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The pulsers are in use all over the world for a range of applications.
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Scope of this talk

Why make Pulse generators. What are they used for?
General principles.

Current designs pulsers.
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i U f Pulse G T )
4 N
slit cathode deflection phosphor
- sl plates screen
\
incident
X-rays electron lens
Ramp voltage rises
in around 100ps
- J
Sweeps of x-ray spectral lines Al HeQ (6.31A)
and Si Lyman @ (6.17A) from a layered target.
The sweep calibration gives 3.3ps mm-1 at the
camera output and a 7ps delay in the onset of
\_ Si emission )
N p J
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Cathode Gating
~ N
F')TESE:: Even relatively slow pulses
B can give high bandwidth
f( : cathode | —— —V“Vies  information.
e
anode ‘\ r
%— =0 for V>0 V:Vbias ~—
L ) I=Ipc for V<O
Microchannel Plate Gating
d incident h
photons
cathode — — E .
ven relatively slow pulses
can give high bandwidth
gain a V0 information.
anode n>1
- W % J
N J
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X-ray Gated Imagers

(Gate Technique A

Gate the MCP, use stripline geometry.
Gate voltage around 1kV.
Devices are not normally sealed.

= 1<«— MCP

Z/‘ ‘< Phosphor

FO
Ve Indium Tin Oxide
(ITO) layer

N J
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N

A typical X-ray Gated Stripline Imager
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Sub Picosecond Streak Cameras

A proximity focussed X-ray streak
camera using a pulsed cathode and
extraction grid.

=
i
=
-
=
4 R
anode
grounded
l phosphor
) deflection screen
slit cathode i plates
aVAVS B
|
|
|
| T
Ramp voltage
-15kV
& J

0 =

PX1 camera coupled fo the Kenteah cathodes pulser.

| rise= 230 - 400 fa

KeV X-rays

FUWHM = 3000 - 550 fo

RED42811
Clol A S

------

Time (ps)

A, Gafat, 2 Seang G Kalfern RS
18EES, AP 20
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Ultra-wideband Radar'

from

THE MINESEEKER AIRSHIP ri 8 The Times
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" Basic Principles

N

) 4 ) (" )

4 4
Energy Energy switch Load

Source Storage
N J N J N J N J

KSIigh’rly more complex system

Energy Energy : Jees Faster
Switch Energy : Load
Source Storage Siorine Switch

This compresses the stored energy so that it is
delivered more quickly, (more power).

This can be extended so that AC power N
can be turned into 50Hz 1ns spikes. J

.

Kentech Instruments Ltd. University of Cardiff 11th. April 2000



[

-

Energy
Source

\

J

.

(0 \ A
oscillator

Wo

(1 \ N
oscillator

3W,

\.

oscillator
5Wj

J

A

oscillator

7W

b/

" Alternative Strategy, [Fourier Synthesis]

|

Amplitude of oscillators must be se

as must the relative phases

"ﬂ

- ™ -
Combiner
. DC —p | _0ad
g J N

J

Oscillators may be continuou
or operate in burst mode.

higher order terms

"On Command"

N\

a N\
Not ideal for

Ise deli
pulse elver'yj
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Most pulsers are purely electronic but...

) [Lofs of vol’rs) . \
X-ray
Diode

Piezoelectric
Crystal pr—
N Y,

L
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N

A simple switch and capacitor
gives a fast rise followed by an
exponential decay.

In order to obtain a flat pulse
the stored energy is much
greater than the pulse energy

.

" An Introduction into Pulse Forming (1)

v Vv
Charging
resdor St
Load
= “
77777
v Vv
Charging

resgor St

Z,/C

Z,IC
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: : : a
An Introduction into Pulse Forming (2)
4 ~
By using a transmission line instead of a
capacitor all the stored energy is
available as a square pulse Ve , |
N J
0 L/n
\% forZ =2
Charging
resstor | [«+—L— S Vil —\l
—m
Lo
V /a Z0 Y a D ZL 0 L/n
7 foarZ, >Z,
- ~ V/I2
Note that for matched / -
conditions the output voltage is —
half the charge voltage 0 U ez <z,
N J
J
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( An Introduction into Pulse Forming (3) A
a ) ™
Solutions for retaining Vv N R
the charge voltage Zy/2 =
X PR N~
. U v
(r%g;rglng [Zﬂ = L oad
—l e Ly
- ‘ ~ -
\V Blumlein's solution
Charging
resistor [J L Lgad L
\ L
s ——{ 0
777 ZO 777 Ve
N\ J

\_ J
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-

" An Introduction into Pulse Forming (4)

[ Solutions for

I

0

L/n

A single switch,
self terminated line

|

=

Z5 o L—
@ 157

\J
> [|Real load Z,

)

