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1 INTRODUCTION. 

The investigation of semiconductor materials and devices often requires 

the use of high electrical fields, generated by short voltage pulses to 

prevent considerable Joule heating or even ·thermal destruction of the 

samples. These pulses have to meet a number of requirements, e.g. they 

must have a nearly perfect rectangular shape with short rise and fall 

times, a flat top, a clean leading edge and a pulse duration from 

a few nanoseconds up to'several microseconds. 

In this report a description is given of the construction of a few high

voltage fast-rising pulse generators which are quite useful for the 

earlier indicated purpose. 

After a brief explanation of line-type pulse generator theory, four 

separate discussions of such pulsers are given, all based on the same 

fundament.al idea, but w:i.,,",:;h different kinds of switches: mercury wetted 

contact relays, thyratrons, thyristors and avalanche transistors. 

Each description is completed with construction details, drawings and 

test results of the pulser concerned. 

The report concludes with a comparison of the performance data and gives 

a number of suggestions for possible improvements and extensions. 

2 A SUMMARY OF LINE-TYPE PULSE GENERATOR THEORY. 

The design of a line-type pulser is relatively simple, because only a 

few components form part of it. 

An open-ended transmission line (coaxial cable or lumped constant line) 

is charged to a potential VB by a high resistance Rc (see Fig.l) and 

in the electrostatic field of the line is stored a quantity of electrical 

energy equal to tOtV~ • Ct is the total distributed capacitance of the 

line given by Ct=Cl.l where Cl represents the linear capacitance and I 

the length of the transmission line. 

Each time when the switch is closed, two travelling rectangular charge 

pulses are produced by the stored charge on the line, one of them travels 

to the right and one to the left. The right pulse is ab30rbed in the load 

the left one is reflected at R (R is infinite in the ideal case) and c c 
joins the other pulse. So the pulse duratio~ is twice the length of the 

line in time units and the pulse height is half the supply voltage if 

the line is well matched. 

To discuss the operation of the pulser in detail, the basic circuit may 

be divided into two parts: the charging and the discharging circuit. 

Both arrangements will be described in the following parts of this section. 
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Fig. 1. Basic circuit for a 
line-type pulser. 

2.1 THE CHARGING CIRCITIT. 

3 

Rc: T?r po Loss \e<;.~ If 'le-A B 
I 

-, -4 

r ,h.,. ;mp. 20 

+ VB 

I VL~ 

Figo2. Charging circuit. 

The charging circuit of ,p. line pu1ser may be represented schematically 

as shown in Fig. 20 

If the switch is closed at the moment t=O, a positive voltage step 

tr.avels do\'m the open-ended fully-discharged transmission line from A 

to Bp having a~ amplitude of Z __ ~O_~VB.e At B this step will be com~ 

p1etely reflected without 

ve1s back to its starting 

Z + R' ' 
o c 

changing 

point A. 

sign owing to the open end and tra~ 

Because R» Z ,but finite, the step 
c '0 

is again reflected without changing sign, but with a decreased amplitude. 

This process repeats with continuously (iecreasing steps until the voltage 

on the line is equal to the supply voltage. 

The time needed for the charging of a particular line will be deter

mined by the length of the transmission line and the magnitude of the 

charging resistance R .Although there are three possible cases for this c 
magnitude: R < Z~~R= Z and R ) Z ,only the last situation is of im-c 0 c· 0 c 0 

portance, because R isolates the load from the voltage source during 
c 

the discharge of the line. 

The magnitude of Rc is determined by the following design data 

a) the maximum allowed difference in heigth between the first and 

the second half of the pulse, 

b) the maximum allowed supply current, 

c) the maximum d.c. current allowed to flow through the load when 

the switch is closed, 

d) the duty 'factor of the pulse. 

The first three points give a minimum value-for R t the last gives a c 
maximum value. 

If VL is the line voltage, Zo the characteristic impedance of the line, 



.. 

4 

VJ3 the supply voltage, then the line voltage between then-th and the 

(n+l)-th step is given by 

t 

R n 
Vl = VB (1- c .rc )' 

R + Z c 0 

R -Z r c 0 
in which c=R +Z the charging reflection 

c 0 
factor is, 

td =twice the delay time of the line 

n =multiple of td 

t =time in whicb the switch is closed. 

Fig.3 shows the line voltage at A and J3 and the current through the line 

as a function of time. The charging duration is several times the two-

way delay time of the line,so relatively slo'V!.A good approximation of 

the charging time is obtained by 

\{ ~ 

supposing the distributed inductances 

are short-circuited and to calculate 

with the RC-timeof the charging 

resistance R and the totaldistri-I 

f 
~ 

I 

I-
I 

I 
I 

0 ~ 2fq 31:;; 
I 

I 

I I 
- 1--+-

Fig. 3 

I I 

'1~4 (,'t: sr4 
I I 

1<1 

I ~ I +-- --; 

c 
buted shunt capacitance Ct of the 

line. The charging is approximately 

.finished after 3 to 5 times RcC t " 

The minimum interval time during 

two discharges and thus the maximum 

repetition frequency will be de

termined by the time needed to re

charge the line after the discharging 
. "- .. 

circuit has been disconnected from the line. 

Because of the dissipative nature of R t the efficiency of the charging c . 
is not very high. Substitution of R by an inductance is possible but 

. . ·c 
will not be discussed here,for the efficiency is not important in the 

pulsers we need. 

2.2 THE DISCHARGING CIRCUIT. 

Fig. 4 indicates schematically the discharging circuit of a line pulser. 

If the line is lossless, the switch in the closed situation has no 

resistance,the load is pure resistive and equal to Z of the line which 
o 

is charged to a potential VII' the following things 'Vrill happen when the 

switch is closed at t=O. A negative voltage step with magnitude ~VB 

travels down the-open-ended line from A to B,while a positive step,also 

with magnitude ~VB appears across the load.The step reflects at B 

without changing amplitude and sign and travels back to A, delivering 

the total stored energy of the line into the load, leaving the line 
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completely discharged after twice the delay time (Fig.5b). However this 

is only one of the three possible values 

which the load resistance can possess: 

R ) Z 9 R =Z and R (Z • o 0 0 coo 
In the· case R ) Z a reflected pulse is 

o 0 

produced at the load with the same 

polarity as the incoming pUlseeAcross 

R now appears the sum of the two pulses 
o 

and thus a voltage ,·,hich is greater than 

iVBoThe reflected pulse travels through 

the connecting line a.nd the discharging 

line, reflects again at the end of the latter and tra.vels back to the 

load R .This process repeats until all the energy present in the dis
o 

charging line at t=O is dissipated in the 10ad.The voltage across Ro 

will have a similar shape as is shown in Fig.5a. 

In the case R < Z, the vol ta.ge step coming back to A,is also partially 
o 0 . 

reflected at R but has a negative polarity,so at the load a voltage is 
. __ . ___ .... ..... 0 '. 

pro~uced that is the difference of the arriving and the reflecte~ pulse. 

This negative step travels up the connecting line and tl:l"e' discharging . 
- ._-

line, reflects at B without changing sign and the step changes 

its sign as it reaches the load, and so on" This leads to a decreasing. 

alternating waveform as is shown in Figo5c. Only in the matched case 

"then R =Z t a perfect rectangular 
o 0 

~o I POI l-I-"'~I# 
,Ve . "i-! due {.o the (onoe(.t; .... "' \; .... <e. 

voltage pulse appears across the load, 

but in all three the cases, the stored 

energy in the line is dissipated in the 

load,only the time in which this happens 

is different. 
I be twe~ t\ <:'., aYl c! Ko . 

\l w~tk I:I,e s .. ""' .. i",p. as· 60 , 

I 

.l". 

