ELECTRONIC CIRCUITS NAYSHIPS

SECTION 10
SWEEP-GENERATOR CIRCUITS

PART A, ELECTRON-TUBE CIRCUITS
SAWTOOTH-WAVE, GAS-TURF SWEEP-GENERATOR
CIRCINTS,

A sawtooth wave is defined as a periodic wave which
varies in ampiitude between two values 1o provide o wove-
form pattemn resembling the teeth of g saw,

The sawtocth wavelorm has many applications in tele-
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900,000.102 SWEEP GENERATORS
linearity of the sweep is difficult to obtain with this type
of sweep generatof.

NEON GAS-TUBE SWEEP GEMERATOR.

APPLICATION.

The sawiotl-#ove sSweSh-geneiuior circnit using a
neoh gas tube 15 one form of relaxation oscillator. This
type of ciicuit is cccasionally used where a simpie ''free-
running'! sweep generator will provide a satislactory saw-
ooth waveform for use in certain noncritical test-equipment
circuits and in cathede-ray tube citcuits employing elec-
irostatic deflection.

CHARACTERISTICS.

Free-running, relaxation-oscillator type.

Output is sawtooth waveform,

Output sweep frequency is determined by B-C clroult,
L,pc 5 neongas whe Jsed, and voitdge applied to circult,
Sweep frequencies up to 10 kilocycles can be produced.

Neon gas wube is used gs switch to cortrol charge and
discharge of capacitor.

CIRCUIT ANALYSIS.

General. [n the discussion of time constants given in
Section 2, Genercl Information on Electron Tube Circuits,
the typical charging curve for an B-C circuit was illus-
trated. If a capacitor is charged through a resistance from
a constant-veltage soutce, an exponential volmge cutve is

chtained across the terminals of the capo
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the charge on the capachior rises to a vaive eguai to the
applied voltage. The initial portion of the R-C charging
curve is reascnacly straight, with very little curvature, and
it only a small part of the initial portion of the charging
ourve is utilized, the degree of linearity obtained is con-
sidered to be satisfactory for many sweep applications.

In order to develop a sawiooth voitage, it 1S necessary
to charge the capacitor and then quickly discharge it to
complete the f‘harge—dischurge cycle: the cycle is then

ropeated over and over to produce the desiied sawteoth
JJtpUt waveform, A means must be provided to quickly
discharge the capacitor once 1t has received a partial
':'t‘"“::. Rt extremely low frequencies o mechanical swich
can be used to short the capaciter terminals and discharge
(he COpuCion; nowever, such a Swucmnq system becomes
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However, 1n 0 typical sweep-generator circuit, the resist-
ariee L the clivuii dmits the current and prevents 1t from
"lamﬂgmq the gos tube; turthermore, the tube conducts pri-
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becomes very low ond will allow a heavy cuzen: flow as
long as the voltage applied to the tube is suificient t2 main-
tain ionization. However, when the volto e drops to a low
value, conduction ceases, The value of voliage at which
conduction ceases and the tube deionizes is termed the
extinguishing, of recovery, voltage, Approximate values of
striking and extinguishing volteges for severcl common
types of necn gas tubes are 65 and 20 volis, d¢, respec-
tively.

Circuit Operation. In the accompanying illustration, a
simple neon qas-tube sweep-generator circult is shown.
Resistar Rl {s a series current-limiting resistor; resisior
F2 is a variable resistor which permits the frequency of
oscillation to be changed. Capacitor C1 :s a chaging
capacitor ana V1 is @ neon gas tube.
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teon Gos-Tube Sweep-Generatar Circuit

Initially, when voltage is applied to the circuit, capaci-
tor C1 begins to charge through resistors Bl and BZ, in
series. The B-C time constant establishes the fraquency of
oscillation for o given value of applied voltave and depends
upon the value of the capaciter and the combined resistance
of the two resistors, R1 and R2. The tube is not icnized
during this period of time and represents a high impedance
in parallel with the charging capacitor. The voltage across
capacitor C1 builds up grodually following the 5-C charge
curve, shown on the accompanying illustration of tha output-
voltage waveferm, until the terminal voltage of the cupacitor
reaches the striking voltage of the neon gos tube, VL
When the striking voliage is reached, the tube ionlzes and
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conducts 1o form o low-impedance path to discharge the
capacitor, Tapacitor Cl discharges through the tube, and
the terminal voltage drops rapidly, As soon as the voltage
drops to a value equal to the extinguishing voltage of the
gas tube, the tube deionizes and current stops flowing.

The tube again represents ¢ high impedance in parallel

with the charging capaciter, Cl, and the voltage again starts
to rise across the capacitor. As shown on the waveform
illustration, capacitor C1 charges again until the striking
voltage of the gas tube is reached, The tube then ionizes
and discharges the copacitor; this operation repeats over
and over as long os voltage (Ere) is applied to the circuit,

The linear sweep portion of the sawtooth waveform is
produced when copacitor Cl is charged, and the retrace or
flyback portion of the waveform is produced when the
capacitor is discharged by conduction of the tube, The
sweep time depends upon the values of resistance and
copacitance in the circuit, upon the applied voltage, and
upon the characteristics (striking and extinguishing volt-
ages) of the neon gas tube. The characteristics of the
tube are fixed and depend upon the perticular type of tube
used. Therefore the sweep time and frequency are con-
teolled primarily by any of the first three factors previously
mentioned: the resistance, the capacitance, ot the applied
woltage.

In order to obtain reasonable linearity of the sweep
portion of the sawtocth wave, the applied voltage is main-
tained at a high constant potential se that cperation of the
neon qas tube and charging capacitor takes place on the
lower, straight portion of the charging curve, as shown on
the gccompanying waveform illustration. Variations in
opetating freguency are usually accomplished by changing
either the circuit resistence or capacitance, or both. Ina
practical sweep generator, the value of the capacitance
(C1) is fixed, and the resistance (R2) {s adjusted 1o change
the R-C time constant of the circuit. The range of operat-
ing frequency is sometimes extended beyond that obtainable
with a varigble resistance alone by incorporating a switch
either to select cne of several fixed capacitors or to select
and parallel @ number ¢f fixed capacitors.

The time required for the retrace, or flyback, portion of
the sawtooth waveform to occur is determined by the imped-
ance of the necn gas tube when jonized, the difference be-
wween the striking and extinguishing voltages of the tube,
and the value of the capacitor in the circuit, Normally,
however, the impedance of the tube is so low that the re-
trace, ar flyback, time does not become apprecioble until
the sweep frequency exceeds approximately 10,000 cycles
per second.

FAILURE ANALYSIS

No Qutput, A neon gas tube radiates a characteristic
orange-red glow when ionized. An indication of gas-tube
operation can therefore be obtained by visual inspection
to determine the presence of the characteristic glow from
the ionized gas within the tube.

If the gas tube is ionized continuously ond no sweep
output is obtaired, it is likely that capacitor Cl is open or
that resistors Bl and R2 have decreased in value, In this
case the tube attempts to act as a voltage-reqgulator tube
and it conducts continuously; the voltage developed across
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the gos tube remains ¢ censtant value. Capacitor C1 can
be checked by using a suitable copucitance analyzer tc
determine whether or not the capacitor is defective. An
ohmmeter measurement of resistors R1 and BZ con be made
to determine whether @ decrease in resistance has occurred.
1t ine cunduction cutrent thadugl the Heon gas tube is eu-
cessive for any great length of time, the tube may be dam-
aged and its characteristic will be impaired as a resullt.

Although the gas tube may appear to be glowing in the
proper monner, this is not o pesitive indication that the
tube is cperating correctly: therefore, the whe itself may
be suspected as a source of trouble.

It the gas tube fcils to ionize, the voltage across cap-
aoitor C1will rioe w the full applied veltage, and ne
sawtooth output voltage will be developed. If the tube is
[ot ionized, however, this does not necessarily mean that
the tube is defective, since the same indication (lack of
glow) may occur it either resistor (R1 or HZ) 1s open, if
thete is no applied d-c voitage {(Epe), or i the charging
capacitor {C1) is shorted. The value of each resistor, Rl
and HZ, can be checked by ohmmeter measurements to
determine whether any increase in resistance or an open hos
accurred. Measurements con also be made across the capa-

citar terminois to determine whether capacitor Cl is shorted,

thus causing the voltage to be either zero or an extremely
low value.

