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INTRODUCTION

7'101' STATEMENT OF THE PROBLEM

~ The junctionmtraﬁgis&or blocking oscillator is a éir@@it'uéed¢
vt@:géﬁéraﬁe‘shgzm pulses with small'ﬁiS@ timé§; It is a onéﬁﬁransistor_
(@ircuit which is faster than @oﬁveﬁti@nal/tw@wﬁzanSiét@x pulse cizcuits
‘smch‘as muitivibratgré@ it is a>tegemerative‘©iicuit Which pr@duéés
fpml@e@ of faxrly congtant shap@ when actuated by a vamlety of dlff@rent
jtmigg@rs or when self»cy@l@dq it is e@sentlally a SLngle stage

- ‘emplifier with p@sitiV@ f@edbacke

In erder to aghieVQZPr@per @perati@m9 the bl@ckimg oscillaﬁor

' circui& mmst c@ﬁtain‘thr@e @sgeﬁtial elem@ﬁtsz (1) an amplifyiﬁg |
elememt whl@h mak@s p@sslbla the regenerative re@p@nses, (2) a non~ .
11meax elemeut t@ temminate regen@matx@n and comtrol circuit st@bllxty,
and (3) a magmetxc stozage el@memto_ In &he case of the transistex

‘blacklng escxllatoxg the tr@nglst@r supplles elements (1) and (2) and

element (3) is furnished by th@ p@lse transf@rmero

These circuit elem@nts defime the pulse resPQnse to be attaimed

L

from the bi@ckimg oscillator. It is the purpose of this thesis to’



- agcertain both analytically and experimentally the scope of each
el@ment”s»influem@@ on the circuit pulse response with particular

emphasis on switeching performance.

The(ingress @§ high a2lpha cutoff frequency txamsistors asnd
fas&.risé puis@ transformers into industry has facilitated the de-
sign of extrxemely fast blocking oseillatoxs bﬁt has also brought
new analytical complicatioms. To avgié'&h@seg a set of analytical
equa&i@mé.ﬁmgt be d@vel@ped-@hi@h are bé@@d on a Su@é@ssi@m of @@geﬁt
apprgxim@tioms and whi@h allow a fairly simple design procedure to o

be developed for fast xise>bl@ckimg oselllators.

I

102 NEED FOR REGEMERATIVE FAST RISE PULSES

The simplicity of the blocking oseillator and its suitability
in px@du@i@g-square output pulses meke it a useful component in pulse
éygt@m@o F@r instance, the blocking oscillator output may be used as
a gating waveform with é very short switching time. Or it way be used
in ring counters and frequemcy dividers with great ecomomy. It is
e@pe@ially;mseﬁul in regenerative pulse aﬁplifief@ and pulse génexatoxs
or as a m@ﬁ@@t@bievgiﬁeuit to @ét&im abrupt pulses from a sl@wlykvarying
input trigggting voltage. It can be msed.ag a2 low impedance switch
to diS@haxg@ e capacitor Q@i@kly as in g%@r@gechunt@zs or as a master
oseillator to guppiy trigg@rs for synchronizing a system of pulsewtype.
waveforms. These and many other applications point wp Che importance

of the blocking oscillator im pulse cirewits.

In many of these applicatioms, a pulse with a fast rise time



3
is @xtr@mgiy impo@tan&o The faster the rise time, the more accurate
‘and valusble is its role in the circuit. It is for this reason that
emphasis is placed im éhis thesis om those cireuwit parameters which
influence the blocking @@@ill@t@r pu1@@ rise time and on design

techniques which enhamece this gwit@hing‘speedo

1.3 GENERAL APPROACH TO THE PROBLEM

The initial problem is to clarify the basic cireuit operation
of the trampistor blecking osecillater. With this as the starting
point,»thg‘bagié circult comcepts then become the building blocks for

any comprehensive analytical study of the blocking oscillator.

After the basie eireuit @pérati@n is elarified, the transistor
and pulse transformer cem be comsidered separately and amalyzed from
the gtamdpéim@ of high frequency vespomse. With the results of this
analysis;vgﬁé m@ét desirable blocking escillator circult configuration

for fast response can be selected.

Then the task of analyzing the total blockimg oseillatox circuit
can b@‘uﬁdémﬁak@m with the anaiyﬁi@al tegult@ of the g@paraﬁ@ components
as the ﬁ@undationo Eqﬁatigms can be devél@ped to analyti@&lly describe
&h@;@if@@iﬁ behavior for various c@nditi@né of triggering, loading,
and trensformer turns ratio. These equatioms can be modified, by
appropfia&é approximations, to a workable form. Then experimental

substantiation of these design equations can be imstituted.

Finally, conclusiens can be evolved which indicate the validity
of the developed @na1y©i@@1 equatiomns on the basis of the @xp@rimentalb

results, and vhich evidemee the worth of those eguatioms.



lo4 . REVIEW OF LITERATURE AVAILABLE ON THE SUBJECT

The r@alization‘of the imp@ztance of the transister‘blocking
oscillator in pulse circuite has prgdmae@ numerous articles on the
subject in techmical literature. However, since iﬁ is still a relatively
new and narrow subjeet, most of these articl&é znd sectioms of texte
books are based on a mere handful of veally creative and comtributory

articles, Only this type of reference is discussed hexe.

An eaxly work by Ebers and M@lll analyzes the large-signal
characteristics of junction trénsig@@xso This enalysis is helpful im
understanding and predicting the behavior of the tramsistor im the
blocking oseillator circ@ito The tremsition of the transistor switeh
from open to closed, or vice versa; is discussed as well as the effects
of minority carriexr stozage. Equiv§len& eireuvits fox the tranéistor
are developed for all regions @ﬁ-@p@f&t@@m'and the impact of thie de-
velopment is still @vid@n&rin most of the recent treatments of trensistor

switching civeuits.

In another article, M@llz deals only with the transient response
of the tramsistor in the active reglem. The tramsistor small-gignal

characterization is used to caleulate switching and storage times. The

5. J. Ebews amd 3. Lo Moll, “Large-Signal Bebavior of Junction

Transistors," Proc. of the IRE, Dec., 1934, pp. 1761-1772.

ZJQ Lo Moll, "Large-Signal Traensient Response of Junction
Transistors”, Proc. of the IRE, Deco, 1954, ppo 1773-1784.
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methods employed im this article form the basis for most new approaches

te the transistor switching-time problem.

The most importamt work, relevant to this thesis, is dome by
Linvill a@d M@tﬁg@mag This artiele deveigps approximants for the
transistor blocking escillator in its various stages of operation émd
performs an analysis of these approximants. From this amalysis,
anaiytical expressions are evolved which describe circuit response to
various triggers, loads, and turns ratios. These éxpregsi@ng are then
validated experimentallys Th@-real significance of this work is in
lighting the way to appx@ximatimgvm@thQQS in blocking oscillaterx

analysis.

An emalytical méth@d which differs significantly from previous
approaches is devised by Nazmd and Aar@no&‘ This analysis deals with
the nonlinear dependence of colleetor current and base voltage upon
base curvent. Unfortunately, the nonlinear differential equations
governing cirewit péxf@ﬁmamce which axe derived require analog and
digital computer solutioms. Im éth@r woxds, the results are splendid
from a th@@ﬁ@ticiam”@ étamdp@int@ but are much too cumbersome te be
used in d@sigm and for that z@asgﬁ this work is almost totelly ignoxed

in this thesis.

3J5*Go Linvill and Ro H. Mattson, "Junction Tranmsistor Blocking
Oscillators,” Proc, ef the IRE, Nov., 1955, pp. 1632-1639.

&Jo 4, Narud and Mo R. Aarom, "Analysis and Design of a
Transistor Blocking Oscillator Includimg Inherent Nom-Lineavities,"
Bell System Techmnical Jourmal, Vol. XEXVILI, May, 1959, pp. 785-852.




Ag the tramsistor blocking Qsaill&t@r is adapted for use im
newy applications, the need for extemsion of these basic ideas and
neoteric thinking in texms of civcuit adjustments arises. As a result,
several new approaches to the analysis of tramsistor blockinmg oscillators
have been developed which are useful in this present treatment. Typical
among these is an axticle by Hamilt@mj which dévelaps a design procedure
for using blocking oscillators as a building block in digital systems.
This design method virtwally precludes variations of pulse shape with

changing tramsistor paramelLers.

There are, of course, numerous other arvticles and books which
enhance the contributions of the works mentioned asbove. Many of these
will be listed in the Bibliography end rvefereneced in the text of this

th@gigo

5Bo Jo Hamilton, & Transistor Pulse Generator for Digital
Systems,” IRE Transactions of Electromiec Computers, Vol. EC-7,
S@ptog 19585 pp@ 2&?4‘}"24%90




Chapter 2

THE BASIC TRANSISTOR BLOCKING OSCILLATOR

2.1 FREE RUNNING BLOCKING OSCILLATORS

One circult arvengement for am astable, common émi&ﬁ@mg PNP
junction-transistor blecking @sgillat@rvig shown in Figure 2.1. Yhen
the circult is @ﬁ@xgized there is a f@rwaéd bias established between
the base and ewmitter by VGQG. This causes a rapid rise in the baée
driving current which in turn increases the current flow im the col-
._le@téx elircuit. This imcreasing collector current induces a megative
voltage in the base~winding of tr@nsf@ﬁm@r T which charges capacitor €
through the gﬁall forvard resistamce of the base-emitter diode, and
appears aecross this resistance increasing the forward bias. When the
loop gaiﬁ of the cireuit exceeds unity, regenerative action causes the

transistor to satwrate rapidly.

At saturation, the collector current stops increasing and the
;indu@@d voltage im the base winding of transformer T decreases to zero.
:‘Capa@it@z C now discharges through resistor R. The field in the trans-
former base winding collapses and induces a vgitage in the winding im the
reverse direction causing & reversed base blas. The base eurrent de-
creases and through regenerative action guickly drives thé @@ll@@&@x

- current te cutoffo The tramsistor is held at cutoff until capacitor C,
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ASTABLE BLOCKING OSCILLATOR

Figure 2.1
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Figure 2.2
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discharging through resistor R, weaches the point at vhich the transistor

is forward-biased and conduction begins agaim.