Fig. 5 

If =the supply voltage 

=the output voitage 

=the characteristic imp. of the 
line 

and R the load resistance," then the 
o . 

pulse voltage across .the .10ad 9 . during 

the (n+l)-th step is given by 

'R -Z 
f'I 0 0 
'd= R +Z 

o 0 

in y,hich 
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td is the two-way delay time 

In the case R =Z the pulse 
0 0 

o:f the discharging line. 

2.3 COMBINED CIRCUITS. 

6 

of the line 

duration t 
P 

and n is 

is equal 

a 

to 

multiple of td. 

twice the delay time 

The charging and discharging circuit can be joined together, as shown 

in Figo 6.There is no essential di:f:ference in per:formance of the pulser 

when connecting R with A instead of B, but the switch may be enclosed 
c 

in a coaxial line to decrease possible reflections due to mismatch, so 

it is often easier to connect a with the free end o:f the line. 

___ L .... ~ 

~~----1-----.~.~ A 

Fig.6 

c 

In the configuration o:f the pulse 

generator as indicated in Fig.6, the 

charging resistor is ahmys connected 

to the line in a way that a certain 

d.c. current flows into the load as 

long as the switch is closed. 

To prevent inadmissible heating of 

the load, this current has to be 

limited by giving R a value as high as possible. This influences 
c 

however the maximum attainable repetition frequency of the pUlser, so 

a compromise has to be made. 

As appears from section 2.2, the shape (I:f the output pulse will be de

termined by the elements which :form part of the discharging circuit: 

transmission line, switch, load and the connections between these 

components.Although in our investigation the semiconductor samples mostly 

represent a more or less resistive behaviour, their magnitude will 

probably be not equal to Z of the line o If a rectangular pulse shape 
o 

has to be maintained, a resistormu,tbe connected either in parallel or in 

series with the sample, to match the line. 

The pulse :forming line may be a certain length of coaxial cable for 

short pulses or a lumped-constant transmission line, if pulse dura.tions 

of several microseconds are needed • 

Using a correctly designed lumped line, it is possible to generate a 

fast-rising flat pulse with little ripple and sufficient duration. 

vllien using coaxial cables, the choise of Z is limited to some commer-
. 0 

cially available impedances~Cables with an impedance of 50 ohm are often 

used.in laboratory work. 

More freedom gives the application of lumped lilles,although here the 

available constant impedance connectors can limit the design. 
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In section 2.2 it has been assumed that the contadt resistance of the 

switch is zero, which is in general not true. Only when a mercury wetted 

contact relay is used as the switch, the voltage drop may be neglected, 

for such a relay has a resistance of about 10 to 50 milliohms. 

A time-independent switch resistance has the same influence on the pulse 

shape as a load Ro>Zo which is connected to the line (see Fig.5a). 

However,if the switch resistance is time-dependent, the voltage drop 

across the switch changes duri~g the pulse and so the pulse shape changes. 

Eesides a contact resistance diminishes the available pulse amplitude. 

Taking e.g. a thyratron as a switch, then the leading edge of the output 

pulse will be determined by the ionization time of the tube,which process 

is slightly influenced by the magnitude of the supply voltage: a higher 

VE gives a higher Vo with shorter risetime. 

The line-type pulseI' has the benefit of great simplicity, but also shows 
" 

some disadvantages 

- a change in pulse duration is only possible by connecting another 

transmission line (with longer or shorter delay) to the pulser.· 

- it is mostly not possible to trigger an external instrument, e.g. 

an oscilloscope with the driving oscillator of the switch, due 

to the time jitter between the driving and the output waveform. 

So the trigger signal has to be taken from the output pulse 

itself which sometimes has to be delayed. 

Another problem is the possibility of changing the output pulse polarity. 

No difficulties arise when using a mercury wetted switch: only changing 

the polarity of the supply voltage is sufficient to get a negative pulse 

with the same shape.If an electronic switch is used, this action is not 

so easy, because the current through the svli tch can flow only in one 

direction ~n genera~. The fastest way here is using a high-quality 

pulse transformer to change the polarity. 

If only negative pulses are needed, the load may be inserted in the 

connection from earth to the outher 

R _-.J'--','-"'I...1. __________ I •• . .. 

Fig. 7. Circuit connection for 
negative pulses. 

conductor of the line, as shown in 

Fig.7. Care has to be taken to isolate 

the whole line,because the outher 

conductor r~ses to a high potential 

during the pulse. 

A number of suitable switches will be 

discussed in the next following sections. 
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3 A MERCURY WETTED CONTACT RELAY AS A SI'lITCH IN A LINE PULSER. 

The usefulness of mercury switches in line-type pulse generators 

depends on two important properties which they have, namely the complete 

absence of contact bounce through "'hich multiple pulses could be generated 

having different amplitudes due to partial charging of the line and 

the small time needed to make or break the electrical contact. 

The switch consists of a sealed glass· capSUle, a moving armature with a 

capillary path from the mercury pool to the contacts to keep them 

continuously wetted and a few stationary contacts. 

When a magnetic field of appropriate strength is applied, the armature 

. moves and a filament of mercury is drawn between it and the normally 

closed contacts, joining all contacts for a mqment as is shown in Fig.8. 

c 

Pig.8 

At a certain moment, this filament breaks 

extremely fast (within Ins). 

A similar action occurs on release. 

The capsule is hermetically sealed and 

contaills a hydrogen filling under high 

pressure, which performs many functions. 

It ~eeps the mercury clean, provides a 

non-oxidizing atmosphere, quenches the 

arc, conducts the generated heat at the 

contact points and retards mercury 

vaporization and ionization. 

A pulse generator whioh contains such a 

relay, can deliver single fast-rising pulses with amplitudes up to a 

few thousand volts, depending on the type used.The switch opens when 

the pulse current has already decreased to zero, so the contact is 

broken dead and no voltage peaks will be induced in the circuit. 

3.1 CONSTRUCTION OF A PULSER 'vlITH A CLARE RP5441 CAPSULE. 

A special coaxial housing has been designed to diminish reflections by 

lead inductance and to approach a 50 ohm line as close as possible~ 

In Fig. 9 the several parts of the housing are drawn. Fig. 9a shows the 

outher conductor.The smallest inner diameter on the place where the 

capsule has bee~mounted, is chosen to be about 0.2 mm greater than the 

diameter of the switch itself, to safeguard it against possible vibrations 

which could break the glass cover. While some spreading in mercury pool 

dimensions is common, the dimensions of the round excaviation represent 
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an average of the needed outher diameter on that place.The dimensions 

of the housing have been matched to the widely used General Radio B74 

connectors, placed on each side. The capsule is shown in Fig.9b and the 

shor"t inner conductors have been drawn in Fig. 9c, sho'-ling the slots 

which have been made to fasten the contact leads of the switch.by 

turning the small screws.The ass6mbly of the coaxial switch is given 

in Fig.9d.Brass has been used for the metallic parts.A coilform has been 

installed round the outher conductor with 10,000 turns of enamelled 

copper wire, 0.15 mm in diameter, having a dc-resistance of 1000 ohm. 

The minimum ampere-turns to drive the switch is 150 A.T. 

:~~~.~~~~~~~~~~~~~~~~~. ~~-~ 
8f t{ 15 
('OI1V1<:G~()t' 200 

30 

3'; 

45 

1.1 

. }<'ig. 9 Dra\dng of the housing for a Clare RP5441 M. \v. C .R. 
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After the composition of the coaxial switch a T.D.R.-measurement has 

been carried out, to determine the remaining reflections. 