\V/ : :
Charging indeterminate loads
resistor [J L Lgad 1 g
L
ZSlﬂ ] [ ég:l, This of fers pulse length
O] » 40 »r control as well.
777
_ J
e N
V .
| L . Ny
Zo+Z @3.% lGalZ 0
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P
Effect of Switch Impedance
s N O D
Y Implications for
Charging solid State
resistor =1 Rs switches
D Load N g
Ve Ly Ve Z :
e To obtain a good pulse
7 — “ shape it may be
The matched condition is now worthwhile
Zo =R+ 7, manipulating the
impedances rather
Often the load is 50Wso this means than building a bigger
that the charge line impedance should | { switch y
be less than 50W
-
N\ J
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4 )

Switch Technologies  Non-Solid State

Mechanical switches
Can be fast (20kV, 20ps), no synchronisation, no method of
cascading except with self breaking add ons.

Vacuum switches
Thermionic valves, spark gap
Low lifetime at high power. Spark gaps have jitter, risetime
\ limitation -
[ Gas switches \
Krytron, Thyratron, Ignitron, spark gap. Jitter, ageing, risetime
limitation. Good for high power applications. Laser triggered
gaps can be very good especially if the gas has a suitable
\_ adsorption band. )

Liquid switches
Spark gap, jitter but can have good lifetime and very high rep.
rate if the liquid is flowed. Risetime can be well sub ns

\ /
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Switch Technologies - Solid

State

[s

olid state switches

Spark g

aps are single shot and then replace the material.

T

o

7

Semiconductor Switches Avalanche

Low power but can have very low jitter (~1ps),

Long lifetime > 1010 shots
High on resistance in avalanche mode
Can be cascaded in series and parallel for high

Large stacks can run at 10kHz. Single devices at 100kHz.
Risetime can be sub 100ps. Limited charge transfer.

power.

\_ each device needs to be friggered.

" Semiconductor Switches Field Effect transistors )
Not as fast as avalanche transistors, ~ 1ns risetime
Can be turned off with care. Will run at many MHz.
cannot switch as much power but can handle large
amounts of charge. Low jitter, so can be cascaded, but

Kentech Instruments Ltd. University of Cardiff 11th. April 2000
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(A Simple Avalanche Pulser

( Charge line sets pulse \
Veh length
~V /2
Trigger m E¢ ch
N\ p—
- | H< 1 1 Output ]
77 intfo BOW —

— 77 L

Avalanche devices give ~100 Volts, rise in ~2ns

FET ~1kV, rise in ~2 to 10ns.

FETs go well if the trigger pulse dumps enough charge into the gate to

charge it to ~20 volts in a short a time as possible. Use another pulser!

(Will it break?), ~100ns pulse from Avalanche, FET as long as the gate is
_ charged.

\_ J
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Alternative High Power Solid State Technologies

4 )
SCR,
IGBT,
Break Over Diodes,
Reversely switched dynistors (RSD),
Reversely Controlled Transistors (RCT),
Drift Step Recovery Diodes

[Some are turn off devices. Some have a long charge up ’rime.j

\ _J
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.

Points to note on a
trigger device e ﬂ

Output
into 50W

-

* Avalanche devices are selected bipolar transistors often with a fairly
modest bandwidth.

* The collector current continues after the base pulse.

* Trigger pulse injects charge into the base. This must be done quickly to
collapse the field in a small region, increase the field elsewhere and
initiate avalanche processes. Always limit trigger pulse charge.

* Lots of switched charge destroys the device.

* The collector current should be low when the device turns off.
* ZTX 300 is a very good and hardy example but does need aging.
* ZTX 415 offers more volts but a lot more jitter.

Kentech Instruments Ltd. University of Cardiff 11th. April 2000
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‘To Increase the Sensitivity

Veh
Trigger Vbias E] - ~Vch/2
' A A
_/_\_—‘_ U U
T E‘FI - 1 Output
T
P B,

* Use several turns on the transformer, use bifilar windings.
* Bias the base just below DC turn on.
* 100mV can be achieved.

b

L s
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( To Increase the Voltage

o

a ™
Charge line sets pulse
Veh  length
keep this area low ] E] b ) NV oy /2
Trigger iR
_/\
- b Output
|
77 into 5 OW ™
( 777 J
* Add a transistor.
* Short its base to the emitter.
* Doubles the voltage, impedance goes up.
" Y,
Y,
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" Marx Configuration

f ™
This configuration needs

a lower charge voltage
but the resistance of
the series capacitors is
a problem.

Most of our pulsers use
stacks of 10 transistors
arranged in a three
stage Marx. This keeps
the DC voltage down and
coroha under conftrol.

= J

.

Output
info 50

Trigger

_/\

—>

Al

—
L—

7577

PNETE

B

—
—
-
P

<

|
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.

