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■ " \ iraoBUefi©! ; ■ -

lol STATEMHT OF YIE PROBLEM

■ ■ ' The jmetioa-traasiseor bldeking eaeillatiox' is'' a eirehit used ■
6© geaera£e short pulse® with small rise timese It is a oae-transistor 
eireuit shich is faster than eonveafeional tw-transistor pulse circuits 
such a® multivibrators» It is a regenerative eireui't tiiieh produces 
pulses„of fairly constant shape when aetuated by a variety of different 
triggers or when self-oyeledo. It is essentially a single stage 
amplifier with positive feedbacks

In order to achieve’ proper operationthe blocking' oscillator . • 
circuit- 'must .contain three essential' elements-: (1) an amplifying
element Which makes possible the regenerative response®; (2) a non
linear element to terminate regeneration and control circuit'.stability-;, 
and (3) a magnetic storage elemenfco In the case of the transistor 
blocking oscillator#- the transistor supplies elements (1) and "(2) and 
element (3) is furnished by the pulse transformers

' These circuit elements define the pulse response to be attained 
: from the blocking oscillatoro It is the purpose of this thesis to



ascertain both, analytically and experimentally the scope o£ @a@h 
element6-s influence on the eirenit pnls© response with partiemlar 
emphasis on switching per£©man©®o

The ingress of high alpha cutoff frequency transistors and 
fast rise pnls© transformer® into iadnstry has facilitated the de
sign of extremely fast blocking ©selllabors but has also brought, 
new analytical ©©mpIdeations® To avoid thesej, a ®@t ©£ analytical 
equations must be developed which are based on a sneeession of cogent 
approximations and which allow a fairly simple design procedure to 
fee developed for fast rise blocking oscillators®

lo2 1SEB FQE liSEMEEATSfl FAST RISE CTLSBS

The simplicity of the blocking oscillator and its suitability 
in producing square output pulses snake it a useful component la pulse 
systemso For instance^ the blocking oscillator output may fee used as 
a gating waveform with a very short switching time® Or it may fee used 
in ring counters and frequency dividers with great" economye It is 
especially useful in regenerative pulse amplifiers and puls® generators 
or as a monostable circuit to obtain abrupt pulses from a slowly varying 
input triggering voltage® It cam fee used as a lew impedance switch 
to discharge a capacitor quickly as in storage counters or as a master 
oscillator to supply trigger® for synchronizing a system of pulse”type 
waveforms® These and many other applications point up the importance 
of the blocking oscillator in puls© circuits®



3
is extremely important<, The faster the rise time^ the mice aeewate 
'and valuable is its mle in the eireeita It is fer this reason that 
emphasis is placed in this thesis ®b those cirenit parameters Bhieh 
infleenee the blocking oscillator pnisa rise time and ®a design 
teehaiqtaes ■which enhanee this switching @peed»

1.3 CBMBRM. m m o i m  TO Til gHOBUM

The initial problem is to clarify the basic circnit operation 
of the transistor blocking oscillator^ With this as the starting 
pointthe basic eiremit concepts then become the bmildiag blocks for 
any comprehensive analytical stndy of the blocking oscillator®

After the basic oiremit operation is clarified^ the transistor 
and pals© transformer ©an be considered separately and analysed from 
the standpoint of high fregneaey response® With the resalts of this 
an@lysies the most desirable blocking oscillator circt&it soafignration 
for fast response can fee selected®

Them the task of analysing the total blocking oscillator eirmit 
©an be undertaken with the analytical restalts of the separate components 
as the foundation® Egnatioas can be developed to analytically describe 
the circmi# behavior for varions condition® of triggerinĝ , loading^ 
and transformer tnra® ratio® These eqmatlom® cam fee modified^, by 
appropriate approximation®^ to a workable form® Then experimental 
gfflbstaatiafciom of these design equations can be instituted®

Finallys eoaclttsioa® can be evolved which indicate the validity 
of the developed analytical eqeatios® ©a She basis of the experimental 
resnltSj, and xdaieh evidence the worth of those equations®
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1,4 . REVIEW ©F LITBMTHIB AVAILABLE OM TIE iPBJE€T

The realisation of the importance of the transistor blocking 
oscillator in palse eircmts has produced awneroes articles on the 
subject in technical literature. Howeverj, since it is still a relatively 
new and narrow ©abject^ most of these articles and sections of text" 
books are based on a mere handful of really creative and contributory 
articleso. Only this type of reference is discussed here,

to early work, by Ebers and Moll*" analyses the large-signal 
characteristic© of junction fr@Bsi@t©rso This analysis is helpful in 
understanding and predicting the behavior of the transistor in the 
blocking oscillator circuit, The transition of the transistor switch 
from open to closed^ or vice versa# is discussed as well as the effects 
of minority carrier storageo Equivalent circuits for the transistor 
are developed for all. regions of operation and the impact of this de
velopment is still evident in most of the recent treatments of transistor 
switching circuitso '

2In another article# Moll deals only with the transient response. 
of the transistor in the active region. The transistor small-signal 
characterisation is used to calculate switching and storage times. The

1Jo J0 Ebers and Jo Lo Sell# "’Large-Signal Behavior of Junction 
Transistorso” groco of the IRE, Becoa lf54# ppo 17Sla1772o .

2Jo Lo Soil# ’’Large-Signal Transient Response ©£ Junction 
Transistors116# frocc. of the IRE, Bee,# 1954# pp, 1773-1784,



methods employed in this article fom the basis for most mew approaches 
to the transistor switching-time problem#.

The most important w®rks relevant to this thesis^ is done by 
3Mmyill and Mattsoao Shis article develops approrimaat® for the 

transistor blocking oscillator in its variotss stages of operation and 
performs an analysis of these, approrimant@o From this analysis^ 
analytical expression® are evolved which describe circuit response to 
w r i o m  triggers5 loadss and turns ratioso These expressions are then 
validated experimentally^ The real significance of this work is in 
lighting the way to approximating methods in blocking oscillator 
analysigo

An analytical method which differs significantly from previous 
approaches is devised by terud and A a r o n T h i s  analysis deal® with 
the nonlinear dependence of collector current and base voltage upon 
base currento Unfortunatelyg the nonlinear differential equations 
governing circuit performance which are derived require analog and 
digital computer solutions^ In other words-* the result® are splendid 
from a theoretician8 s standpoint*, but are much too cumbersome to be 
used in design and for that reason this work is almost totally ignored 
in this thesiso

a .  " 'Jo Go Liawill and Ro H® Mattson* "Junction Transistor Blocking 
Oscillators^ 8 Fr©Co of the IRE<, E©Vo* 1955* pp® 1632»1639«

4Jo Ao larM and Mo Ro Aaron* “Analysis and Design of a 
Transistor Blocking Oscillator Including Inherent Hon=Linearities*,6 
Bell System Technical Jourmal« Volo HXWIII* May* 1959* pp<> ?S5”S52o



As the transistor blocking oscillator is adapted for ese in 
new applications^ the need for esEtension of these baei© ideas and 
neoteric thinking in terms of circuit adjustments ariseso As a result^ 
several new approaches to the analysis of transistor blocking oscillators 
have been developed which are useful in this present treatment0 Typical 
among these is an article by Hamilton which develops a design procedure 
for using blocking oscillators as a building block in digital systems0 
This design method virtually precludes variations of pulse shape with 
©hanging transistor parameters=

There are, of course^ numerous other articles and books which 
enhance the contributions of the works mentioned aboveo Ifeny of these 
't-ill be listed in the Bibliography and referenced in the text of this 
thesis®

5Bo  J o  Hamilton, M A  Transistor Pulse Generator for Digital 
Systems,” IRE Transactions of Electronic Computers„ ¥©10 EC=7,



Chapter 2 .

TEE BASIC WAMSISS0R BMCKHG ©SCELLAtOl

2ol

is Bho^m in Figere 2olo Ihea 
the eireait is eaergised there is a forward bias established betoeea

earreat #si@h ia term
rrse m  

earreat flow ia the col*

voltage ia the base^wiadiag ©£ traasfonaer f Aich charges capacitor €

eaase®
transistor to saturate rapidljo

voltage ia the base winding ©f transformer T decreases to zero?
3 now discharges thrm&gh resistor Bo The field in the trass =* 
a winding collapses and indnees a voltage in the winding in the

ctarrsat to eetoffo The .transistor ia held at estoff taatil capacitor
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C ^

BE

CC

ASTABLE BLOCKING OSCILLATOR

Figure 2.1
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(d)

WAVEFORMS IN THE BLOCKING OSCILLATOR 
Figure 2.2



disdiwging eteo^gh resistor ls r®a©he@ tfe® peiat at %hieh the transistor 
is f © r w @ r 4 “ fcia@®d amd ©©ndaefeioa begins s g a i a o

Typical w w £ © m s  of the oireeit operation are show in Figsre 
2o2 c Parameter notation refers to Figare 2©1» She rise.time and fall 
time response is governed fey the pti.se transformer ©fearaeterietiss and' 
the high £t@§aen©y ©haraeteristie© of the transistors These attributes 
are investigated th©r©@ghly in Chapter# 3P 4g and So The flat' top period 
is primarily determined by the base minding of the transformer and will 
fee examined in Chapters 4 and So The resting or blocking time is de
termined fey the time constant of resistor ®, and eapaeitor Go