A Hewlett Packard l4l5A Time Domain Reflectometer "ras used for this 

purpose. The observed curves are shown in Fig. lOa and lOb, indicating 

the T.D.R. display as seen respectively from the stationary contacts 

and from the mercury pool side. The switch was in the upright position 

during this measurement and the contacts were closed by a d.c. current 

through the coil.The free connector was terminated with a 50 ohm load. 

The curves show that the maximum appearing reflection coefficient in 

the housing is 0.075 (in both cases), so equivalent with an impedance 

of 58 ohm based on the 50 ohm level. 

These reflections are due to the irregular shape of the inner conductor 

inside the mercury capsule. The small dimensions of the armature make 

it impossible to maintain the necessary outher to inner conductor 
. ~ 

diameter ratio of roughly 2.3 for a 50 ohm air line, not even when the 

outher conductor touches the glass capsule. 

If the coaxial housing would be designed for a 75 ohm impedance system 

perhaps an entire absence of reflections could be achieved. 

J~ 
0° I~ + ,v 
i3!f u: ()} 
'" () ecv 

I 

Fig.lOa Reflection coefficient 
as seen from the fixed 
contacts. 

L 
~ <;: 

oQ ,~ 
-t ,~ 
QlU--u. 

<tQJ 
fL.8 

sl~ 
LeveL 

... -t7me 

d'1)ta.nc.'<.. 

Fig.lOb Reflection coefficient as 
seen from the mercury pool 
side. 

The assembly of the whole pulser has been sketched in Fig. 11. 

The coaxial switch is mounted with two supports against a vertical front 

plate '<Ti th the mercury pool down. rI'o both sides of the housing a coaxial 

knee-piece is installed (General Radio 874 with locking connectors)e The 

lower knee is COnl.'lected with a G.R.-8'14 front panel connector and 

this plug is the' output of the pulser. 

The transmission line is connected to the opposite side of the housing 

and to a plug on the back plate of the pulse gen0rator house. Between 

this plug and a high tension. plug a power charging resistor has been 
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soldered. flihe coil leads are connected vii th a ENC plug on the front 

panel. To drive the mercury relay a special oscillator has been built 

which deUvers a rectangular "laveform of 4.5 ms dUration and an amplitude 

up to 50 V. The frequency is variable from 10 Hz to 10KHz in three decade 

steps with fine control. HOvlever, the mercury Svli tch '"orles well up to 

120 p.p.s. The special shape of the driver signal decreases the closed 

period of 'the switch. 

p-
{/ 
I ~\:OfPl'5€. 

1/ Irn~ 
Ii WOuV\d 

1/ 0V1 red 

t - --

Fig. 11 Sketch showing the constructio:1 of the pulser. 

3.2 PERFORMANCE. 

The output pulse across a 50 ohm termination was observed on a 'rektronix 

sampling oscilloscope with 50 ps rise time and the curves were recorded 

by a XY-recorder, so a copy of the screen display was obtained. In this 

measuremertt the voltage on the transmission line was 1 V, to avoid the 

use of attenuators. The trigger pulse was taken from the output pulse 

by means of a resistive microwave signal sampler and the main pulse was 

delayed by a length of corrugated air-spaced semiflexible cable to limit 

the influence on the rise time of the pulse. 

}i'1g. 12 shows the leading edge of a 320 ns output pulse wi th anampli":' 

tude of 0.5 V and an observed rise time (10 to 90 p.c.) of 375 ps. 

---t"---

Fig. 12 

Typical output pulse 
shape of a M.W.C.R. 
pulser. 

Horizontal scale: 

0.5 ns/cm. 
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The repetition frequency was 60 Hz. 

As appears from this curve the leading edge of the pulse is clean.After 

the fast-rising part of the pulse the curve rises slowly in about 10 ns 

to the full amplitude and stays there for the remainder of the pulse 

duration. The ripple on the top during the first 3 ns is caused by the 

reflections inside the coaxial housing and the oscillation does not 

vary with supply voltage, pulse duration or matching conditions. Some 

~ attempts have been carried out to decrease this ripple but without 

appreciable result. Probably no better performance can be achieved with 

this particular type of mercury wetted relay. To obtain still a good 

pulse shape for measuring purposes, the pulse could be filtered by a 

low pass filter. 

This has been done, using a lumped-component device with a rise time 

of about 2 ns. The waveform which is then available is shown in Figol3. 

A coaxial filter "l1th 600 p3 rise time and capable for 3 KV has been 

designed by van Welzenis and Sens (see ref. 17). 

I 

-- t-fme.. --II>-

Fig.13 
Filtered pulse. 

Hor. scale 1 ns/cm 

Small changes in .the leading part of the pulse are possible when 

exchanging capsules of the same kind. 

The maximum pulse amplitude achieved with this relay before breakdown 

occurs differs from relay to relay but lies in the order of magnitude 

of 2.5 KV into 50 ohm. 

The pulse shape does not change when the supply voltage or the repeti

tion rate is increased. Both polarities can be generated with this 

pulser. 

3.3 A PULSER WITH A HANLIN HRC-l CAPSULE. 

Also for this type of mercury relay a special coaxial housing has been 

made. The stationary and the moving contacts of this switch have a more 
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regular shape·for they consist only of thin metallic straps, one of them 

is continuously wetted by adhesion of mercury.The fine mercury drops 

move by the vibrating action of the armature. 

The different parts and the assembly of the housing are indicated in 

Fig. 14. G.R.-874 connectors have been used in ,the design. 

Care is taken to prevent collision of the glass capsule with the outher 

conductor JFig,,14a) by making the inner diameter of this conductor about 

0.2 rom larger than the diameter of the glass cover. The connection of 

the switch leads is made by the clamping fingers of the inner conductors o 

10 

2.5 

? .'5 

. , 

91 

l't.b 

aq ... p\~ -to G..R.-8f4 
~\)T1Y1l':d-of'" 

Fig. 14 Drawing of the housing for a Hamlin HRC-l M.W.C.R. 
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All metallic parts are of brass. On a P.V.C.-coilform 7000 turns of 

enamelled copper wire, 0.15 mm in diameter have been wound and 100 AT. 

are sufficient to drive the switch. 

After assembly of the parts a reflection measurement was carried out 

just as was done with the Clare relay, also with the switch in vertical 

position and the contacts closed. The results are indicated in Fig. 15a 

and 15b for respectively the stationary contacts side and seen from the 

mercury pool side.As could be expected from the regular shape of the 

contact blades, the reflection coefficient has been diminished compared 

wi th the Clare switch, al thoug'1 they are still considerable. This is 

probably due to the armatures, which are regular and about 2.5 mm wide, 

only have a small thickness.The remaining reflection coefficient of 

0.065, corresponding to an impedance of 56.5 ohm and based on the 50 ohm 

level, ca:n be i.mproved ~. little perhaps, but also in the case that the 

outher conductor touches the glass capsule, there is still a large 

reflection left. 

(""f$i-:anc<z) -

Fig.15a Mercury pool side. 

1+: i LIi;~ ~~;j{:! :..:: :..::=: 

{""/~$tar>(:'V 

Fig.15b Stationary contacts side. 

This coaxial switch is mounted in a similar way as is sketched in Fig.11 

and the performance tests ,-,hieh have been carried out are based on the 

same conditions as described in section 3.2. 

Fig,16 shows the leading edge of the output,pulse on a horizontal scale 

of 200 picoseconds per cm. 

A rise time of 250 ps is observed between the 10 and 90 p.c. pointso 

After about 6 ns (see Fig.17) the pulse reaches its final value and 

maintains a flat top. Pulse amplitudes up to 1000 V in both polarities 

can be achieved with this relay before. breakdown occurs. A remark must 
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be made on the appearance of some contact bounce in certain regions of 

the repetition frequency, betvreen 0 and 100Hz. Changing the actuating 

voltage decreases or eliminates this symptom. 

o.sV 

1 
" ? 
..p 
0-

1)... 
~ 
'~ 

r----'----
time ---i>-

FigG16 
Leading edge of the 
output pulse • 

Hore time scale lOOps/em 

Fig .. 17 
Leading part ona time 

'scale of 1 ns/cm. 

