~ ~ ~  .: 
. - ' ,--..,. -.- - .,,; :,? ;I:tc..:,;:.; i y  ,.,I ... TL- .:?, r, In; .  ,.<,,, ..l".-""_l ._ ~ - .  .-;*-- -'"r3e; 1: 3-  err~l?"'~Li! r c t e  l",l,' ??F :r!!1111 -..> 
(reionveiy srrolqnr) p r r l o r ~  u i  lilr i . , p ~ ~ l ~ i  i;iillliliSii ~ ~ i c i  
is used; therefore, the iapclt:; charge (fro.:. :;ze :c !:re 
!,'I I; neo:iy imear. Ihe output i ron  the ; i i c ~ ~ ~  I; x ien  
ocro::~ the series combir,at~an ;f reslstcr R3 and i a p c l t c r  
.-'), cr.d 1: h e  su::. a i  u.e v ~ i t m e s  X~LS., fi.e.,e cd : : .~ r . c r . :~ .  
-, . . ,. . ,~ - ~ . - ~ ~  ."" n- , I ,  I ,  ., .- ,~ !?,? . . . - - - . * - . . . . . . ,-, r ,  8 . I . ~  ,,,,,,.,,,.,,- ,.,..,.. ..,,... ~. , -  
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quiescent vaiue to a more poslrive .voiue 3: the 3eqinning cf  
the inpdt gcte ( t ine  b), on2 then increases ot a nearly 
!,near rJte unt;l the end 01 the mput gote (:me 1,). 

#hen the necative lnput gote ends (t1-w I,), me g r ~ c  bias 
g n  i r~odr  ,b : returns :C ieri, 326 :hc :-be agcir  csndilcts 
neavliu. The 1c.u lmsedozie 31 <P.C :~n3uc:ing tube effec-  
!:,>el,{ shuz!s ( i ? r t r )  mp rerlea c c n b ~ n ~ t l o n  clf resi-tor R3 
, :nj zapocjtor CL, and the capocitor discharges very quickly 
tnrougn ine resistor and the condilctlnj tube. A3 i o w c l t z r  
C 2  d;scharges, the vol twee ac rass  it 3ecieoses fro- moxl- 
xum to :he qclescent v u l ~ e .  The voltage ren0:r.s ot this 
,vaIrc mt:l h e  heginn~n. r i  the z e r t  ;:>:it ?ate. 

F'I?"P.E *UILYS!C. 
No Output. An incorrect lnput gate ,  o deiectlve Input 

ccuplmg network { i l ,  h i i ,  an cpen piate i eds tb :  (RZj, 2 
riefectlve tube ('$1) ai a lack 3f piate-;;p;.iy vcltoqe ::coy 
-12,~ ,. I:i-.i!pit ~ i i ? i t l i i i _  Fi:-!, JS5 3? Cr::!!^i.:~~t. !- 

cbser:e !he input qote wnvefor.r. to be certoin that t i e  cor- 
rect lnput slgna! 1s applled. I! the r.omol input gote i s  
present, obser'ie the wovef~rm on the gild of mode  I'l. Na 
input gote of thls p n t  l n d l c o t ~ s  elther on open coupllng 
capacitor ( C i )  31 c sh,orted jrld resistar (31) .  Use on on-- 
r ~ e t e r  to chick :h,cse c a n p n e n t s  :or defects. ii the correct 
: - p ~ :  gate 15 o n s e r v ~  so the g r ~ d  oi r r ~ N e  'Ji ,  Yse a nigh- 
res ls tonie  vaitr.eter t? meosure the voltoge on the ?late oi 
the tube. If no plate voltage 1s present, the t r o ~ b l e  may oe 
either a lack of F l o t e s u p ~ l y  voltage or an open plcte re- 
.;z.star IF?!. hEwsure the ploteiupply voltage w ~ t h  the high- 
:c;;,!cflcr \2;i:;;":DI, 736 ;e:;s:c: ?,? ?;?th o r  chc- 
.;eter. If the i a r i e i t  vcltoqe i s  ~.easl?red cn the plate of 
: , e :doe 15 F -  -r&biy i iaull ;r:< ~ Y A ?  te ie- 
Flzced h!!h me thar is mown td be jsod. 

~ i s t o r t c d  Ournut. 4r outout woveform wlth ;.oar llnear- 
~ t y  sr lcw orpl l tude mcy be caused elther by o defective . . -. -. 
t h e  "I u i i o z ~ e  m v;xe a: ;cs:;:a: ;A, -2, or opc : !u i  
C2. Use on ohmmeter tc check the values of reslsrors R2 
and 33, and u c o p c i t a n c e  onalyze; to check the voiue of 
-" wc.. ~. P" 7' -- 2-'L -..,, ,,, ,,. ,i .., ,,.,.,. c cc.zponec! !c. fmnd,  i.?rrie I!! 
I; a t  faul t  cnd should be rtploced vi th  a tube that 
:5 n . ~ ~  t j  be good. 

incorrect Output warsshape. !$.?. s ' . ! : ; ~ ~  w,~,eicr- -.( 
s c ~ t o o t h  shape (with no initial s tep)  WIII iesiilt i f  resistcr 
fi3 ,s sn~rte5 ,  ,.";),I" ur: ,,,,tk,; z tep "f ,ncGrIEc; z~.p!;:~:c 
,:,! ,:,:: ,.., :: ,a:,ze ;:. ,<:k2? :cz:yv:: .=.:. T!: -:!k!e< CJSE: 

. . 
I",? :Ps,s!~, ?:Us! Or i r D i i i i L 1 U .  