Incorrect Frequency. [t is reasonable to assume that
any chenge in the values of resistance (R1, K2 or cape-
citance (U1 will afiect the H-C time conswant af the cir-
cuit and, thus, the frequency of operation. When an adjust-
ment is provided, as for exomple resistor B2 in this circuit,
2 change in operating frequency can be compensated for by
adjustment of the series resistor, B2 If the R-C time con-
stant is incregsed, the requency of operation will decrease;
zznversely, if the time constant is decreased, the irequency
of operation will increase. A change in the value of Ri
or R2 can be determined by ohmmeter measurements; the
value of capacitor Cl cun be measured with o suitable
capacitance analyzer.

Aszsuming that the values of R and C remain constant,

g change in the applied voltage (Epy) will affect the opera-
tion of the circuit; thus, an increase in applied voltage

will increase the frequency of operction, while a decrease
in voltage will dacrense the frequency.

b s of the neon gas tube may pe ofiect-
herefore, the striking and extin.uish-
ing voltages of the tube may change cousing the circult ¢
shift its operating range on the RB-C charge curve. This
~ondition may cause not only o change in operating tre=
auency, but also changes in sweep amphitude and linearity.

GLENCY, I

ez the tube oges;

THYRATRON SWEEP GERERATOR.

APPLICATION.
‘The thyratron sweep qenerator 1s used to proauce 9

. for rodar equip-
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test equipments employing am electrostatic type of cathode-
ray tube.

CHARACTERISTICS.

Employs a thyratron gas tube in a relaxation oscil-
later circuit.

The thyrution is used as g switch et
and discharge of a capacitor,

Qutput is a sawtooth voltage waveform.

Output amplitude is determined by the characteristics
of the thyratron.

Output sweep frequency is determined primarily by the
time constant of the R-C circuit.

Sweeyp frequencies up 10 75 kilocycles can be produced.

CIRCUIT ANALYSIS.

General. As explained in Section 2, paragraph 2.5.1,
of this Handbook, when a series R-C circuit is connected
across a constant-volinge saurce, the capaciter charges
and the voltage measured across its terminals increases
at an exponential rate until the voltage becomes equal
to the source voltage. Only the initial portion of the
cepacitor charging curve is sufficienty linear to be used
in the generation of a sawtooth wave. To generate the
sawlooth wave, it is necessary to restrict the capacitor
charge to a small portion of the total source voltage, and
then cause it to discharge very quickly. The charging
cycle is then repeated. In oddition to hard tubes, a
thyratron may also be used as a switch to control the
charge and dischatge of the capocitor, and thus produce
the desired sawtooth- wave cutput.

In a gas-filled tube the ionixzation potentiol {firing
voltage ) determines the plate voltage at which the tube
beqins to conduct, and the deionization potential { extin-
guishing voltage) determines the voltage below which the
tube ceases to conduct. When the plate voltage of a gas
tube exceeds the icnization potential, the gas in the tube
ionizes and the tube conducts very heavily. It continues
to conduct heavily until the plate voltage is lowered below

the deionization potentiaj, when the gas in the tube deionizes

and the tube ceases to conduct. The thyratron is a special
type of gas-filled triode in which a third element, a control
geid, is used to control the ionization of the tube. The
contral grid, howevet, has no effect on the deionization
ctential of the thyratrom; it can only initiate conduction.
e triggered, the thyratron continues to conduct until
the plate voltage drops below the deionization patenticl
of the tube.
Circuit Operation. The accompanying circuit schematic
illustrates a typical thyratron sweep qgenerator.

—
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Thyratran Sweep Generatar

0967-000-0120 SWEEP GENERATORS
Capacitor C1 gnd resistor B4 make up the R-C charging
circuit, which is used as an integrator to produce the
sawtoothoutput wave. Thyratron V1 is connected in
parallel with capacitor Cl, and functions as g switch

to control the charge and discharge of the capacitor,
Resistors F1 and R3 form a veltage divider from the
negative bias supply to ground, which supplies fixed

gtid bias voltage to the thyratron through grid-current limit-
ing resistor B2, Since resistor 3 is variable, the grid
bias, and thus the trigger potential of the thyratron, can

be varied.

When voltage is first applied to the thyratron sweep-
generator circuit, capacitor C1 begins to charge through
resistor R4, As the capacitor charges, the veltage across
it, and across thyratron V1, increases from zero toward
the full value of the plate-supply voltage. If the capacitor
were ailowed to reach full charge, the voltage across it
would increase exponentially to the full value of the plate-
supply voltage, as shown by the broken line on the cccom-
panying output-voltage waveform illustration.

Epb
s
s
V4
’
a7
IONIZATION. L7
POTENT AL

8
DEIONIZATION
POTENTIAL

Ovtpout-Yoltage Waveform

However, when the voltage across capacitor C1 (and across
thyratron V1) exceeds the ionization potentiel of the
thyratron (point A on the wavetorm illustration), the

tube instantly jonizes and begins to conduct very heavily,
Since the conducting thyratron has very low {(almost zeto)
impedance, it shunts capacitor Cl and causes the capacitor
to discharge very quickly through the tube. Thus, the
capacitor charges to the ionization potential of the
thyratron, which is determined by the thyratron grid volt-
age, and then discharges. As the capacitor discharges,
the voltage across it drops toward zero, When the voltage
across the capacitor drops below the deionization potential
of thysatron V1 {peint B on the wavelorm illustration), the
tube deionizes and ceases to conduct. Since the non-

CHANGE |

conducting (cut off) thyratren has ¢ very high (almost
infinite) impedance, it no longer effectively shorts capac-
iter C1, and the capacitor again begins to charge toward
the full plate-supply voltage value. The capaciter charges
until the voltage across it exceeds the ionization potential
of the thyratron, at which time the tube conducts and dis-
charges the capacitor. This charge-discharge cycle
continues to Tepect us long as voltage is applied to the
circuit-capacitor C1 charges while thyratron V1 is cut off,
and discharges when the thyratron conducts. Thus, thyra-
tron Vi acts as a switch and causes copacitor Cl to alter-
nately charge and discharge, producing a sawtooth out-
put wave.

The sweep frequency of the thyratron sweep generator
is determined by the time it takes for capaciter Cl to

10-A-4
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charge to the icnization potential of thyratron V1, The
charge time of the capacitor is determined by tiie time
constant of the H-C circuit mode up of resistor R4 and
capacitor Cl, and can be changed by adjusting varicble
tesistor H4, Incregsing the value of resistar R4 increases
the time constant of the R-C circuli, which increases the
charge time of capacitar Tl, and thus decreases the sweep
frequency, Decreasing the value of resistor B4 has the
opposite effect, and increases the sweep frequency.

The ampiitude of the sawtooth output wave is deter-
mined by the difference between the lonization {firing)
potential and the deionization (extinguishing) potential

§ the thyratron, The ionization potential is controlled by
varying the grid bius, Consequently, resistor M3 is used
to adjust the thyratron qrid bias for the Geslred output
amplitued, increasing the value of resistor B3 incregses
the neqative voltage on the grid of the thyratron and
raises the ionization potential. The conseguent larger
difference between the ionization and delonization potentials
thus increases the amplitude of the sowtooth-wave cutput,
Uecreasing the value of resistor R3 has the opposite effect,
and decreases the output amplitude, Adjusting resistor R3
also affects the output sweep frequency slightly, but this
frequency can be comrected by recdjusting resistor 4.

FAILURE AHALYSIS.

No Qutput. A no-cutput condition may be cqused by
lock of plate-supply voltoge, an cpen plcie resistor
{K4), a faulty sweeu capacitor {1, or a delective
thyratron (V1), Since the thyratron emits o characteristic
glow when conducting, observation of the tube will show
whether or rot it is conducting. If the thyratron is glow-
ing {oonducting), lack of plate-supply voltoge and an open
plate resistor (R4) can be eliminated gs possible troubles,
since the tube must have plate voltane applied to it
through reststor K4 in arder to conduct. I the thyratren ie
not glowing, first measure the plcte—supply voltage with a
high-resistance voltmeter to eliminate the possibility of a
{aulty power supply, and then check resistor R4 for conti-
nuity with an ohmmeter. If it is determined that neither the
power supoly nor tesistor B4 is at foult (either because
they have been checked or because they hove been elim-
nated as pessible troubles), further checks must be made to
locate the trouble. Use an in-cirenit capaciter checker o
check copaciter C1 fer o shorted, open, o leaky conditicn.
1 copacitor Cl is not defective, tnyiatron Vi is probably
at fault and should be replaced witn g tuse known tw be
zo0d.