Typical waveforms of the circuit operatiom are shown im Figure
2.2, Parameter notation refers to Figure 2,1, The xise.time and £all
time respomse is g@vermeé by the pulse transformer charaétgxigtics and
mhé high freguency chaeracteristics of the tramsistor. These attrxibutes
are investigated thoroughly im Chaptexs 3, &, and 5. The flat top period
is primarily determined by the base winding of the trensformer and will
be @xamined in Chapters & and 5. The restimg or bleocking time is de-

- termined by the time constant of resistor R and eapacitor Co

2,2  TRIGGERED BLOCKING OSCILLATORS

The blocking @séilla&@f Ay be'trigger@d £rom an in@@p@n@@nt
source so that it produces one output pulse for each imput triggero
This mode of operatiom is called a twiggered or monostable bloecking
osé¢illatox. A4 common emitfer m@ﬁost&bl@ circuit is shown im FngX@-ZQBO
1t differs from the astable circuit im Figure 2.1 im that the transistor

is held at cuteff by the reverse bias voltage VBBO

The application of a negative pulse at the input imitiates
@@m@u@ti@@ in the transistor. Collector currvent flows through the
- colleetor wiﬁdimg of gh@'pulse transfovmer inducimg a V@ltage>@f opposite
polarity im the base wim@i@go . This voltage is coupled through capacitor
‘ GF and appeéxs at the base of the tramsistor. Regenerative actiom

continwves as in Section 2.1 until the traemsistor is driven into saturation.



Trigger
CCZEZ
BB
Triggered Blocking Oscillator
Figure 2.3
0— 1¢+
I f
Trigger
> +
BB
~ v<!1 *C 2

Nonsaturating Blocking Oscillator

Figure 2.4

11
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At this point the collector current ceases to incresse zmnd regenezative
feedback termimates. The reverse bias provided by VBB cuts off the
transistor but the collector current comtinues te flow for a short while

because of minority carrier storage.

Vhenr the collector current caégeg to flow, the collapsing
field around the base winding of the tramsformer induces a voltage
in the colleetor winding which backswings beyond the collector-base
junction bias volt@ge V@G (see Figure 2.2 (a)). This backswing voltsge
may p@s@ibly exceed the collector breskdown voltage of the tramsister.
In addition, drivimg the trensistor imio the saturatiom regiom, imtro-
duces the undesired effect of mimority caxvier storage which is treated
in Sectiom 3.2. These two effects can be precluded by the use of ¢lamp-
ing diodes 28 in the circuit shown in Figure 2.4. ihi@ civeuit is a
common enitter version of the common base configuration employed by
Linvill and Ma@t3©nl in their classic treatment of junection tramsister
blecking oscillators which forms the foundatiom for the amalysis of |

Chapter 5.

The theory of operation of this circuit is similar to that
described for the eivcuit im Figure 2.3, In the quiescent state,
diode CRL ig reverse-biased and diode CR2 has no bias applied. A

negative trigger pulse at the input imitiates regeneration resultimg

1y, 6o Linvill and R. Ho Mettson, “Jumection Transistor Blocking

Oscillators,” Proceedimgs of the IRE, November, 1955, pp. 1632-1633.
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in & rapid increase im the collegtor curreat. The collectoxr voltage

rises from the negative combined value of V ,famd‘V@ wntil the
1 2

reverse-blas potential applied to diode CR1 reaches a value equal to

vclo Puxther imcrease of collector potential results im diode CRL

becoming forward-biased and it then maintains the collector voltage at

the value of V, o
Glr

collector winding of the transformer, the transistor is prevented

Since CRL also. acts as & short circuit to the

from going into saturation. As the magnetic field on the transformer
begins to collapse, the bias voltage across diode CR1 weverts to its

nonconducting state when the value of Vc
g

is exceeded.
The collector voltage continues decreasing uwmtil it reaches

the value of VC + V, . At this point the induced voltage in the

c

1 2

transfoxmer attempts to decrease further the voltage at the collectox,
but CR2, which is conducting, prevents this from happenring. 'Diode

CR2 also serves to clamp out any oseillatiom after the pulse.

A evitical questiom im this thesis is whether causing a diode
to g@Aimt@ saturation to prevent the transistox fz@mrd@img g0 is
vorthuhile or not. This question is considered in Ghaptef@ 5 amdlé
from both the theoretical and practical aspects. The mateer of pro=
tecting the collector jukction from high-imdu@&ive voltages if diodes
are not used is readily handled by & judicious @h@ié@ of transiformer

parameters as discussed im Chapter 4.
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2.3 . IRIGGERING CONSIDERATIONS

The triggering requirements for the blockimg osecillator
eireuwit im Figmﬁe 2.3 are mot at all imtractable if the omtput pulse
requirements are not too rigid, Triggering may be readily accomplished
by voltage pulses im the base circuilt or current pulses in eithéz the
@oll@@tor or emitter circuits. Linvill and M@t@sgmz approach the
triggevring problem by cowparing trigger source energy requirements of
the various triggering modes to imitiate the blocking @sciliatgr re=
generative cycle. The consequences of the variouws triggering mode
source impedances is also considered., Yet amother approach to the
triggering pro£i§m will be undertaken in Chapter 5 whereby triggering
mode selectiom i@vapmimizgd to ebtain fast rise pulses at the output

of the blocking oscillatox.

In the “garden-vaxiety” transistor blockiﬁg O@@illamgr9 the
trigger input, tegardl@sg of cireult comstants, should have at least
a8 few volts of amplitude and a rise time of somewhat less &han‘lGQ
nanoseconds Qmillimi@r@sec@n@s)g The trigger duration (pulse width)
should either be comparable to the vise time of the blocking escillatox
output pulse ox longer than the period of the blocking @acillétgr_cygleo
Sinee the former, in most cases, requires such a Sh@g& pulse with
extremely fast rise and ﬁali times, the latter is predominantly used.

If the duration of the trigger pulse is such that it is removed while

21bide, ppo 1636-1637.
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the output pulse top is being generated, am irregularity will occur
in the output waveform at the time the input pulse fall time occurs.
It islp@ssibl@ that this will halt the regenerative cyele. This
phenomenon is investigated im Chapter 6. As can them be seen, if
the trigger duration is wider than the émtpu& pulse; no detrimental
.xesultg are evident and the civeuwit will gtill generate only one

pulse for sach triggex,

Trigger pulse rvige time is extemely important if fast rise
@uéput pulses are desirved. Thig é@pe@t ig treated at séme length in
‘Section 5.5 and experimental substantiation of this premise is given
in S@@ti@n 60,30, It is not necessary to match the trigger generator
impedance to the iﬁpu& impedance of the bleocking osciilator circuit
since maximum transfer of power is mot required here., HMismateh should
not be so gr@ét; however, @ﬁat the minimuwn trigger requirements are |

not meto

204 LOADING COMNSIDERATIONS

The preceding sections of this @h@p&@z‘haV@ dealt with block-
ing oseillators operating iﬁt@ an imfinite load impedamee. Since
thé practical blocking oscillator must operate imnteo fimite impedances,
it is mecessary to comsider this parametgr“s(eﬁfeét @n{ciﬁcuit pexr-
foxrmance. The load imp@da@@@‘@@n be @l@@@d acrogs the v, &ermina}s
in Figure 253 or inductively coupled to the output circuit as showm
im EiguEQNQOSe A complete emnalysis of loading consequences on block-

-ing oscillator pexformance is given im Chapter 5. It cam be seen that
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the eyelie evgluti@m of the circuit remains essentially the same as
in ihe case of an infinite load impedagée, but that the switching
time is slowed as & xesal&'@f loading. A fuxthex im§édimgmt isfghe‘
'neéessity of aiterimg the.txamsf@mmer;d@sign‘as the load is changed
in oxder to optimize the ciicuit switching speed. The experimental

resulks of Chapter 6 poimt up the nature of these difﬁi@ultiesa
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Chaptexr 3.
TRANSISTOR SWITCHING LiMITAEE@NS

3.1 ,LAR@EmsszL EQUIVALENT GIRCULTS

In prepaxlng f@x the @ompxehemslve eirenit analysxs aﬁ chapter ‘
’ 5, equivalent QLKGQLES of the largeasignal depoﬁtment @f a junction
»transister muest be developedo Thls is d@ne wmth as lxt&le g@mm;ttm@nt
t@ a speciflg c&rcmzt c@nfiguratl@n as p@SSlble t@ all@w ﬁa@illty far
the ch@i@e 9£ COmmon base or common emlt&@r in Chapter 50  When th@
txansxsth is usgd as a swit@h, as is the case with the blocking
oseillatox, it £finds itself in thxee génditions of operatiom defined

by»Andersoml‘asbﬁollaws:

Region I: c@ll@ct@r @@rren& cutoff oxr collector

voltage saturati@ng
Region II: active regiom, and

R@gion-lllz collector current satuﬁa&ions or eollector -

voltage cutoff

lAa Eo And@xsgn ”Txamslst@rs in watchxng Circuits," Er@@e'
@f the IREQ Vol. 40, pp. 15@l=15482 NOVmeeEﬂ 1952

18
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Approzimate eguivalent civcuits of the transistor for these regions

appear in Figure 3.1.

The NN embodiment is employed here but the ressoning applies
to the PNP type by mevely changimg polarity sigms. Duxing @u@off the
tr&nsis@gr is essentially an open circuit as shown im Figure 3.1(a).

In the active regiom the tramsistor behaves approximately as in |
Figure 3,1(b). Resistor ré is voughly the reciproecal of the appro-
priate IB ® EBE curve in the vegiom of operation. During saturation,
the tramgistor is a comparvative shoxt eircuit as im Figure 3.1(e).

Yet another region of opervation which should be considered is.whén
the'émitter junction. is reversed-biased and the collector junction

is f@rw&ré=biasedq This is the reverse active region smd is xepre-

sented as in Figure 3.1(d).

The approximants in Figure 3.1 ave usefmi as a coneceptual aid
but lack the verity required for the amalysis in Chapter 5. There axe
several more rigorous equivalent éircuits available in varying degrees
of exactness., The one whi@h lende itself most readily te the agpproach
adopte& in this treatment, while still maintaining rig@rplig deéigted
in Figure BOZQZAWhQE@ Ce.@ombineg emitter junction capacitance and

diffusion capacitance, C_ is collector junctionr capacitance, and a@

(4

is measured at low frequencies. The cirecuit im Figure 3.2 can now be

2Do Dewitt end A. L. Rossoff, Tramsistor Electromies; 3xd Edo,
MeGraw-Hill Boek Company, Inc., 1957, p. 268. i
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adapted to any of the operating regions mentioned sbove. During

the important switchimg portion of the eyele, if the operation of
th@-transistgr is assumed to behave im am essentially limear memmer,
the equivalent cireuit becomes as shown in Figure 3.3(a). Here the
trangistor is approximated to have negligible @mitt@rﬂxésigtanaey
negligible collector conductance, snd a unity alpha and current gain.
During the "ON” portion of the eyele, the current gain of the transistoxr
is approximately comstamt and the effect of the collector capaecitance
can be neglected. The effect of the emitter resistence assﬁmes
significance, however, and the equivalent elrecuit becomes ag in
Figure 3.3(b). The significance and mesning of the equival@ﬁt

cireuits im this section are elaborated om in the following sectioms.