To Increase the
Voltage More

-
* Up to 20 ZTX300 in series

works well

* Up to 30 ZTX415 in series
works well

* Losses in devices goes up

N

~

J

~V OUTPUT 0N A )
chinto 50W v

Trigger

_/\

—>

ch

777

-
ﬁﬂ':k

|

D'Iﬁﬁ

[I*aNIIrg

)

<
B

FaN

=

w HEHHHE R HEHEHE
’
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4 )

Adding devices

é )

* Up to 20 ZTX300 in series works well
* Up to 30 ZTX415 in series works well

* Adding a device puts up the voltage and the current
so the loss in each device goes up. Eventually the loss
matches the voltage gain and adding devices does not

help unless the load impedance also goes up.
" J

[ Solution is parallelism j

\ _J
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4 . . N
Parallelism Veh ( Charging
I I . \ elements
U U ~
e N oml‘r.’red for
> [l n _ Clarity )
4 . ™ [ | ] { i
Run stacks in — Easy to have two
parallel and link il N | parallel stacks but
at each stage to /"N | more than two makes
help synchronise e I interconnections too
\‘rhem ) 1l I long.
— I — \ i/
Trigger 1] \__ Trigger
J\ N /\_

. J
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( The Avalanche Process Ionisation Waves.

* Normal model assumes a simple avalanche process like a spark gap.

* As the voltages get higher much faster rise times are seen than this model
can explain.

* Grekhov was the first to point this out
[Sov. Tech. Phys Lett. 5(8) Aug. 1979, p395 ] and offer an explanation [p 399]

* Ionisation occurs as a wave through the p-n junction. This is observed in

diodes and transistors the former being somewhat faster but exhibiting more
jitter and timing differences unless chips are matched.

* Wave propagates through the junction, the voltage is held of f by an
increasingly thinner layer of material but no significant current flows until
the wave reaches the other side of the junction and the insulating layer
collapses very quickly.

* In the fransistors we use we see pulser rise times of ~90ps and radiation

from the pulser > 10GHz. Grekhov has observed transitions in diodes of 30ps.
- J
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Staging and Mass Series/Parallel Arrays
[The route to very high power'sj

@ )
Most of the jitter in a large pulser occurs in

the trigger stage with a small contribution
from the next few devices in a stack.

4
§ \
Triggering through the base of a device
offers the worst rise time, poorest lifetime
L and it contributes most of the jitter. )

N J/

Page 29
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4 )
50W output to next stage [ 0 :
T e [ Staging

r%

—

= 5

m [

T N 7

- S o 6 of ten

= _-< K stages

o 1 shown

N
B g

g ferrite

gg/ 50W

HRRYE |
.)/'\.
o

N N A
\1} XX X Y
A 0 Trigger from
A, Two x 25W | previous stage
N J
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An example of staging
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~

-
The Output Card from a Kentech PBG1 pulser
7kV into BOW. 2ns slow decay pulse,
100ps risetime, 1kHz possible
N Y
N J
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N

Mass parallelism  With very high trigger voltages
* stage jitter tends to zero and

* stage variation in delay tends to zero.

N

unit Amplifier | | Splitter

Trigger Trigger Trigger Trigger
mpllfler' Amplifier Amplifier Amplifier

PA

[rr'igger‘ Trigger Trigger

)
r
;
;

g N

—
put pulserT/

| | | | | | | | |

Q) Q Q Q) Q) Q Q Q) Q) Q O Q) Q) Q) Q)
) a7} ) ) ) ) A2} a2} ) ) a2} 0 ) ) i)

o 3 3 3 o 3 3J 3 = 3 3 3 3 = 3J

o a a a (o a a a fa a (o a a a a

+ 4+ + + + + + + + + + + + + +

o 3 3 3 > 3 3 3 o 3 3 3 s o 3

o a a a o a a a o a o a o a Q.

+ + +— + + + 4+ + + + + + + + + +

o 3 s | = s | 3 s > o 3 o 3 o o o 3

kOJ \OJ koj \OJ koj \OJ \OJ \OJ kOJ \OJ yo) kOJ &OJ \OJ \OJ koj
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Combining Multiple Outputs
Mass Parallelism to Series/Parallel stacks

Cable transformers offer large
bandwidth and high efficiency
4

Designs are limited by the range of
cable impedances available
10,12,18,25,34,50,75,98,100 W
Some of these are not practical at
high voltages as only small cable
diameters are available.