Incorrect Dutput Frequency. ANy fouit whicn Chanyes
the charge time of caopacitor C1 will cause the output
irequency 16 be incorrect. Therefore, checi for changes
in the value of capacitor Cl und in the setting of resistcr
54, and for incorrect plate-supply voltage. Tt is good
practice tc Hret mensure the plate-supply voltage with o
high-resistance voltmeter tc eliminute the possibility of g
defective power supply, It the supply voltage iz cormrect,
use on chmmeter to check tesistor B4 for the correct re-

sistance volug, and & capcitance analyzer 10 chieck

CHANGE !
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capacitor Cl for the comrect capacitance value; replace the
defective component.

lncorrect Output Amplitude. Since the amplitude of the
sawtooth output wave is determined by the difference
between the icnization and deionization petentials of thyro-
tron V1, improper qrid bias or a defective thyration may cause
the output amplitude to be incomect. Meosure the voltage
on the grid of thyratron V1 with a high-resistance voltmeter
If the grid voltage is correct, the thyratron is probebly
defective and should be replaced. If the grid voltage is
either high or low, the bias circuit is probably defective.
UUse an ohmimeter to check resistors B1, B2, and K3 for the
proper resistance values.

TRIODE SAWTOOTH.WAVE SWEEP GERERATOR CIRCUITS.

ternn . SR aties )l]pﬂ

TG

Tl sweep yenerot

electron-tube sweep clreuits wthu brocuce symmetri-

cal sowtooth waviorms for the duration of the trigger gate.

As shown in the agccompanying illustration, the output volt-
oge rises at a linear {constant) rate during the negative in-
put gate, and then drops back to zero between input gates.

0
INPUT
GATE
OUTPUT
VOLTAGE
o A
SWEEF
= TimE ~™
SWEEP REPETITION
e PERIQD —'4

Triode Sweep Generatar Wavelorms

i_mw., uf :hc input gcte. The time from the beginring
of one sawtooth wave (sweep) 10 the pequning of Lhe neat

sawlioth wave is

and 15 determined n,; the repetiticn petiod of the input ate
The term linearity iz used o describe the qtrquhmp*” e
the sweep portion of the sawtooth wavetorm. The more
closely the sweep approaches o straight {but sloping) lire,
the greater the linearity,

In triode suw!ooth'wuve swieel geneailn JITTUitE,
the electron tube is used a5 a switch to conwuol the charge
and d 1sCh01";P of a capacitar m’..c_‘ croduces the deniret sm

nhnb I Py i, a = HEa H
: Sutpul wave farn Mg o PEoto il

nowr o8 the sweep-repetition period,
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the triode acts as on open switch ond allows the capacitor
to charge, producing the linear sweep. At the end of the
input gate, the triode acts gs a closed switch, causing the
capacitor 16 discharge very guickly, and preventing it from
techarging until the next input gate is opplied 1o initicte the
next sweep cycle.

Two triode swatocth-wave sweep generator circuits
are in general ugse: The basic Triode Sawtooth Sweep
Generator gnd the Bootstrap Sweep Senerator.  The mojor
difference between the two circuits is in the linearity of
the sawtooth output waveform. While the output of the basic
circuit is sufficiently linear for most applications, the
bootstrap circuit provides an extremely linear cutput for
applications where the woveform distrotion in the basic
circuit cannot be tolerated. Eech of these circuits is dis-
cussed in detailin the {ollowing puragraphs of this section
of the Handbook.

BASIC TRIODE SAWTOOTH SWEEP GENERATOR,

APPLICATION,

The basic triode sawtooth sweep generator produces
symmetrical, synchronized sawiooth wavelorms lor sweep
voltage use in radar equipments, display indicators, synchro-
scopes and other types of special-purpose test equipment
which use an electrostatic deflection cathode-ray tube.

CHARACTERISTICS.

Employs o high-vacuum tricde,

Fequires a negative aperating gate.

Output is a symmettical sqwtooth voltage wavelorm with
equal intervals between sweeps.

Sweep time is determined by the duration or the nega-
tive operaling gate.

Sweep-repetition perind is the same as the repetition
period of the operating gate.

..
CIRCUIT AMALYSIS,

General. Hecall from the elementary discussion of time
constants in Section 2, paragraph 2.5.1, of this Handbook
that when a series B-C circuit is connected across a con-
stant voltoge source, the capacitor charges at an expaonen-
tial rate until the voltage measured across its tesmings
equals the source-voltage value. Since the initial portion
of the capacitor charging curve is nearly linear. This portion
of the curve may be used in the generation of a sawtosth
wave, In the basic triode sawtooth sweep generator, the
electron tube is used as a switch to control the charge
and discharge of a capacitor over the initiclly linear portion
of the charging curve, and to produce o sawtooth output
wave with good linearity.

Circwit Operation. The accompanying circuit schematic
illustrates the basic triode sawtooth sweep generator.

CHANGE 1
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Basic Triode Sawtooth Sweep Generator

Capacitor C2 and resistor B2 form the B-C circuit which
produces the sawtooth ocutput waveform. Triode V1 is con-
nected in parailel with capacitor C2, and acts as a switch
to contrsl the charge and dischorge of the capacitor,
Capacitor C1 and resistor Rl form a conventional R-C input
coupling circuit, which epplies the input gate to the grid

of tricde V1. The sawtcoth cutput is developed across

the parallel combination of tricde V1 ond copacitor C2.

In the guiescent state, with no neqgative input gate
applied, there is practically no bias on the grid of triede
Y1, Consequently, the tube conducts very heauily and the
plate voltage drops to a very low volue. Since copaeitor
C2 is connected in parallel with triode V1, the capagcitor
charges to the low value of plate voltage existing ceross the
tube, and remains charged to this voltage until an input
gate is apulied.

when a negative input gate is opplied to the basic
triode sawtooth sweep generator, it drives the grid of triode
V1 below plote current cutoff and the tube ceases to con-
duct. ‘When the triode cuts off, the plate voltage tends 1o
rise instantanecusly to the full value of plate-supply volt-
oge, Ebb, However, capacitor C2 is connected in parallel
with the tricde and thus prevents the plate voltage
from rising instantaneously. Instead, the plate voltoge
rises exponentially toward the plate-supply value at a rate
determined by the time constant of the R-C circuit consist-
ting of copacitor C2 and resister R2, As the capecitor
charges, the voltage acress it (and therefore onthe plate
triode V1) rises at an exponential rate as shown, beginning
at time t, on the accompanying cutput {plate} voltage wave-
form illustration,

a6y
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Theoretical input and Nutzut Waveforms

If tricde V1 remained cut off indefinitely the voltage
across capacitor C2 (and on the plate of V1) would rise
exponentially to the plate-supply value, as shown by
the broken line in the illustration. However, at time t, the
negative input gate ends and the grid bics on triode Vl
reiuins 10 zero. iherelore, triode V1 again conducts
heavily and the plate voltage tends to fall instantaneously
to o very low value (the initial quiescent value). Since
capacitor C2 is connected in parallel with tricde V1,
the plate voltage cannot change instantaneously, but
rather falls at a rate determined by the discharge time of
the capaciter. Since the conducting triode has o very low
impedance, it effectively shunts (shorts) capacitor CZ, and
the cagacitor discharges very quickly through the low im-
pedance offered by the tube., As the capacitor discharges,
the plate voltage measured between the plate of triode Y1
and ground decreases exponentially to the original
quiescent value, and remains there until the next negao-
tive input qate is appiied. Thus, the basic triode sqw-
tooth sweep aenerator uroduces one sawtooth wave each
time a negative innut aote is applied, and remiaing in the
~uiescent (oft] state between input gates.