The application of mercury wetted contact relays in line-type pulsers 

show some clear advantages and disadvantages.Pro 'M.v-'.C.R. are the 

achievement of fast-rising high-voltage pulses of both polarities, the 

si~plicity of the pulser design, its low effective switch resistance, 

small dimensions and the possibility of driving the relay with a low 

voltage. Contra the mercury switch are the limitation of the repetition 

frequency and the large time jitter. 

4 THYRATRON' PULSERS. 

A summary of the operation of a thyratron may be given vlell on the basis 

of the sketch in Fig.18 9 where a cross-section is given of the tube. 

To enable high currents to pass through the tube, the gas-ionization 

phenomenon may be used to escape to the limited catho~e emission of a 

vacuum tube. Across the tube a voltage drop exists and if it becomes 

too ,large the oxide cathode will be destroyed. Filling the bulb with 

hydrogen allows the use of high currents before the so called qestruction 

voltage of hydrogen is reached. Another reason why hydrogen if: used 

is the short deionization time of this gas. 
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kad 
The grid is placed on a short distance 

aflocie of the anode to permit high gas pressure 

II---I---i'f!" ~ hr e i d 
I bulb 

in the tube, necessary owing to gas cleanup. 

The anode ,is completely surrounded by a 

grid structure and the cathode is also 

shielded. So, the anode field does not 

act upon the electrons emitted by the 

cathode and they stay inside the cathode 

shielding. To start ionization of the 

tube a current has to be drawn between 

the grid and the cathode, generating 

carriers outside the shielding, They fill the region between cathode 

an.d grid baffle. Now the anode field can act upon electrons and ions 

surrounding the grid baffle and ionization occurs in the grid-anode 

region. Current starts to flow through the tube and the anode voltage 

drops quickly to a low valu&. The time in which this happens until an 

almost constant value of the voltage drop across the tube has been 

reached, is called the ionization time. It is characteristic for 8. 

particular type of thyratron and almost entirely independent of exter

nal conditions • 

The voltage drop and the effective impedance of the tube are functions 

of time, they decrease very fast during the ionization period and 

remain nearly constant during the conduction period. 

The application of a hydrogen thyratron in a line-type pulser to generate 

high voltage pulses is often used because of its excellent propertieso 

It can be triggered precisely with small delay and time jitter using a 

medium-voltage trigger pulse. The delay and the time jitter depends on 

the trigger amplitude, its rise time and the anode voltage of the 

thyratron. A shorter rise time of the trigger signal decreases the delayo 

Also important is the fact that no bias voltage is needed as long as 

the repetition frequency is relatively low,which simplifies the trigger 

circuitry~ 

The repetition frequency is limited by the deionization time. To prevent 

constant conducting of the tube after the output pulse has been dis

app~ared, the voltage across the tube must be kept low. So a high 

charging resistor must be used to enable thetbvratron to deionize. 

The thyratron behaves like a switch with a low internal resistance, 

although this resistance) is a function of time. This influences the 

pulse shape, so the rise time of the output pulse of a thyratron-equiped 

line pulser will be determined by the ionization time of the tube. 
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To achieve a rectangular pulse form, the sum of load impedance and 

internal impedance must be equal to the characteristic impedance of the 

transmission line. If the load and the line impedances are both 50 ohm, 

a similar waveform arises across the load as shown in Fig. 5a. 

4.1 A PULSE GENERATOR USING A FX2513 THYRATRON. 

This thyratron has been mounted in a circuit as shown.in Fig. 19 

schematicallyo The charging resistor is connected to one side of a 

grounded 50 ohm transmission line of a certain length and the anode of 

the tube to the other end. 'rlhe trigger pulse is applied by means of a 

1:4 step-up puJse transformer '~o the grids to achieve a sufficient high 

50n.. 

Fig.19 

'"-......... - ...... + 
2.SA 
d.·c. 

t:r:igger amplitude. Both windings 

of the transformer must be carefully 

isolated from each other and the 

capacitance from primary to secun

dary winding has been decreased by 

winding them on opposite places on 

a round torus. The diode eliminates 

possible backswing to safeguard the 

trigger generator. A d.c o current 

of 2.7 A is applied to the heater 

and no bias is used. The value of the charging resistance must be 

adapted if long pulses and high repetition rates are needed. 

The heater supply is isolated from the pulse by a low-pass filter ,.,hich 

consists of four bifilary wound chokes of 0.8 mH each and a 22 nF capaci

tor. The chokes have been wound on potcores in such a way that the d.c. 

magnetization is decreased, for the d.c. currents in the windings now 

travel in opposite direction to each other round the coreo Some infor

mation on these components is given later. 

A sketch of the mechanical construction of the pulser is shown in Fig.20. 

The tube is mounted in a brass cylinder, provided with some holes in the 

upper and lower part of the housing to accomplish air-cooling. A more 

or less coaxial line has been approached,in this way, although the 

expected pulse rise time will not be so short that lead inductance starts 

to play an important role. 

The'cathode is connected directly by a short piece of coaxial line to 

the output conne.qtor on the front panel. 'rhe heater leads inside the 

housing up to the tube base have been decoupled by ferroxcube rods. 

The tube housing is mounted horizontally betvleen the front and the 

back panel of the generator house~ Fige 20b gives the arrangement of 
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the remaining components and in J.i'ig e 20c is sho\m the charging-resistor 

box. So the most suitable value of the resistance in a particular 

measurement can be chosen. The storage line is connected with one side 

to the pulse generator house and with the other end to the charging

resistor box. 

e.ut?Vt
<on V't ec.k>(' 

c;, ,r.; :-8=('t, 

'-- ----

fo btD'7.~e \~n~ 
t> /, -".. al'lO- v~ 2< Rc. 

~r.,:'), 

i-o H.T. Sl>fP\Y 
" 

b-c h. 

Fig,,20 Assembly of the 'thyratron pulser. 

4.2 OPERATION DATA. 

Owing to the minimum required anode voltage of about 300 V the output 

,pulse has to be attenuated before it can be connected to the measuring 

instruments. 

With commercially available attenuators and signal sample~s only a few 

hUndred volts can be handled. To make it possible to test the pulser 

at full output, special :l:.'esisti v'e bleeders have been constructed with 

" "home made" resistors. These are deposited metal film resistors on a 

flat glass substrate capable to handle up to 2,,5 KV pulse voltage with 

~ura~ions to 1 us and a rise time better than 2 ns. 

Such a resistor is inserted in,a stripline signal sampler as shown in 
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.lPig 21a. The pulse arrives at the left connector, passes through the. 

stripline and leaves the tap-off almost i'li thout attenuation, for the 

resistance in the side arm is sufficient high (5 Kohm) • 

. The signal from the side arm ca.n be attenuated further with coaxial 

devices to, a level suitable for the input ,of the oscilloscope. 

"Fi~ _ '.21 a 

Signal sampler 

A .similar tap-off is used to achieve 

the necessary trigger pulse, as is 

indicated in the block scheme. 

With this c~rcuit the performance data 

of the thyratronpulser have been 

measured o The repetition frequency 

was 80 Hz. 

r---r3._t_t.,' ______ +' -l;r7~&:ief' 
Input-

Fig. 22a-c on page 20 shows the leading 

edge of the 'output pulse with an 

.' ampli tude of 500V t 1 KV and 2 XV. 

~ of1lJ..ID-~~~~_@!~i!iI_ .... HVI~~h-vol~'3e.6 The entire pulse form of 150 ns width r. termlr'at'\C., 
50~ is indicated in part d of that figure. 