, . . .  , , / - - - . - -  . ..< . ~~.~ h,!,.,,rr-*~,',r. s:,-"* ,,,", x -"2uL" 

zither :l an o w n  9or ShortciIccltea ccni!tlan 1". cupc l to :  "- 
, -. . ... ~ h,: , , , :en r r - i l i ; , . , ~  Pli  !!i~ ,zr CL-rrte: :C ~Ileck 
;ea~a;u: ;:,>, <z: <:, ,z%.Ib.4j: LJ+,::!L; :L,>:,>: :: :?,?::: :2-  
. ,' . : ~ ' I  1n.i re;i;:r. the l e fec t lve  r::!-:;:c>re.:. ," -. 
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PART B. SEMICONDUCTOR CIRCUITS 

SAWTOOTH-WAVE CIRCUITS. 
Tile ope~cltion o! the s c ~ t m t c - . z , u i e  sherir !ei,2:Zt2: 

v -  'P...,~ - 2  ir the :em~llier -i :his ..-ii,c; i s  ;:::;cr u~, - "L .d  ---->.dr'. 

to th3t of the e i e c t r ~ c - t u b e  s5veeo-rjee;ar>r s l r c , l t l  ! see  - Ynrt A o: t w s  sccaan:. .Airou.$, d,iti;;. :;be z,-?e.- 
"enerator circuits a re  jivided l r t o  !wo ciosses, ii,e -fGiyjx 

( h s r )  : a h  sweew,~eneraIor 2nd tnt. cqaszms (sa!!i 1.k . . . . 
sweepgmero to i ,  they are not s o  d~v lded  lor semiconductors 
Lz~J:!!~, !"e semiconductor iweepqe:lrra:sr ;;rcu::s ?re 
~n;!rr~;custa 7" e;IaSeous ( so f t )  :>be s:r:u?ts, r l t i : i i l l l  
ipea21 tronslstors wjlcl ,  il;e ~ ~ ; ; l ~ : - ; i e  :̂  r r ! e  iilyiiii;; 

+,;no . . oi slectron i d s f .  - . .. , .,. ;:-, ? > \  : ,  1wL q ~ , , ~ , , ~ ;  t7+: c f  :::z?:-.,-'~- "." 
. -  i..."".i"" nr  .~ ioi,bieiwsed ?iojr N, ! ! :  L::,O* te:lin:!s 2ni 

. . .. 
, , 7 '  , , > 4 -  0 ' .  ! * " S P  

..-, - -,\ :,* ,:,z,: a: ;*,2:  27 :: " o i ~ ~ ? t : r , . ~  ',:: ;- , ' , . , , . ,,,. 
jotor;, cr.j ;an pro; .;e u!:.~; i -  ., , :; .:2z::. . .  . : 

. . 
i f  deslred. i n r  oiscusslon i r l  ;:1;; si:!ic~, -.-.,~-v-~. * : ! I  
be I i n i t e i  to the orodjction of sawioo th~d  wveformi  oy - 
*s* $ t::e ie:ox~:ijl oscillcti.l i-r- a! îTC..,!. I "e ,>tj,,!!:- 

.- L,2qe; 1;4 iti!!!y n! these serntcmjuctor c i r c ~ l t s  !I? 13 

:ick extrr-? s i rnpl~ci ty  and their use  01 rsiativeli ieh 
i j : ~ 3 f i ~ ~ s ;  ~ ! > J S  the lac: :53: 3:e m!:!nction is cuns!iire'i  
the qi i ivoien:  oi two normai tr~::sli:or;. !- m s !  cases 
only o capacitor und ii tranjistor ore requ~red to p r o d ~ c e  c 
sowtmth  sweep. ;I'here odjustzble frequencies ai  wriodic  
recurrence ore d e s i e d ,  3 resist?: -::. 5. adrird, with 
i C  io;;,;;;.2:;u:: ;:~;ii;:; !!,? ~ r ~ r ? I  ni ~ ~ c ! l l . l f / o n .  ?ne 
basic prir,clple oi  operr;tlsn ,; !:i: ;i ;..a;+ ,ri l i s r t 7 r l n  

ni o cnoilcitor, controlled by the se.ni;oii?tictor operati12 
7- 7 ce:Aor!ve resisranct dsc~~i2:~:. 

2pern::3- :s gnrmaily restricted ro t r eu t ? i , i :E ;  ::a::. J 

!3;vei !reqilency o! zpp:oxiz~te!y m e  or 1"o c ~ i l e s  WI 
m , n ; , r r  to an upper frequency .wh:ch l i e s  betwee?, SOJ KC 

--i i --.."r.,ri. tn r  "resen~iv .i,jj.;;;ie ;:J~j:sii!:. I;; ", ,L. , . .by" -,... ~ 

s c z e  experimental units the upper f r q ~ e n c y  hus exceede j  . , ; mc, ;-I cot 3 r e .  .A!!h~uqil the upper t re juenq i imi:  u l  
tne ironsistu, is not ;; :".! cf !he P I P ~ I T O ~  tube, 
i r e  range i s  ;~!!icie?; for nora!oI jopiications of s c + ~ t m t b  
riaves. Tne rh - ;ve rb  I:-? i s  ii,uiii.i t o r  :Cr:Cl?+2C!,?'S 

. -- -i t :..- e rl, tnr ii 3:. rnz,? t n i  1~:3!~.-..~.r.. - 
m:croseconds as coiipcred with !00 microseconds or more), 
,+i . ... L , :ers sorrle am;n:~j~ CV?; t ' .< ..';s::?: ?:'p 

CHARACTERISTICS. 
:s ;r:e e.iL.,;~:z-:: Z !  !.i? ,:̂!-,a: .:-.c::1?, irJ~:s,3...is ,- 

,,-, ' - - A ,  ".,,: ,,,, ' . : , , , . , ,  . .... . ,,:. ,,.j,:;z::̂ ? II:-C1sI'II -iiiC:,.'.. . 
, . ~  , ~ 

. . 
.~ , , , -!,:.;??r? 7, :: .,,,.,,,,, 5,. 
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53% t i p  5!,'!il1? '!-~:DF "pel-5.ITCL.Il ~ , ? : o ~ ! . ~ - ~ P E L s ~ c T c ~  
cp,ornc:eristl.:s in!,-rent ;n i:s =snzt:;-:lr:c t- proulfii. 
;st:b!r, t :sta$ir,  or rnono;ui!p -?ri3!lgr. 