It car be seer {rom the preceding discu ccion gt
the output wavelform charactenistics of the besic tricde
sawtcoth sweep generator are determined in part by the
duration of the neqative input qate. It tne duraticn of e
input qate is increased, capacitor C2 charoes for a longer
ycaiuu ol tire, aad this \,uufgt-:v G a -u-‘ducx kuu:hilua.
Since a larger portion of the capacitor chiarging curve ig
used when the duraticn of the input gate is increased, the
linearity of the sowtonth outrit wave is decreased, Thag,

increasing the input gate duraticn (for exanpie, by decreas-
1ng the input frequency) affects the sawtooth wave in three
waoys: the sweep time (duration! incresses, the sweer

lits A

ey P alelats elils late! H—«n SAODT Timmri s Ammesaeomn
Giifaat <

i
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Changing the charge time of capaciter C2 also affects
the charncteristics of the sawtcoth output wave, Since
capaciter C2 charges through resistor HZ, the charge time
of the capacitor is changed £y varying the resistance of
H2. Adiusting resistor R2 for o higher resistarce value
increcses the charge time of capacitor (2 thus, for a
given input gate duration, o smaller portion of the capaciter
charging curve is used, and the capacitor charges to a
lower potential. Consequently, the swesp amplitude
decreases and the sweep linearity increcses, since only
the relatively small stroight-line portion of the sweep is
used,

Soth the durction of tne input gate and the setting
Ol 1esial0n e ulledt the sweep uinpiilude Uind Hieulity;
therefore, resistor R2 is used to compensate for changes
m sweep charccteristics caused ov changes o the Input
mate curation. Thus, tesistor B2 con ne odiusted 10 cause
the clreuit to produce a sawWtooth output wavelorm of
constant amplitude end linearity, even though the input
gate durgtion chrnges.

FAILURE ANALYSIS,

Mo Output. A no-output condition may be caused by
either lack of an input gate, lack of plate supply voltoge,
or a defective tube or circuit component, It is good
practice to first check the input gate with an oseilloscope,
and the plute-supply voltage with g high-resistance velt-
meter, to determine that the trouble is definitely in the
sweep generator circuit. [ the correct input gate is
observed and the proper plate-supply voitage is measured,
ure the oscilloseope to observe the waoveform on the qrid
of tricde V1. H no grid waveform is chserved, cither
capacitar Cl is open or grid resistor K1 is shorted, Use
an in-citcuit capacitor checker to check the capaciter,
cndicnichmmeter te check the resistor. Thecomrentwove-
form on the grid of triode V1 indicates that the toukle
is in the plate circult {C2, RZ, V1) of the sweep generator.
iheck capacitar UZ for a short circuit with an in-circuit
capacitor checker, and resistor B2 for the proper resistence
valie with ar chimmeter. I rno defective component is
found, triode V1 is probably at foult and should be replaced
with a tube known to be good.

Distorted Output, Any defect in the circuit which
causes canacitor U2 1o -—-hnrna for g ;ﬂ:ea!n ﬁ_hcn nerm

S8 Canecl ol

artion ot the caugeitor C.-.m-f“nn cuTVe | ‘l

ited sawtooth cutput wave, FPossible causes ot |
are: A aistorted input gate, Incorrect plate-supply voltzge,
changes in the values of capacitor 7 and resistor H2
iincluding wronn adiistment of resistor 57, anid iow
emission in triede V1, First, chserve the input gote with
ail uscihoscope to be certain thet no dstortion is present,
and then medsure the piate-supply veitcge with a high-
resistance voltmeter to be certain that the supply voltagze
s carrect. Tf the inpnt ante and the niate-zuprly valtane are
nommal, further checks must be made to izclate the wouble.
Use ¢ capacitance analyzer t check capacitor ©7 for the

value, [lge an snmmeter 10 chock recister B2 for the
e an ohm hter the

It thacn shacicn bail b loaora o
nozhoman e losateE
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ELECTRONIC CIRCUITS NAVSHIPS
faulty component, triode V] is probably at {gult. Replace it
with a tube known to be good,

BOOTSTRAP SWEEP GENERATOR.

APPLICATION.

The bootstrap sweep generator is used to produce an
extremely linear sawtooth waveform for use in ngvigation
equipment, radar test sets, and in other types of electronic
equipment where an extremely linear sweep voltage is re-
quired.

CHARACTERISTICS.

Employs one triode as a switch tube, and another ¢s a
constant-current generator.

Uses positive feedback to produce the linear sawtooth
sweep.

Requires a negative input gate,

Qutput is a symmetrical sawtooth voltage waveform with
equal intervals between sweeps.

Sweep time is determined by the duration of the input
gate.

Sweep-repetition period is determined by the tepetition
period of the input gate.

CIRCUIT ANALYSIS.

General. Most sawtooth sweep generator circuits use the
charging aclion of a capacitor to produce @ sawtooth wave-
form, By using only the initicl portion of the exponential
capacitor charging curve, ¢ fairly linedr sawtooth cutput
waveform is produced. However, some nonlinearity (curva-
ture) is present in the output waveform because even the
initial porticn of the capaciter charging curve is not perfec-
tly linear. The bootstrap sweep generator uses a feedback
loop to straighten out the curvature in the initial portion
of the capacitor charging curve, and thus, to produce an ex-
tremely linear sawtooth wavelorm.

Before discussing the operation of the bootstrap sweep
generator, It is hecessary to review the charging action of
an R-C circuit. The charge time of the capacitor in the
R-C circuit is determined by the time constant of the cir-
cuit. At the first instant that a seties B-C citcuit is con-
nected actoss o constant voltage source, the entire supply
voltage appears across the resistor. As the capacitor
charges, the voliage drop actoss it increases, and at the
end of one time constant interval, 53 percent of applied voit-
Gge appears across the capacitor, and the remaining voltage
(37%}) appears across the resistor. During the next time
constant, the capacitor further charges to 63 percent of the
voltage remaining acress the resistor, that is, to 86 percent
of the total applied voltage. During each successive time
constant, the capacitor charges to 63 percent of the volt-
Gge remaining across the resistor. Thus, gs shown by the
dashed line in the accompanying illustration, the voltage
across the capacitor rises expeonentially toward the supply
voltage as the capacitor charges.

CHANGE 1
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NUMBER OF TIME CONSTANTS

APPLIED ! & 3 4

VOLTAGE I
100% S —
— -
-
y P
5% — L 7 4 1

ORMAL CAPACITOR CHARGE

50%~+ + + +
/  TLINEAR CHARGE WITH FEEDBACK

25% -+ 4 +

Generation of a Linear Sweep

Although the capacitor theoretically never fully charges,
after five time constants it is charged to over 99 percent of
the supply voltage and is considered 1o be fully charged.
The voltage across the capacitor of a series B-C circuit
increases at an exponential rate because the capacitor
charges to 63 percent of the voliage across the resistor
each time constant. Since the voltage across the resister
decreases as the capacitor charges, the capacitor charges
a smaller amount each time constant, resulting in an expo-
nential increase in the voltage across the capacitor. 1f the
applied voltage were increased as the capacitor charged, so
that the voltage acress the tesistor remained constant, the

capacitor would charge the same amount each time censtant,

This is, the voltage across the capacitor would incregse
at ¢ linear (constwent) rate.  The bootsutap sweep generaior
uses d feedback circuit to couse the effective supply volt-

age for the R-C circuit to increase as the capacitor charges.

Thus, the circuit produces an extremely linear sweep, as
shown in the sweep genetation illustration,
Circuvit Operation. The gccompanying circuit schematic
illustrates one type of bootstrap sweep generator.
+Epb

INPUT <l

Bootstrap Sweep Generator

10-A 8
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ELECTRONIC CIRCUITS NAVSHIPS
The portion of the circuit made up of coupling capacitor Cl,
gnid resistor R, switch tube V1, charging capacitor C3, and
piate resistor R3 is a conventional basic wiode sawtosth
sweep generater, Tricde V2 is a cathode follower which
srovides feedback to charging capacitor C3 tarcugh <

oolding canaoitor C0. The it

Blosking capgeiisr 52 Theuhputas
capacitor C1 to the qrid of triode V], and e ¢ uapuc Suw-
tooth waveform is taxen from the cathode of

cathode resistor R4.

In the quiescent state, no negative input gate is applied
to the bootstrap sweep generctar, and therefore, no bios is
applied o uisde V1. Conseguently, the tube conducts very
ﬁeavily, and the plate voltage is very low. Since capacitar
T3 iz in parallel with trinde Vit charg
of plate voltage existing across the tube. The voltage
ccross capaciter C3 also appears on the qrid of tricde V2
{because of the direct coupling from the plate sf V1 ¢ the
gnd of V2), and causes V2 to conduct. The plute curreat o
rricds V7 flows througn cathode resistor R4 und causes a
small, but constant, voltage drop ceross the resistor. So
long as no input gate is applied the circuit remains in this
quiescent siate, and the cutput voltage across resistor 54
remains at the low gquiescent vajue,

When o negative input gate 1s gpplied to the bootstrap
sweep generctor, it 1s applied through coupling capacitor
C1 to the grid of tricde V1. When the input gate is of suf-
ficient amplitude to drive the grid of tricde V1 below plate-
current cutofl, plate current ceases to flow, and the plate

z-rw

clied throngh

triede: Viiogreos

-
TGN w o vanie

vulluge iiles o iise instantanesusly 1o the plate-aupply
valve. However, capacitor C3 1s connected in parailel with
triode V1, and prevents the plate voltoge from changing
instanteneously. Instead, the plate voitage rises relativ-
ily slowly as the cepacitor charges. Normally, capacitor
(3 would charge expenentially at a rate determined by the
vaives of resistance and capacitance in the circuit, as

shown by the dashed line on the accompanying theoratical

waveform illustration.