Fig.21 Measu.ring arrarigemento 

No bias is applied to the tube during 

these measurements. 

As may be seen from the curves, the 

rise time of the pulse is slightly 

dependent of the pulse height,which could be expected from the decrea.;. 

sing ionization time of the tube when the anode voltage is increased. 

The results are given in the following table 

Vo (Vi-tr (ns) 

500 23 
1000 19 . 
2000 18 . 

The pulse generator has been tested at repetition rates up to 5 KHz 

with a 50 ns pulse and a suitable value of the charging resistor. 

'. However, higher frequencies are possible~ The maximum recovery time of 

the tube is about 11 ~s, when no bias is applied and when the maximum 

allowed current of 40 A flows. 

The trigger pulse which is used has an amplitude of 110 V (into 50 ohm) 

at the input of the pulse transformer, a rise time of about 25 ns and 

and a duration of 5 ~s. Shorter trigger pulses will also do the job, 

but each time when a thyratron output pulse of a few microseconds is 

used, the t:rigge'r pulse width must be adapted, so one single trigger 

duration is. chosen. It is long enough to drive the tube also when 

. microsecond pulses are needed. The'trigger signal was delivered by an 
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Fig, 22.0utput of thyratron pulser. 
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avalanche trigger amplifier \,[hich ,will be discussed . later .. 

The tube can supply a peak pulse power of 140 ~Jo It has a maximum 

anode voltage' of 8 KV and can deliver a peak cathode current of 40 A. 

The output of the pulse generator can be varied betvleen 150 and 2000 V. 

No attempts have been made to chang~ the circuit for delivering negative 

output pulses. 

4.3 SOME EXPERIlV'LENTS WITH A TUNG-SOL 7190 THYRATRON. 

The 7190 is a zero bias miniature hydrogen thyratron which can supply 

peak pulse power of 10 KW, hold 1200 V anode voltage, can handle 20 A 

peak current and is sui ta~'lle for 'pulse repetition frequencies up to 5 KHz 

at full current rate. Higher repetition rates are possible but an. average 

anode current of 50 rnA must not be exceeded. The current rate of rise 

is 0.4 A/ns. 

4.3.1 Pulser with positive pulse polarity. 

The scheme of F'ig. 19 has been applied for building the generator and 

also the same kind of low-pass filter. An analogous pulse transformer 

(however with turns ratio of 1 to 2) was used. The resistance in serie 

with the grid has been lowered to 220 ohm. A heater current (d.c.) of 

1.8 A is necessary for proper operation and a trigger pulse of 110 V 

is fed into the primary of the transformer. 

In Fig,,23 a sketch is' given of the formation of the generator components., 

The tube has a small button 7-pin miniature base and its connections 

will be given later in this report. 

N- to hl?Zliey" 
I'--"'-<:::I!l -;,,, pp!:J 

~Q c\e\3.'j-l~('Je. AV1c\ 

IIi"'#. 'Rc.to K.1: SLlfP'J 

Fig. 23' Generator assembly. 

The measurements of the generator properties have been carried out in 

a similar way as was described in point 4,,2 of this sectione Also a 

repetition rate of 80 Hz was chosen to record the curves shown in Fig.24 .. 
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Part a of this figure indicates the shape of a 300 ns pulse with an 

,amplitude of 550 V,while part b shows the leading edge of this pulse 

for several pulse hei~hts. 

It must be concluded from the curves that the pulse shape good. The 

leading edge is clean and the top of the pulse is flat after about 100 

ns. Thereare almost no ripples. 

The rise time decreases which increasing pulse amplitude from 21 ns 

to 15 ns when the pulse. is increased from 200 IT to 600 V.(the pulse 

height at 70 ns is taken as the' 100 p.c .. level). 

It is possible to influence the rounded corner of the leading edge 

(due to the ionizati.oneffect) by connecting a capacitance of suitable 

value across the storage line at the ,c.node side, because the discharge 

of a capacitance will achieve a higher amplitude into 50 ohm than a line 

with characteristic impedance of 50 ohm does, so the corner could be 

,sharpene<;l. 

---time -~ 

600V 

500 V 
M1 ~ 

4OQ1j 

300'1} 

.2l?oV 

trme t» 

Fig. 24a 
Total view of a 300ns 
pulse. 

H6re time scale 50 ns/cm 

Fig.24b 
Leading edge for dif-
ferent pulse heights. 

.Hor. time scale 10 ns/cm, 
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4.3.2. Pulser with negative polarity. 

For this experiment the scheme of Figo 25 is used.oThe outher conductor 

H.T. St}rf~ of the pulse shaping line is charged 

towards the supply voltage and the, 

inner conductor is connected to the 

load. It is not essential for the 

operation of the pulserwhether the 

outher conduc"coris charged or the 

inner one. In Fig. 25b is sketched 

the experimental frame of the genera

tor (bottom view). Only one end of 

the storage line is used, the other 

one has been isolated. 

An important construction part is the 

double connector. The outher conduc

tors of t,vo N-type connec tors have 

been isolated from each other by 

using small teflon tubes and screws. 

The inner conductors have been 

---:7~~5~~~-'"=1rt~V"~3~u soldered together. The output ter-

minal other conductor (free from earth) has been 

connected to the line, to the anode of the tube ,and to the charging 

resistor. This kind of set-up makes the use of a filter in the heater 

leads and a pulse transformer in the grid circuit unnecessaryo 

The trigger pulse is now capacitively coupled to th~ grid and the 50 

ohm resistor terminates the trigger generato::!'!. A trigger pulse with 

a height of. 200 V has been applied to the grid with the same width 

as the main pulse. The test results of this ge~erator are indicated 

in Fig. 26a and 26b 9 showing -the leading edge at different pulse heights 

and the total pulse of 300ns respect~velyo 

--' - trme ".. . ' 

-QDOV 

-400V 
Fig.. 26a 

-50oV 
.Hor6 time scale 10 ns/em 

,. _. ~ .. -



'" 

.. 

" 

• 

'" 

(l! 
-a 
? 
~ 
0.... 
£ 
"-l 

! 

24 

--f:/'me _ 
Fig. 26b 

Hor.time scale 50 ns/cm 

500V~ 

4.3.3. Series operation of two 7190 thyratrons~ 

To increase the amplitude of the output pulse, two(or even more) thyra

trons may be connected in serie 0 The numbe.r is limited by the peak 

current which is allowed to flow through the tubeso The arrangements for 

this experiment are shown schematically in fig. 27. 
The pulser is capable to deliver a positive pulse 0f maximum 1100 V 

into 50 ohm with short rise time (20 ns) using a supply voltage of 204 

kilovol t .. A negative amplitude will be achieved '''hen the load is inser

ted in the connection between the outher conductor of the line and earth • 

Two separate heater supplies are needed owing to the voltage difference 

between the two tubes. Eoth heater supplies have to be well isolated 

from the pulse by means of low-pass filters as indicated earlier. 

To achieve an equally division of the available high-tension, a 1 Mohm 

resistor has been mounted across each tube. 

Discharging of the line is obtained by triggering the lower tube, which 

starts to ionize,so the voltage across this tube collapses and the 
+ rn:· 

cathode potential of the upper tube 
:Rc 
lookSL is lowered. Due to the internal 

capacitance of the anode-grid region, 

the grid tries to maintain its 

potential level of about half the 

line voltage for a very short moment. 

So it looks like pushing a positive 

voltage step on the grid of the upper 

tube which also starts to conduct. 

,]he time difference beil-leen the 

collapsing of both tubes is extremely 

small. 

Fig .. 27 
Owing to the parallel resistors a 

current flows continuously through 
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the load. and the line voltage stays a little below the supply voltage. 