3.2 LARGE-STIGHAL OPERATION

In large-signal or monlinear operatiom, the transistor behaves
as an overdwivem amplifier with t@sultam& changes in the conduction
state as described in the preceding section. These states repr@sent
regions of operation im the cheracteristic cuxves of the tramsistor.
The common emitter output characteristics of a typical NPN tramsistor
are shown in Figure 3.4 The characteristics are arranged in three
zegions: cutoff, acktive, and gatmrati@m; The dotted cuxve represents
the maximun permissible power dissipation of the transistezr. The
arbiltrarily ch@gen 1@ad'lin@ is allowed to invade the excess powexr
dissipation region becsuse of the extremely shoxt time which it abides

there. The cutoff and saturation regioms are considersd the stable
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or qu@@ggémt regions of @pezaéi@n,while the asctive regiom is com=
gidered the unstable or transient region through which operatiom
passes while chamging from the "OFF" to the "ONY state. The effect
of the base blas voltage VBE @m»@@ll@@tgx current I@ i3 shown in
Figure 3o5. |

A basic VPN tramsistor swi&@himg cireuit is shown in Figuze
3.6, Typical circuit characteristics velevant to this treatment ave
compiled im Table 3.1. . The cutoff regiom includes the area below
the zero base-curremt curve in Figure Jolho Ideally, with mo initial
base current; there would be zero collector curremt and the collecter
potential would equal the battgry voltage vﬁ@? However, b@@&u@é of
the saturation currents caused by minority carriers im the emitter,
base, and collectoxr regions, this situation is realized omly im the
approximate sense. These saturatiom currente, which are of important
significence in many tramsistor applicatioms, will be disregavded here

with little deleterious effect on the calculations for the blecking

oscillator.

The active linecar region im Figure 3.4 is the only regionm
providing novmal smplifier gaim. Transient response of the output
signal is essentially determined by the kramsistor characteristies
in this region. 0@@@@&&@5 of switeh S in Figure 3.6 to the “@ﬂﬁ
position is compaveble to the applicatiom of a pesitive gﬁ@pvvalgageo
Forward bias is esteblished by battery Vlvaﬁd the base current aud

collector current become tramsitory in mature, passing through the



26

TTEM

REGION OF OPERATION -

Voltage

(Transitory)

Cutoff _Active - Saturation
Imputllmpedamce» Highn(infinite)"g.%Lew (zerg)_ Low (zezo)
Qutput Imp&danée . High'(infinite) f?High Low (zero)
Current Gain Zero Normal Zero
Emitter-Base Reverse-Biased Forward- Forward-
Junction Biased Biased -
Collector-Base Reverse Biased Revexrse-  -FoxWa$d;
Junction : SR Biased Biasedf
Base Current Zero - -ATraﬁgitezy High
Base Voltage Negative Positive Positive -
‘ : (Transitoxy) :
Collector Zero - Transitory High
- | Current d . ' (Maximum)
Collector Positive (High) | Positive - . Zero

" Table 301

Typiga1<Switching Circuit Characteristics
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active region very rapidly. The saturation region is reached when

an increase in base curremt mo longexr causes an @pér&ciable increase
in collector @mﬁrento This occurs when the zise of collector current
reaches the point where ﬁ@&rly all the supply voltag@'appearg across
the load. However, it is still possible to imcrease the total electrom
storage in the base to the point whexe the reciprocal of the lifetime

v of the electrons times the t@&al stoxed charge equalg the base
@uzrent; The pavemetexr 7 is the length of time in which the base

equilibrium distuxbance decays to /e of its original value.

These r@gi@ns of operation have best been desecvibed by Dewitt
and R@gsgffB ﬁhzough a knowledge of the electron charge stored in the
base as a function of distance x along the base and time ¢, and of |
the charges stored im G@ and C@ as functions of t (see Figure 3?2)0
The electzon distribution beh&vio? in the base for the three regions
of opexration of an NPN transistor as designated in Sectiem 3;1 is
" found in Figure 3,7 where W is the cffective base width. In Region I,
both jun@tions‘ar@ revexrse-biased and coll@@& all of the electrons
thermally generated im the base. Each junction draws about half of
the saturation curzent I@@ resulting in &hg $ymmetzical'di$tribution

eurve shown.

In ordex to turxn the tramsistor "ON” in Region II, electrons

must be stored in the base. Electrons camnnot be stored faster than

3Ibide, ppo 269-272
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’theibase‘lead can supplyfm@étralizimg holes, thereby ﬁakiﬁg the base
current the limiting factor in rate of storage. Sinée the c@lléct@r?
base jun@ti@m remainé“x@v@z§e bié§@d5 el@étr@nvdemsity at x = Wis
still zero. When the éat@ratién Region III is réa@h@d,wbgth'ﬁhe
colleetor voltage and current are clamped, independent éi the ﬁagnigude
and durati@n.of the input.signal. The @le@éron distribution im this
region has a nearly comstant slope, -on/dx, over the base amd §an be

approximated by

D
-where
‘ 19

q@ = 1.6 x'10  coulombs

Dﬁ = diffusion constant for electrons

- Th@“appﬁeéiable'eLQCtﬁén dénsity'at x @‘W‘éstgbliéh@@ a very small
negative value of cho.» | .
When theisatutat@d transistor is turned VOFFY by reversing

- ewiteh S in.Eig@ma 3.6, the total of stored electrons droph but
‘=an/éx‘xeﬁains neaély cgﬁstantlunﬁii vca‘stamts t@'ié@@vgrov This:time‘
:1ag vntil Ve g@e@bpoaitivg égain is ca;léd sm@rag@—timee Once Vop |
‘becomes p@sitiveg the téansist@x dxops to its @miginai "OFF" state,

which is the fall time.
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3.3 THE SWITCHING TIME PROBLEM

In the present treatment, the time xe@uix@d to change the
operating point of a transistor from Region I to Region ILIL is_@f
paramount impoxtancée bewitt and R@SSOffé appﬁ@a@ﬁ this problem
through base charge storage @ongiderati@ns; By this method, the
amount of time regquired to get the transistoxr Ifrom one state to
another is found by computing the total base charge prior to the
transition and after its completion, then determining the time fox
the transistor mechanism. to effect this chamgeo. The total base
charge is the sum of the chazrge Ql stored durxing Region LI and the
charge Q2 stored during R@gi@@ IIX. In addition, the collector
capacitance Gc and the emittex capacitance Ge (see Figure 3.2) must
have charge added ox taken away to effect this change. That is, to
get the transistor from Regiom I to Regiom ILIL, the total base charge

mast be changed from QE to Q1119 the ecollector capacitance charge

f Eyrx .
’ C 4 v
tl c cB

and the emitter capacitance charge changed by

f%u
G@ 4 VEB

€y

changed by

“Ibid, pp. 272-280
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The mechanism which accomplishes this iz the flow of base cuirent
I, less the recombination curremt Q/y. This charge transfer may

be represented by .

‘w/a riz o . 111 , R
3 <1b c_g ) de = ‘J[ E QG d VCB + €, d v +_dq3 (3.1)

£y N £
ox
s 111
t{ u-g)@mlf e
III

.‘4% f lﬂe d WEB e (QIII - QI) | (3@2).
where the left side of each equation represents the total charge de-

i ITL
dmring that intervalo - ‘Equation (391} f@xms the basis for the CQmputa~

livered by Ib-betﬁeam t. and ¢ 1@@@ the charge lost by reeombiﬁation

t;gn oﬁ swit@hxng and st@xag@ tlm@s in th@ next sectionso

3.4 RISE TIME -

The rise . tim@ & is the tim@ requmed for the leadlmv @dge
,@ﬁ th@ pulse to inerease in &mpll&Ld@ from 1@ to 90 percent of its
‘mazimum valu@o In the switching transistor it zepzesents tae time

from emitter cutoff (Region I) to ecurremt saturation (Region I1L) én@
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can be qbtained Lxom juét a knowledge of the aective region parameters.
In calculating &rg th@ right hand terms of Equatiom (3.1) represent
charges which must be caleculated for the circuvit im Figure 3.6 as
follows:

1. The charge transferred to the collectox @aga@i@ance

going from Region I to Region IILI is

Q = f C, d v - (3.3)

2, Changes in the emitter capacitance charge can
be neglected since im the "OFF" conditiom,

Ve ig emly slightly megatiV@a.

3. The charge which must be stored in the base.

vhen the collector diffusion current I@d

reaches V @@/ RL is
=V 0 4
Qll @g/K&L w@ (3 ° )

where w@“ is the alpha cuteff frequency W, in rediens per second
when the collector voltage v.q equals zero and I, equals its

maxim@m value of V@@/RLO

Substituting these values of charge transfetr im Equation

(3:1), the expression for rise time €. becomes
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Ly Ay, B @By
 where Ib is the total base current during the rise time snd “a¥ is
by b , > _

a constant approximately equal o 0.50

'The rise time cleaxly deéends on the amount of dxi@e§ th@h
@urrent galng and mhe frequency E@Sp@nse of the transzgt@mo ln:azdgé
-te @@mpar@ th@ rise time oﬁ the GOImOR emitter and c@mmom b@se - |
comnections, thé rise txm@ as a fun@ti@n‘of‘driVLng cmrxemt mnét h@ﬂ:i
known. fhis has b@en’dome'gréphically by Ebers and M@il§ for
'@@mparable‘tramgi@t@rsa,~ih@ir‘regultsg‘mﬁi@h are,plottéd in Figarer
:3;89-indi@a$e that for equel driving @uréents, the CQmm@ﬁ”emitger |
.é@nmgcti@n switches "ON" faster than the common base @i?@ﬁite‘ Alsoé'
at séme sacrifice in spg@dﬁha given @uﬁr@mt can be @@ﬁtrolled with
smaller drﬁ@e f@r the @@ﬁm@n emitter case.
3.5  STORAGE TINE

Stgmage tlm& results ﬁx@m inge@t@d mln@rxty @&Emlers bexng
pre@en& im &he base z@gi@m of &he tx&nsxg&@r &t the m@m@mﬁ when th@

inpu& @mrtent is @mt @ffe' These carri@rs requir@ a daflnlte lenO&h

of time to be collected. The length of storage time is essemtially

53. Jo Ebers and Jo Co Moll, “Large-Signal Behavioxr of

'Jun@tlon Transistors,” Prog. of the IRE39 Vol. 42, Deco, 195&,
ppo’ 1761-1772. ,
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governed by‘@he degree of saturation imto which the tremnsistor is
drivemn and the time spemt im seturation. The base curzent reversal
that occurs at the end éf the imput pulse is the result of the stored
@@rri@rg contributed by the @grx@m@ zain at the &K@nsistax>mu%@ipli@d
by the initial input current, Iblo Eh@m t@i@ @uzx@m& value decays to
the value of maximum current at @&&mza&i©m9 the collector-base diede

becomes reverse-biased, and Xb and I@ d@cayA@xgon@n&i@LIy to 2Zero.

Storage time t, can be computed by using Equatiom (3.1) and
the eircuit im Figure 3.6 to obtain

Qgy * Iy, 7
U T L, 7

tg = 9 in ((306)

where Qll ig from Eauation (3.4), Ib i3 the total reversed value of
v2
base current, and QZZ is the total base charge stored at the imstaat

of base curremt reversal.