Any of i t s  three t e r x r , ~ ! ~  r c ~ y  Se ,sz: :; >? :c:,l tr!;l;c: 
z??n~-!lan or a u t p ~ :  !a i l  ~ ? ? n ~ - t i k r i .  

i.>rov,;?s t..;: 2::;,!!+,t ; ~t>l,t ;r,e!,> :5: z2.2 lr,?;: s,,;:..:, 

.In may oe s;.nl ir ly c r  oppojl:r:i r~ l z r : r r~ ! .  
!F !emp~rat i l r r ieniXivc.  ;:it: 32 3in.317 ( i ) , , ~ i . j z : :  l i i i i :  

response (base :es,stao.ze char:qes! iiorr: -PO to 3pnmxi- 
m n t t i ;  +I52 icqree; 3. 

1s C50toSenEit:~e. an3 -.li ~u n3?e!!o respond t; 
,ciori.j?s in i;!;mi;.ct:o.. 

I ,..- 
C U T  O ~ F  I 
R E C 1 N  R E G I O N  

! 1; 
! j '  

, 
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iNPUi  I 

R 3  - 
ALTERNaTE 2 ' 

- 
INPUT 2 

- 

Input and Ovtpvt Points 

Circuit Ope.otion. A simple sowtooth aeneroto; circult 
using a unijunction transistor is s h o ~ n  in the occomwnying 
iigu:e. Note that only the unijurcticn transisto:, a capaci- 

Basic  Sawtooth Generotor 

tor, and o power supply me necessary to prduce the saw- 
tooth waveform. With the power supply connected, el=- 
tron flow i s  from base I to base 2 ,  thus placing an initiol 
ieverse bios on the PN junction. !&tith the capacitor con- 
nected between emitter and pound, a smoil amount of re 
verse current flows through the PN junction because of o 
ilow of hole current from the emitter to base 2. The capaci- 

9OO,OM).lUZ SWEEP GENERATORS 

tor charges slowly thiough the path shown in the fo!lw*~ng 
fi3ure. The rate of charqe deaends on the t h e  constant, . . 
which i s  equal to the product of the copcifance of C ond 
the internal resistance of the reverse-biased junction. As 
C charges, B e  positive d-c vol ta?~ across it rises. ,?:hen 
this voltage i s  greater thnn the ,io!tcqe crodient opposi!e 
the P-type material, the PN junction becomes !orward- 
hiased and the copocitor dischorqes very rapidly. (This 
corresponds to the ionization point or voltole of the gaseous 
thyratron tube.) This action is caused by a hec.q electron 
flon from bose 1 to the emitter and a heavy hole flow 
through the P material of the junction, which causes an 
electron flow out of the emitter as shown in the following 
figure. Thus, the copacitor is effectively short-circuited 

Discharge Path 

through the PN junction. Tne time of dischorgc is detei- 
mined by h e  capacltmce of C times the !or,~ord resistance 
of the PN junction. Since the foiward resistonce is very 
low (on the order of 5 ohms), it i s  essentially equi.rolent 
to a short circuit. After copocitor C discharqes, the ;.olt- 
age amass C i s  too small to maintain the forward bias (this 
correspnnds to the deionization point or voltage of the 
qaseaus thyrntron tube): the reverse bins qo in  Iesumes 
control, charging the copocitor through reverse-leakaqe 
current, as previously indicoted, and the wcle i s  repeated. 
This slow charging and rapid discharqing of copacitor C 
produces t!e sowtooth output waveform. 

The recurience rate of the hasic circuit just discussed 
i s  fixed by the inherent bose leakage resistance of the 
transisior plus the value a! capscita-.~? med. To ensure 
stoSle operation of the desired sweep rate: on3 to provide 
protection agoinst thermal :unwov, an e-.ittcr rrsisto: and 
o base 2 resistor ore usuolly used, as shown in the follow- 
ing schemctic. The operation of this ci:?uit i s  identicol 
to thct of the basic sweep qenerator previously discussed 
except for the chmqe introduced by !kc odditior of 8 1  and 
R2. During the time of heavy conduction (deionration 
pc:iad), the portion oi he inter bas^ region hetn,.cn the 
emitter and base 1 i s  o ,rer.j low :ssistance, wh:reas the 
portion between the emitter and h s e  2 is of hi?? resis- 
tivity. Therefore, procticaliy 311 :be pwer  suaplid bv the 
interbase power supply is 3lssipated across the ncrrow 
;er;ion near hose 2. In  the absence of 92, 3 relatively 

Charge Path 

ORIGINAL 
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T v T  
OUTPUT T 

heovy election current ilows tnrough t?e tnse  2 :ejlon zr.6 
couses hroting of this srno!! semicondilctor arm. As o 
r e sd i ,  this thc-d ei!ect causes an inr:ei:seci tiecrron 
f l m  throuqh the base 2 to emitter por!ion ot th.e Scr. h s  
the heat i s  built up by current flow, more and more electron 
iur;ent flaws through the hi becouse no external resist- 
x.:~ i c  ?rnvic!pd !a limit the flow. Thus a loco1 hor spat . . 
1; -,ro;uces. Sixr [?is t~:era-,l 1 ~ f i " l  i s  n~~'.r'?l"!l.:e, 
ri!e:rnal runmoy con o c c ~ r  md  destroy t t ~  trgnsistor. The 
u.>,: 0:  ,4,: x me ; O S , ! I ~ ~ .  s?,o#g provide; ~ , ~ f < i c i e z :  -;:::?.! 