=z
)
c
|
m
2]
(=]

3
.
b
m

SUTPUT pitse i
VOLTAGE //’ / \
2Ra =

Theoretical Input and Dutput Yoltage Waveforms
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In the bootstrop circurt, however, the voltage across capa-
citor O3 1s also applied to the grid of wiode V2, which is
connected as a cathode follower with almost unity guin, The
cltage on the cathode of trigde V2 (which 18 rear-
the voltage on the grid) is fed back through d<
;nr:lt_n:[ 72 w0 the iinrtion of plnte resistors B2

1
4

anaine v
changing v
iy equai to
e

in the Fmllounme mmae

2
I P
i TOYES i LA 10, 0WING INaN

and R3. This feedback loop o
ner. As cepaciter C3 charges posttive with respect to ground,
the voltage impressed on the grid of tricde /2 also rises and
becomes more positive. The increasing plate current {low
through cathode resistor H4 causes the cathode veltage on
triode V7 ic increase, aiso in o positive ditection. This
increasing positive voliage is fed back through copeoitor T2
1o the junction of resisiors B2 wsd B3, wdiny e voitage
across resistor B3, and effectively increasing the voltage ap-

nhed t© the B-C circuit. Thus , as capecitor 3 charges,
the oppiied voltage is effectively increcsed go that thp vnlt
\J\je appearing actoss resisior 133 remams o
of dropping a5 the charge increnses. Sx. ce
always charges to 63 percent of the voltage GCTOSs the re-
sistor in each time constont, and the resistor voltage re-
muing constant, the capacitor charges the same arount
each time constant, or in other words, at a linear rate.

‘When the negative input gate ends, the grid bias on

iriade Vi returns to zere ond the tube cgain begins ic con-

uct heavily. The low impedance of the conducting tube ef-
[edwely shunts {shorts) capacitor C3, ond the copacitor
discharges very quickly through the tbe. As capacitor C3
A
di

Lacharges, the voltage on the arid of trinds V) decreases,

causing the voltage on the vathode o decrease accordingly.
The cathode voltage drops to the quiescent value, and the
circult remains in the quiescent state until the peginning of
the next input gate,
Thus, the culput voltage of the bootsirap sweep gener-

ator rises at o lnear rate during the input gate, and returne
quickly to the quiescent value ot tne end of the nput gate.
It remainsat the quiescent level until the next gzte is ap-
pued.

FAILURE ANALYSIS.
No Output. A delect in nearly any component in the
CoOlsUA aveep Jenenilol Muy Clduse Jd No-Oulpat Condilivii,
Therefore, it Is good practice to use an osciiloscope to locate
the defecuve portion of the circuit. ]ISL. use the 05=-

choorug o |n;|_l. AETEE B

L ut:u, [FEM SRR \J\J\.A‘Avuwup.l‘-

grud of triode V1. No negative gate o

] ,i_x;r; ;;w“w B o RaSRUR AR
¢ check these components. i1 the 0orinul
the gnid of gisde VY, chserve the

]
the tuber No signal on the plate

wil :c.uf" R =
ot triode V1 xnduutes a detect 1n capacitor L3, resister Kz
ot F3, or in the tube itself. 1f checking capacitor O3 with

an m-cu'cuil capacitar checker, and resistors B7 and R3

'M i

; .
R R
i3 KNown 1o Be gocd. th wavelonn

10-A-9




ELECTRONIC CIRCUITS NAVYSHIPS
is observed on the plate of tricde V1, the trouble is either

a defective cathode resistor, R4, or a faulty cathode-iciiow-
er tube, V2. Check resistor R4 with ohmmeter fr the cor-
rect resistance valve, If no defect is found, tode V2 is
probably at fault. Replace the tube with one knoewn to be
qood.

Lew Quiput. A sawtooth cutput of incorrect amplitude
may be caused by low plate-supply voltage, or by a cir¢uit
defect which afiects the charge time of capacitor C3. Flirst,
use o high-resistance voltmeter 1o mecsure the plate-supply
voltage to be certain that the power supply is not at fault.
If the correct plate-supply voltage is observed, use a capac-
itance analyzer to check capacitor C3 for the proper value
and an chmmeter to check resistor B2 and R3 for the proper
values. If no defective component is found, triode V] 1s
probably at fault. Replace it with a tube known to be good.

Poor Lineasity. 1f the linearity of the sowtooth cutput
is poor, probably either capacitor C2 or resistor R4 is at
fault. Use an in-circuit capaciter checker to check the ca-
pacitor for a shorted or open-circuited condition, and an ohm-
meter to check the resistor for the comect value. If neither
of these components is deltective, triode V2 is probably at
fault, and should be replaced with o tube that is known to
be good.

TRIODE TRAPEZOIDAL-WAYE SWEEP GENERATOR.

APPLICATION.

The tricde trapezoidal-wave sweep generator produces
a trapezoidal woveform for use as the sweep vollage 1n tele-
vision sets, radar equipment, test and other electronic
equipment using electromagnetic cathode-tay tube displays.

CHARACTERISTICS.

Employs a triode as a switeh to control the charge and
discharge of a series R-C circuit to produce the output.

Requires a negative input gate.

Cutput is a series of trapezoidal waves.

Sweep duration and sweep-tepetition period are deter-
mined by the characteristics of the input gate.

CIRCUIT ANALYSIS.

General. The deflection coils of an electremagnetic
cathode-ray tube require a sawtoath wave of current to pro-
duce a linear sweep across the foce of the tube. Because
of the inductance and resistance characteristics of the
deflection coils, a trapezoidal voltage waveform must be
applied across the coils to produce the desired linear saw-
tooth wave of current through them. The tricde trapezcidal-
wave sweep generator discussed below produces such a
voltage waveform. Since the trapezoidal wave is essentially
a suwlooth wave superimposed on a rectangular wave, the
triode trapezoidal-wave sweep generator is similar to the
triode sawtooth-wave sweep generators discussed previously
in this section of the Handbaook,

Circuit Operation. The cccompanying circuit schematic
illustzates one type of tricde trapezoidal-wave sweep gen-
erator.

CHANGE !
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+Epy
R2
QUTPUT
O
Vi
I
INPUT f' R3
r L

RI

Triode Trapezoidal-Wave Sweep Generator

Capacitor C1 and resistor B] {orm ¢ conventional B-C input
coupling netweork used to couple the input gate to the grid of
triode V1. Triode V1 acts as a switch to control the charge
and discharge of capacitor CZ. The charge time of the ca-
pacitor is determined by the time constant of the B-C circuit
rade up of resistors R2 and B3 cennected in series with
capacitor C2. The trapezoidal cutput waveform is taken
from the plate of triode V1 {ocross the seties combination cf
capacitor C2 and resistor R3).

In the quiescent state {with nc input gate applied to the
circuit), contact bias is applied to the grid of triode V1;
consequently, the wbe conducts very heavily. 3Since triode
V1 conducts nearly at plate-current saturation, the veltage
drop across plate resistor B2 is very large and the effective
plate voltage is very low, Capacitor C2 charges through
tesistor B3 to the low value of voitage existing across the
tube, and the circuit remains in this quiescent state sc long
¢s no input gate is applied. The quiescent output is the
small constant voltage across capacitor T2,

A negative input gate, such as that shown in the ge-
companying illustration of theoretical waveforms, must be
applied to the circuit to produce a trapezoidal output wave-
form.