2 o 2  m i G G E R E D  BLQCiCIMQ Q i G IfeLATQRa

The feloekiag oscillator m y  fee triggered from am independent 
smaree so that it prodnees one ostpst ptis® for eaeh input triggero 
This mode of operation i© sailed a triggered or mon®©table blocking 
©seillatero. 4 eommon emitter moaostafel® eireeit is shew in Figure 2® 3o 
It differs from the astable eirenit in Figure 2 o l  in that the transistor 
is held at entoff by the reverse bias voltage

The application of a negative pulse at the input initiates
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Trigger
CCZEZ

BB

o v

0— 1(-

Trigger  ►  +
R

BB

Triggered Blocking Oscillator 
Figure 2.3

I f

~  V<!1 *C 2 
Nonsaturating Blocking Oscillator 

Figure 2.4



The feheosy.of ©gesaSiea of this ©iretait is similar 6© that 
desorihed for the ciremt in Figtare 203o Im the qiaieseeat statej,. 
di®d© GR1 is rewrse-biased sad diode CR2 has ®@ bias appliedo A 
aegati^e trigger pels® at the iapet initiates regeneration resulting

r ^ ,  ,i r . ' - r - i -   , ' '

. Jo Go Llavill and Eo H0 BSattson̂  “Jnaetioa Transistor Bloeking 
OsoilXators/ 11 Proeeedin&s of the £EE0 lowertiery 19559 pp« 1632*= 1633o
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la a rapid iaarease in the e©ll©§e^^ ew.ttm.to The eel lector voltage
rises from the- aegative eomhiaed vale© of ?„ sad ¥_ mtil thee1 , 2

reverse^hias potential applied to diode SRI reaches a valse equal to •
Fsrther increase of collector potential results in diode €R1

becoming fomard^biased. and it then maintains the collector voltage at
the wise of ¥„ a Since €B1 also, sets as a short circuit to the 

C 1 '
collector winding of the transformer^ the transistor is prevented 
from going into saturation© As the magnetic field on the transformer 
begins to collapse, the bias voltage across diode CR1 reverts to its
nonconducting state liaes the vale® of is exceeded©

^1 -

The collector voltage ©oatintae© decreasing until it reaches
the value of ¥„ 4*

1
traasfomer attempts 6© decrease further the voltage at the collector, 
bat CBJ2, #ii©h is coadmctiag, prevents this from happening © :Biode 
€1.2 also serves to clasp out any oscillation after the pulse©

A critical question in this thesis is whether causing a diode 
t@ go into saturation to prevent the. transistor from doing so is 
wrthAil® or not© This question, is considered in Ghapters 5 and 6 
from both the theoretical and practical aspects© The matter of pro- 
testing the collector junction from high inductive voltages if diodes 
are not used is readily handled by a judicious choice of transformer 
parameters as discussed in Chapter 4©



2.3 . TRXGGERI1G COHSIDEBATIQHg

Th® triggering requirements for the blocking oscillator 
©ireaife in Figw® 2.3 are not. at all intra©table if the oatpat pnls© 
reqnirementa are hot too rigid. Triggering may be readily accomplished 
by voltage pnlses in the base . ©irenifc or enrrent pulses in either the 
collector or emitter circuits. Linvill and Mattson approach the 
triggering problem by comparing, trigger, somrce energy requirements, of . 
the various triggering modes to initiate the blocking oscillator re™ 
generative cycle. The consequences of the various triggering mode 
source impedances is also considered. Yet another approach to the 
triggering problem will be undertaken in Chapter 5 whereby triggering 
mode selection is optimised to- obtain fast rise pulses at the output 
of the blocking oscillator.

. In the “garden-variety*1 transistor blocking oscillator^, the 
trigger input* regardless of circuit constants* should have at least 
a few volts of amplitude and a rise time of sometSat less than 168 
nanoseconds (millimicroseconds). The trigger duration (pulse width) 
should either be comparable to the rise time of the blocking oscillator 
output puls® or longer than the period of the blocking oscillator cycle. 
Since the former* in most cases* requires such a short pulse with 
extremely fast rise and fall times* the latter is predominantly used.
If the duration of the trigger puls® is such that if is removed while



15

the ©sstptat ptslse top Is being generated̂ , am irregularity mil oeeur 
in the osatpat m w £ © z m  at the time the ispat p«l@© £@11 time oeearso 
It is possible that this Bill halt- the regenerative ©yel©o This 
phenomenon is investigated in Chapter 60 A® can. then be seen9 if 
the trigger daratioa is wider than the ©atpat pelse^ no detrimental 
resalts are evident and the eireait will still generate only one 
palse for eaeh trigger,, •

Trigger pals® rise time is eztemely important if fast rise 
oatpat pulses are desired9 This aspeet is treated at some length in 
' Section 5=5 and experimental snbstantiatio® of this premise is given 
in Seetion 6 o 3 o  I t  is not ne©@@@ary to match the trigger generator 
iapedanee■to the inpet impedance of the blocking oscillator circuit 
since maximum transfer of1 power is not required here® Mismatch should 
not be ®© great^ howeverj, that the minimum trigger requirements are 
sot meto

2 » 4  L Q A D 1 H G  C Q M S I B E R A T I Q i B

The preceding sections of this chapter have dealt with block™ 
ing oscillators operating into an infinite load impedance0 Since 
the practical blocking oscillator must operate into finite impedances# 
-it is necessary to consider this parameter8 s effect on circuit per- 
Josmanceo The load impedance can be placed across the terminals 
in Figure 2»3 or inductively coupled to the output circuit as show 
in Figure..So5<a A complete analysis of loading consequences on block™
- ing .,oscillator performance is. given in Chapter -5» It cam be seem that
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ehe eyelie ewoliation ©£ the eireuit remains essentially the same as 
in the ease ©£ an infinite load impedaaee^ but that the smfcehing 
time is slowed as a resslt of Idading* A fnrthet impediment is the 
neeessity ©£ altering the transformer design■as the load is ©hanged 
in order to optimise the eiremt smtehing speed = The experimental 
restilts of Ghapter 6 point np the aatnte @£ these dififienil&ieso
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Trigger

BB ™T~CC

LOADED BLOCKING OSCILLATOR 
Figure 2.S



Chapter 3

TMMSISTOE SWIXeilMe LiMITAtt©MS ' '

3ol LARGESSIG1AL BQgiVALEIT' CIRCUITS •

In preparing for the eomprehensiw eireeit analysis of Chapter 
5S equivalent circuits of the large-signal deportment ©£ a. jmetion 
Craasisfeor mast be developedo \This is. d@se with as little/©©aaBittmettt 
to at. speeifi© eitcuit eeafigasatien «6 possible .tp.allw. facility, iot 
the choiee o£ eoamm base e% eemmm emitter im Chapter 5* Ihen the 
transistor is. used as a switehg as is the ease with the blocking
oaeillat©r5 it finds itself in three condltlona,of operation defined .

 ̂ - ,■ ' ' by 'Anders©© as £o'lle»e$ • ■

Region Is collector ©mrreaS' eutoff or eolleetor.
■ ■ ■ ' voltage satarations ,, %

Region II: active region^ and.

Region- III: collector enrrent satnratiomg or collector
voltage cutoff

1 . . - ,Ao So Aadersotto "Transistor# in Smtching; Circuits*" Froce 
of the IRE« Volo 40« pp0 1541=l54Sj, Movember̂ . 1952

IS
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Appra^imfie eqeiwlene eî eiaits of the transistor for these regions 
appear in Fignre 3 do

The MPM embodiment is ©alloyed here bnf the reasoning applies 
to the P1F type by merely ©hanging polarity signs» Bering e«6o££ the 
transistor is essentially an open eirenit as show in Figure 3ol(a)o 
In the aetiwe region the transistor behaves approximately as in 
Figure 30l(b)0 Resistor r^ is roughly the reeiproeal of the appro
priate ®urv© in the region of op ©ratio no luring saturation^
the transistor is a eoaparative short ©ireeit as in Figure 3d(@)o 
let another region of operation %&i@h should be considered is when 
the emitter junction.is reversed-biased and the collector junction 
is forward-biasedo This is the reverse active region and is repre
sented as in Figure 3d(d)o

The approritaaats in Figure 3 d  are useful as a conceptual aid 
but lack the verity required for the analysis in Chapter 5o There are 
several more rigorous equivalent circuits available in varying degrees 
of exactnesso The one which leads itself most readily t@ the approach 
adopted in this treatment^ while still maintaining rigorj, is depicted 
in Figure 3o2s  ̂where combines emitter .junction capacitance and 
diffusion capacitancej, 6 is collector junction capacitance^ and OS 
is measured at low frequencies» The circuit in Figure 3o2 can now be

2Do Dewitt and Ao Lc Rossoffy Transistor Electronicso 3rd Idos 
McGraw-Hill Book G©S8pany9 Inco5 1957.s po 268o
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TRANSISTOR EQUIVALENT CIRCUIT 