Ilmi:ina tc prevent the !ormatlun oi  tne nat S ~ I  2nd my 
posriSi!itv o! rilernoi :uns'*iov. While tile circuit i s  sensi- 
!ive otherwise to thermal vcribtions, any thermaily produced 
cur;r:,t ::an c5- neve: De - s  - r a t  a: ti>,,; c,?o!"ii? :: :k,c 
!ocation o! the hat spat when no limiting resistance 1s 
employed. No ohe r  form ai  protealon i s  needed to prevent 
.L-.--? 
La,= ,,,, "' "~ 

3 y  odjusticc the val;c o! ?,!, !!!e emitter v~l tnqe  can be 
-nnrroiirJ an: :he aper;:inq pcint (where the emi.rr- chmgei 
!-?- :o,!crr~ r r q c  m inrwo;d bins) :in& foi th2 dei::cl-: 
operating voltoqe. By proper desiqn, i! the reslstonce or 
7 ' . - .:.. -' .'.. in.-.--' .rv".qi. )alkn7P resist- ,- L,:u,, < >  ,.., ", . -  ---- -: .L,. :.>.+ !,ii .be -L-.-:-^ ^i -.., r"n,,ritn: I: i s  .. ~~ .. . ... ,.~, :., , U." ..?.... ~~ 

, : . c ! . ik?; "?r'""rss 
. , ,  -.- ... , ,.*. , ,-.< :- . , . ,  " r r l n n  tr lnSI- ;r,l:; ,... .,. r.r ..w-..... , . , . .n 
be minl?iiiei. m i  tk,; ;*m; :.::r icnl-c:.cr !r?e-e? :- 

;>*!; :! the :r?nsii!nr. If reo~lirrti, Fi: car, be made "or:- 
. - . - - .  , - h i  . - ,PG0r l ieSS "i & ~ .  .- .. . .~ .. . ~ , .  .... 
,. .r.:.n:.srren: , , r i d ,  io~:.ue:~ !he ,!ol??e ?i ?'I tone:her w~t;-, 

, . 
tnot 31 oetermnt i r i i  i r ~ q r i i . i j  zt L~,C x z e ;  ~FC::!I_::C:-. 

th.iz  imp^?,^-+ -!rcllir, :kc>?, ooriot?on o i ru is  ti.;i.~i; 

me chn:qing a! ccpci tor  C th:ault al. 'llhen th? vol t~q* 
------ A,-xud"  r u +he hrenkrinwn vn!ror;e, the initiallv 
reversebiased iuncticn jicak; ici.:. !e.~,.,-r-ii!~, =.yo;-cs 

. . 
!.:,mr.i-!>iased nnd c:scnorars r ? r  :dp:lc!tor : i l i . jL1~?,  :h- 
' ,.~,.\ ,--L . ' "-<*.". -,,,...-. . ~ * ; C . ? ~ F .  ~ . [->,,& O,.ti&<> ; s  ~ = ; : G ;  :: 
' ' .L - .i..-,.*.... 7.3- n. 7" ""ni, whrlr 
l l l i>i "L L . l i  UUIIYYl ...,.-.. .-.~ - 

. . . . . . . 
~ .. . . :'olroqe rtuc!,es Ine i o i i i ~ . ; ~ ; .  .;ic.., v;..i,. . . .  ~. 

,!;sch::gcs :: <?,e 2ciz1 W!!-,F t i le  v , -d tc3~ 2 c : c z ~  exit- 
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ter junction con no longer sustain c iarwnrd sics, the tron- 
sistor stops cooductinq, and the original r-derse-biz5 con- 
dition oqoin exists. (This action i s  similar ta lhot o! the 
Gaseous thryratron tube, which stops conduction autorroti- 
;31ly when <:le voltoqe SC:OSS the tub? rwc?,es :he deiom- 
zation mint  c: l w e i  ond i s  insuliicient t; sust-in ionizo- 
tion ni the 10s.) 

ostailed A n a l y s i s .  Before procecdvl j with the !olio*- 
ing discussion, bt. ce;ian ts  : e 2  the expinnation ot t?e 
construction ond ooeration of the "nilunction transisto: 

Sinpiifird Eqiiivalent Circuit 

P,gje . . i-s : rnn 'w consideira to be - u Lullventiona! --- 
junc?iw8 diude, i i t i  i : j ; e r r , z < ~ ~  tho !e+!'inn?~ oi 
k s c  2,  m? Dijl the resistonce of h s e  1. Rp !  is sho'*;n 
3s variable since it does va;y s 2 !unctiog of Lh2 crr::t?r 
base 1 cur:mt (the greater the current, ihe :m+?r <is : i ~ i ~ . -  
once. md , i c e  verso). 

4cs:17inq ha! h e  capaiila: Is no: icn.iK:ec :i KC 
. ~ , , . ,  , ' 

emitte: on; tnst m:i r , ~ .  anu ::a; ~ i c  ,J: P.,,; .-,,,c, .. 
is cleoi tt>ct h e  resisters i o r ~ .  3 ioitnge d i i i ie i  oc:oss :ic 
i'-.se su3olv. Vhb. Thm, o Dositiue p~rentioi  cxlsts st ::;c 
<.,,t: .,,.. c .,; ,d,C <,o::, 2;; ::z 2:z:c :. !- .,?:FF~, :.r 

..., 

<;,;.,el,, i:4.:, :; ..,.u: ;: b?:: : 2;: 5.2s= 2 ?:!! >p .-?. :,-7-:(- 
. . 