Storage time is en undesirable comdition fox high speed
switching. Simee it does not ecurtail the rise time, and sinece
repetition rate is mot of importamce here, measures to ecliminate its

effect such as collector clamping ave not underteken iw this thesis.

3.6 FALL TIME

The decay tramsient, after the ecollector jumction has "recovered"
to.Regiom I opexation, is comtrelled by the normal active region

p@ﬁ@@@&ergo The £all time &f is defined as the time for the amplitude
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of the pulse to fall from 90 to 10 percent of its Regilom III value.

This time iz not to be confused with "turn-off" time which is used

by most authoxs to indicate the sum of storage and £all times.

The approach employed in Section 3.5 cen be used hexe to
find an expression fox @fa At the beginning of fall time, the
stored base chaxge in excess of Qll hags diminished te zero and the

collector is unclexmped, V@B goes positive causing @@ to dischazge

d V6B and the base discharge current.
; dt

Assuming that the stored base charge goes fﬁ@m»Qll to zere during

and X carries the sum of ©

£all tims, by cam be expressed as

0.ty
£ Ty, &€ Qf7

where Q is defined in Equatiom (3.3), Qll in Equation (3.4), Eb in

Equation (3.6) and “e" ig a constant approximately equal to 0.5.

The analytical approach and conecepts of this chapter are

extended to the total blocking oscillator analysis im Chapter 5.



Chapter &

PULSE TRANSFORMER ANALYSLS FOR FAST RISE PULSES

ol THE PULSE TRANSFORMER

The electromagnetic pulse transformer is used for mény appli-
cations in a wide vange of circuits. . In the blocking oscillator
elreult iﬁ,ig used as a x@g@m@$@tiV@ facility which has the ability
‘to trancmit pulses @f short duration with 2 relatively small amoumt
of pulse distortiomn. The properties of lumped pulse transformers
have been th@r@ughly imvegtigé&@d in the microsecond zamg@; E@rtunatély,
it has been found by Moody, et algl thatv@xistimg design theory is
applicable in the nenosecond range. On this bagis, the present treat-

ment will follow classieal transformer analysi@ technigues.

There are primarily two ways in waleh the t@@p@msé of 2 pulse
transformer to am impressed square wave ean be foundo The fixst in-
volves a E@@@lmti@mi@f the square wave into a number of sinusecids by
Fourier methods. The number of harmonics to be computed in the sexies

depends on the accuracy of amalysis required and the celerity with

1%, F. Moody, G. Jo R. McLusky, and M. O. Deighton, "Milli-
microsecond Pulse Techniques,” Electromic Emgineerximz, Volo 24, 1952,
pp 214£-219%, A
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which the m@gnitwd@ of the Fourier coefficients spproaches zero. The
response of tﬁe cirewit to each EE@qmém@y is determined and these
are summed te obtaim the total respomse. Ehiﬁ method is cumbersome
at b@@t and can accumulate excessive exror 1f great care is not takeno
The second method is more suitable to this treatment and will be used
here, This method involves determination of the tramsient cirveuit
response to the slope discontinuities of the square wave This per=
mits a valid equivalent cireuit for the transformer to be used for
a complete transient anélysiso The prineipal presupposition made
here is that the leading-edge tramsient of the square wave vanishes
before the trailing-edge one b@gimgo This assumption ig valid in most
blocking oseillator applications. |
-The amaly@is and design wesults of this chapter are employed
in ﬂh&p@@E 5 where the aggregate blocking oscillator eircuit is

amnalyzed.

bo2 EQUIVALEWL CIRCULY

The pulse transformer é@m be represented effectively by eithex
lumped ox di@@fibu@@@ parameters. Sinee the i&@t@t invelves avkward,
intricate techniques which in the present té@@tm@nt does little to
im@%@&s@ aceuracy, lumped parameters arve used throughout. The
equivalent éir@uit development in this section is @ak@m'fr@m the work

by Millmen and Ta@bog

25, Millman and Ho Taub, Pulse end Digital Circuits, MeGraw-Hill

Book Cos, Imco, 1956, ppo 253-263.
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then the pulse txamsﬁgim@r in Figure 4.1 responds to fast
pulse waveforms, it behaves as a r@ag@nablg'éppxmxiﬁa&i©n to a
perfect trensformer. By representing the actual transformex by an
idgélv@n@ together with additiomal cizeuitry to delimeate the
departure ﬁ%@m perfection, Millman and Taub finally arrive aﬁ the
equivalent cireuwit in Figuxe'&ozo In this eireult A represents a

series lezkage induetance given by

2 I (401)

A = L‘(lc’k
p
where Lp ig the magnetizing inductance and k is the coefficient of

H 173 @s in Figure &.1,

coupling defined by k = ———————og—e
‘ : (LP Ls)

L is a modified magnetizing inductance givem by

L = K2 L, " (402)

and appt@@@hgg the vaI@@ of Lp as k appr@a@h@s Lo The zesistance Ri
i@ th@ sum of the gemerator impedance, assﬁm@d purely régistive;

and the primary winding resistances Rz is the sum of the secondary

winding resistance and the load resistance, transformed through the

ideal l:n transfoxrmer. The cepaecitance C is given by
2. ¢

2
C = n"C (m = 1) “g“ A (4.3)

where G, is the capacitance shunting the S@cémdary terminals, n is
o . ° .

I
the turns ratio as in Figure 4.2, and C@ is the interwinding
cepacitance. The int@r&urn‘@apa@it@n@@ is negligibly small in com-

parison with the eapacitance between windimgs and is therefore
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neglecteds
Th@ circult 1@ Plgure 402 is the one ug@d in the analysxs
’ @f the f@llow1ng se@txomgo o
| e ?mszmmsa RESE@NSE
Empl@ylmg the apPZQa@h adopmed in Sectiom &ol, ‘the &ramsf@mmar éf:'

pulse r@spmnga can be exam;ned sacti@n&liyo The pmlsa rise tim@ '

. analysxg can be conducted on the m@dxfl@d version of the c;rcmlt in ‘

Flgur@ 4.2 ghown in Figwﬁe bo 30 The effect of the mag@etlzxmg in-
 @@@&@@@@ L is small z@lativ@ to the’ @&p@@lt@n@@ c at the higher &zequency:
c@mp@nemts of inmer@st and- can therefore-b@ dléregardedo The gff@ct

of the leakage im&ﬁ@@an@e‘kg“h@é@vg:g ié impar§ant during the buildup

timeo

Then sw&tch S in Figure 4.3 closesa the. step of vgltage E
.~.impxessed on the eircuit simmlatesv@h@ 1@ading»edg@ @f a pulse. Th@

‘transfer function for this @12@@1& in Laplac@ n@tatlon is given by

QQ(S) 3 1

=D ' 1 — (4ot
nE  AC oo 4 =L 4 H| ., f_+F2] ;
| SR T Re A R, G

and from this equation the roots s of the characteristic equation are

- - 9 o 1/2
<l “S 2= - m;,_”+ .ilil.:. e E},‘_;%ﬂ ll » R1+R2 .
1 %2 2R,C g -jlen T 2R.C Ry A C | (4:5)
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The steady state attenuation factor “a" of this cirecult is

Ry
& = TR yielding a cireuwit time constant y = 2x (A @&)1/2

1 2
Manipulating Equation (4.5) into a standaxd f@zms the demping vatio

u is found to be

R

o= bt K, C | (406)

and Equation (4.5) may be writtem in the form
o | , /2 |
815 8y = = u‘wm + w (g™ = 1) B (%-7)
where W = 2afy is th@-umdamp@d natural angular frequemecy of the
eizvcuit. CLonditions of ever damping; eritical damping, and undex
demping occur}wh@m the &@@pimg ratio W is greater thangrequél to,
andvl@sg than @Rity‘3@$?@©tiVély° 'Tﬁ@ behavior of thé zoots of the
éhara@@eﬁigti@ eguation as the damping ratio p varies f£rom zereo to
infinity is showm in Figur@ 404 The real part of equation (47)

1/2
is g=~p W, and the &m@°inaxy part ig w = 4 @ a-u )

Adequate information is mow @v&iiable g0 that the influence
of the transformer eonstamts on the leading edge of the pulse can
be presented in a form amensble to the analysis im Chaptex 5. To do

 this a graphical display similar to one used by Leé4 iz employed,

3M0 Eo, Van Valkenburg, Netwoxrk Anmalysis, Prentice-Hall, ln@09

Sixth Printing, 19599 po 104,

QRO Lee, Electromie Irensformers and Cireuits, 2md Editiom,
John Wiley & -Somns, Imco, 1958, p. 297,




RISB-TIME EQUIVALENT CIRCUIT

Figure 4.3

8-Flene

CHARACTERISTIC EQUATION ROOT LOCUS WITH p

Figure 4.4
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)

s
Rl % R2

'Rl:@ Rz, and 7 and p are as defined sbove. It is obvious that the

greater the transformer leakage inductanmce A and distributed capaci-

This display appears im Figure 4.5 vhexe E, = E

tance €, the slower will be the rate of risey‘making’small values of
_these parameters essential to this thesis. The r@éigtances Rl and

RZ also affect the damping ratio p and must be eonsidered in the
analysis. The greater the am@uﬁt of oscillations which can be in-
dulged, the fastexr the rise time of the output pulse. High
oscillatory peaks oecur if the cix@uit is underdamped, and the leading
edge rises slowly if it is overdamped. Désigning 1 close to unity

will avoid these conditions.

bod PULSE-TOP RESPONSE

During the flat-top or "ON" poxtion of the pulse, the gransformer
can be vepresented by the equivalent circuit in Figure 4.6. The re-
sigtances Rl and R2
C can be neglected since the rate of voltage change during this pexiod

remain the same as shown in Figure 4.2, Capacitance

is relatively small, The.leakag@ inductance is neglected here sinee

it is usually quite small compared with the magnetizing inductance Lo

To facilitate computations, the Thevenin equivalent of the
girvcuit in Figure 4.6 is shown in Figure 4.7. From that figure the

output is seem to be

, -R'g
e@ C . L
;i_ = R’ e ' (408)
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PULSE-TOP EQUIVALENT CIRCUIT

Figure 4.6
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R1 + R2

e
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SIMPLIFIED PULSE-TOP EQUIVALENT CIRCUIT

Figure 4.7
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and if the pulse width is tw” the sag  is givean by
Rty

 in percent = (Lo e )= 100 percent (4.9)
It is obvious that sag is quite semsitive to R' and hence

R1 Ry ,
R ° I£ R2 is

to the ratio Rz/Rl in the expression R' =
1 2

much smaller than Rl, the sag is omnly slight; but as Rz approaches

infinity, the sag becomes excessive.

The major assumption adopted here is that the magnetizing
inductance L is a constant. This is a valid assumpition providing
the core does not saturate. <Caution is exercised to aveid this

radieally non-linear regiom im Chapter 3.