The repetition frequency is also influenced because of the longer 

charging time. 

A thyratron is well suited for a line pulser as shown by the experiments 

made & It has a relatively small time jitter, a short deionization time 

.\ and it is capable to handle high voltages and currents. It can be triggereil 

accurately by a medium-large pulse and because there is no bias 

necessary,the trigger circuitry has been simplified. 

A disadvantage could be the impossibility of generating pulse ampli.tudes 

lower than a certain value owing to the minimum needed anode voltage to 

start ionization. 

5 THYRISTORS IN LINE TYPE PULSERS. 

A thyristor is the solid state version of a thyratron. It is a bistable 

element with three electrodes: the anode , .athode and the gate. 

It behaves like a switch with high impedance in the off-state and has 

a low impedance during the conducting or on-state. In the blocked state 

j only a small forvlard off-state current flows through the deviceo When 

,the thyristor conducts, then the on-state current is primarily limited 

• by the impedance of the external circuit. The holding voltage across 

.. , 

the device during the conducting period is slightly increased '''hen the 

current through the thyristor rises. The thyristor stays in the on-state 

until the current is lowered below a certain holding current. 

If the voltage source is not capable to deliver this amount of current, 

the thyristor returns to its high impedance'state, as is the case in a 

line pulser after the discharging of the line. 

The magnitude of the break-over. voltage,of a thyristor can be varied 

by injection of carriers at the gate. 

After applying a trigger pulse of sufficient magnitude to the gate, the 

thyristor starts to conduct very faste The on-state voltage is slightly 

higher than the voltage drop of a semiconductor diode • 

Due to the small area of the thyristor pellet where current conduction 

starts to flow after the triggering,the amount of current that can be 

handled in the early period of conduction is limited. So a high voltage 

drop across the device exists during the first few hundred nanoseconds 

after the triggering "'hich determines the power dissipated in the thyris

tor. The di/dt rate of the on-state current is increased for larger va

lues of the gate current and determines the shape of the current pulse 

through the thyristor and the turn-on time to reach a certain current. 
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A critical value of the off-state voltage-time rate Cdv/dt) must not be 

exceeded to prevent spontaniously conducting. Owing to the slow charging 

of the .line this value will not be achieved vThen a thyristor is used in 

a line pulser. The repetition frequency will be limited mainly by the 

gate recovery time and the dissipated power. 

To achieve short turn-on times it is important to trigger the thyristor 

with relatively 'large pulses • 

5.1 SOME EXPERII1ENTS WITH 2N3~25 THYRISTORS. 

The RCA 2N3525 thyristor is a medium-voltage ,medium-current, fast 

thyristor for use in peiver control and switching applications. 

In Fig. 28 is schematically shown the use of this thyristor in a single 

and in a series operation mode to deliver positive output pulses. 

The maximum forward blocking voltage of the device is 600 V. 

With the pulser of Figo28a an output 

1ll~')4.- b<>OV t-Hr. of about 295 V into 50 ohm and a rise 

time of 200 ns can be achieved if a 

trigger signal of 10 V height and 1 

us width is supplied to the thyristor. 

Because the output pulses are slow, 

no special care in the lay-out is 

needed. 

The resistors parallel to the thyris

tors in Fig.28 band c, have to 

+H~ divide the high-tension equally over 

the switches. Due to these resistors 

the line voltage will b& lower than 

the supply voltage, because a current 

keeps flowing through R when-the line . c 
has already been charged, 

A pulse transformer has been used 

to trigger the thyristors simul

taniously. These transformers are 1:1 

types, but also devices with more than 

one secundary i>finding on the same core 

can be used. 

''''1 th the double-thyristor circuit a 

maximum output of 580 V with 140 ns 
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rise time has been achieved ~hen the supply voltage was 1300 Vo 

Thetripple-thyristor pulse generator 

Fig. 29 
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achieves a maximum output of about 

800 V into 50'ohm. 

Theind'icated curvES of Fig. 29 show 

the output voltage and the rise time 

of the pulse as a function of the supply 

voltage for this last-named'pulser. 

As a result of the large rise time, 

no further experiments have been carried 

out with thyristors, although beter 

results may be achieved when thyristors 

are used with a higher di/dt rate. 

In spite of the bad rise time these 

thyristor generators are quite useful 

for trigger applicationso The single 

thyristor version gives already a suf

ficient trigger signal to start ioni

zation in a thyratron. 

In section 7 a few fast-switching 

thyristors will be indicated. 
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6 AVALANCHE TRANSISTOR PULSE GENERATORS. 

It vlOuld be outside the scope of this report to give a detailled 

description of the avalanche process which occurs in most switching 

transistors. Sufficient literature is available, dealing with this subject 

e.g. see the references 9 ,to 16 in this report. 
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In the reverse biased collector-base junction of such a transistor 

only a small saturation current flows as long as the voltage is well 

below the breakdown point. Increasing of this voltage will rise this 

off-state current a little, until breakdown occurs which is due to 

impact ionization. Ivlinori ty carriers which have been generated ther

mally, diffuse to the high-field region of the junction and will be 

accelerated. Owing to collisions with the atoms of the lattice, hole

electron pairs will be produced which on there turn generate other 

carriers. 

This process results in a suddenly increase of carrier concentration 

and the current which will be allowed to flow through' the transistor 

is only limited by external circuit conditions. The voltage across the 

transistor will collapse to a'low value. 

The property of the transistor to present a negative resistance to the 

external circuitry is useful to switch relatively large currents in 

very short times. 

Before breakdown occurs only a small current will flow ~hrough the 

transistor so this could be seen as an opened switch while the low 

resistance r
i 

during the avalanche period approaches a closed switch .. 

"-
"-

"-
"-

Ti<3,. ~o 

The static VCE-IC characteristic of 

an avalanche transistor for a 

certain value of IB is shown in 

Fig. 30. The breakdown occurs at a 

voltage a little lower than the 

value VCBO • 

6.1 AVALANCHE PULSER WITH A 

CAPACITIVE COLLECTOH LOAD. 

L-__ ~~~~~~==~~::::~~~~~ The capacitor C charges through a 

i~ 1''' 

,,-..,-- -- ,-
-t-;- --) '-- - r - -, 

high resistance Rc connected to 

the supply voltage (Figo 31).: 

Two kinds of operation are possible: 

free run and triggered operation. 

..f L ,I!t 

In the free run mode, the slope of 

the static load line -Rl and the - .. ~"'(--" 
til.! c 

value of VB has to be chosen to 

intersect the breakdown point A, 

where also the dynamic load line 
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i.ntersects the VeE-Ie curvec When the voltage on Crises :,i t reaches 

the value VA and the transistor avalanches. I increases abrubtly until . c 
it has the value corresponding to the semi-stable point J3 (the intersec-

tion of the dynamic load line and the VCE-Ie curve). 

Both current and voltage remain there until the capacitor has been 

discharged so far that the current at J3 no longer can be maintained, so 

the working point travels downwards the curve until the current reaches 

v IH (point e) c ,,[here the dynamic load line just touches the curve. A 

further discharge is impossible and the avalanching stops. As the static 

load line ,,,as chosen not to intersect the region of nega'~ive resistance 

conduction ceases and the working point travels to D. The capacitor ,,1111 

than be allowed to recharge and the cycle repeatsc 

\J.~ 

• 

Fig. 32 shows the voltage across R and on the ccllectorin the case of o 
a) a capacitive collector load 

b) with a storage line. 

6.2· PULSER HITH·A STORAGE LINE. 
VA 

t 
\f 
I 

t 
Yo 

I 
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* Vc.. 
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I 

1-"--",:_ ~-V\-f. "R..o 
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If a line is uSed as the collector load 

instead of a capacitor a fast-rising 

rectangular pulse can be produced. 