~~ ~~~ . ~ ~ .. ,..- .=" .,., """" -: ". "Y ,:I- . . .,,. .> ";., -. .-. .~~~ . . - Is, pius nB:j, :,!A t i e  ejxine: cj::ez! *ill h i  z?rc :z:::- 
.., . -~ , .-- ^^^ ; ,,. , , '  , .r:.ei. .. . C _ _ - i  ~. .. . .  .~ 
crco~,2, 11 c h a r ~ e s  expme::.: .I:! t :r :~; , .  L ; ~ ?  :z.z:.,r :=-:.- 

- ,  
h -.._ --_ . -  ..- -. 

..!-.I . 1 , n .  i : i :i; ,,. 2. .,.- , . .  . , . 
..,,,,.. ,: :;; j:. 4~ .,,."",.. . . . . . . , A , -  ILL.. :: ??. .. ' =  ., . " 'in.= 
the value of 5s :  is hlqh. i s  me cpGcrrul  : ,E 

emitter ;.oi:oge iccrecses 3r,.i ti)= ;eveise 5;; . - z : ~ s s  the 
:unction diode is redsea. C.XJ:T.L~E Cn? ern~r'r. > . G ; ~ L L u ~ -  

;i.;r -: 
. . . dr:.c ;v:,-h !n!ioa.  

A!.? e-i...r 11,;sei sii. kt ;~:i.<:,: :-E t i  :e.;2::1 
,. , , ; c.czc <Lq L*< ,...,,: ;;;-*- ---- ,., .."".," . , 

. ,- ., . .,. . .. !!! !::? 

:.-.,.* ~'.. ,:,., ~ -..- 8 . " . - " . . . , , < ~  . , , n , , r D , . , <  ;-:,>,* ,., . . ", , . ,.-,.. . .. .. . . 
y ~ n k  r ~ . I O ~ : ~ P  2f enitlei voltn?r t zero rmi:t?: curren!. At 
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0 EMiTTER CURRENT 

Static Emitter Choroctcrirticr 

, .  , 
!his piilk ;roil1 LIP rr.:erse SL,::, :; no !on?er i,l!~sient t s  
prevent c o n d ~ t i o n ,  .~:ld cmltte: (3o;i!i.~e) curren: flow;. 
$ 5  SCOP 7 s  emitre[ cu..ent !io.vs 717331iOT ;I :.t.::t'. to i i -  
dns:r;t, m,2 h e  far,:":: resi::tlnce .:i : ie  janc:ion i s  ?i- 
cre3sed: t :~is  attic:. S i c s : ~ s  re<;ener3tlve, m ~ > l t i p l y i n ~  the 
c i s c b r ~ c  c:r:er! In 2 ~ o : . ~ . ~ k - ~ t  ?ignn?r.:idl f3xlli3n. O ~ C C  
started, th!s 3c!ion zjnnot  ,x reiersed CT stopped u.?ti! the 
1av;er vcl!lli !e,iel (leionlratl;n point) 1s r e a c h ~ i .  A:; tnis 
curren: increases ,  t!:e d o l e  :owarc :?sis:onc? iecrtjses 
;n? the e7i!,er vcl:;.;i. Cec+cjis. :-,c 1.:3i?n ai jic:e::cs 
emitter VC!IJ:C ni!h inc:egst! e~.lt:i-'i :ur:;-n: i s  ;ilc to 
nerlotive iesi:;trmi?, N ' ? I C ~  1s he j P ~ m ! - , ~ . n ~ ' r  :.per nt.icn 
the ip-rztion of : h ~  unit i s  cased. The nc7,rlve resist- 
oncc is ~ i l s c c  > ' ~ I C  !c!ectlni: 3f ?.ales ic:o tt,- s : ~ ?  lhn! 
wl!h i o r w n  bins ihrinqe cousin,: increcsed cnr>?ac : iv~ :~  
berwem the 'mitt~: cnd 5351 1 y::ion s! 1i.e hnr, ~ i : h  base 
2 current re~.oin!nq e;sentiq!ly roait2r.:. Ihe ,siq.lenic 3! 

zction i s  such tho: roch cnn3~cc; >1e atne:. p a t  i s ,  G;  

the io~r ra r ;  ri.rij!onsi i s  iecrease,:, so is thc ..;cl;nt a! 
wierse t i n s  3ecreas&, on! !b,i sc:tter ;u:;?n: l nc r s i s i ;  
i m i l !  h i s  cun-u:cti,c cc:lsn c o n t i n e s  untd the volley 
point I:. !rzcncd t m m  :i.c 5asc Enters the S O ~ C I J ! ~ O ~  re';ion. 
A: : t i s  ooint any inzrcase in emitter cu::rrt merely cl.isis 
3n in;r%sei n i l p  i n  file e!::il.!e: m e  2 cr::tisn oi :be S l r .  
If OFCratlor: i s  dIo.rie3 to enrcr this s ~ t ~ r r l t i r i n  region, t i e  
unit will merely rest  in a sto5:e con?uc t l r .~  zon.?lt!on wlth 
3 fzirly low kx~sc 1 1 ~ 1 s t o n c ~ .  