405 TRAILING-EDGE RESPONSE

The trailing-edge of the output pulg@ starts when the input
pulse falls to zero, simulated by the opening of switch § in Figuxe
£.8, The m&gm@tizing inductance L has an initial curxent I@ £lowing
in it end the capacitance C has an initial voltage V@ across it when
this switching begins. The natux@ of the output pulse decay results
largely from the decay of l@o To investigate this response, the'
equivalent circuit in Figure 4.8 can be modified to that im Figuve 4.9.
The magnetizing current I@ at the end of the pulse (see Figuxe 4.7)

can be determimed by

L
l = &3 Eﬁ é!-o le
o : R? : : &l - e ) ¢ ?
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where
B
"R +R
17 %

Q is sag, E° E, R %'Rl RZ/Rl + Ry, and

t, = pulse width peried. The initial capacitor voltage V@rig equal

to (1 d Q) Eno

The time @qu@ti@m'i©r the pulse voltage decline camn mow be

written as

=B, & B, &
@@@M@&i"@&i ﬂ+gzczg i 1 ) g.{:R‘?CI@@Z
m‘ RZ G . ) IR, 2 IR |
(4.11)
whexe
' /2
B B E.,.mlm.-.R@ 14,(1'@_&33@)«.
1° P2 2 "2 = o2
I, = primary load currenmt
1 L 1/2
® % 7w (?}

From @his,@q@@ti@n it @aﬁ be inferred that fall tim@‘amd backswingvin=
crease as the ratio ¢ decreases. For this reason it is important to
keep the éapa@itan@@ @£ @he tr&msf@ﬁm@x smalle It is also necessary
to keep the ratio I©/IRA@mall if trailing pulse shape is important.
This éan be done by designing for gh@f@@ﬁ pulé@ widths end a judicieus

S@l@@ti@n @f’&ramgfarmet materials,
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TRAILIMG*EDGE EQUIVALENT CIRCUIT

Figure 4.8

MODIFIED TRAILING-EDGE EQUIVALENT CIRCUIT

Figure 4.9
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bob QVERALL RESFONSE

By applying the informatiom im the preceding seetions, the
general shape @f-th@ pulse trangf@xm@xv@u&put with a sguare pulse
input @am.b@ predicted. The wise time portion, marked A im Figure
4,10, is dependent pmimaﬁily on the magnitude of the leakage inductance
A and the equivalent primaxy capacitance C (see Figure 4.3). The
droop of the pulsewﬁap portion B is contingent em the @@mbimed
‘aix@uit resistance R’ an@ magnetizing inductance L. time comstant
(see Figute &o7). The fall time portion C and backswing p@ﬁti@n
D depend primarily upon the awount of m@gmétizimg CUXEERE I@ built
up during the “ON' time @f the pulse, and the magnitude of capacitamce

Co

When the transformer is connected im a blecking oscillater
eirvewit, as is done for the analysis of Chapter 5, other charactex-
- istics become involved., The ﬁid&h of the pulse becomes a fumction of
transformer parameters amd is primarily @@é@rmim@d by the transformex
magnetizing inductance and distributed capacitance. Am increase im

either one causes & proportiomal imeresse in width. For the best

pulse shape, the impedance *%?% (see Figures 4.1 amd &4.2) should
be made epproximately equal to the load impedance ZLQ This is

usually done by the adjustment of the thickmess of layerx im@ul@ti@@aﬁ

SRo Do McCaxeney, "Designing Transformers for Blocking GSQillat@tsy"
Electronies, Volo 31, No. 9, 1958, po 80



Overshoot

Original
Pulse

PULSE TRANSFORMER OVERALL RESPONSE

Figure 4.10



32

Other design considerations of the pulse tramsformer are
n@t@waithy im pxéparimg for the anélysis of Chapter 5; Coxe
permeability is impottent because with high=pexm@abili&y coxe ma-
teriasl less turns are requived in oxdex to obtain the necessary
mognetizing inductance. Flum density should be as high as possible
for swall size, but not so0 high as to result in excessive magnetizing
‘cmE@@m@ and backswing voltage. The rise time respomse cam be improved
by phygi@al manipulation of severél of the transformer paxam@tefs
gu@h‘és the number of turms, coxe size, ims&la@i@ng and the 1ikéo
However, even théugh emall core dimensions are desizable for low
leakage i@@u@tanée and distributed capacitance, a small cove area

may require excessive turns to £it the core.



Chapter 5

AVALYSIS OF THE FAST RISE BLOCKING OSCILLATOR

5.1 - GENERAL

The most eritical part of the design of a blocking oscillatox
is im choosing a pulse transformer amd a tramsistor whi@h age com=
patible and will produce a pulse of the desired width with 2 minimum
rigse time. As indicated in the last two chapters, the pulse trensformer
and the transistor each have a finite rise time and the combination
of the two will always produce 2 rise time greater tham that of either
element,. The purpose of this chapter is to amnalyze th@ blocking
@3@111@@@39 emphasizing those features which influence the gwit@hing
time, and to present a simple design procedure based on the results

of this analysiso

Much of the smalysis performed im this chapter is based upon
the woxk by Liﬂvili and Ma&tson;l however, considerable extension
and elaboration to that work is wndertakem to accommodate the faster
rise times desived hewe. In the case of extwemely fast switching,

vhen the alpha cutoff frequency of the tramsistor is ultrahigh, the

13, G Linvill and R. H. Mattsom, Ope Cite, pp. 1632-1639.

53
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pulse tramsformer pl@y@ the limiting role in the amelysis. The anslysis
that follows is performed independemtly on separate portiems of the
pulse time respomse curve as defimed im Figure 4.10, However, to facili-
tate the analysis, the £all time and the rise time ave considered
together. This procedure is valid simnee they are functions of the sames
sequence of events, th@ugb in reverse oxder. Thé two times are observed

to be approximately agual.

The question of tramsistor econfiguratiom @héi@@ for best rise
time becomes rather arﬁi&ﬁ@zy even though a comparison of the diffusion
eqguations might indicate that the SWit@himg time required for the
COTROR emittex'@izcui& is considerably l@mg@x than that of the common
bagse eiveulto Thé reason for this is that for a givem matural izeqm@n&y
corrasponding to a growlng trapsient in the common emitter configurationm
there is another transformer turns ratio which will produce the same
natural frequency im the common base @@nfigumati@moz If m is the turms
ratio uged im the @@mm@m.@mittér cireuit and n in the common base eircuit,
thea 1f m = n = 1 there is no essential difference between Ehé two
circuits as far as rise times are comeerned. The ecireuit configuration
to be employed im this thesis is that shown im Figure Sol. It is a
common base configuratien but has “emitter control” as defined by

Hemllton.

?D. 3. Hemiltem; Ope Cife, pe 245
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‘Collector clamping (Bé@ Section 202) igin@t utilized in the
cizeuit to be amalyzed im Figure 5.1 for two reasons: First,
eollector saturation and its conpequences do not affect the rise time
waleh iz the primary consideration here; amd secomnd, iﬁ iz walikely
thaﬁ.&h@~d@1@@@ri@u§ effects of letting the transistor saturate ave
much worse than causing a diode to sstuvate. im its stead. If the
storage time for the transgistor is @@mput@dg and compared to that of

a fast switching silicon diode, this is found to be true.

The opexation of the common base bl@@kimg oseillator éiz@@it
is essentially the same as the common emitter one deseribed im
Section 2.2 and will net be é@p@&@@d hereo. . It is azssumed im Sectioms
5,3 and 5.4 that a trigger is supplied from some source amd is just
sufficient to cause operatiom. The limitations imposed by various

triggers is discussed in Sectiom 5050

To avoid confusion between the time domain and the s-plamne,
time domain variables are lower @&@@‘l@t@@E@ and the s-plane véfiableggl
as fwnctions of the Laplace @p@ra&@f, 8, are upper case letters. A&

PP tramsistor will be used in ﬁhi@ amalyéis since one is employed for

the experimental results in Chapter 6.

3D6_Jo Hemilton, "A Tramsistor Pulse Cemexatox," Hughes Aircraft
Company Report, September, 1958, po 6o
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A COMMON BASE PNP TRANSISTOR BLOCKING OSCILLATOR

Figure 5.1
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EQUIVALENT CIRCUIT FOR THE SWITCHING PERIOD

Figure 5.2
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502 NETHWORK APPROXTMATIONS

The equivalent tee circuit for the @E@mgﬁgﬁgz in Figure
303Qé) and the equivalent cirecult forx th@.@ﬁamgﬁérm@r in Figuxe
4,3 can be combined to yileld am equivalent cixveuwit for the rise
time analysis. To simplify this cowmbination, the f@ll@wing a@sﬁmpw

tions are made:

1, Rl and RZ in Figure 4.3 are omitted since the
eireuit is unlogded and the generater souree of

the tx@mgfofmer is the transister.

2, The transistor 1s considered to have negligible
emitter resistance and collector conductence.

Unity alpha and current gain are also assumed.

3. The transformer shunt capecitance is comsidered

m@gligibl@o

These seemingly radical approximations are necessary for computations
which are monageable; they prove to be feasible vhen the amalytical
results are compared with the @xparim@naal rasults, The equivalent

civeuit in Figure 3.2 ig the result of these simplifications.

To analyze the pulse top, the transistor eguivalent cizcult
im Figure 3.3(b) can be combined with the transformer low frequency
equivalent circuit im Figure 4.6, The result is the equivalent

cirevit im Figure 5.3 where the resistors R, and R, in Figure 4.6
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t/n
R A
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EQUIVALENT CIRCUIT FOR THE PULSE TOP

Figure 5.3
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are omitted as explained above. The diode CR1 represents the base
collectox internal diode of the transistor during saturation and
a&kis the reverse alpha. Q%{is typically equal to 0.6 in most

transistors.

5.3 ANALYSIS OF THE RISE TIME

'In order to determine the rise time, the circuit im Figure
5.2 must bé analyzedo This also provides.infoimation-as to the

values of turns ratio of the transformer to be employed for fast

response. Referring to Figure 5.2, the current gemerxator i_ can be

(5.4

related to the emitter curient ie by the diffusion equation4 of the

transistor during this switching period as

d i '
. 1 Sy

where w, is the @ cutoff frequency in radians per second. The base_

resistance ry, Way be transformed to nz'rb on the high impedance side

of the transformer.

Summing the currents at nodes 1 and 2, the circuit equations

axe
QS Y > Ve . (s Ce ss?\,> e To (5-2)

n n_ - o .5
_,<s Cc + — ) v, + (s C©‘+ ry + gé) v, Ia (5.3)

éDe Dewitt and A. L. Rossoff, Op, €it., pp. 92-%.