10-A-10
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‘o ] ta t3
|
INPUT 0=
GATE ¢ _| r
ein co
g
®R3
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A‘\ /1\
8ce
i
QUTPUT
VOLTAGE
L
(°R3 +8pa) =
]

Theoretical Wavetorms

The neqntive aate is applied through coupling capacitor U}

and |

wiode V1, und iz ol £

1o the grid of
drive the tube below plate~current cuisif,
plate current cegses to flow, ons the piatwe
to rise instantanequsly to the plate-supply value, However,
ince the series combination of capacitor ©2 and resistor
3 i5 connected across the tube, the plate voltage nises in
accordance with the charging action of the B-C circuit mgde
up of resistors R2 and R3 and capacitor C2. When triode V]
‘n'st '*ute off ('i”le to on Lhe quefor"- ill ustmuon‘,, only the

Ll

'D

rersainder of the sumly vcimge ACpears | mtu'ltcreoumy

across the series combinction of resistors H2 "'rl(] t“.j. THUS,

ror e uk mio ke "\,’,‘n
WG, I SRl atisEs aeoisten B o, nizenids

stantanecusly from nearly zero to o high positive value de-
lermined by the total resistance 1n Serles wilil CGpaciiol Uz

by the initini fiow ¢ ATt (0 Capgci-

H charginy ¢

5 tha mrelitede of the unline e shown
. e &

in the wavelorm illustration. At the same

tha v ia

% gl .

noroazac t
[ \,2, incitazes

(reiatively straight) pomon ul the L.u‘pu‘...xlul Lum-_“.ag Cuive
is uzed; therefore, the capacitor charge {irom time 4 1o Lme
1) s nedriy ineal. 'lhe output from the Zircult is wken
across 'He uenea combmouon of resistor R3 and Lapcmt

pAnentn.

s Fmere e
IO LT
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quiescent vaiue to a moIe positive value at the beginning of
the input gate {(lime t,), and then increases at a nearly
finear rate until the end of the input gate (ime t,).

When the necative input qate ends (time t,), the grid bias
an triode Vi returns to zeic, and the wbe ggair conducts
neavily., The low impedance of the conducting wbe elfec-
tively shunts {shortg) the reries combination of resistor R3
and zapaciter C2, and the capacitor discharges very guickly
through the resistor and the conducting tube. As capaciter
C2 discharges, the voltagee across 1t decreases from maxi-
mum te the quiﬂ&yent value, The voltoge remains at this
value untii the beginning =i the rext input gate.

AM A
O

Lyels.

No Qutput. An incorrect input gate a detective input
ccupling network {C1, Flj, an cpen plat
defective tube (V1) or o lack of plate-sug
CHL FE=CUtpat Con e it g Pinst, 958
chserve the input gate waveform to be certain that the cor-
rect input signal ig applied. If the normal input gate is
present, observe the waveform on the grid of tricde V1. No
tnput gate at this point indicates either an open coupling
capacitor {C1) or a shorted 4rid resistor (R1). Use an onm-
meter 1o check these components ior defects, 1f the correct
inplt gate [s odserved on the grid of triode V1, use a nigh-
resistance voltneter to measure the voltage on the plate of
the tube. 1f no plate voltage is present, the trouble may be
elther a lack of plate-supply voltage of an open plcte re-
Measure the plote-supply voltage with the high-

H , and check tezistor 82 with an chre-
reter, If the :or.e\,t vcllaqe iz measured cn the plate of
iiode V1, the wbe o prebebly of fawlt and should be re-
placed with one that 1s known tu be good.

Distorted Output. Ar cutput wovetorm with poor linear-
ity or low amplitude moy be coused either by a defective
tube or by o change In vaiue of resistor 52, K3, o copacitug
C2. Use an chmmeter 1o check the values of resistors RZ
ard 13, and a capacitance analyzer to check the vajue of

e resistar \R.f. a

cupaciter ©2. If no defective component is found, triode V1
is probably at fault and should be replaced with a tube that
< known 1o be good.

Incorrect Qutput Waveshape.
sawtooth shape (wilh no initial step) will result if resister
HJ i8 sncnec, while un inltial step of i

iy

A outmat wavelorm of

stor st Oe repialed.

movefors of square-wave shope may be couscd
r by an open or short=circtlled condition In Cupacilor

apen in resistor R, Use an chmmeter 1o check

a

e by e

Fcbar s o~
(RHEERR ] e e

o TR g e e np—
PO L YB e ) Lok o 4o b

oo 1he defective comporent.
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PART B. SEMICONDUCTOR CIRCUITS

SAWTOOTH-WAYE CIRCUITS.
The operation oi the somoot\. WaVe 5

x

Part A of this section). fllthauqh m‘e\:*-”-* tube
generator circuits are divided into two clo
{(hard) tume sweep-generdtor and the Gasetus
sweer-generator, they are not so divided for

ztually, the semiconductot bweep-qeuermur
anzlogous 1o the gaseous (soft} tune circuits, ut.} Zing

pecial transistors which dle Compailble : i
rwna of electron woe.

Twe gcnmui t,:c: sf i

twnotaTmingle. Tnese
B ued 43 switohor or as reituatic

A R s

;am:o, and can prouce o
if desired, {ne discussion in this sectic
be limited to the production of sawtootnea w::vefcrms oY
use of the selaxation oscillator form of circuit, The advans
ages and utility of these semiconductor circuits lie in
their extreme simplicity and their use of reiatively few
componants; olus the fact that one unijunction is considered
the E\{leGlE!"c. of two normal transistors, In most cases
only o capaciter and @ tansistor are required to produce o
sawtooth sweep. Where adjustable frequencies of pericdic
Tecurrence are desired, a resistor may he added, with the

b Cszon. The

. mowever, will

basic principle of Operzil\,rl i " = ond disoharae
of a capacitor, controlled by the
Az 73 neqauve resisIgnee 5CHatun,

Cperation is normally restneted to trequencias fom J
Iower frequency of approximately one or two cycles per
minnte 1o an upper {requency which lies hetween 500 ke
and 1 meggoycie far presently availanie wonsistus, In
seme experimental units the wppet frequency has exceeded
1 me, but rot 3 me, Although the upper trequency limit of
the ransistor 1S 0ot as high a5 that of the electron tube,
e [ange is sufficient for normo} applications of sawtooth
waves, if'[f} reCovery ime iz shurter EG? :C;l"““’*“”f"\"\

ctor nperating

than i deioni sunon ms of tunes {an the opder of 30
microseconds as compared with 100 rmcm:ecmds or more;,
whioh olfers some advaniuge vl

URIJUNCTION (DOUBLE-BASE DIUSE;

APPLIO\TEGN

tronic clock.

equivalent o the thryatror

CHARACTERISTICS.
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i3 ne gdiil

Goa . sileot:
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Uzes the stable N-type open-circuil nenstive-resistance
to proviae

characternstics nherent w18 construs

s{cble, histablie, or monostable

Any of its taree terminals may be uzed
zonnection of outpu load C"""ntCtlbr..

Provides two 2iif

Z]

ons1ation,

v Leseh = iphat 813
and may e spnilatiy or oppoal ey polzrized,
Iz tempergture-sensitive, with an 2lmost considnd lincar
response (base resistance chanyes) from 40 to approxi-
mately +150 degrees T,
[5 chotosensitive, and :

changes in faluminotion.

may Le made to respond t9

CIRCUIT ANALYSIS,
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INPUT 3

ALTERNATE 2 \‘

0 INPUT 2 e

Input and Quiput Points

Circuit Qperation. A simple sawtooth generator circuit
using g unijunction transistor is shown in the occompanying
figure. Note that only the unijuncticn transistor, @ capaci-

Basic Sawtooth Generctor

to1, and @ power supply are necessary to produce the saw-
toath waveform, With the power supply connected, elec-
tron flow is from base 1 to base 2, thus placing an initial
reverse bias on the PN junction. With the capacitor con-
nected between emitter and ground, o small emount of re-
verse current flows through the PN junction because of a
flow of hole current from the emitter to base 2. The capaci-
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tar charges slowly thiough the path shown in the following
fiqure, The rate of charge depends on the time constant,
which is equal to the product of the capacitance of C and
the internal resistance of the reverse-biased junction. As

C charges, the positive d-c voltage across it rises. When
this voltage is greater than the woltage grodient opposite
the P-type material, the PN junction becomes forward-
biased and the capacitor discharges very rapidly, {This
corresponds to the ionization peint or voltage of the gaseous
thyratron tube.) This action is caused by @ heavy electron
flow {rom base 1 to the emitter and g 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 capaciter is effectively shart-circuited

Discharge Path

through the PN junction. The time of discharge is deter-
mined by the copecitance of C times the forward resistance
of the PN junction. Since the forward resistance is very
low (cn the order of 5 chms), it is essentially equivalent
to a short circuit. After copacitor C discharges, the volt-
age aeross Cis too small to maintein the forward bigs (this
cotresponds 1o the delonization point of voltage of the
gaseous thyratron tubel; the reverse bias aqain resumes
control, charging the capacitor thiough reverse-leckage
current, as previously indicated, and the cycle is repeated.
This slow charging and rapid discharging of capacitor C
produces the sawtocth output waveform.