There are no reflections if the sum of 

the load resistance and the effective 

resistance of the' avalanche transistor 

equals Z of the line as is shown in 
o 

Fig.32b. 

About half the voltage difference VA-VH 
is available for the output pulse 

(if,ri xs not too large)'and the pulse 

width is determined by the length of 

the line. 

. The switching process is the same as 

described for a capacitive lo~d. 

In both cases the pulse generator may 

be triggered by chosing the static load 

line not to intersect the avalanche point but at a slightly lower value 

o -+-

of VCE" This can be done either by increasing Rc or decreasing VJ3 or Rb~ 

To trigger the t.ransistor a small positive pulse must be supplied either 

to the base or to the collector of the transistor to start the avalanching .. 

To achieve the short possible rise time and delays the method with 

collector triggering; must be used; Besides the working point has to be 
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chosen as close 8,S possible to the avalanche point. 

The pulse generator as shown in fig.3l delivers a positive pulse. The 

reversed polarity vTi11 be achieved )Then the load resistor is placed in 

serie with the capaqitor or in the earth connection of the line. 

The maximum repetition frequency will be determined by the average 

dissipated power in the transistor. 

.. 6.3 SELECTION OF AVALANCHE TRANSISTORS. 

T<.> examine if a particular transistor (npn) has a sufficient voltage 

drop, the circuit ofJ.i'ig.33 may be used. The pulse generator must be 

Put",€, 
~n~rato( 

po'i-. pol. 

.D.u:r. 

t-------- Hor'2.o"tal 
p, ... t.-el\!:. 

\k.rtkal 
plate't> 

oapable to deliver voltage pulses 

up to 200 V with a width of 50-100 

us and a repetition rate of 100 Hz. 

A thyristor equiped pulser is 

quite suitable because the rise 

time of the pulse preferably must 

not be shorter than a few ¥sec • 

The display on the oscilloscope 

screen will show the heavy drawn 

parts of the VCE-IC curve from 

Fig.30. vfuen the scales have been 

calibrated 9 it is possible to read immediately the values of vA,VH,IA 
and IH 'for particular values of Rc and lib A from the screen" 

If pnp transistors have to be examined the polarity of the generator 

pulse must be reversed. The screen now shows ~he VCE-Ie curve in the 

third quadrant. 

To ,deliver high output voltages 9 transistors. having a large VA .... V
H 

must 

be selected. 

6,/4 EXPERIl1ENTS 

In this section a survey is given of some experiments which have be done 

with two avalanche transistors namely the 2N9l4 and 2N697. 

6 .. 4.1 Avalanche transistor 2N9l4. 

Six samples have been tested in a way as described in 6.3 and the results 

have been tabula~ed. For a description of the symbols see Fig.30. 

The results have been achieved with Rb=lO Kohm. Increasing of the 

external base to emitter resistance gives a decr~ase in VA,VH,IH and IAe 
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No. VA (V)I VH(V) IH(mA)VA-VH (V) 

1 58 11 5.2 41 

2 ~5 11 5.2 38 

3 59 19 5.8 40 

4 52 18 4 .. 5 34 

5 53 18 5,,2 35 

6 58 19 5&2 37 

The sample No.1 has been used in a capacitive loaded pulner,in which 

Ho= 100 Kohm, Hb= 10 Kohm, Ho= 50 ohm, C= 100 pF and Vn= 65 Vo 

An output pulseform vIas achieved as" indic'ated in Fig .. 32a 9 with a rise 

time of 0.6 nSf a width of 15 ns (10 poCo points) and a height of 28 V" 

When the supply voltage was increased to 300 V, the pulse repetition 

frequency became 500 KHz. 

Also an experiment has been done by changing the capacitor by an air

line of 105 m lengthe rr:he observed pulse had a rounded leading corner 

and 3 steps were clearly visible at the ~railing edge when the pulser 

was terminated with 50 ohm (:::Z )0 R .has to be lowered to 20 ohm before 
·00 

a" rectangular pulseform was achieved. 'l'he rise time was 450 ps, the 

amplitude 8 V ( into 20 ohm) and the duration was about 10 ns o 

The other samples also could be brought to avalanche. 

From these measurements it could be concluded that the effective switch 

impedance during the avalanche period was about 30 ohm for a 2N9l4 

transistor. 

6.4.2 2N697 transistor in an avalanche pulser. 

Ten samples have been tested and each of them show to give a voltage 

drop between 10 and 80 V.. The following experirEe"nts "Tere made 

a) lui avalanche transistor pulse generator has been constructed as in

dicated in Ref <> 10, , .. here three 2N697 transistors in a series connection 

have been used, to achieve a 2 ns output pulse of 150 V into 50 ohm. 

Although we used the same transistor type (SGS-Fairchild) we could not 

obtain these specifications f The rise time was 25 ns and some changes 

in resistance values had to .be made before the three transistors started 

to avalanche. Pe!haps better results could be obtained when transistors 

from another manufacturer are used e 

b) The scheme of Fig.3l has been used to build a pulser with a capacitive 

loaded collector. The results are tabulated on page 32. 
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t ns width (ns f Hz r 10P e c. points 
( ) ) ( ) 

14 80 3 400104 
15 600 1 .. 10 
15 8.103 40103 
13 34 8. 104 
25 200 1.10 
25 5.103 40103 

V~~ 150 V , Rc=47 Kohm , Rb= 470 ohm, Vt . = 10 V g C. 3.9 nFo 
v '. r~g ~n. 

c) An avalanche transistor trigger a~lifier. 

Fig. 34 shows the scheme of a {;rigger pulse gene:r.:ator, which can produce 

5 p,sea. pulses ,vi th an amplitude of 110 V into 50 ohm and a rise time 

of 40,ns. The maximum repetition rate at full output is about 400 Hz 

and an input pulse of 3 V is ~,afficient~ 

Ir.b KSt.. 

8.'2.K 

~~--~~----------~~--------------------------~~----~~o 

Fig. 34 Trigger amplifier. 

This amplifier is used to trigger the earlier described thyratron pulser .. 

An external trigger signal starts the avalanching process of the first 

stage. The, collector voltage is well below the breakdown value in the 

off-state of the transistor. This stage produces 36 V pulses in the 

primary winding ,of a 1: 1 : 1 p1l1 se transf.ormer. 

The in serle connected· transistors of the second stage have also been 

adjusted below breakdown by means of a suitabl'e value of the supply 

vo1tage,R and the ,two bleeder resistors. c 
\ The lumped constant network provides in a rectangular pulse shape, 

• 
and the emitter resistor prevents unloaded operation • 

1 CONCLUSION. 

In this report a,description has been given cf a few line-type pulse 

generators .. The results can be summarized in a table to obtain a good 

survey of the properties of the particulary pulse generators. (only 

single swl tch pulsers terminated 'o/i th 50 ohm are considered) 
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max. 
Type pulseI' Vo leading edge, rise 'time top ripple freq. 

r1.\'f.C.R" 
CLARE up 'to 2.5KV clean 375 ps flat firs't 120Hz 

HAHLIN' LOKY 250 ns. 100, f , , , 9 , , , , 9 , t , 

Thyratron 
FX2513 . , , t,2.,OKv f , 18-23 ns 9 , small > 5KHz 

7190 , , , ,550 V , , 15-21 ns , , , , )5KHz 

Thyristor 
2N3525 t f ,,290 V , ,. 200 ns , , none i5Iffiz 

Avalanche 
transistor typo 100 V , , 13-25 ns no't none typo 

, ~. 2N697 rect 80KHz 

REMARK 1: The scheme of Fig.35 gives a suggestion to double the repetition 

frequency of mercury relaypulsers,in which both stationary 

Rc 

REI'lARK 

contacts have been used. Two equal lengths of cable are needed. 