-39
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where the upper case letters denote Laplaced functions amd

8 ® l/zbe The emitter current can be calculated as

. n
i, = -;:-J/f@vc - n v@) dt (5.4)

Combining and transforming Equations (5.1) end (5.4), a thizd
independent equation is obtained as

2

B N N &
Sh}v@ (SA) v, = (1#@ I (5.5)

[

&

The matrix equation of the system formed from Eguations

(5:2), (503), and (5.5) is

Ve 8 C@ i oy B G@ % oy lﬁ 0
n n2
AR - 5C %'EX 8 C@ %jgx < 8y, 4+ 1 = |0
2 ,
B - B E o 8
Toy sN sA L 19

(5-6)

The characteristic equation of the system may be obtained
from Equation (5.6) by equating its determinent to zero. After
substantial algebraic manipulations, the following characteristic

equation results:

3 (m_= 122 2 1 We (n - 1)2
S 2 . 4+ w ] 8- & STTE” %=~““jj=7:="“= 8
& ¢ e - - “b
w (n-1)
€ = 0 (5.7)
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. That the 53 term in this‘equation is'ccnsidetably smaller.than the
l other terms can be seen by réplaging A»with L1 - Ez) (see Equations
(4-1) and (4.2) and mﬁitiplying through Eq@étion (5.7) by (1 o'ﬁz) |

€0 get

L LC

o : R ' 5 o
‘ : ' _ 132 . w (m - 1) ' :
B R T T ¢ N WS Qe pac + —E— g
: g, L : el &p ™ e

w, (@ = 1)

LC =0

‘(558)3m”f5ﬁ
The assumption that the 53 term approaches zerc hexe is seen to be validQ»__

‘especially if the c@éffi@ient of ¢oupling is very neaxr unity;

A further approximation that can be made to sxmpllfy the calculao

2

mi@ns is tha& W, lS m&@h less than gg-—z%2~ for n greater than 1.
, b :

Sin@e w@ iz high iny&his treatment, ) must be kept very small fgg

validity. Then Equation (5.8) becomes

. e 2 . o - |
-2 2 (S&-V 4 8- |
" 8 * o - & - - = 0 (509)
L g L LC LC :
& b - e e A

and mml&iplyiﬁg.thg@agh by g. L/(a - 1)2 é1ﬁeEs Equatigﬁ"{5;9)'to
- » E .

2 : 1 Ve g

R I g - : - : £ 0 (5.10)
, e Ty Sc (m - 1)2 | ° %, G, (n - 1) B ’ Y

If a vedian ft@@@@ﬁcy w' is defined as
ﬂ""" 1 :

w ® : T : L (50.11)
| #b G@ (m = 1) . ; : . B
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then Eguation (5.10) becomes

e (W, +@') s-a6 o (a-1) & 0 (5012)

The xoots of this quadratic eguation axe

1

ezt

o ( 42 2
835 8y 25| - O %;w“) ¥ [(w@ +w')” + 4 o, ¢” (n - l%] (5013)

where & is the positive voot and corresponds to a vising exponential
which becomes the dominamt m@@t of the expression. The vise time tr

can be computed from this dominant xeot ass

]

o2
1

|

& =

e = (5.14)

Therefore, the rise time t, cam be found by solving Equation (5.13)

for 5, amd then solving Equation (5.14).

The ép&imum turns ratio yielding the smallest value of t. is

determined from Equatiom (5.13) by meximizing the 8, FOOEo This is

done by setting 6&1/6m equal to zero and solving for m. However, this

b@@@m@s rather difficult since ' is a2 functiom of n, and it 1s simpler

to apply function chaim xul@s‘&@-g@t

ds o8, ow ds, o’ os

g;‘l" - _é_w% gé_;g oo _5{;% fgﬁ{m N -g-ﬁ%a %ﬁ = (5.15)
. A

5

Jo Biillm@n and Ho T&ub, @& citoﬂ Pe 2764
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aw@. . o .

%= - 0 _ (Sglé)

3, 4 2 (3 - 1) wg + 20 L L

-é-};-&n o= }: 2 7 2 = had '§ (5017)
[w@ +2 (@2n - 1) @, w“%(w“)']?

i o 2 |

T o« e = 2 (m - 1) (o' 5,18
Ve

1w . Pl > (5.19)

om  om 2 ' T EE °

T [9@. %2 (2 - 1) wgw" + (W) ] 2

¥hen Eq@a&ié@é;ﬁoléfthm©mgh 5,19 are substituted imte Equation
;5@159 it bg@@m@s

., : - 12
[wéz 21w + @w">2] e = 1) ()

ez (a1 (- 1) W)

+ 2 (ﬁ;é_;) )%+ 2 w, w' &0
o | (520)
Agsuming that W, is much less than (w")zﬂﬁh = 1), which is valid

under all practical considerations, the optimum turns ratio a, is
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computed as

(5.21)

This equation affords am epprozimate means by which B, can be

computed for design purp@g@g'if rb; @ég and W, are known.

So& ANALYSIS OF THE PULSE TOP

In order to develop an am@lytﬁcal expression for the pulse
width €y for the circuit inm Figuze 5.3, certain simplifying approxima-
tions must be made. It is assumed, for imstance, that while the
trangistor is im the saturatiom Regiom IIX, v&B is clamped at zZero.

It is further supposed that the magnetizimg curreant im is equal ko .
zero at the b@ginmiﬁg of the pulse top. T@i@ is a valid assumption

considering the extemely fast wise times being dealt with hereo

Referving to the cireuwit im Pigure 5.3, the feedback current

icc is given by

i, = i~ o icR (5.22)
where iGR is the current drawn @hr@@gh the closed collectox-base

diode during saturation and e, is the reverse alpha of the transistor.
Summing the currents at mode 1 for the imitial comditiom im = 0

yields

L . @xr = 1) iGR(@) 5 Gb v, (5.25)
e - 1-a = Q
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‘vhere 1,,(0) is the value of dep

and G = l/Rbo Summing the currents at node 2 gives

at the béginnimg»oﬁ the pulse top

@i, = ifn + 1,00 (5024)
c@mbimimg-zquati@nsCSQQZ) amd‘{502&) gives

@ ory |

1,(0) (L = 5=) v

i wm —CR LNy S (5:25)

e @ - L | . | |
@ v

.‘amd finally combining Equati@mg (5023) and (5. 2&) yields the

‘-@xpﬁ@sgi@n for i, (0),

vab (n@z - 1)

(- 1) a-o a)

10 = (502@

»Thl@ @quati@m umf@rtum@tely containg v but sinee it is a function

bS’
of thg triggex V@l@&g@ (see Figure 5.1) an approximate expression
- for it is

Y,

! 0 T ' A ' I | 4 » .
B ® R (TR | - G2y

whéme Vﬁ is the tﬁigg@m voltage amplitude.

Th@,puléa wiéth tw,ma§ now bé‘exézegséd‘tg a first owder
~’appréxiﬁa@iom by considering the “ON time equal to the amount of
time it takes the magm@tizing.imdu@ténce L to charge to the p@int
where IGR goes to zero and the &E@nsxst@t reverts t@ @peratimg .’

_~Rggi©n~lio The sum @f imcr@m@ntal current changes at - nod@ 2 is

Bigg = Ddy + 53— L (5.28)
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where Q@ ie is assumed to be comstant, I£ the'asgumpti@m that

v&B = @ durimg saturation is now made, then the charging voltage

across L is V@c and the pulse width cam be cbtained Lrom

0, 10500
n

v
-6 .
i@RQQ) 1 ¢ o

it

(5.29)

Solving foxr & = €, in Bquation (5.29), the pulse width is found to

be
&
9 by R :
e, = s [1--%] igp(®) (5.30)

ce

where iGR(O) is given by Equations (5.26) and (5.27).

303 IRIGGERING LIMITATIONS

The blocking oscillatox im‘Figmr@ 5.1 cemn be triggered in a
number of ways a@ discussed briefly im Section 2.3. The three most
impertant methods of triggering are imdicated im Figure 5.4. Linvill
and Mattson compi®e these txiggexing modes through sOUTCE energy and
source impedance considerations. The differences in source energf
requirements for twiggerimg in the various modes is not widely
different, although base triggering does require somewhat more energy

than the other two modes.

The source impedance requirements im the different places does,
however, vary comsiderably. Base triggerimg, marked “¥" in Figuve 5.4,
has the best source impedance performance with am essemtially constant,

moderate value throughout the vise time of the pulse. Emitter
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trigg@riﬁg at "X", however, changes from a m@déxa&e source impedance
at the start @ﬁvgwit@himgy th@é drops to a low value, amd fimally
racovers as the top of the pulse is reached. For the case of collector
triggering at "Z"; the source impedance begins at a m@@@xate value

then rises over temfold by the end of the rise time. From these @@ﬁn

siderations it would seem that base tzigg@ring ig the mogk sttractive.

The most importaant consideratiom im this treatment, hovever,
is th@‘pulge'@utpu& rige time. Simee the base txiggexing mode de~
velops its trigger across a base vesistor R, resultant inecreased
total bagé.megist@m@@ r, in Equatioms (5.,11), (5:13), amd (5.14)
indiecates a lomger xvise time. This effeet is avoided, however, by

providing a sigmal bypass te R Ey the capaciter 62 in Figure 5.1.

The trigger characteristiec which has the greatest influém@e
vpon the output pulse rise time is the rise time of the trigger
pulse. It is intuitively apparent that the faster the transistor is
driven into and through its regenerative sﬁit@hing state, the faster
is its rise time. The xise time amalytical development im Section

5.3 is predicated on a trigger with infimite leading edge slope and

‘does not lend itself readily for triggers with finite slope. Thexefore,

consideration of the behavior of outpul pulse rise times with vary-
ing trigger rise times will be postponed to Section 6.5 where

experimental results elearly point up this dependences
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5.6 LOADING CONSIDERATIONS

The analysis conducted thus far im this chaptex deals with
blocking oseillators working imto infimite impedamce. Im practical
applications blocking oscillators ave required to deliver useful

power to fimite loads amd therefore it is necessary to adapt the

- regultant equations of Sections 5.3 and 5.4 to this sitwvation.

A loaded version of the cizecuit inm Figure 5.1 is shown in
Pigure 5.5. The load is transformer coupled to the blecking
oscillator, Usually the turms ratio m is made egual to m, but fox

complete gen@iality different sywbols are employed. The ecollector

2 R
. ne By,
civcuit sees a8 load impedance egual to 3 and the emittexr
. i

circuit sees RL/m?o
The ecirecuit im Figure 5.6 is the equivalent cixcuit for the

gwitching period with the load imeluded. The load zesistance RL

appears across the bage resistance T, as Eé - As a conductence it

e

is mg @Lq Replacing & in Bquation (5.9) by £, + mg G s Eguation

(5.10) betomes

2 2
, g +m G w (g +m 6)
@2 lw + b L g = == b L o 0 (5-.31)

¢ 2 .
C@ (B - 1) C@ (n - 1)

The p@@i&i@@ root of thip quadratic equation becomes
| S . 1/2
s =g |- o v e [ 0?4006 G- 1)] (5.32)
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LOADED BLOCKING OSCILLATOR

Figure 5.5
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LOADED BLOCKING OSCILLATOR EQUIVALENT CIRCUIT
FOR THE SWITCHING PERIOD

Figure 5.6
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%?m@ G
8 L

where &" & - 3
c@ {n =.1)

The optimum turns raetio is determined o be A
. o 1

R 2g. 4 2wt 2 |
TR & e ] 4 1 % 8 _ (5(::33)

o. -2 | €, @,

The effect of a load on the pulse top of a blocking
oscillator can be evalwat@d;by considering &hg‘@quivale@t civeuit
in Figure 5.7. . The load impedaence RL aets as a_@urﬁ@n@ divider

| S - 2
across the magnetizimg inductance L with 2 conductance of @ 6L,

. . « « , ”‘;E” .