Figure 3.2
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®dape@d £© m y  of the eperatiag regioBS aeatioBed above= Bwriag 
the is^ortaat swltshiag portios of the eyelê , if the operation of 
the traasistor i© a@sw.ed. to behave ia a® essentially linear mannerj, 
the equivalent cirenit beeomes as show la Fignr© 36.3(a) o Here the 
transistor i@ approximated to have negligible emitter resistance^ 
negligible collector ©ondwtaneej, and a natty alpha and ©nrrent gaia0 
Bering the 6”©1S8 portion of the ©y©l®^ the ©nrrent gain of the transistor 
i® approximately ©osstaat and the effeet of the ©elleotor eapaoitaae® 
ean be nagleeted© The effect of the emitter resistanee assssmes 
signifioaaee^ h@wvers and the equivalent ©irenit becomes as in 
Fignre SeSCb)© The significance and meaning of the equivalent 
ciremits ia this section are elaborated ©a in the following seetioase

3o2 MRGE-SiaAb OFMMl©!

la large”SigMl ©r nonlinear operation^ the transistor behaves 
as an overdriven amplifier M t h  resnltaat changes in the c©ndeeti@a 
state as described is the preceding seeti©»o These states represent 
regions of operation in the characteristic carves of the transistor©
The coaaoa' emitter ontpet characteristics of a typical MPM transistor 
are show in Figure 3o4© The characteristics are arranged i® three 
regions s eateff̂ , activê , and satwatioao The dotted ©nrve represents 
the maximum permissible power dissipation of the transistero The 
arbitrarily chosen load line is allowed to invade the excess power 
dissipation region because of the extremely short time which it abides 
there© The cmtoff and saturation ‘region© are considered the stable

mailto:a@sw.ed
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MODIFIED EQUIVALENT CIRCUITS 

Figure 3.3



24

ACTIVE
REGION

VCB ^lt.)

CUTOFF REGION
COMMON-EMITTER-COLLECTOR-CHARACTER 1STIC FAMILY

Figure 3.4
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0.05 ..3

0.10 0.200.10
Baee Bias Voltage V^g (Volte) 

COMMON-EMTTTER EUEVERSE-TRANSFER-ADMITTANCE FAMILY - Figure 3.5



or qig£es©©®£ mgioas of operstiea All© £&© motiv© regioa i@ eo®' 
sidered eh© mseabl© or eraa©i©at regioa ehroegh Ai©h operation 
passes Ail® ©hanging from eh® " WF118, to 61© "’O®88 ®eafe@ 0

A basi© ® E  transistor smi£©Mng ©irowit is show ia Figsre 
So6» fypieal ©iresit eharaeeeristies relevant to this treatment are 
©mnpiled is Table Solo < The entoff regioa ineledes the area below 
the aero base-ewreat ©mrve in Fignre 3 o 4 o  Ideallys with no initial

potential momld eqwl the battery voltage However̂ , beeaese of
the saturation ©wreats ©eased by minority earriers in the emitterj, 
base, and e@ lies tor regionŝ , this sifctsation is realised only in the 
approximate senseo These saturation carrent®^ Aich are of important

with little deleter!®®® effeet ®n the ealeelatioa® for the blooking 
©seillatoro '

The astive linear region ia Fignre 3o4 is the only region

in this regieno. Operation of switsh S ia Figns© 3o6 to the 
position is ©omparable to the application of a positive step voltage®



...... ... 1EtEGIOE OF GPIMTIOM ' ' .
ITEM Cutoff ■ Active ■ 11 Saturation

Higfe..,(infinite) ''..| Low, (sero) Low (zero) ,
Ottfcptit I^>edas©e - High (infinite) '•High ■ . Low (zero)
Quvxent Gain Zero ■ Hemal Zero
Emitfcer^Baae Rewerse-Biaaed • Forward” . Forward-
June£ion Biased Biased

' ; ■■G@ 1 lector'-Base
' ■ ':Reverse Biased Reverse- ' - Forward;,

Jmactioa - ' ' .Biased ’ - ■. Biased 1
|Ba®@ GurBeat Zero - i I • High"
Base Voltage Hegative Positive

(Transitory)
Positive. .

I Co Hector 
Currest .

:Zer® ■ Transitory High
(Maximum)

'GbllecEbr • 
Voltage ■

Foeifiv® (High) '' Positive
(Transitory)

- ;Zero . ;

' Table .3*1 

Typical Swi.tehiag Gireuit .Chara©teria tics
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ELECTRON DISTRIBUTIONS IN THE THREE REGIONS OF OPERATION
Figure 3.7
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aetive region w r y  rapidly0 The saSmm&ion region is reached when 
aa increase in base enrrenfc no longer eanses am appreciable increase 
in collector enrrento This oecer© tshen the rise of collector current 
reaches the point nber© nearly all the supply voltage appears across 
the loado Howeverit is ©till possible to increase the. total electron 
storage in the base to the point where the reciprocal of the lifetime 
7 of the electrons times the total stored charge equals the base 
currento The parameter 7 is the length of time in which the base 
equilibrium disturbance decay© to 1/e of it© original valneo

These regions of operation have best been described by Dewitt' 
3 'and Eossoff through a knowledge of the electron charge'stored in the 

base as a function of distance x along the base and time &9 •and of 
the charges stored in and 6 as functions of t (see Figure 3o2)o 
The electron distribution behavior in the base for the three region© 
of operation of an M M  transistor as designated in Section 3 d  is 
found in Figure 3*7 where W i« the effective base width* la Region ls 
both junctions are reverse-biaged and collect all of the electrons 
thermally generated in the base* Each junction draws about half of 
the saturation current I resulting in the symmetrical distribution 
curve showno

In order to turn the transistor in Region II, electron©
must be stored in the base* Electrons cannot be stored faster than

^Ibido, pp* 269-272



the base lead can supply neiatraliging holes^ thereby making the base 
esrsrenfe the limiting faeter in rate of storageo Smee the eolleetter- 
base jen©ti©a $emaias reverse biased^ eleetron density at % » m tg 
still K@r@o Ihen the. ©ataratien legien 111 is readied,- both the 
collector voltage and current are damped^ independent of the magnitude 
and'duration of the inpnt.. signal«. The - electron distribution in this - 
region has a nearly constant slope^ over the -base and -can be
approximated by ■-
.  ̂ i "

qD

.: - q ® Ie6 odulembs

0 ™ diffusion constant for electrons .
” ■ ... :

The., appreciable'eleetroa density 'at x = W establishes a very small
negative' value, of v^o - " ' /- ' - ■

Ihen the. saturated transistor is turned "OFF" by reversing 
sMfeeh S in Figure Sobs the total of stored electrons drops but 
-Bn/ex"reaeine nearly constant until v^g starts t® recover® This time. 
lag until Vgg goes positive again is called storage time® Once 
becomes positive, the transistor drops, to its original "OFF" state, 

which is the fall time®; ■ ' .-
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3 o 3 THE SMITC1IKG TIME PROBLEM

la £he present treatment^ the time required t© ©haage the
operating point of a transistor from Region I to Region III is of
paramount importanceo Dewitt and Rossoff approach this problem. 4

through base' charge storage eon®ideratioas = By this method, the 
amoant of time repaired to get the transistor from one state to 
.another is found by computing the total base charge prior to the 
transition and after it® completion, then determining the time for 
the transistor mechanism, t® effect this changeo The total base 
charge is the sum of the charge stored during Region II and the 
charge stored during Region III* .In addition, the collector 
capacitance € and the emitter capacitance C*e (see Figure 3=2) must 
have charge added or taken away to effect this change«, That is, to 
get the transistor from Region I to Region III, the total base charge
must be changed from CL to Q.Ill* the collector capacitance charge
changed by

t.Ill
G

and the emitter capacitance charge changed by

4Ibid, pp. 272-280
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the meehaBism v*!©!. aeeoaplishes' this is, tte flow of base eusfenS 
1^ less _£he reeeisbiaatian eytrrent Q/ya This ©ha^g©-transfer may

/■*111 : : rSlIl
<V~..y 1 d& G J ] %  4 VGB- * Ce>4 VEB * dQ) (3e

■ - ' ■ ' ■ tI'

■r£i i i  ; ; T 1 1 1 :

J (Ifc - f ) «t >  j  °c d ''sB

I
III ... / ,

yhere' the left, side ©£ each eqssitiom represents the total charge de™ 
liwred by 1^ between t^ and t^^ less the charge lost by reeombination 
dwiag that iateryslo - Eqttation (iol) form© the feaei® for the. eompmta- 
tioh of switching and storage times in' the next eeetione.o

3o4 RISE TmE'

'' / The rise time 6 '■ is the time re^mired for the leading edge
:©£ the pulse to iner.ease in astplitad® from 10 to 90 percent of its . ;
maximnm valme* In the' switching transistor it represents the time 
from emitter ©©toff (Region I) to cnrrent saturation (Region III) and



<esa be obtained ftom jest a te&ewledge @£ She aeSiv© region parameterso 
In ealenlaSitog 6̂  ̂ She right hand terms ®£ Eqwtiea (3@1) represent



' where I„ is the total base, cnttent daring the arise time and. "a"' is... ®i,.- . ■ , ■ - ... :V.̂ •. ■ ; ■.
.a ©onstaat appmximately..eftial. fe® 0©5q. ■ ■’ ' - . " :. '