Tic turn-nlf 3 c t , m  a! !hr 9r:)unc:ion irir?:;i.:'r.r i. ~ n l t i -  
oted by tllc <rappinq srni!ter pot*ntiol 3s ,::; ~ci:;- C: :is- 

charges throu? tnse 1. Yhec !he m i l e i  point on !he csr,,e 
i: reochel ,  t i e  emitter voltage (it,i.:5 is 9 r o d u c d  bv the 
ren~aininq chnrqe in tk,s copcc~tcr'm is ~ n s u i f ~ c i * n t  to Ton- 

tinge conSuc!lor. IAori: i-.:,-.: ic!t:nc v.o8i!m: he nee::: 
to p r a d ~ c e  more cgrren!, 21 t!ic exi t ter  volt'iq- n v ~ l i  t:c?e 
to remain conct3n: 31 :he v;!lei pint to keq; t i e  s?oe 
m!ue ?i sur:-.:. Slnrc th? rc;Jrl..or con tnue i  to :!!s:har;e 
t e l 3 ~  !nl : r ,xr ; ,  : i ?  i ~ i t i ? !  con?ilian ni rr . ,?ric>i2: . i :  

i , l ~  '..en -i:.::r. :'i- rc*. .: 1- ,,'T .., r..;2.?.::i.::, sir!cc 
3 :v~uc!~c!~ 3! ~2n'i~~-!!:i?j ?! !>? :<?r !JP, ;rl:P>,!Se In  !:>IS- 

:;,ity) :edac-s :he JF!O!;C: cf cur:cn: I! <!I! c x r y ,  OR i : b . ~  
i9r>"cr,l rc?:is!"n?? 1s ?f!e~: , ,~cl ,{  ic:::,??:;?!, '1% :?,,:-c,l:,e,! 
iorh3:. 1 ~ 5 1 z t 3 n ~ r  ! ~ r t l ~ .  IP,:,J-I,C the '-2.1 :UC::YI:, :j :'.e 
hsr' t i g s ,  the ;A:> br!:vri.~ .::::.f-: :: i !A> Y l ,, i ; i rk ly  
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reduce3 tc zero ccirer! or cut-a::, wheremon the reverse 
bms resiu71.s cont:cl, -.oi-.inl fx,til t5e cop~c i to :  i s  .;cl!n 
c h 3 r p d  to thc iorwcrd o reokdwn v o l t q e .  I n  !+is respect 
the unilunctioc diode operntes rli!!erently l r o r  Ihe normal 
PN !~nc:lon. The typical response oi o noma!  dicde i s  
s h w n  a t  *ti bottom of t'ne s!otic eml!ter ch3rscte:istic !or 
=arcparison. In this  c a s e ,  once current !lo.# i s  initiated, 
c#>rrent flow continues in o relatively steady manner as Ion7 
as the .$oitoge i s  q p l i e d .  T h e  aoility oi Lie unijunction 
transistor to revert !ram o reve:srbiased cord!tion to c 
:or?iord-b~ased condition and oack uqoin under control of 
the voltage le,,e!s cpplied to i t s  e lemerts  i s  inherent in 
i t s  cons t r~c t i3n .  'Xhile the previous simplified diode 
representation was used to he lp  explain i t s  operztion, i t  
should be understmd that o conventional d d e  conrec:ed 
schemct~col ly  with two resis tors ,  a s  illustrated previously. 
# i l l  n a  operote 3s 3 ?mijunction transistor. 

FAILURE ANALYSIS. 
No Output. An o?;n-iircuited c n p x i f o r  rill! ccuse !he 

emitte: circuit to be open and produce o no-output condition. 
The f e n  cnmporents involved ma" ke quickiy ckecked by a 
;esis:mce or con:muity t e s t  with o iiqh-resistance ,volt- 
oilmneter. If tt,e components appear to be normal, the 
:rouble can only te i r  t h e  pawer sou:ce or in the trsnsistor 
~ t ~ e : f .  Substitu:ion of a known qaod transistor ,would be 
necessary to determine .?hethe: it i s  defective, sincc :here 
1s no other simple c h e ? ~  possible. A sho;t-circuited copoci- 
tor ,would a l so  prevent the circuit f:om operatin?, but this i s  
not ~ e c s s s u r i l y  true of any of the other con!ponents, as the 
circuit usually willoperote with tne c a ~ o c i t o r  alone. 'tihere 
the components nnd nonsistor CDpeor to be normal, a pmr!.v 
sol<ered joint or xoken 'wiring night  be suspected. 

L O W  output. Paorly soldered joints or defective rrs is-  
tars can cause low output, as c3n a deiecti,re power supply 
or trunsistor. Resis tance and ;ioltoge checks will detei- 
zine wnether h e  components Jre defectwe. Use o! sn 
osclllosc?ae to exumine the aavciorms on the imi!ter, tase 
1, and SSP i elements should help isolate ti.e defective 
po:tio? pi 17,e -.l:cwt. '/Kith o 5o?i tmtj  output, there should 
5e 3 ne-l!~;e '>ULIP on  base 2,  .nit!> c similari', shaped but 
rmr ; ; ! e r -~vo l i t~d t  c ~ r r e n t  ?ulse  in the hose I Circuit. 
';'!,~;e o 10$ohr~ resistor i n  se r i e s  riith k s i  1 2nd observe 
:he vo!tjqe w3veIor.r produced by the h s e  current.) Co- 
pocitor lcakcge mc, prevent tile circuit fro-, operating 
properly, or may reriuce t i c  ~ ~ r . p l i t u d e  of the output h love 
form. Lp?koge inrry k suspected if the recurrence role i s  
iiffercnt from the oriqin:] rote. ( A  ihsnqe  in  emitter resis- 
tor R l  con ds.i p r o d u e  a similur cond~tioo.) 