: .mlL ; . .

This m@amsvam@th@m‘cmxx@mt,_*jgﬁag flows at mode 2 end Equation

(5524) becomes

. 9@.%@ @,.lt/n S LGR(O) £ ’Ef%_, A : {5634)
Equation (5.25) becomes -
| o : B ¢ ‘m i
: ' L : : :
1.(0) (1 - —E) 4 - 4
4 = SR LS , (5435)
@ ’ % . ;L_ ) ) ‘
L o n

Combining Equations (5.23) and (5.33) now yields

N A 3 - e '
o nt (a @ - 1) 6, Vb m G Ve (1-8) 5 36
L . n {n =1 Q- QB r)
w2 G, Ve

where i, in‘Equa&i@n.(5935)»is replaced by - ) with the ‘

assumptions of Section 5ob.
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Sinece iL remaing essentially constant during saturatiomn, the
pulse width 1s still givem by Equation (5.30) only with iGR(@)

evaluated as in Equation (5:36).

567 DESICGN PROCEDURE

The @qué&i@mg developed imn the past sections lend themselves .
nicely to a faivly simple design procedure for the transister blocking
oseillator. Thé-@quami@ms for the positive reot of @h@iehafa@t@xisti@
equation (Bquation 5.13), the ﬁise'tim@ (Bquation 5.14), the optimum
turns ratie (Equatiom 5.21), and the pulse width (Eq@@@i@mVSOSG)Q
are the four basic design equations. vlﬁ loading is to be comsidered,
Equations (5.32), (5.14), (5.33), and (5.30) with (5.36) substituted
should be esmployed. Other design procedures can be derived from these

basiec equations.

The usual problem is to design a blocking osclllator when
s?ecifi@&ti@m@ of maximun vise time, pulse width, and ;@aé are given.
The basic procedure is-é@ select & transistor and then to design a
pulse transformer that sa@isfi@é the specificatiens.

 The design procedure is as follows:

lo Select a tramsistor om considerations of high alpha
cutoff fregquency and low By C@ product. The alpha
of the trensistor is mot critieal but should be

relatively low for marrow pulses.

2, GCaleulate the optimum turns retio from Equatioms (5.21)

or (50 33) 0



30

&o

74
Galculat@ the p@simive oot of the ch&zact@ristic

equami@n from Equations (5. 13) or (5 32)5

c@mput@ th@izise~tiﬁe from Equation (5.14) and if it

does not Saﬁlsﬁy the sp@ciflca@i@ms then a transistor

thh a higher W, and a 1ower r, C pr@duct must be.

>55

6o

The

assumptions

1o

2. .

30

bo

So

b
selected and steps 1 = 4 K@p@&ﬁeda

Determine the magnetizing inductance from the pulse

width Bquations (5°3®)g (5:26), and (593634

Design a pulse transformer having the turms ratio

caleulated in step 2 aﬁd a magretizing inductance

'd@texﬁined"in step 5. The coeﬁficlem& of ccuplxng

sh@uld be as close to unxty as pagsibleo The

leakage Lndu@tan@g and distxibmted gapacitaﬁga)sh@uid

be as emall as possibles

derivation of the bagic‘design equati@ns involves certainm

and limitations. In summary these»ate as follows:

Coefficient of coupling k near umity.

, ' 2 . )
w, much less than £§~fx£l, for n greater tham l.
e :

W, mm&h‘less than EE'G @<-D
Co b e
Mégnegizing,@urren& im equal to zero at b@ginnimg:of pulse

topo

CB
saturated.

vi_ in Figure 5.3 clamped at zero while transistor is
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These basickdeéign equations form the foundation for the de-
sign of a fast rié@ transistor blocking oscillator. ‘Because of the
ap@r@ximations involved &hef must bé used with caution and the results
modified fgom ekpegimantal obs@zvatioﬁu In Chepter 6 these equations
are employed in the design of a blockimg éscillat@xe The oscillatox
iS'@on@twucteé and éxpexim@ntally tested. Theoretical and ekperimental

results are compaved.



Chapter 6

EXPERTIMENTAL RESULTS

6.1  SELECTING THE CIRCULT COMPONENTS

im oxder to validate the design equations develeped im Chapter
5, a typical fast vise bloecking @S@iil@ﬁox must be designed and &eéted
experimentally, This is dome by foll@wiﬁg the procedure of Sectiom
5.7, amd the zesults are presented im this chapter. The design require-
ments are for a 10 volt pulse with a pulse width of 1.5 msec, working
into a load of 1000 ohms, and with as short a rise time ég'p@ssiﬁleo
The latter requirement is met by a judiclous choice of the &faasiét@t'

and the pulse transformer.

The tramsistor is sél@@t@d on the bagis of high alpha cuteff
frequency and low LN Gc product. The tramsistor chosem is the
Motorola Mesa Tramsistor Type 2M695. It is a g@t@@ﬂi@m;@ﬁ? diffused
junction transistor designed primarily for operation im wultra high
speed switching applications. It has a high maximwm junction tém?grga
ture @f.l@@@ C which permits it to be operated rel;@bly in applicéti@ns
vhere Germanivm transistors have not been previcusly comsidered.

Typical characteristics for the 2N695 ave:

Alpha cutoff freguenecy , "~ 60 mes
' (377 = 10° rad/sec)
Base resigtam@ey‘rb ' 75 ohms
Collectoxr cepacitamnce, . (grounded 3.5 pfd
. case) '
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Forward alphsa, o, - | 0,95
Reverse alpha, @, 0.6

- Enitter resistance, T, 2 ohms

Enitter resistance

Optimum rise time, €. 1.6 ns
Optimym storage time, €y . 2,0 ns
Optimum fall time, g | 1.3 ns

- Megimum collector to base voltage 15 volts
Mastimum collector te @ﬁit&@r voltage 15 volts
Mazeimum emitt@% €o baéa voltage . 3.5 volts

The optimum turns ratio, with m = n, is computed from Equatiom

(5:33) to be n, = 3.90; for convenience inm wiring the approximate’

0
velue of By = 4.0 is used. Using this value for m;, with m = n, the
p@gitiV@ root of the characteristiec equation is found from Equation

9

(5032) to be 8, = 0.54 x 10 ° rad/sec. The predicted rise time is

determined from BEquation (5.14) as t, = 4.1 nanoseconds.

The magnetizing inductance L cen be found from Equations (5.27),
(5.36), and (5.30) by using the circuit values im Figure 6el§ .The |
&ppr@xima&@ solution of these equations, for a pulse width of 1.3 psec,
ig L = 190 phy. Sufficient information is now availablg-m@ design the
pulse transformer for the circuit im Figure 6.1 with the caution that
the coefficient of coupling k must bé kept close to umnity and the

leakage inductance A and distributed capacitance C must be small.

The pulse tramsformer used here is one comstructed by the

Sprague El@@ﬁric_ﬁompény to the above design specifications for this



1:4:4
Sprague
624596
0.01 Traneformer
S P 1000 0
Negative ~ 50
: n 1000 pf
Trigger Qu P 10 v
Pulse
0.3 volte minimum
CIRCUIT FOR LOADING STUDIES
Figure 6.1
4:1
2M695
Sprague
0.01 uf S24597
) Transformer
Negative
Trigger son — 1000 pfd
Pulse

0.3 volts mlnli

Ov

CIRCUIT FOR NO-LOAD STUDIES
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thesis. It is tmansformer No. $24598 shown schemati@ally 1n Flgura

6 l and has the followmmg chaﬁacterlstxeso

| Turns Ratio o ’ ,é:lﬁé (mg;:m)!
Magnetizing Indﬁ@tan@ey LN.‘ - 169 uhy
Leakage Inductanceg x : 056 uhy'
' Equivalent Gap@cltangeﬁ‘c, R 10 pfd (ERIq't¢4SECi)

16 pfd (PRI, to SE@2)

Toroid Core Dimemsioms  0,230" 0.Do X 0.120" I.D.
' o X 0.060" H

Core Permesbility - 1500

Tutns . 28:7:28

‘Primary Wire Size Ho. 38 AWG

' SE@l Wire 8ize S No. 34 AWG
SEG, Wire Size - No. 38 AWG

© Type of Winding ‘ - A Windings uniformly spaced

over 3/4 core, ome over .

an@ ther.
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6.2 CIRCULITS TESTED

The circuit vsed for loading studies is shown in Figure 6.1l
The tramsistor and pulse transformer aré those selected in the pre-
ceding séctiomo The 50 Q biasing resistor develops the megative
trigger across it as discussed im Sectiom 5.5, The load is a 1000
ohm, 1/2 watt, composition resistor. The signal bypass to the
biaging resistor is a 1000 pfd mica capaecitor whose4va1u@ is computed

to a first approximation ﬁr@ml

R+ ¥
S N (6-1)
b .
where
R = 500
B, 75 Q@

- 1.5 ggec

Because of the fast‘resp@nses desired here, high frqu@ncy wiring
t@@hmiques are used in assewbling the cireuit. All signal leads

are kept as shert as possible by point-to-point wiring and components
are separated sigmificantly, TheA@ircui& will fire om a negative
trigger with a minimum‘amplitmd@ of 0.3 V@ltso’ The output pulse rise
time ig a function of the txigg@f rise time, therefore the ttiggex

should be as fast as possible. The trigger pulse amplitud@,mlgé

'D. J. Hemilton, “A Tremsistor Pulse Gemerator for Digital
Systems," IRE Trensactions on Electromie Computers, Vol. EC-7,

S@pto, 19589 Po 2480
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also influemces the output pulse rise time end should ideally be

around 2 volts.