■ 'The rise time elearly depends ®m the awimt of drive^ the 
entreat gain^ and the fraqneney response ©i the transistor* In order 
■ to ©ompare the, rise time of the emitter, and ©©smon/base.; ■ ■
GommeotionSg t&# rise time as a f(motion of driving omrrent tmst be 
knotsxe This has been don® graphically by Ebers and 14© 11^ for' 
comp arable transistors* Their ressltSj, *ieh are plotted in Figure 
Safij, imdieate that for efwl driving ©ttrrent@? the c&mmtt' emitter ; ■
connection smtches M©MM faster than the common base eircnit* Also^ 
at some sacrifice in speedy, a given ©nrremfe can be controlled mth . 
smaller drive -for the ©omion. emitter ease*

3*5 SSOIAGE TIME - ,  ̂ :

Storage time results from injected minority carriers being 
present in the base region of the tramslstor at the moment Aea the 
ihpnt current is cut off* These carriers require » .definite length 
of time to be collected* The length of storage time is essentially

. . : . . g . - - ' ' . . ' .. ,••■Jo. J* Ebers and J* C* M©!!^ 13Larg@”Sign©l Behavior of ' 
Junction Transistors *" Proc* of the-IRE* 0 Vol* 42s Bee* s 1954#
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Figure 3.8
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g@wraei. by eh© iegsee ©£ ©aesratien iat@ %Ai@h the eraa^iseeir i©
ds'ivsa aad eh© elm© $p@»£ £® satmraeioao The base esffs©mtt r®w@rsal
ehaS e©©Ws ae eh© ©ad of eh© lapme pals® 1© eh® Kesaie ©f eh© ®e©e@d
©aririers ©oaerihafead by eh© ©aeeeae gala se eh© eraasise©® multiplied •
by eh® initial iapae ©as,̂ ©ae5) L » llhem efei® easreat wala® decay© e®el
th© wl@© ©f nmtiLmm ©weeat ae saeagaeieag eh© @@ll@©e®r=bas© died© 
be©©®©® ^©vetse^biasedj, sad ©ad I decay es^ponemttally e© ser@o

§e©rag® elm® tg ©am fe® ©©mpmted fey rasiag Iqaati®® (3o1) aad 
eh© ©£&©«££ ia Figwr© 3o6 £® ©btai®

®£ base ©nxvemM 8ey@$9®ld

Sterag® time is am radesirable ©madieiem £©% high speed
SBie@hiago Siaee ife dees a@e ©areai1 the rise eim$g aad sia©e 
r@p®£iei®B sat© is a®e @£ imp@reaa@@ h@res measures e® ©limiaate its 
eSfeefc seeh a® @©ll@@e©r elssmping are aot aadertak©® ia this thesise

3=6 FALL T BB

fhe decay tra®s£eae# after the ©@ll®©ee.r jaacti®® has "reeevered" 
e%..B®gi®a II @p®rat£©% i® .©©atmlled by the aermal active regio® 
parameterso. Tfe© fall time .t, is defined as eh© time fer the smplitsde



10 p®£Q@sa& ©£
with Mss

III valws®
is ttsed

ef°
e im @$ees 

is mel*p®do V#

ia S®©6i©a 3q5 ©aa bs ased h@se t© 
tia® begiaaiag ©£ fall timer,
Q.^ has diaiaishsd t© z®T©

goes pos ©

Assmiag that the stored base eharg© g#es £ra® to ser® dariag

f

\  * « u
4 Ib, + e<,U >

0 is defined in lqea6l©» 11
W»M

i a.®

@r are
e$t®ad@d 6® the total fel®©kiag ©seillater aaalysis ia Chapter 5®
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sm sE  Tmmmwrn i i m r s i s  f© i f a s t  m se  b s ls e s

4=1 THE Pia.SE TRMSFOIMER

The eleotmaagEteti© pmlse tssasSomer is wed for m a y  appli™ 
esfiioas ia a Hide rsmg© ®£ @ir@mi$So . la eh® bloeking ©seillater 
®iretsie it is wed as a regeaeratiw facility Bbieh ha© the ability 
to traasmit pslse© of short dwatioa x-?ith a relatively small amomat 
of pals© distortion* $h@ properties of Imped ptsls© transformers 
hfflv© feeea thoroughly iav©@tigat@d ia tfe® mieroseooad raag©= Fortmately, 
it has he@® foead by Moodyg @t al,^ that essietiBg design theory is 
applicable is the a®n@@e©ond rsmg®0 ®a this basisj, the present treat” 
meat mil follow ©lassissl transformer analysis teehniqaeeo

There are primarily two ways in tAloh the response of a pnlse 
transformer to an impressed sqtiar® wav® ©an b® fo@md= The first in* 
volves a resolntion of the sqear® wav® into a amber of. sisrosoids fey 
Foarier methods* The amber of hamoaies to fee ©ompeted ia the series 
depend® on the aeearaoy of analysis repaired and the celerity mth

%= F= Mo®dys 6« M@L#©kys and Mo 0= Beightoas "Milli-
mieroseeoad Pals® Te©haiqe®Ss111 Electroal# lagiaeeriago Vole 24s 1952s 
pp 214°219=

37
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•sMigfe the magaifewi® ©f the F@®r£®K e©e££ie£@Bts eppraaehes sssr©a The 
response @£ the ©£r©sifc to e&sh £r®q@@aoy is determined aad these 
as© smmed t© ohtaia the total sespoas©® This method is owabeseom©
At best sad esa aeoemalat© e$©@s@ive essos if great ear© is a©t takeno 
The s@©@ad method is mos© saifeabl© to this tseatsaent @ad Bill be ased 
here» This method involves detemiaetiom of the transient eireeit 
response t® the slop® diseomtimwities of the sqnsre msw&o. This per= 
mits a valid esgnivsleat ©irenit for the transformer to be esed for 
@ ©omplete transient analysise The principal presupposition made 
here is that the lead£ag°edge transient of the sqnare imv® vanishes 
b@f®r® the trailiag-edge. on® begins0 This asmmption is.valid, in most 
blooking oseillator applieationse

•$fe@ analysis and.design resslts ®S this ©hapter are employed 
in Chapter 5 Bh©r@ the aggregate blocking oseillator ©irenit is

Iw^ed or distributed parameters« Sine® the latter involves mdwatdj,
intricate teehnlqnes whieh in the present treatment does little to
inerease ®©©wa©ys leaped parameters are need throeghoBto The
equivalent ©irenit development i® this seetioa is taken from the work

2fey Miliman and Taebo

Jo Mi liman and So Tanfê  Bmls® and Digital Glremlts, M©6raw-=H111 
:#@ok Coos I&@.o $ 1956j, ppo 253=263 o



ideal. @ne 6©gefcher W.6h addifei©Ml’cisrewifeay t© delineate the
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PULSE TRANSFORMER SCHEMATIC DIAGRAM 
Figure 4.1
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PULSE TRANSFORMER EQUIVALENT CIRCUIT 

Figure 4.2
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The. elrettifc ia Figure 4o 2 ,1® ttfee ®ae used ia £be„ 
©£ the following see£i©aso .

■ Employing the apgroseh adopted ia Sei$ti@a 4olji the trsmafoimes ; 
pulse response eaa be examiaed seotioaallyo' Bie pslse rise Mine ' 
analysis @®a be ooadwted on eh© modified 'version of the circuit in 
Figure 4o2 shorn in Figure 4=>3o The effect of the magnetising in
ductance L is small relative to the’capacitance G at the higher frequency 
components of interest and- can therefore be disregarded^ The effect 
of the leakage inductance h/ hoijever* is i%©rtaat during the buildup

Uhea switch S in Figure, 4® 3 closesj, the. step of voltage E 
impressed, on the circuit simulates the leading-edge of a pulse® The ' ■
transfer function for this circuit in Laplace notation is gives by

o
nE XG tolh ?i Rj -h %  '

r2 xc
(4s4)

and from this equation the roots s of the eharaeterlstie equation are
1/2

j, hi +h\ l ' ]
2 Mg

2E.G +■ K  t k'
' 2E2€

L Z - - «
(4*5)
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She steady state at&emaati©® faster ,,aM ©f this eiretsit is

^2 i'/2a » g"'!Jr%r Fd@ldi»g a cirettifc time mastaat 7 ® 23t (X Ga) ©
1 2

3Maaipelating Eqmtioa (4©5) iat© a stamdard £©m the dampiag rati©
4 is £©ttad f© be

7 / 1
“ " | r  ^ v ~

and Equation (4©5) may he witten in the f®rm

:®V B2 ® " 64 ton " ya ^  ^  C4©7J

where w « 2%/f is the mdamped nataral aagslar freqaeaey ©f the
eirenito Conditions ©£ ever damp lag s ©ritieal damping <> and under
dashing oeetar when the dashing rati© 4 i@ greater thaaj, equal t©̂
and less than unity respectively© The behavior of the roots of the
©haraetesisti© equation ®s the damping ratio 4 varies from zero to
infinity is shown in Figure 4»40 The real part of equation (4o7)