+ HT 

z o 

Rc 

~~;,. 
, Ro 

2:To improve the 

line 

eft storage 
line 

mercury switch 

rise time of thyratron.pulsers, tubes with 

shorter ionization times have to be used. 

In Ref. 8,a 20 KV pulse generator with 2 ns rise time has been' 

described. 

REMARK 3: An improvement of the thyristor pulseI' will certainly be 

obtained if a l1otorola 2N4204 or NCR 729-10 fast switching 

thyristor is used. These devices have a di/dt rate of 5A/ns. 

RE!1ARK 4: To improve avalanche transistor pulsers, fast switching 

transistors have to be selected with high VA-VH values .. 

. Series operation is possible (see Ref. 9, where an output 

of 80V into 50 ohm. has been obtained with a rise time shorter 

than 1 ns .. ) 
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APPENDIX 1 

List of special components. 

Mercury wetted relays --- RP5441 

HRC-l 

Thyratrons ------- 7190 

- FX2513 

Thyristors ----'----~2N3525 

Avalanche transistors ----.r.2N914 

~2N697 
" 

Delay lines -----~ RG 218/U 

C.Pq CLARE.International N.V. 

Tongeren, Belgium. 

Hamlin, F1i,ght Refuelling L.T.D. 

Industrial Electronics Div. 

Wimborn, England. 

Tung-soli Bloomfield, New Jersey, UoS~Ao 

English Electric Valve Co. LoT.D. 

Essex, England. 

RCA 

Philips 

SGS~Fairchild. 

Amphenol and Alpha Wire. 

50 ohm. 

,-' - HF 5/8 1t CU2Y Kabelmetal, Communications Div. 

High-Voltage capacitors -- DD60 

3000 Hannover, Postfach 260. 

Centralab- Globe Union" 

Amphenol. High-Voltage connectors HN 

Bifilar:y' ''Iound chokes PotcorePhilips P45/25,3B5,u=:200. 
for heater decoupling ----2x28 turns of en.cop.wire 1.2 mm ~ 

'Pul.se transformers 
Cor~ material:Phi1ips. 
Shape: torus " 

L=0.8 mH (wfthout d.c.' current.) , 

or 

-2xlOO turns of en.cop$wire 1.2 mm ¢ L=18mH 
(without dc current) on EI 84/32 core. 
,air-gap 0" 25 mm. 

-:---'-' 1:4 turns ratio: core Ferroxcube 3El green. 
O.D. 35.5 mm, I.D.2205 mm 

height 9.8 mm 
prim. 25 turns, sec. 100 turns of isolated 
wire 0.5 mm ~. 

1:2 turns ratio: same core. prim. 25 t. 
sec. 50 t. 

1:1:1 t.ratio same core. 3x25 turns., 

1:1 t.ratio core 3El, O.D 23 mm,I"D.14mm 

height 7 mm. prim. 20 t. 8eo.20 turns. 
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Tube connections of the applied thyratrons. 

FX2513 7190 

APPENDIX 2. 

THE DESIGN OF LUMPED-CONSTANT TRANSI'USS!01i LINES .. 

On page 6, already a remark was made on the application of lumped-constant 

transmission lines in a 1ine pulser to generate long pulses .. 

The use 'of an equivalent l~ngth of coaxial cable is too expensive and 

also unmanageable .. 

A number of variations are possible in the design of such lines. Because 

of its relatively easy construction an asymmetrical line was designed 

composed of several n-sections as shown in the scheme below,(without the 

dashed resistors)o Theory about this' subject can be found elsewhere. 

R.", 
t- --

r I , , 
, I 9!l 

I '''8 J 

()-.i~---l!----"'----411-- - - - - - - - -.!~-----,------...... ----<"-O 

Some important formulae for a lossless line are 

Z JI Llc 
on 'rl-{I)2/, 2 

WC 

tin which Zo characteristic imp. of a line section 

C0 c 
L 

= cut-off frequency 

= serie inductance of 1 section 

C = shunt capacitance" 1t " 

Z • The delay for n-sectioris is given by o 
time by trn= 1.1 ~~ 

The calculated data for a few lines (Z'=50 ohm) are given in the table. o 
delay(ns) rise ··time(ns) cut-off, freq. L (MH) I C (pF) number of 

flections 
150 27 LlO~ 0.5 

I 
200 15 

500 130 2.10 .2.5 1000 10 
1000 260 LI07 6 5.0 2000 10 
2200 520 4.5.10 11 .. 0 I 4400 10 
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The correct value of the capacitors .... ,as· obtained by selection and 

parallel connection of commercially available high-voltage' capacitors 

(Centralab., type DD60). The inductors have been wound on potcores and 

the value adjusted by a ferroxcube rod.in the centre hole. All cores 

.~ have an internal air-gap, adjusted by the manufactUrer (Philips). 

150 ns line: potcore P 11/8, 3.5 turns of en. copper wire 1 'mm p 
500 9 , t , , 9 P 18/11, 4· t , , , , , , , , , , , 
1 J.lS , , , , P 18/11, 5.5 , , , , 9 , , , , , , , 
2.2. fS , ., f , P 26/16, 9 ,. , , , , , , , , , , , 

extra external airgap of 0 .. 5 rom 

After assembling the line on ~epoxy substrate a reflection and a 

transmission measurement has been carried out with a T.D.R. to determine 

the pulse responce of the line. 

It appeared that a large"reflection occurred at the input and output 

terminals of each line. The display of the reflection curve in the case 

of the 500 ns line is shown below. An air-line between the T.D.R. and 

the line represents the reference level and the open end of the line is 

~ terminated • 

.... ~-.'--

1?tflec.J~o\>1 at- ~y)p\.Jt- t-ef"mfYlaf 

\led.:. ~"Ile pi =- 0.'2. 
yc ..... 

ho1/". 'i>cale 100 ns. /C"rYl . 

-I;f#7f2.-
--- ... 

di'5brnc~ 

The large dip whichoccurres after the step is.due to the first capaci

tance of the first ~ection. The impedance curve of the line is far from 

ideal especially during the first 300 ns. When the line was used in a 

line pulser,a pulse with large overshoot and ringing.was generated. 

To improve the reflection characteristic and, still using the mounted 

coi?s and capaci:t;ors,'afew resistors have been placed across some 

components in the first section (see page 36). The value of the resistors 

is determined experimentally by observing the oscilloscope display and 

it ap~eared that a nearly ideal reflection curV8 could be obtained. 
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~his is shown in the following two curv~s which refer to the same line. 

NOvl the impedance-distance function is a straight line except for a small 

reflection at the input of the line due to the connection leads of 

the coil and the capacitor. It could not be decreased appreciable. 

1<.e.flec.{.~C>7 at-- fV1t'ut- tefmiVlal 

v'ev!:-iL;( \ 5(2< Ie. el = 0.2. 
c,.,.. 

Ho('.iOOYlS /C'tYl 

II!JO Hs/c"", 

S"1Sl.. - __ 

/oons/cYJ? 

All lumped lines were treated in this way' at both terminals. 

However, the use of these damping-resistors increases the rise time of 

the line with a factor 1.5 and makes the line more dissipative. 

Using this line' in a line pUlser, a flat: pulse without overshoot or 

ringing could be obtained. A limitation was set to the maximum pulse height 

as a consequence of the application of potcores. Above certain voltages, 

the pulse shape slowly deteriorated and the impedance of the line 

increased. The maximum pulse height for a particular line is .: 

150 ns line: up to 2 KV; 500 ns line up to 1 KV and the 1 us and 2.2 us 

line can be used up to 500V. 
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