The recurrence rate of the basic circuit just discussed
is fixed by the inherent base leckage 1esistance of the
transistor plus the value of capacitance used. To ensure
stable operation at the desired sweep rate, and to provide
protection against thermal runaway, on emitter resistor and
a base 2 tesistor are usually used, ¢s shown in the follow-
ing schemctic. The operation of this circuit is identical
to that of the basic sweep generator previously discussed
except for the change introduced by the additior of R1 and
R2. During the time of heavy conduction (deionization
period), the portion of the interbase region betw-en the
emitter and base 1 is o very low esistance, whereas the
portinn between the emitter and hase 2 is of hign esis-
tivity. Therefore, practically all the power supplied by the
interbase power supply is dissipated across the narrow
1eqion near base 2. In the chsence of B2, 1 relatively
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Stabilized Sawtooth Generator

heavy electron curtent flows through the base 7 tegion and
causes heating of this small semiconductor orea. As a
result, this thermal effect coyses an increcsed election
flow through the base 2 1o emitter portion of the bar. As
the heat is built up by current flow, more ond more electron
current flows through the bar because no extemnal resist-
ance is orovided to limit the flow. Thus a local hot spot

13 produced. Since this themmal acton is accumulative,
thermal runaway con occur and destroy the transistor. The
wiw 0f A2 in the position shown provide:s sulliclent ourrent
limiting tc preveni the formation of the hot spot ond any
posgibility of thermal runaway. While the circuit is sensi-
tive otherwise to thermal verictions, any thermally produced
curient flow can never be o great as that produced Gt the
location of the hot spot when no limiting resistance 1s

employed. Mo other form of protection is needed to prevent
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ter junction can no longer sustain o Iorward oias, the tran-
sistor stops conducting, and the original reverse-higs con-
dition ogain exists. {This acuon is similar to that of the
qaseous thryratren tube, which stops conduction automati-
cally when the voltage across the tube teaches the dejoni-
zation point or level and is inseliicient ts sustain loniza-
tion of the gas.]

Detailed Analysis, Before proceeding with the follow-
ing discussion, be certain to read the explanation of the
construction and operatian of the unijunction transistor
qiven in Section 3, paragraph 3.8.3.3, of this Handbook.

A simplified equivalent circuit for the unijunction tran-
sistor may be developed as shown in the 2ccompanying
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Simplified Equivalent Circuit

Tinde (R | oan te consideted 10 be @ con
jurrciiuu diode, 5 Bae fopresenting the resistanes of
base 2, and Bg) the resistance of hase 1: Rg. is shown
as variable since it does vary 2s 2 function of the emitter
base 1 current (the greater the current, ihe lower the s
ance. and vice versal
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Static Emitter Characteristics

this peck point the teverse mias is a0 longer sufficient 1o
orevent conduction, and emitter (positive) current flows.
"f scon 15 emitter current fows orasitor T starts to dis-
charge, ana the forwars resistancs of the junction is de-
creased; tais acticn becomes regenerative, multiclying the
dischorge current 1n o somnewndt exponentiul fachion, Once
started, thiz action cannot oe reversed or stopped until the
lower vcl'- g level (defonization point) is reoched, As this
curtent increases, the aicle ¢ 'wqrc‘. Tesistonce decreuses
cnd the emitter voltage decaas i
emitter voltaze with increos r:‘ t‘e* current s due to
negmive resistance, which is the phendmuncn upen which
the nperation of this unit is based. The negative resist-
ance is caused by ne injection of holes into the bose bar
with forward bigs change cousing increased conductivity
between the emitter and base | portion of the bar, with base
2 current remaining essentictly constant. ﬂ"s_ sequence of
action is such that 2qch cnnances "IP oth That iz, az
the forwars resistance is decreds ed, so 13 the Tacunt O of
reverse bias decreosed, and the emivter cumrent increas
similarly. This curulative getion continues until the val}ey
point is reached and the Dase enters the saturation region.
At this Domt rmy increase in emitter cutrent me P;y CaUSeS
an increased drop in the emitter base 2 porticn of the bar,

I o';-ercuon iz dlowed to entar this saturation region, the
unit will merely rest in a stabie conducting condition with

a fairly low base | iesistonce,

The tum-off action of the untjunction rans
ated by the dropping emitter potential as oxaci
charges throush base 1. Khen the vallev point on the curve
is renched, the emitter voltage (which 1s produced by the
remaining charge in the foocri*f; s insuificient to o
tinde conduction. More emitior woltane would be qmﬂ-‘i
to produce more current, or thp emitter voltage would have
to remain constant at the valley point to keep the same
salue of cutront, Smm the ccp&:r or continues to discharge
below this 1 d
dinde then sxiste, ‘f“*f',

The 1eqion of demres

tor doaniti-
C Ais-

tion of revorae-bi

s, since

2 reduction of conductivity of the har fun lnerease in rosise
tivity) reduces the amoun: f:f curren: it will carry, ani the
forward resistance is effectively intreased, The

forward resistiance further sedgnes the con-tuctivit TR
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reduced to zero current of cut-otf, whereupon the reverse
bins resumes contrel, “olding until the capacitor is again
charged to the forward breckdown voltage. In this respect
the unijunction diode operates differently irom the normal
PN junction. The typical response of a nommal dicde is
shown dt the hattom of the static emitter characteristic for
comparison. In this case, once current flow is initiated,
current flow continues in o relatively steady manner as long
as the voltage is applied. The ability of the uniiunction
iransistor to revert from a reverse-bigsed copdition to a
forward-biased condition and back again under control of
the voltage levels cpplied to its elements is inherent in
its construction. While the previous simplified dicde
representation was used to help explain its operation, it
should be understood that a conventional diode connected
schematically with two resistors, as ilustrated previously,
#ill not operate 38 3 unijunciion transistorn.

FAILURE ANALYSIS.

Mo Owtpus. &n cpen-circuited capaciter will couse the
emitter circuit to be open and produce a no-output condition.
The tew components involved may be quickly checked by a
tesistance or continuity test with a high-resistance volt-
ohmmeter. lf the components appear 1o be normal, the
trouble can only be in the power sowce of in the transistor
itzelf. Substitution of o known qood transistor would be
necessary to determine whether it is defective, since there
is no other simple check possible. A short-circuited capaci-
tor would also prevent the circuit from operating, but this is
not necessarily true of any of the other compenents, as the
circuit usually will operate with the capacitor alone, Where
the components and transistor appear to be normal, ¢ poorly
solderad joint or broken witing might be suspected,

Low Qutput. Poorly soldered joints or defective resis-
to1$ can cause low output, as can ¢ defective power supply
ol transistor, Resistonce and voltage checks will deter-
rine wnether the compenents are defective, Use of an
oscilloseape to exumine the waveforms on the emitter, base
1, and bose 2 elements should help isolate the defective
portion of thz zircuit, With g sawtooth outpat, there should
he 1 neqative pulse on base 7, with ¢ similarly shaped but
rmul'er—cmwlit“de current pulse in the base | circuit.

"Place a 100-ohe resistor in series with bose 1 and observe
the voltage wavelorm produced by the base current.) Co-
pacitor leckage may prevent the circuit from operating
properly, or may reduce the amplitude of the output wove-
form. Leakage may be suspected i the recurrence rate is
different from the original rate. (A chonge in emitter resis-
tor R1 can alsn produce a similar condition.)

Distorted Output. The shape of the sawtooth sweep
will depend upon the capacitor to ¢ great extent. If only a
smell portion of the "upaci'or cnarge 15 used, it will he
lin=ar, otherwise, the wavelorm will curve at the top be-
cause of the exponenticl discharge of the capacitor. The
vilues of the components and voltages apelied will also
determine the linearity of the output waveform. Cperction
at too high a frequency for the transistor used will producs
2 rounding off of the waveform und, if excessive, preduce

a sine wave, Theck the waveform with an cscilloscope,
The rezovery time is deterrined by the nase | nurrent polse
width ond the sweep capacitor value. [f the recovs
iz excessive, o tritngular wave may result.

cry time
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FQUR-LAYER DIODE.