2 1/2is o ® » 4 m d  the imaginary part is m *> -fr w (1 «* 'ji ) ©

Adequate information is now available s© that the influence
©£ the transformer eonstaats on the leading edge of the pulse ©an
be presented in a form amenable t@ the analysis in Chapter 5© To d©
this a graphical display similar to one used by Lee^ is employed*

qHo Eo Wan Falkeabarg^ letwork Analysisa 3?t®®ti©e»Hallp Ineo. 
Sixth Frintingj, 1959j, po l©4o

^Eo hee^ Eleotronie Transformers and Circuit® 0 2nd Edition, 
J©tm Wiley & Sons, la©o, 1958, p0 297*
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RISB-TIME EQUIVALENT CIRCUIT 
Figure 4.3

8-Flene

co

CHARACTERISTIC EQUATION ROOT LOCUS WITH p
Figure 4.4



fcane© 6 P the slower mil be the rate ©£ rlsê ,. making small values ©£ 
these paramatos© essential to this thesiso The resistances and 
Rg also affect the damping ratio # and must be considered in the 
analysiso The greater the amount of oscillation® which can be in
dulged the faster the rise time of the output pulse* High 
oscillatory peaks occur if the circuit is wnderdampedj, and the leading 
edge rises slowly if if is overdamped* Designing # close to unity 
will avoid these conditions*

4*4 PULSE-TOP RESPONSE

During the flat-top or "OB" portion of the pulse, the fran®former 
can be represented by the equivalent circuit in Figure 4*6* The re
sistances and Rg remain the same as show in Figure 4*2* Capacitance 
C can be neglected since the rate of voltage change during this period 
is relatively small* The.leakage inductance is neglected here since 
it is usually quite small compared with the magnetising inductance L*

To facilitate computations, the Thevenin equivalent of the 
circuit in Figure 4*6 is shown in Figure 4*7* From that figure the
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PULSE TRANSFORMER RISE-TIME RESPONSE
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PULSE-TOP EQUIVALENT CIRCUIT 
Figure 4.6
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SIMPLIFIED PULSE-TOP EQUIVALENT CIRCUIT 
Figure 4.7



It i® obvious that sag is quite sensitive t© R° and hence
to the rati© 3EL/B,- in the expression R8 o»  ̂  0 if i i®■*■ K.̂  v Rg 2

much smaller than R p  the sag is only slight; hut as R^ approaches 
infinityj, the sag becomes eaasessiveo

inductance L is a constanto This is & valid assumption providing 
the core does not saturate =, Caution is exercised to avoid this 
radically non-linear region In Chapter 5o

The trailing-edge of the output pulse starts tshen the iapst 
pulse falls to sero^ simulated by the opening of smteh S in Figure 
4o8o The magnetising inductance L has an initial current flomng 
in it and the capacitance 6 has an initial voltage V across it *en 
this switching beginso The nature of the output pulse decay results



R2±a mg» E« - a, Is * ^  a2M 1 +

S ss 
V pals® -width p®tl@do Th© iaieial ©apa©i£©r wltage ¥ is ©qtsal

The time ©f®efei@» £@r efe© pals© voltage decline ©as bow be
wi££@&

E 2 S Xc t EL € I \ ^2

1/2
#1, 9% ' 1

2 1 +■

From this, eqaatioa it ©as be imfeeted that Sail time aad backswiag ia« 
crease as the ratio &  deereaseso For this reasoa it is important to 
keep the capacitance eS the tramsformer smallo It is also aesessary

if trailing
fhis ©am be done fey .designing for shorter pals© widths and s jodicions
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TRAILIMG•EDGE EQUIVALENT CIRCUIT 
Figure 4.8
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MODIFIED TRAILING-EDGE EQUIVALENT CIRCUIT 
Figure 4.9



depead primarily ap@a the amemfe of magaetisiag ©arremt I built

aea the traasfomer is eoaaeeted in ® blooking oscillator
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PULSE TRANSFORMER OVERALL RESPONSE 
Figure 4.10
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Other dlesiga ©@®sid@satioa® @£ the ptolse' tr®®@£©sm@i? are 
Betewrthy in preparing £@r the aBalysis ©£ Ghapter 5o Gere 
permeability is isapetMt&t beesss® with Mgh=-pem@ability @@e@ ma
terial less t@ras are retired" in order te obtain the neeeesary 
magnetising' imdmstanoeo F l «  density shomld be as high as possible 
for small sisê , fent not so high a® to remalt im ©seeseiwe magnetisiag 
eariamS and b@ekSY‘d,ng voltage* The rise tiros' response ©aa be Improved 
by physical msnipfislatiom of several ©£ the tramsformer parameters 
g$a©b' as the namber ©£ tarnsj, ©ore sis®s iiasalati@By and the like* 
Howeverj, even though small ©or® dimensions are desirable for low 
leakage induetanee and distributed eapaeitanee^, a small e@se area 
may respire excessive turn® fe© fit the ©ore*



©£ fehe too m i l  always pmdeee a Kise- time greaSee Sham that o£ eiEhes 
elemestSo The paepese @£ Shis ehapfies is 6© amalyze She bleekiag 
©seill&SoKj, emphaaisimg Shoe© feaSare® which iaflwemee She switehiag 
Sim@g aad S@ preseaS a simple desiga p^eeedm^e based oh She reeBlSs 
of Shis maXysiSo

Meeh of She aaalysis pesfozmed im Shis ©hapSer is based tapem
1She wash by Liwill aad MaSSsoaj howeweZj, eoasiderable exSemalon
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plajs the lissitiag toI© £m the malysi^o The analysis 
that fellows is perfemed. iadependeatly @a sepsKat© portieas ©f the 
pals® time ra$p©a©® ©an?® as defined ia Figas© 4 o10o Eowevetg t@ facili
tate the analysiŝ , the fall time and the rise time are considered 
together© This preeeetesr© is valid si®©® they at® faaotioas of the same 
@eqe©B©e of eveats^ tfeoagfe ia revets® order© The two time© are observed 
to b@ approximately eqwlo

She qnestioa of transistor ©oafignrafioa ©hole© for best rise 
time beeeae# rather arbitrary ©w® thoegh a ©oaparison off the diffusion 
©i|@®tl6®is might indicate that the swife@hi®g time required for' the 
©©mam emitter ©iremit is considerably longer tham that ©ff the eosmoa 
base ©irenito The reason for this is that for a give® aatnral freqmeney

there is another transformer tnraa rati® which will prod®©® the same
2saatsral ffrequea©y ia the ©®«@® base ©®®fig®rati@®o If m is the tarns 

rati® ssed is the ©omrnom emitter ©iromit and a in the ©emmon base ©ireuit$ 
then iff ra @ a = 1 there is a® essential diff@r®a©@ between the t w
©irenit® as far as rise times are eomeemedo The eirenit ©©mfigtsration 
to be employed in this thesis is that show in Figtsr® 5ol0 It is a 
©ommn base ©onfigwatien bnt has 61 emitter ©oatr©lM as defined by 
S©pilft@a0 •

2Bo Jo'Hamilton^ Qno €ito * pQ 145o
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.'@®ll©©tor ©Ismpiag (see Seetio® 2*2) is efeili^ed ia 6h@
©ireaife 6® b© a®alys©d la Fig®?© Sol £<s>w £ m  ; Fi5?s£s
©©ll@©£®s s®£uE,a£i®a aad i£@ ©®a©@^Beaees d® b@£ affeefc efee rise Sims 
tiaieh- is She pffiamey ©©asidesati®® h,@%% amd s©©©Bds 16 is walikely 
6lia6 6&© d©l©6©5?i®tte ©££®@6s ®£ lefctiag th© feraasistoK1 safcarafc© sr©
ma@h ®©2S@ £ha® ©aasiag ® di®d@ 6® sa6®rafc©-i® its steado If tlse

3©6®sag® 61m® fez the £ra®©i@6®s is ©empated aad ©ompared 6® 'that of 
a Ssst sMteMag @ili©®a diod©^ this is fowd e© h® t M ® 0

Th© ©perati©® @f the ©®*®a base hl@©kiag ©@©illat®$' ©isoiait 
i@ ©sseatially the @s@® as the ©®*®a. ©sdtteK erne des©$ibed ia.
S©©6i©a 2o2 aad »7ill a@6 h© repeated hereo , It is as earned ia S@©6£®ae 
5o3 and 5o4 that a trigger ig ©applied frasa asm® s©ar©@ amd is jaat 
saffieieBt t@ ©ams© ©p@rati®®o The liaitatiOB® imposed by varlmas 
trigger® is diseased ia S®©ei®n SoSa

f®. awid e®mf@sl@a between the time domain' and the s^plaae^ 
time domain variables are lower ease letters and the ©~plsae variablesj, 
as fnm©ti®m@ ®f the Laplae© operator^ are npper ease letterse A 
F1F transistor will b® w®i in this analysis si®©@ @ne is employed for 
the experimental reenlts ia ©hapter 6 «  .. .. .. -

®Bb Jo Hamilton^ ttA Transistor tslse 6en@rat@r?M Hmhss Mrsraf 
©oas&anv. Een®rt, September̂ , 1958s po 6 o
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A COMMON BASE PNP TRANSISTOR BLOCKING OSCILLATOR 
Figure 5.1
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n: 1