The cizcuit in Figure 6.2 is used for mo-load studies and
has the fastest rise time possible foxr the cirecuit @@mp@m@ﬁt@ usedo
The trxigger characteristics should be the same as above with the

trigger rise tim@ even more eritical hereo

6.3 TEST PRCCEDURE

The most difficult Eéquifem@m& ih measuring the @x&ﬁ@m@ly
fa@é rise times imcident here is that the equipment used must h@vej
a fr@qu@ngy response sufficiently high ﬁo pass these sharp .leading
edges. This striet réquirement cam be avoided, however, by using am
@S@ill@é@@pé which merely "samples" one point om the 51@@kimg |
oscillator output waveform evézytim@ it sweeps across tha@lwavegarmo
By advaneing the “sample” point @ftex_@&éh sweep, the waveform can
be traced out by a sexies of points with relatively low frequ@n@y
reéPQES@ equiém@nto A Tektronix Type N Sampling Unit plugged imte
a Tektronix Typ@’$45A Oscilloscope was used for measuring &Eo The
@8@111@5@@@@ alone has a f:equ@ncy response of omly 30 mes, but whem
© used in conjunction with the sempling wnit, it is capable of m@a@uring

rise times of lé§$ than 1,0 nenoseconds.

A block diagram of the tedt setuvp using this equipment is showm
in Figure 6.3(a). The gamﬁling wnit requires a pretrigger pulse at
least 40 nenoseconds prior to the arrival of the bloecking qgciila&GE

output pulse im order to trigger its sweep. This pulse is obtained



TEKTRONIX OSCILLO-
SCOPE Type 5453

POWER
SUPPLY
H.P. 721A
Pulse
-10 v O** 1a Type N
* Figure 6.1 10 V Positive SAMPLING
BLOCKING UNIT
OsCI 50 f) Impedance Pretrigger
£15 V 200 ns
. Load
Trigger
in
TEKTRONIX
s 1 5-=5 PREPULSE
ignal Out GENERATOR
0.65 V 2 ns Tvoe 111
Minimum Yp
(a)
LY H.P. 721A
TEKTRONIX OSCILLOSCOPE
-10 Vv Type 545A
— PULSE— Pulse Out O
GENERATOR 10 v
H.P. 2122 -Positive
Pulse Out — T1 —+ Fisur€ 6.1 sT Sweep
BLOCKING
Sync Out , OSCILLATOR #-
Load
Type CA Plug-In

TEST SETUP FOR BLOCKING OSCILLATOR ANALYSIS

Figure 6.3
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from o Tektrvonix Prépul@e Generator, Type 1ll, which also supplies a
one nanosecond rise time, 0.65 volt trigger for the blocking
oseillator. Unfortunately, th@ input impedance of the sampling unit
i only 50 ohms which ﬁ@ans that it must be wirved in series with the

load. This also means that it connot be used for no-losd measurements.

. The test setup im Figure 6.3(b) is u§@d for the no load measures
ments and to examime the overall output pulse uvnder load conditioms.
The Type CA Plug-in Unit has a relatively slow rise time of 20 mamo-
seconds invalidating rise time measurements wade with it, but its
slover sweep speeds facilitate total respomsse iﬁvagtiga&i@mo The
Hewlett Packawd Type 212A Pulse G@meﬁator.daliverﬁ a negative 2 volt
pulse with a rise time of 20 nanoseconds. The power supply used in
both Figures 693(a)_and 6.3(b) is a Hewlett Packard T&p@ 7214 wvhich

supplies Vé@ to the blockimng oseillater cirvecuits.

In summary, all rise time readimgg must be taken with the.s@tup
in Figure 6.3(a) and all tetal response studies must Ee made. with the
one im Figure 6.3(b). The @ml@@d@d blocking osecillatoxr im Figure 6.2
can only be tested with the circuit im Figure 603(b50 Both test

axrangements can employ eithex triggexr source.

Bols OUTPUT WAVEFORMS

The output waveforms of the blocking oscillator cirvecuits undex
test require accurate records for precise cowparison with predicted
agaly&igal results. The best record, of course, is a clear photograph
@ﬂﬁthé waveform. This method is used here employing a2 Dumont Type

297 Camera with Polapan 200/Type 42 Polareid film,
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The complete output vwaveform of the eircuit im Figure 6.1,
using the test setup in Figure 6.3(b), is shown in Figure 6.4, The
pulse width tw is seem to be 1.5 usec which is the desirxed valueo
The pulse amplitude is 10 volts as reguired end ean be cheanged by
adjusting V@@D but omly slightly if the desl gn equations are to
remain valid. The jump in the center of the wndershoot is caused by

removal of the trigger pulse at that instant.

The rise time must be investigated with the test setup im
Figure 6.3(a). Figure 6.5 shows the blocking oscillator triggex
pulse from the Prepulse Gemerator. It is a 2 nanosecond negative
pulse of 0.65 volts amplitude znd a misé time of less than a namoseecond.
The rise time of the output pulse is showm in Figure 6.6 using two
different sweep secales for eclarity. The rise time €, is é@e@ to be
approximgtely 8 nanosecomds. This compares £iverably with the pre-
dicted quantity of 4.1 nanoseconds @@mpu@@d in Seetion 6.1 considering
ﬁh@_appr@xim&ti@m@ which were made. Also, since the shunt wiring and
component @@pa@itam@@@ were not considered, the experimental value of

rise time can be expected to exceed the calculated value.

There is essentially no difference observed in the oukput
pulse characteristics when two other 2N695 transistors are substituted
in the ecireuit im Figuve 6.1, Tor this reason, only data obtained

using one particular tramsistor, are presented here



Scalei Swap - 0.5 ne/cm
Vertical - 3*5 V/cm

BLOCKING OSCILLATOR OUTPUT WAVEFORM

Figure 6.4

Scale: Sweep - 1 na/ca
Vertical -0.2 V/cm

PREPULSE GENERATOR TRIGGER OUTPUT
Figure 6.5
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Figure 6.6
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605 TIME RESPONSE TO VARIOUS TRIGGERS

The effect of removing the triggeriag pmlsa‘whil@ the pulse
top is being generated is @i@@mg@éd in Section 2.3. The irregulavity
caused by d@img thig is showm imn Figuxe 6.7 where the tzigger pulse
iﬁ Figuﬁe 6.3(b) is approximately 0.7 wsec wide. A4s evident, the

irregularity occurs at the fall time of the trigger pulse.

The triggering discussion im Sectiom 5.5 concludes that the

. output pulse xise time is a functiom of the trigger pulse rise &iméo
This effect is illustrated in Figure 6.8 where the time response of
the output pulse te two diﬁf@f@ﬂt triggexs is indicated. The slow
wave i8 the output pulse respomse to the trigger from the Hewlett
Packard Pulse Generator, used im the test setup in Figure 6.3(a).

This trigger has. an aﬁpx@xima&@ rise &im@_@ﬁ 20 nanoseconds and yields
a pulse rise time of slightly over this amownt. The fast wave of
about 8 nenoseconds rise time is derxived from the Prepulse Gemerater
trigger of 1 nanosecond, also used in Figure 6.3(a). The desivebility
of uwging fast rise triggers for blocking oscillators is clearly

indicatedo

6.6 TIME RESPONSE TO VARIOUS LOADS

It is apparent frém Equations (5.32) amd (5.14) that a§>ﬁh@-
load resistance begomes l@we?a the output pulse,ris@ time inereases.
EBvidence of this is @h@ﬁ@*i@ Pigure 6990 Eh@ @pper.@ﬁzve is @b&@iﬁ@&
with & load of 100 ohms é%@ h@s»a'Eiséi@igéigﬁvappf@ximately 15 nano-
seconds. The lower curve, whi@@ @@EE&S@@@@S:#&'& iﬁ%@agi.leg@ ohms,

has @ rise time of 8 nanoscconds.
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The time response of the output pulse for several different values
of load is shown in Figure 6,10. This graph shows experimental rise
time versus load re@i@iamce and two calculated points for comparxison.
The rise time appr@a@h@é approximately 6 nam@segonds as RL goes to
infinity. It is impossible to get readings below & load xesistance

of 56 ohms because of overlosdimg.

6.7 LONG TERM STABILITY AND PERFORMANCE

The cirecuit im Figure 6.1, aftex four weeks of comtinuval
pulsing using 2 trigger fxom the H@Wlét@ Packaexd Pulse Generatox,
evidenced no variationm im its @utput performance. Using data ébc
tained from Sprague Electric Company and Motoveola, Im@oy'it is
safely predicted that this circuit should exhibit constent perfovm-

ance characteristics for at least two years and probably much longer.
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Chapter 7

CONCLUS TONS

7-1 GENERAL

The fast rise blocking oscillator design procedure presented
in Sectiom 5.7 is valid to a first order of approximatiom. It may
be uvsed with high alpha cutoff frequency transistozs that have low
By C@ products. As gagt@r gise time pulses are required, the pulse
tzamsfgxmar bacomes the limiting factor in design. To accommodate
the higher alpha cutoff frequencies in the design procedure, th@bp@lge
transformer must have smaller and smaller leakage inductance and
di@@ributed.@apa@itamcea The practical limit of this diminution

defines the extent to which switching speeds ean be imcreased,

In using th@ design procedure the assumptions and approxima-
tioms used im deviving the design equémi@ns must be adjudged in terms
of the particular design problem undgr consideration. For imstamee,
1f the specified rise time is I@th@ElSlQWQ the assumption of zero
magnetizing current at the &eginning of the pulse top is imvalidated.
And in comntrast, if design for am ultra-fast rise time calls for am
alpha cutoff frequency above éh@ oxder of 200 megacycles, them the
design equations are bounded by practical pulse transformer limitations.

However, if these design ecquations are uwsed with caution and insight,

%22
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they are quite valuable im the design of fast rise blocking

oscillators.

" 7.2 AREAS FOR FURTHER STUDY

’- Since the transistoﬁ-veréi@n of the blocking oscillator is
still relatively new th@t@izém@in_many areas of appli@@tigm zo be
investigated. F@E example,. the area gflgignific@@t power @ué?mt'
from this citeuit hes ggﬁeﬁ@lly been svoided wmgil xecemﬁly'émd

would justiﬁy,examinati@na,

Th@ﬁ@ are stxll @mlgmas surr@umdlng &h@ qm@@ta@m of pulse
width d@peﬂd@m@@ on @12@@1& p@E@m~t@ES ‘other than magne&izmng induet-
ance. For instance, means by which pulse widch can b@ meg@l@ted

@rsus @hanging V w&xr&n&g congideration.

It is evident thétithe pulse &zansfaﬁﬁer will bé@@m@ mére _
and wmore a 1&m1&&ti@m to iast zise pulse de81gn as available
‘ transistox alpha @ut@fﬁ i?@qm@n@les ln@re@$@9 seemlmgly with@ut
b@undp It mlght be p@ssxbleg thexeforgg to @11minate the pulse
&r&msﬁ@rm@r @lt@geth@r @nd»@@@ in its stead some @ﬁh@r-@@m@azable
storage deviee which womld n@t llmi@ operation. Su@h a devi@é migh@ '
be a voltage varxabl@ @@p@@i@@r Wh@@@ st@rag@ cap&bilitx@g @hanga

Wlth v&rylng voltag@ a@r@sg its U@d@ubt@dly @@her §9531b11ztx@s

‘may guggagt th@m§@1V@s to th@ r@ad@ro
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