APPLICATION.

The four-layer diode is used to generate a sawtooth
(sweep) voltage waveform for applications where the cutput
waveshape is not critical, and where an exueiiely sinple
circuit is desired,

CHARACTERISTICS.

Acts as a switch to control the charge and discharge of
a series R-C circuit.

Output is a sowtooth voltage waveform,

Output frequency is determined by the values of resist-
ance and capacitance in the B-C circuit.

Qutput amplitude is determined by the characteristics of
the four-layer diode.

CIRCUIT ANALYSIS.

General. The four-layer diode is a two-terminal semi-
conductor device consisting of four alternate layers of P-
type and N-type silicon. The accompanying pictorial die-
gram shows the construction and biasing of the diede.

+  d- + Jda - +d3 =
3 2
P Ny P2 N2
C !
+ -
OEpp O

Four-Layer Diode

For convenlence in discussing the four-layer diode, its
three PN junctions are lobeled J,, J,, and J,. To bics the
diode comrectly, the positive battery terminal is connected
1o the P-type diode terminal, and the negative battery ter-
minal is connected 1o the N-type diode terminal, With the
blas voltage applied is thismeanner {layer P, positive with
respect to layer N,), a voltage gradient is set up along the
diode as shown by the polarities placed above the junctions
on the four-layer diode illustration. The voltage gradient
inrward-biases junctions J;, and J,, and reverse-biases in-
ternal-junction J,. Since a forward biosed junction exhi-
oits very low resistance and o reverse-biased junction ex-
hibits very high resistance, junction J, (the reverse-biased
wunction) plimanily determines the cuiient tlow tnrough the
dicde. Therefare, the action of junction J, determines, to a
jreat extent, the opercuon of the four-layer dicde.

Over the fiurst portion {region 1 of the accomponying
dynamic transier characteristic curve, which covers from
zera level to breakdown voltage VBR, maximum current flow
through the diode is limited to the value of the minority
carrier current flowing through reverse-biased junction J,.

CHANGE 1
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Dynamic Tronsfer Characteristic Curve

Therefore, over region ! of the characteristic curve (also
known as the off region), diode current flow remains at a
relatively constant but low value while the applied input
voltage increases. When the voltage applied to the diode
exceeds voltage VER, an ection similar 1o the gvalanche
Lreakdown i g Zener diode occurs in junction J,. That is,
the applied voltage temporarily is relatively constant while
the current increases (region Il on the characteristic curve).
Although the breakdown action is not completely understood
at the present state of the art, once breakdown occurs and
current increases, the characieristic curve passes through
another region, known as the negative resistance region
{reglon 11}, where the voltoge across the diode rapidly de-
creases as the current through it increases. (This corres-
pends to the action in g gas-filled electron tube which
breaks down at the icnization peint and passes a heavy cur-
rent at a low voltage.) At point A on the curve, the end of
the negative resistance region is reached, and the voltage
across tne dioge remains relatively constant throughout the
on region {region V). (This corresponds to the action in a
oas-filled electron tube which, one broken dow,

operates at a level silahtly ubove the deionization pownt
unti} the applied voltage drops below this point.)

Aithough the four-layer diode has many applications, it
is most widely used s a switch with two stable states. To
4se e dlode as such o swilch, it is opercted in regions 1
and 1V of the characteristic curve. The diode remains in the
high resistance of off state {region I} until the bius voltage
axceeds the diode breckdewn volizge, VBR. The dicde then
switches to the low resistance or en state (region 1V) and
remains in this state until the bias voltage drops below the
diode turnoff voltage level. It then switches back to the
off state. The four-layer diode is cperated in this manner
to control the charge and discharge of an R-C circuit te
produce u suwtvoth-wave sweep voltage output.
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Circuit Operation. The gccompanying circuit schematic

illustratee a sawtooth-wave generator using a four-layer
diode and only two other components.

i | QUTPUT
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o ANA

CRI
+

m
o
o
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I

Four-Layer Diode Sweep Generator

The power supply (Ebb) is connected directly across the
seties R-C circuit made up of capacitor C1 and resistor Rl.
The four-layer diode, CRI, is connected in parailel with
capacitor Cl, and controis the charae and discharge of the
capacitor. The sawtooth waveform is taken from across
the paratiel combingtion of capaciter C1 gnd diode CR1.
When voltage is initially applied to the circuit, diode
CRi is in the high resistance off state, (because of the re~
verse bias applied to intemal junction, J,), and capacitor
C1 begins to charge through resistor R] toward the supply
voltage value, If the capacitor were allowed to charge fully,
the voltage across it would increase to the supply voltage
value at an exponential rate, as shown by the dashed curve
in the accompanying output veoltage waveform illustrgtion.
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Theoretical Output Yoltage Woveform

However, when capacitor C] charges to the breakdown volt-
age of diode CR! (vcltage VBR on the waveform illustra-

0967-000-0120 SWEEP GENERATORS
tion), the diode breaks down (effectively forward biosing
internal junction J,) and switches te the low resistance on
state. Since diode CR} is connected in parallel with ca-
pacitor Cl, the diode effectively shunts capacitor C1 and
causes it to discharge very quickly. As capaciter Cl1 dis-
charges through the conducting diode, the voltage across the
capacitor decreases until it drops below the tumnoff voitage
of the diode {voltage VTO). At this time, the internal junc-
tion is again reverse-biased and the diode switches back to
the off state, and the capacitor again begins to charge
through resistor R1. Thus, capacitor Cl alternately charges
relatively slowly through resistor K1 and discharges quickly
through diede CR1. Since capacitor C1 charges only during
the initial portion of the capacitor charging curve (about
10% of the total time gvailable), the resuiting cutput voltage
across the capaciter is a foirly linear sawtooth waveform,

The amplitude of the sawtcoth output waveform is de-
termined by the characteristics of the four-layer diode.
Since the sawtooth amplitude is equal to the difference
between the breckdown voltage (VBR) and the turnoff volt-
age {V10), and since these voltages are constant for any
particular diode, the output amplitude is fixed. The only
way that the output ampiitude may be changed is by using
a four-layet diode with different breakdown and turnoff volt-
age characteristics.

The frequency of the sawtooth output waveforn is de-
termined by the charge time of capacitor C1, and therefore
by the time constant of the B-C circuit made up of the ca-
pacitor and resistor R1. Resistor R] is usually made var-
iable so that the output sweep frequency may be varied, De-
creasing the value of resistor RI decreases the time con-
stant of the B-C circuit, which decreases the time required
for capacitor C1 to charge to the breakdown voltage of
diode CR1. The resuiting waveform {shown by the dotted
curve on the waveform illusiration) is g sawtooth wave of
shorter time duration than the original sewtooth wave, and
therefore one of higher frequency. Increasing the value of
resistor Rl has the oppostte effect, and decreases the
autput sweep frequency.

R 7

FAILURE ANALYSIS.

General. When making voltage checks, use a vacuum-
tube voitmeter to avoid the low values of muitiplier resist-
ance employed on the low-voltage ranges of the standard
20,000 ohms-per-volt meter. Be careful also 10 cbserve
proper polarity when checking cantinuity with an chmmeter,
since the diode may be forward-biased and bregk down,
causing o false low-resistance reading,

No Output. A defect in any circuit component, or a Jack
of supply voltage may cause a no-output condition. Because
of the simplicity of the circuit, the trouble can easily be
located by making several quick voltage and resistance
checks. First, use a vacuum-tub voltmeter to measure the
supply voltage. [f the correct voltage is measured, use m
ohmmeter to check resistor Rl for an open or short circuited
condition. Next, use an in-circuit capacitor checker to
check capacitor Cl for defects. If these checks fail to lo-
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cate a defective compaonent, diode CHI is probably at fault
and should be replaced with cne thot is known to be good.

Distorted Output. A distoried sawtooth output waveform
may be coused by low supply voltage, by changes in value
of the components in the R-C circuit {C1,R1}, ot by o defec-
tive dinde {(CRY). Flirst, use a vacuum-tube voltmeter ©
measuie the supply veltoge to determine that the power sup-
sly is not at fault. Next, use an ohmrmeter to check the
value of resistor R, and use g capacliance uidglyzer o
check the value of capacitor Ci. i nu defective component
is found, diode CR] is probably ot fauli. Replace it with a
diode that is known w© be good.
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