EQUIVALENT CIRCUIT FOR THE SWITCHING PERIOD 
Figure 5.2



earn b© eombiaei to yield ast ©qaivaleafi eiKemt £os the rise

l o  aad Rg ia Figmre 4 o 3  are ©ai6£©d sia©© £h© 
©is©ei£ is wiloaded aad eh® g@Beeae@r @oas,©e of

2 0 Th® eisaasi@8©r is ©®a@ides©d to haw negligible

3o Th® essasfosmesr shmt eapaeitaBe© is e@a@id®sed 
Bsgligibleo

se©magly icadieal
feasible Waea 

tesoltso
leal

©iseaie ia Pigmz® 5o2 i@ the resale ®£ these

To aaalys® the pals® t©p5 the egmsise®r eqaivaleat eireait

eqaiwleae ©iremit ia Figere 4 o 6  

eiretiit 1#. Figmre S o ' 3  ^Aer® the in Fig' 4c



38

CllCR

t/n

R nv^CB

n: 1

Vcc

EQUIVALENT CIRCUIT FOR THE PULSE TOP 
Figure 5.3



are omitted as explained above= The diode GR1 represents the base 
collector internal diode of the transistor during saturation and 
oy is the reverse alpha* is typically equal to 0*6 in most 
transistorsa

5*3 ANALYSIS OF THE RISE TIME

In order to determine the rise time^ the, circuit in Figure 
5*2 must b6 analyzed* This also provides information as to the 
values of turns ratio of the transformer to be employed for fast 
response* Referring to Figure 5*2, the current generator î.. can be 
related to the emitter current i ■ by the diffusion equation^ of the 
transistor during this switching period as

where w is the <2 cutoff frequency in radians per second* The base
'2resistance r^ may be transformed to n r^ on the high impedance side 

of the transformer*

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

^D* Dewitt and A* L» Rossoff* Op * Git*„ pp* 92»94*
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X S3 a
© a v ) dt (5.4)

eemfeiaiag aad traasfomiag Eqeafiion® (5ol) and (5o4)5 a ehxrd

Bk I © w . = \ I ’%■

^ (5o3)s aad (So5)

e

Ve C * e

w I a

6 *

a : 
sA,

■fr 1

1 * to

(5.5)

it ion#

0

0

0

The ehara©6eristie equation of the system may be obtained 
(5.6) by eqaatiag

©qaation sesttlts.:

=5= to
" to (a4 _  + - & —X g.

to (n
,7)
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That the s term in this equation is considerably smaller than the '
2©an be seen by replacing X with L (1 - k ) (see Equations

. go2) and multiplying throtagh Eqaation (5o7) by (1 - p )(4a 1) and

k2) a3
r
gb L k2) w s2 +.

tie(n - iy
Su L L C

u>e (n ~ 1)
l o ; -

sumption that the s term approaches 'gero here is, seen t© 
if the ©©efficient of coupling is very near unity*

!? 0 '

' (5af

; valid,

A further,approximation that ©an be made to simplify the ealeula-

Su,. X
M for n greater than. Is

Since m is high in this treatmentP X must .fee kept very small for

t1 gt. 1 h e©
w (a - 1) .© ' ...

L G & 0 (5=9)

multiplying.through by L/(n« 1) alters Equation (5=9) to

s W© ̂  rb €e (a ■« 1)2
w.

sfe;e©
& 0 (5=10)

If a radian frequemey m0 is defined a®

«V.-. A-r, G (5=11)



ctee© by seBSiag eqeal to @®it@ aad @©lviBg f@r Bo Howevertthis
beeome® mbber diffioalb sii©@ i@ & fsmsbiom ©f as aad it is simpler
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e

4k 2(a)0

W <s)u
12

2 M £s)8

2 (2a - 1) w,w8 }n 2 1 2
>4 19)

fq w tie # #'jSo 1$ 5*1# are lat® Bgis&tioa

SolSa it

W  4k e

2,8©
all.prsietleal ©©as

4- 2 C® * 1)

,2 /

i") 2 w w8 ® 0.©

©



ei@BS sssS be mad@ 6 16 is as@iume&s iasesaeey Shafi x#nile She 
6rsa@i®e@K is ia She safeesaei®® B.®gi®B I1I5 is ©l&saped a6 seme

al So

EeSersiag 6® She '©ire@i£ la Figare 5o3j, the Seedbaek eereeat 
i_ Is gives bv

s

Aese ig^ is
di@d@ deslBg ®6fearati®a aad is the sevesse alpha ©£ the tssasistoKc 
Smsniag the ©Brrent© at ®©d© 1 for the laltial eoadities i » 0



©©tnbiBimg Eqwti©®® (5o23) aad (So23) yields the 

i6R ^ 5'.

© .  "W* I s .68 ” 1

W '  ■ (1 - &  &
(So26)

This 
©£ the ges

b»

;«re Sol) aa
simee it is a faaetioa 

appm'ximate expsessioB



t-ghê e Q? £ is assmei to be eems&amto If the assmptioB, that © e
V0B 13 ® satwati©B is B©̂ y made^ then the ©hanging voltage
aeross L is F amd the imlse mdth ©am be obtaimed from ©e

1eR(0) " 6 ^ JL^ S~  <2

Solving for £ ® t ia Eqtta£i©a C5o29)y &h® pulse x5id£h is £©wid w

a

(1 * ^  I 1ca(0) (s-30)e©
'E-Zaese i^(0) i® given by Eqaaeions (5o26) and (5=27) =

5o5

The bloeklag ©®©illa£@K in Figaro Sol earn be eriggesred ia a 
number ®£ wys as diaenesed briefly in Se©£i©n 3 o 3 o  The throe mo@£ 
important ®@£h@ds of triggering are iadieated ia Figure 5 o 4 o  Linvill 
and M&££s©a oomp##@ these triggering mode® through sotsree energy and 
sonree impedance consideration®* The differences in source energy 
requirements for triggering in the various modes is not widely 
differentj, altho%#h base triggering does require somewhat more energy



Figw® So4



g<s©w©Ks as She S©p of She jmlf© is seaehedo For She ease of solleeSor 
eriggeriag at MZ*% she maree £^>@d@ae© begi&s aS a moderate valme 
Shea rises over feemfoM hy She sad of She rise Simeo From these eon- 
sideratioas is maid seem shas base sriggeriag is She gqc(s aSSraeSiveo

The most ImperSaaS coasideratioa la Shis sreasmeas, hoeeverg 
is She p#ls@ oaSpmS rise Simeo Siae® She base sriggeriag mode de=> 
velops its trigger ©oross a has© resistor resaltaaS iaereased 
total base resistaao© r^ la BqaaSioas (5oll)p (5al3)p aad (So 14) 
iadieat©© a ioager rise Simeo This effeot i® avoidedj, h©mvers by 
providing a signal bypass t® R fey the ©apaeitor in Figure 5olo

The trigger ehara©t@risSi© whi«h has She greatest inflaea©© 
apoa the omtpmt puls© rise time is She rise time of She trigger 
ptalseo It is intuitively apparent Shat the faster She transistor is 
driven into and through its regenerative ©mtehing state, the faster 
is it© rise Simeo The rise time an®lyti<ssl development in Beetiom 
5o3 is predicated ®n a trigger mith infinite leading edge slope and 
does not lend itself readily for triggers mith finite ®i®p©o Therefore, 
©oBsideration of She behavior of output pulse rise times tsish vary» 
ing trigger rise times will be postponed t® Section 6o5 %here



So6 LQABI1S €0M1BE1ATIQMS

T&e aaslysis eoadee£ed ttas fas la £M@ etepter deals i&th.

bloeking @seilla£er@ are repaired to deliver weful 
lead® aad therefore it i® neeessary 

eqwtioas of Seefcioa® S o 3  aad 5 o 4  to this'

A loaded version of the oirsnife in Pignre Sol i® shorn in 
Fignre SoSo The load is transformer ©oepled to the blocking 
©seillatoEo Isnally the ttsras ratio m is made efnal to n̂  bat for
complete g 

circnit see; 

citcmit see;

are employed0 The collector
n2 Rj.

a a load impedance eqnal to — —r- and the emitter

©ircmt in Fig w e  So 6 is the equivalent eirenit for the 
smtchiag period tjith the load ineladedo The load resistance R^

r, a@ As a ©©ndnctanee it

4* m G,

fe) 4=
g- 4” m G.L m CgK 4- m G-

®  0  ( 5 o 3 1 )

The positive root of this quadratic equation becomes
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LOADED BLOCKING OSCILLATOR 
Figure 5.5

l:n%#m

LOADED BLOCKING OSCILLATOR EQUIVALENT CIRCUIT 
FOR THE SWITCHING PERIOD

Figure 5.6
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The @p£iisEm 6@ras ra£i@ is determined 6© he

•o 6 " i
.2 Hi.- Hh 2 ib G„

1 -8- 1
0e 0e

(5*33)

, The effeefe ©f a load ©a fehe false £©f ©£ a fel©@kia§ 
oscillator ©aa be ewalaaSed by ewsideriag the. equivalent eireait 
ia Figas© 5o7o . The load ispedaaee aefes ®@ a. ©arreat iiviSet ’ ,