~ i ~ t ~ ~ t c d  Ourput. The  shspe  of the sowtooth w e e a  
wlli depend upor, tne capacitor to o qreo: extent. I i  only a 
smcll po::ron ill the  c3paci:or c x r g e  i s  d m ? ,  i t  xi11 k 
I l n ~ i ,  ott,crwise, ti? rr3vc:o:r will Cwve lit the top b e  
muse of tile exponential d l sc ia rqe  of the capacitor. Tile 
vl lues  o f  the canrponents 2nd Y O ! I O ~ ~ S  O ~ ? ! I C C  #ill  SO 
3 r t e r x ~ n e  the 11n':ilrit~ of I:,? outpuf r:veform. Cper::ion 
~t tco hiah J i r e ~ u e n q  far t!le t:onsistar usea w ~ ! l  produce 
-: r c n d i n q  c:! o! t?e wj.,efarm i n d ,  i f  excessive, p r c u c e  
a slnc wwe.  3 e c k  tt.e .xoveform *ith 317 o c ~ i l l o s c ~ p e .  
The r-mver.f !me i s  i c t e r r n n ~ d  by \he  WSP I T . ; T ~ P " ~  ?.~!5? 

wi?h snd the yaeeo copaclto: .v~lue.  :i r?? rec3verj :i:nc 
, >  .. . "1(- -essi;!?. 2 t i i I S ; ~ I > l  i - I : ?  mo,, res11:. 
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F a R - L A Y E R  DIODE. 
I - OFF REGION 

APPLICATION. U- BREAKDOWN REGION 

The four-laver diode i s  used to qenerote o sowtwth m- NEGATIVE RESISTANCE 

(sweep) voltage woveform for appiicotions where the odtput 
wavesnow 1s nor air lcoi ,  on6 where on exur..~rIy sinlyis I I 
circuit is destred. 

CHARACTERISTICS. 
Acts os o swttch to control the charge and discharge of 

a srnes RC circuit. 
Output is o sowtcoth voltoge waveform. 
Output irequency is determined by the volues of resist- 

-:it m d  iopai;torce m t5e R-C c;:c-;!. 
Output amplttude is determined by the chorocteristics of 

the iaw-layer diode. 

CIRCUIT ANALYSIS. 
General. The four-layer dlode is a two-termlnai semi- 

conductor device consisting of four alternate layers of P- 
type ond N-type silicon. The accompanying pictorial dic- 
gizn shows the construction and biasing of the diode. 

Feur-Layer Diode 

For convenience in discissing the fmr-layer diode, its 
:hree PN junctions are labeled J,, I,, and J,. To bias the 
dlode correctly, the p s i t i ve  battery term~nal i s  connected 
to the P-type diode terminal, and the negauve battery ter- 
mind  1s connected to the N-type dlode teimmol. 'With the 
blasvoltoqe applied is thismanner (Iuyer P, positive with 
respect to layer N,), o valtoge grahent i s  set  up d0r.g the 
diode as s h a m  by the polarities placed above the junctions 
~n t h ~  four-layer diode illustration. The valtoge gradien! 
(nrwurri-biusps lunccions i,, and j,, and reverse-bicses in- 
ternai-iuncrlon j,. Since u forword hosed junction rxiti- 
xts very law reslsruncr m a  o reversraioseo juncoon ex- 
hlbits very hiqh reststance, junction J, (the reverse-hosed 
\unctlon~ prlmoriiy determines me current riow tnrougn [he 
dlode. Therefore, the actlon of junctlon 1, determines, to o 
;reg: exten:, :kc opcrcrion ci  !he ~ ~ U I - I ~ P T  <lode. 

Over tne iiist p r u o n  (region Ij oi the occonpnying 
dynamic transfer characteristic curve, which covers from 
zero level to breakdown voltage VBR. maximum current flow 
through the diode i s  limlted to the volue of the minonty 
corner current flowing through reverse-biased junctlon J,. 

REGION \ W -  OL( REGlON 
1 

Therefore, over region 1 of the chorocteristic curve (also 
known a s  the off  reg~on), dlode current flow remoins a t  a 
relatively constant but low value while the applied input 
voltaqe increases. When the voltage applied to the diode 
exceeds voltage VBR, an action s~milor 10 the avoionche 
L L W ~ J O N ~ I  ~n Zensr d~ode  OCCGIS in j ~ ~ c t i ~ z  1,. '%at i s ,  
the applied voltage temprnrily IS relauvely constant wniie 
the current increases (region 11 on the charocteristic curve). 
Although the breakdown actlon is not completely understood 
at the present stote of the art, once breakdown occurs ond 
current increases, the charocterlstic curve passes through 
onother region, known a s  h e  negative resistance region 
(regian III), where the voltage across the diode rapidly de- 
creases as the current through it increases. (This corres- 
p a d s  to the action in a gas-ftlled electron tube which 
breaks down at the ionlzauon p m t  and p s s e s  o heavy cur- 
rent at o low voltoge.) At point A on the curve, the end of 
the negative resistance region i s  reached, and the voltage 
ocross tne dlooe remoins reiativeiy mns:ant throughout t h e  
on region (region IV). (Thls corresponds to the octlon in a 
qas-fllied electron tube whlch, one broken daw. 
operates ot o lwei siightly above the deionizatian p i n t  
untd the applied voltiigi. drops k1i.w this vint.) 

Aitnougk, the io~r-;uyer diode hos ;;.any ;ppl;sutwna. .L 
1s most widely used a s  o switch with two stable states. To 
Use ine oroae os such n s a ~ t c h ,  i t  1s op i c l ed  iri regisns ; 
and IV ci  the chorocteristic curve. The diode remins  in the 
lqln resistance or off stote (regla i) untli the bius vol tu~e  
exceeds the diode breakdown voltage. VBR. The diode then 
switches to the low resistonce or on stote (region IV) and 
rema~ns in this state until the bias voltage drops below the 
diode iurnaff valtoge level. It then switches back to the 
o f f  stote. The iou:-loye; dlode is operated ir. h ~ s  nanner .- - ,, ,anual the charge and discharge of an R-C circuit tc 
pruduce u suwtuotlr-wuvr a w e p  vuiluge output. 
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Circuit Operotion. The occompanylng clrcult schemat~c 
lllustratee o sawtooth-wove generator using o faur-loyer 
d~ode ond only two other mmpnents. 