N [ Exponential line fransformers )
cannot offer high bandwidth
L without being enormous |

\ J
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4 ™

Impedance Transformers Z into Z/n where *n"
is a perfect square.
e Ny
4XZO
: . Z —
Z into Z/k where "k 0 4 0
is any number. ¢ ,,\Ji, F:I b __0
h nl 4
U Vj
A A
< L U T V)
Z Z > J
> X k two in series by two in parallel
—7,-Xa
Z(x)=Ze | Pulse inverting circuit I
Good fort «Le/c
i.e. low frequencies are n Zo = = %
\/ Vi \ A
— U \/
N not transformed ) - = —
ferrite beads
_ )
\ J
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' Impedance Transformers

A better 1l into 4
transformer

1=

—
|

4 X Zy

-

TreEE intermediate Can GChiZVZ.
cables have the same length around 10kV with

100ps rise time

. b

. A

Page A7
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Impedance Transformers (The realisation)
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L

Distributed Pulse Transformers
With a distributed system one can avoid having a high voltage
on a dielectric interface except at the output
(" Triaaer inout We have built units
| 33 P with 960 devices in
— | the output stages
| [ | I
[ [ | [ ( ™\
— | | - \Equivalen’r Circui‘rj
k_ Output | —/_\—, |
- . |
Stack : |
@ Stack ., |
Stack
Stack -
§ N J

~

S
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(A 240 device card, 6kV into 12.5Woutput impedance )

- - . RS
TINFITER __BreE it

.. h L
A e ot e R
i
4 =
s,
- "
4 '."
AW
Jl-N [ -
t
T _,
s & P
¥ — = i
a o ——
I = -
i

e > ? ‘ —
<Rl = k F'E'-‘-. .:. 3 ‘..,_5.. :

o ANENRAR

E

% .
—T AT

"

- . - L
— T —— e

) y
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960 Avalanche devices
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(Desynchronised combining - dealing with reflective loads

[A regular system uses the following as all the parts are the same }

>
C
| output | -

| pulser | < \
) (combiner) >
| output |< /

| pulser |
C -

4 D
Reflections from the load and then from the pulsers

are all synchronous. Reflections from pulser to pulser

cancel giving large reflections back to the load
\ S / J
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‘Desynchronised coupling dealing with reflective loads’

By using dissimilar cable lengths and correcting with trigger k
timing one can reduce the effected of reflected power.

c -

>

pulser | <
(combiner‘\ >
SR 4—: , /

- N
Reflections from the load and then from the pulsers

are desynchronised Reflections from pulser to pulser
and back to the load are distributed over many pulse
L lengths.

\
Kentech Instruments Ltd. University of Cardiff 11th. April 2000 Page 44




'Pulse Forming techniques for Avalanche Pulsers

L' Many applications require a formed pulse or possibly a J
spike.

Spikes are easily formed with differentiation.

RC differentiators are good down to ~150ps but suffer from
the required voltage hold of f of the capacitor.

Fast means small but High volts means big.

Unless the rep. rate is high use L/R differentiators; faster.

_ J
4 N ~ A
0 O 0 0 HIEH 0
4 %’ ] 20 Zo C 20
= 2C7
9 V /4 2L/ZO ) \_ O J

\ _J
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 Pulse Forming techniques for Avalanche Pulsers |

- D
For shaped pulses into

resistive loads cable pulse

formers are often used. Ferrites allow outer of
- J cable to be grounded

= 4

X

length

O O Output
info 50W

=af
=Y
— <

— Charge line sets pulse

O O Output
info 50W

V74

[ )
These techniques work close
to the pulser output only

NS

N J
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i Programmable Pulse Length Control

-

Changing cable lengths underw

elec‘rr'oni.c control is possible[ By adjusting the ﬁmin9\
\bU’f hot simple. of the firing of S1 and
S2 the pulse length is
- controlled. N
+Ven L /
Zog Sl Zo 92 Zp
N A I N n__ Output
ZO ﬂ”\/ )\i, W\L W\L )U,, V' into 50 W
L J

This arrangement with
floating switches is not easy

to achieve.

o J
o /
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Programmable Pulse Length Control

[

By adjusting the timing of the firing of S1
and S2 the pulse length is controlled.

~

20 Z0 Z0

A

Output

into BOW

S1 J” ” SZJW ” (In this arrangement the

avalanche switches
| switch to ground only.

.
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i High Repetition Rate Pulsers.

Non Linear Lines To speed up Slow Pulsers

/S’randar‘d
Magnetic

_MIMIWIMIMIMI\SM& Line
s

\

s
4 N\ .
The capacitor .,/ | IfLorCfalls with
Velocity = 1/vLC increasing voltage

can be non
linear instead or then the line supports
{Wor‘ks well} shocks

as well.
=W above BkV S g

.
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11 Co 11 fu 11 omhi o

VA

77

VA

77

VA

777

__behavior )
VI VT T
M e M M X

(These lines work at a few
hundred volts and can sharpen
to ~200ps. Biasing the diodes
allows control over the pulse

characteristics
\_

' High Repetition Rate Pulsers.

Non Linear Lines To speed up Slow Pulsers

~

~

g
Replacing the

capacitor with diodes

also gives non linear

/

\

This technology has been
extended to a few volts at a
few ps pulses in monolithic
GaAs structures
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