Of ^  Gl, A

a-:2
This meaas aaother '©arr@®6$• a , i flows, ate aede .2 mad Eqmticm

Lte/a ■+ lm. a (5.34)

Iquateioa (S*25) become#

I1ai >

: . .  ® . . a  ; :. ' 
Gombiaiag Bqaatioas (5*23) aad (5o35) now yields

C5«35)

^#ere' in Bqwetihtt. (5.35): is replaeed

m3 ̂  V«e (1 * “o1
• ao V

ra2 %  ¥,e©

(5 o-36)-.

i2 îteh tehe
assampfciohs ©f Section 5o4o
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l:n:m

ZX
ee

L

LOADED BLOCKING OSCILLATOR EQUIVALENT CIRCUIT FOR THE PULSE TOP

Figure 5.7



%dLd&h is still give® by Efeati®® C5o3§) ©sly xvL&b i^C®)

The efwtioas iflewl©p@d la eh© past se©S£@as lead - thes®s@lws . 
aieely t© a fairly simple desiga preeedere £®r the traa@£@t@r bloeking



30 . Galeulafee the 'poslfiive root of the eharae£eK‘istie 
eqmti©B frem Eqeatioa® ($e13) or <5*33)»

4o Compute the. rise- time from Sspaeiett (5ol4) and if it 
'does- not satisfy .the speeifieaMms th@a a trflasietor 
■with a higher and a loeer © predwt mmst be

1 « 4

5s Betemine the magnetising indwtane® fro® the pials® 
mdtfo. Bquattioas: (3.30),: C5o26)5, aBd (5o36)o

6o Design a pels© transformer hawing the turn® rati® 
ealeulated in step 2 and a magnetising indBotsnee 
determined in step 5® The eoeffieiemttef eonpling ,

: should be as ©lose t® mity as possible® The
. leakage iadnetan©® and distributed @apaeitah©@, should

. be as small a# possible® ■

The derivation @f the basis design equations involves certain 
assumptions and limitations® In summary these are as £©11©bss

' 1® boeffieient of eoapling k near unity®

2® - w m w h  less than for a greater than 1®
® ; . ' . 8*, &

3 ® 03c ; ■ %  'Ge Ca - 1) . ; .

4® Magnetising emtrent i equal to set® at beginning of pulse
2B '

top®
5® v^g in figure 5®3 ©lamped at set®. Aile transistor is
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These basic design equations fora the foundation for the de
sign of a fast rise transistor blocking oscillator* Because of the 
approximations involved they must be used with caution and the results 
modified from experimental.observation*. In Chapter 6 these equations 
are employed in the design of a blocking oscillator* The oscillator 
is; constructed and experimentally tested* Theoretical- and experimental 
results are compared*



5S a eypieal fa©£ risa MeeMag ©@e£llanos' mu®e be designed aad tested 
e^peri®eatally0 Tfei@ is dome by following She j?s©eedu$ce ©£ Section 
5o7j, am# the reamlts asre presented in this chapter<> The design reqmre 
Beats are for a 10 w i t  pmls® ■with a pmlse ^idtk of lo5 wrking
into a load of 1000 @hmss and with as short a rise time as'p©ssible»
The latter requirement ie met by a jmdieioms choice of the transistor 
and the pmlse trans£om@r0

The transistor £$ selected o® the basis of high alpha emfcoff 
freqsency and low prodmct* The transistor chosen is the
Motorola Mesa Transistor Type 216®S0 It is a gemamiw diffnsed 
jwctio® transistor designed primarily for operation in ultra high 
speed switching applications<■> It has a high amsimma junction tea^era® 
ture of 100° 6 which permits if to be operated reliably in applications 
where Germaminm transistors haw not been previously considered0 
Typical characteristies for the 2M695 are:

Alpha cutoff frequency 60 tics
.. ■ (37? is 10® rad/s@©o

Base resistancej, • r^ 7$ ohms
Collector ©apaeitaneej) (grounded 3e>5 p£d



F@ra®rd alpha, 0 95
Reverse alpha, oy 0 o6

2 ©hme
0p6iamm Sim®, 1=6 as
Opfeimw seomg® Sim®, 2o0 as
Qpfeim* fall time, 1,3 as

• Mfisd,sram eolleeter f# has® wltag® 15 wit®
Maximum eoll®®t@r t© emitter wltag® 15 wits
Maximm emitter t® has® wltag® 3,5 wits

The optimom tarns rati®, nith m " a, is eoĉ ttted from Ecpatioa 
(5,33) t® fee Bq »' 3,9®s for eoatveaieace in t-yiriag the approximate

pesitiw r@@S ©fi the ©haraeteristi© eqeatioa is £©md from Eqmtion

determined from Eqwition (5,14) as t 88 4,1 aaBoseeonds,

The maghetigiag imdwtanee L ©aa be foaad from Eqaatioas (5,27), 
(5,3#), and (5,30) by asiag the circuit values i® Figure 6,1, The 
approximate solution of these equations, for a pulse uidth of 1,5 (jusee, 
is L " 190 |Ay, Sufficient.infosmatioa is now available to design the 
puls® transformer for the circuit in Figure 6,1 m t h  the caution that 
the coefficient' of coupling k must he kept close to unity and the 
leakage inductance X and distributed capacitance G must be small.

value of Sq s 4,0 is used. Using this value for a, m t h  m ® a, the

9 rad/sec. The predicted rise time is

The pulse transformer used here is one constructed by the
Sprague Electric Gompany to the above design specifications for this
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1:4:4
Sprague
624596 
Traneformer

1000 00.01 p

Negative ^
Trigger Qu
Pulse 

0.3 volte minimum

50 n 1000 pf
10 V

CIRCUIT FOR LOADING STUDIES
Figure 6.1

4:12M695 Sprague
S24597
Transformer0.01 uf

Negative 
Trigger 
Pulse 

0.3 volts mlnli

— 1000 pfdson
10 v

CIRCUIT FOR NO-LOAD STUDIES
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ithesis• It is transfeemer H6« S24598 show schematically in Figure 
601 and has the^ following^characteristics $;

Turns Eafei© • . 4:1:4
Magnetising Iradae£anses L • . 160 why
Leakage. Induetane©^ k - 0O'6 $ihy '
Equivalent Capacitancej> C„ "v 10 p£d (PE10 to SEC^)

: ■ 16 p M  <FRI« -to S®C2)

- Toroid Cere Dimensions ■ ..CegS®’1-CeBe X CelgC"- I*B*
■ ' . - ' % 0o060,? m ,

€©re Permeability • . 1500
Turns 28s7i28 ...
Primary Wire Siae , Moa 38 AWG
SIC. Wire'Sis© E©e 34 AWS

. ' 1  ' . • ' . ' ' " - ,

SECn Wire Sise ■ ' ' Hoa 38 AW8
' ■ ■ ' ' \- Type of Winding - Windings uniformly spaced

r ' over 3/4 ©®re^ one over .
■ . anothero .
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6=2 CIRCUITS TESTED

The ©iremis esed iow loading @todies is shorn in Fignre 6alo
The sraasistos and pulse trams£@sm@r are those seleeted in the pre=
ceding sections The 50 8  biasing resistor develops the negative
trigger aesoss it as. diseiassed. in Section 5o5o The load is a 1000
ohsij, 1/2 i-mttj, composition resistoro The signal bypass to the
biasing resistor is a 1000 p£d isiea capacitor vhoae value is computed

1to a first approximation from

where
R s* 50 O
r, «> 750b
t - 105 pseew

Because of the fast responses desired here, high frequency wiring 
techniques are used in assembling the ©ircuito All signal leads 
are kept as short as possible by'point-to-point wiring and components 
are separated significantlyo The circuit mil fire on a negative 
trigger /with a minimum amplitude of 0o3 volts» The output pulse rise 
time is a function of the trigger rise time, therefore the trigger 
should be as fast as possible* The trigger pulse amplitude.;«Jso

■̂0o Jo Hamilton, “A Transistor Buis® Generator for Digital 
Bystems," III Transactions on Electronic Computersa V©10 EC-7,
Septo, 1958, p0 248o



also in£l@ene@s eh© @H£p@£ pulse ris© time aad should ideally be 
asomd 2 voltse

eiresit in Figure 6o2 is used for no-load studies and 
the fastest ris® time possible for the eireuit ©©mponemts usedo

trigger rise time e^ea more eritioal her@o 

6.3 TEST FI

Th® most difficult requirement ia saasBriag the extremely
is that the em&ipmemt ®@ed must

oscillator output waweform ©wrytim® it sleeps across that , mwefomo 
«««

be trae©d out by a series of points ■with relatively loy freqaeaey

Tektronix Type' 545A Oseilloseepe w s  used for measuring t̂ o The

ased in ©oajunotion mth the sampling unitp it is capable of measuring
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POWER 
SUPPLY 
H.P. 721A

-10 V
_* Figure 6.1 

BLOCKING OSCILLATOR

Trigger
in

if

TEKTRONIX OSCILLOSCOPE Type 545A

Load

Pulse
0** 1A Type N10 V Positive SAMPLING

UNIT50 f) Impedance Pretrigger 
£ 1 5  V 200 ns

Signal Out 
0.65 V 2 ns 
Minimum

5= =5 TEKTRONIX PREPULSE 
GENERATOR 
Type 111

(a)