OUTPUT - - 
- 

Four-Layer Diode Sweep Generator 

The power supply (Ebb) IS connected directly ocross the 
series R C  circuit made up of capacitor C1 and ieslstor R1. 
The four-layer diode, CR1, is connected in parallel with 
capacitor Ci, and controls the charne and discharge of the 
copacitor. ?he sawtooth waveform is taken from ocross 
the parallel combination of copacitor C1 and diode CR1. 

When voltoge is init~aliy opplled to the circuit, diode 
CRi is in the h~gh resistance off stote, (because cf the re- 
verse bias applied to internal junction. J,), and capocitor 
C1 begins to chorge through resistor R1 toward the supply 
voltoge value. If the copacitor were allowed to charge fully, 
the voltage across it would increase to the supply voltage 
value at an exponential rate, a s  shown by the dashed curve 
in the accompanying output voltage waveform illustration. 
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tian), the dlade breaks dawn (effectively forward bias~ng 
internal junction J,) and swltches tc the low resistance on 

state. Since diode CR1 is connected in p a l l e l  wlth co- 
pocitor C1, the diade effectively shunts mpacitor C1 and 
causes it to dlschorge very quickly. As copacitor C1 dis- 
charges through the conducting diode, the voltage across the 
capocitar denwses  until it drops below the turnoff vuitaqc 
of the dlode (voltage VTO). At thls tme, the internal ~unc- 
tion is again reverse-biased and the diode switches back to 
the off stote, and the capacitor ogoln begins to chorge 
through resistor R1. ?bus, copacltor C1 olternotely charges 
relatively slowly through reslstor R1 and discharges quickly 
through diade CR1.  sin^ capacitor C1 charges only dur~ng 
the init~al portion of the copacitor charging curve (about 
10% of the tot01 tine cvollable), the resulting output voltoge 
across the capacitor 1s a falrly llnear saivtooth waveforn. 

The amplitude of the sawtooth output waveform is de- 
termined by the characteristics of the four-layer dlode. 
Since the sawtooth amplitude is equal to the difference 
between the breakdown voltage (VBR)  and the turnoff volt- 
age (VTO), and since these voltoges are constant for any 
particular diode, the output amplitude is fixed. The only 
way that the output omplitude may be changed is by using 
o four-layer diode with different breakdown and turnoff volt- 
age characteristics. 

The frequency of the sowtwth output waveform is de- 
termined by the chorge time of capocitor C1, and therefore 
by the time constant of the R C  circuit made up of the m- 
pacitor and resistor R1. Resistor R1 is usually made var- 
iable so that the output sweep frequency moy be voried. De- 
creasing the value of resistor Ri decreases the time con- 
stant of the R C  circuit, which decreases the time reqcired 
for capacitor C1 to charge ta the breakdown voltoge of 
diode CRI. The resulunq waveform (shown by the dotted 
curve on the woveform illustration) is a sawtooth wave of 
shorter time duration than the original sawtooth wove, and 
therefore one of h~gher frequency. Increas~ng the value of 

Ebb I 
C - resistor Ri has the oppaslte effect, ond decreases the 

/ , . / , , output Sweep frequency. 
, 

/ , 
/ , 

/ 
FAILURE ANALYSIS. 

/ / Gmeral. When making voltage checks, use a vacuum- 
/ , 
I / tube voltmeter to avoid the low values of multiplier resist- 

/ / 
/ 

once employed on the low-voltage ranges of the standard 
"BR 20,OW ohms-pervolt meter. Be mreful also to observe 

propr polarity when checking continuity with on ohmmeter, 
slnce the diade moy be forward-biased and break down, 
causing a false low-resistance reading. 

J No Output. A defect in any circuit component, or a lack 

"TO ,I of supply voltage nay muse a nwutput condition. Becouse 
of the simplicity of the circuit, the trouble con easily be 

o located by maklng several qu~ck voltage and resistance 
checks. First, use o vacuum-tub voltmetw to measure the 

Theoretical Output Voltage Waveform supply voltage. If the correct voltage i s  measured, use on 
ohmmeter to check resistor R1 for on open or short circuited 
condition. Next, use on insircuit capacitor checker to 

However, when capcitor C1 charges to the breakdown volt- check capacitor CI for defects. If these checks fail to l o  
age of dlode CRI (voltoge VBR on the waveform illustia- 
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ca te  a defective component. Clodr Cril is piabobly a t  fzU:t 
and shod; be replaced w ~ t h  one that is known to Se pad.  

~ i . t ~ ~ t ~ d  Output. A d~s to r t ed  sawtooth outpilt wavefor;l 
n a y  be causd  by !OW s"pply voltaye. by change; in vohe 
of rhe c m p a n e n t s  in the RF clrcult :C:,RlI, or by c defec-  
t i u p  O i d e  (CFtl). F m t .  use o v o w n - t u b e  .iaiL~.etrr to 
mezjure the ;upp!y -:chqe t r  detern!ne tnnt the power sup- 

1% no! a t  foul!. Next, use an ahi..:eter to check the 
value 01 resistor $1, and use o C0pocl;ance uno;yzrr to 
check the value of capacitor Ci. Ii  no deiectr,c compcnent 
is !cud, ?;ode CR1 1s prohb iy  ot loult. Replace it wil'c a 
diode ;io! is known to be good. 

CHANGE 1 
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