LY H.P. 721A

— PULSE—  GENERATOR 
H.P. 212A
Pulse Out
Sync Out ,

-2 T1-+ Fisur€ 6.1 s T

-10 V
TEKTRONIX OSCILLOSCOPE 

Type 545A
Pulse Out 

10 V 
- Positive

BLOCKING 
OSCILLATOR #-

Load

o
Sweep

Type CA Plug-In

(b)
TEST SETUP FOR BLOCKING OSCILLATOR ANALYSIS 

Figure 6.3



©sae aanoaeeoad rise £1®©^ 0O65 volt tKiggef for the bloekiag 
©©eill®tor0 fefosftoaately-p the is&put isapedasae® of the samp 1 lag unit 
is ©aly 50 ohms whieh meaas that it mast be wired in series with the 
loado This also means that it cannot be tased for-n®°load measaremeatso

■ The test setap in Figare 6 o3 (b) is wsed for the a© load measareo 
meats and to examine the overall ©ntpnt pals® mder load condition®»
The Type €A Flag"in Unit has a relatively slow rise time of 20 nan©° 
second® invalidating rise time measurements made with it, but its 
slower sweep speeds facilitate total response iwestigatioma The 
Hewlett Packard Type 212A Pulse Generator delivers a negative 2 volt 
pulse with a rise time of 20 nanosecondso . The power supply used in 
both Figures 6o3(a) and 6o3 (b) is a Hewlett Packard %pe 721A which 
supplies to the blocking oscillator circuits*

In summary9 all rise time readings must be taken .with the setup 
in Figure 6»3<a) and all total response studies must be made.with the 
one in Figure So3(b)0 The unloaded blocking oscillator in Figure 6*2 
can only be tested with, the circuit in Figure 6*3 (b)* Both test 
arrangements cam employ either trigger source*

6*4 OUTFIT WAFSFQ1MB

The output waveforms of the blocking oscillator circuits under 
test require accurate records for precise comparison with predicted 
analytical results* The best records of course, is a clear photograph 
of the waveform* This method is used here-employing a Dumont Type 
297 €asi©ra with Felapan 200/Type 42 Polaroid film*



The complete mwe f o m  ©£ the eirmit in Figure 60 lp
tasiag the test setap la Figaee 6o3(b)5 Is shorn la Figare So4o The 
pals® t-jidfeh 6 is seea to be loS pse© ĵhieh is the desired walae0 
The pal me Mfilitade i© 10 wits a© required aad ©a® be ©haaged by 
adjaetiag bat ©aly slightly if the desi ga eqaatieas are to
remaia aalido The jump la the ©eater of the aadershoot is ©eased fey 
removal of the trigger pals© at that iastaato

The rise tim© mast be investigated vifch the test setup in 
Figure 6o3(a)o Figure 60S sh@%js the blocking oscillator trigger 
pals© from the Frepals© G©n©rat®r0 It is a 2 aaaoseeond negative 
pals© of ©oS5 volte amplitude and a rise time of less than a nanoseooado 
The rise time of the output pals© is shorn in Figure 606 using W ©  
different s«©p seales for claritye The rise tim® t^ is seea to b® 
approximately 8 a&aoseoomdso This ©ea^area favorably ■s-jith the pre
dicted quantity of 4ol maaoseooads computed la Section 601 ©ensid©riag 
the. approximatioa® tdaieh «r© made0 Alses since fh© shunt firing and 
©ompoaeat espaeitaaoes %y©r© not eoasid©r©d^ th© experimental value of 
ris© time ©an'be expected to ex©©ed the calculated valu©o

Ther© is essentially a® differ®#©© observed in fh© output 
puls® ©har®©f@risti©@ 'Am, t w  other 2E695 transistors are substituted
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Figure 6.4
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PREPULSE GENERATOR TRIGGER OUTPUT
Figure 6.5
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6 o 5  TIME MSgQHSi TO fMSOTO miGGERB

The e££ee£ ©£ remwiag ehe tsiggesriag ptalse the ptals®
top is feeiag geaesated is disesssed ia leetioa 2 o 3 0 The irregularity 
©aased by doiag this is shorn ia Figare '6»7 Where the trigger pals® 
ia Figure 6 o 3 ( b )  is approximately 0 o ? p@®e W , d e s  A ®  ©widest̂ , the 
irregularity ©©ear® at the fall time of the trigger pulse0

output puls® rise time is a faaetiea of the trigger pulse rise tiaso 
This effect is illustrated ia Figure 60.8 xAer® the time respoase of 
the output pulse to tee different trigger® is iadi@at®do The slow 
x-?aw is the output pulse response to the trigger from the Hewlett 
Packard Furls© Generatorj, used ia the test setup ia Figure 6o3(a)e 
This trigger has. an approximate rise time of 10 aaaoseeoads sad yield® 
a pulse rise time of slightly ,®wer this amouato The fast wave of 
about 8 aanoseeoads rise time is derived from the Frepulse Generator 
trigger of 1 @aaose©©ads also used ia Figure 6o3(a)o The desirability 
of using fast rise triggers for blocking oscillator® is clearly 
indicated0

606 TIM EESfGMSl T© FMSQBS 1QABS

It is apparent from Equation# ( $ @ 3 2 )  and (So 14) that as the 
load resistance be@©m(B@ l@xfers the output pulse rise time increases* 
Evidence of this is ®howh'in Figure 6?9» The upper curve is obtained 
with & load of 10® ohms and has a ri#%' '#1##- of approximately 15 a®n©° 
seconds* The loiter ©urvê , whiW ©©rres|>@nd®;. te a of 1Q®§ @hm## .
has a rise time of 8 aaaoseeohdso *
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The eise respotose of the owtpat pulse foir several differeat vslms 
@£ load is shorn in Figure 60IO0 This graph shows essperimeBfeal rise 
time versa® load resistaaee and two calculated points for e©mpariso®o 
The rise time approaches approrimately 6 ®aae@eeo$ads as goes to 
infinityo It is impossible to get reading® below a load resistance 
of 56 ohms because of overloading=

6 0 ? L0B8 TffiM BTmiLITT AHP PgRgOBMMiCS

The circuit in Figure 6 ol# after four weeks of continual 
pulsing using a trigger from the Hewlett Packard Pulse -Generatorp 
evidenced no variation in its output p®rf©rmaac®o Using data ob-= 
tained from Sprague Electric Company and Motor©lap Ia©«, it is 
safely predicted that this circuit should exhibit constant perform
ance characteristics for at least two years and probably mack longero
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7ol 6EIERM, - .

The fast rise bloekiag oseillatoK desiga preeedmre preseated 
i® Beetle® 5o7 is valid t© a first order @f appsoasimatioao It may 
fee seed mth high alpha eetoff freqaeaey traasistors that have 1©^ 
rfe G prodaetSo As faster rise time pmlses are requiredj, the p®ls® 
tramsformer beeomes the limiting faetor ia desigmo T© aeeommodate • 
the higher alpha eateff freqaeaeie® ia the desiga proeedare^ the pals® 
traasforaer mast have smaller and smaller leakage inda©tsmee aad 
distributed ©apaeitaaeeo The praetieal limit of this dimlmatioa 
defiaes the exteat to vhieh seitehiag speeds ©aa fee iaereasedo

la ©slag the desiga preeedar® the assmptioas and approxima" 
tioas ased ia deriving the design equations mast fee adjadged ia terms 
of the partioalar design problem eader ©oasideratioao. For iastaa©©^ 
if the specified rise time is rather slot^ the asswptioa of eer© 
magnetising entreat at the beginning ©f the pals© top is invalidated0 
And in eontrast^ if design for an nltra-fast rise time ©alls, for an 
alpha enfeoff freqneaey above the order of 200 mega©yel©@s then the 
design equations are feonaded fey praetieal pmlse transformer limitations« 
Howeverfl if these design equations are wed with esntioa and insightj,

92
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they are qeite valuable in the design ©£ fast rise bloeking- 
eseillattorse .

■7*2' M E M  FOR FURTHER STUDY

Sine© the transistor version ©£ the blocking escillater.is., 
still relatively n@H there remain many areas of application to be 
investigated^ For ©3£amples, the area of significant povrer output 
from this eirenit has generally been avoided until recently and 
wald justify. e^amiaationb - • ■ ■

There are still enigms swromdiag the question of pulse
’ejidth dependence on circuit parameters ‘ other than magnetising iadaet-
anceo For instancê , means by %hieh pulse' td.dth cam be' regulated
versus changing W „ 'warrants ©onsideratioae . •^  e© -

It is evident; that the pulse transformer will become more 
and more a limitation to fast rise pulse design as available' ■ 
transistor alpha ©ntoff frequencies increase^ seemingly mithout 
..bounde- It might be. possible, therefore^ to eliminate the pulse 
transformer altogether and-us®, in its stead seme other comparable ; 
storage device which wuld not limit ©peratioao Such a device might 
•be. a voltage variable capacitor ,*©se Storage capsMlities, change 
with varying voltage across It* Wdohbtedly other■possibilities 
may suggest themselves to th'®' reader0 - \
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