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I. INTRODUCTION

This report cove rs work done during the period 1 May

1977 to 30 Aug . 1977 on Contract DAABO7—77—C—2641 to

develop a set of high voltage nanosecond pulse genera-

tors. The work is being performed by Cober Electronics

in Sta~aford , Connecticut for the U.S. Army Electronics V

Command , Ft. Monmouth, New Jersey. The work is directed

toward fulfilling the requirements of Technical Guide-

lines entitled “High Voltage Nanosecond Pulse Generators ”

dated 27 July 1976 . Listed below are the requirements

for Task A , Task B , and Task C.

Task A

a. Output Voltage 30KV

b. Peak Current 1200A

C. Prr  15Hz and single pulse

d. Pulse Width (50%)  125ns

e. Risc Time (10% to 90%) 2Ons max.

f. Fall Time (90% to 10%) 4Ons max.

g. Pulse Energy Output 4 .5  joules

h. Pulser Efficiency 90% m m .  (resistive load)

i. Life io6 pulses m m .

j .  Weight 2 .0kg max .

—1.—
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LOVEr
k. Volume 360cm 3 max.

1. Form Factor Cylindrical

m. Maximum Outer Diameter 6.5cm

Task B

a. Output Voltage 5kV

b. Peak Current 4A

c. Prr 10,000Hz

d . Pul se Width ( 9 0 % )  lOOns

e. Rise Time (10% to 90%) iOns max.

f .  Fall Time (90% to 10%) 2Ons max .

g. Pulser Eff ic iency 90% m m .  (resistive load)

k Pulse Energy Output 0.0023 joules

i. Lif e 1000 hrs . m m .

j .  Weight, 2.0kg

k .  Volume 360cm 3 max .

Task C

a. output Voltage 1kV

b. Peak Current 1) 15A to charge up
CL = 3OpF in 2 nsec

2) 2OmA during f la t  top
portion of puls e

c. Prr 15 , 000H z

d. Pulse Width (50% )  2Ons 
V

e. Rise Time (10% to 90% ) 2ns max .

f .  Fall Time (90% to 10%) 4ns max .

g. Pulser Efficiency 90% m m .

—2—
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h.  l i f e  1000 hrs . m m .

i. Weight 2.0kg max.

j .  Volume 360cm 3 max.
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V — - , V



LobBr

I I .  TASK A

Breadboards of the power supp ly and modulator for

the Task A pulse generator have been constructed. Be-

fore going to 30kV in oil or othe r encapsulant , testing

at~ rc~iuced voltage on the power s’~pp ly and modul~ator

breadboards has been initiated.

Presented in Figure 1 and Figure 2 are schematic

diagrams for the power supply and modulator for the

Task A pulse generator. The 30kv, 1200A, 125ns pulse

will be formed by discharging a Blumlein circuit with

a triggered spark gap. A ringing-choke dc-to-dc con-

verter will charge the Blumlein circuit capacitors to

30kV by transforming the 28 volt input.

A. Task A Power Supply

In the Task A power supply, ringing-choke trans-

former Ti will charge the Blumlein circuit capacitors

to 30kV by converting the 28 volt input. To achieve

maximum efficiency and minimum volume , the power supply

was designed to provide a uniform charging current

during approximately the full interpulse period (67msec

for a Prr = 15Hz). The 30kV output will be formed by

connecting the three secondary windings of transformer

T1 in series. Each secondary will consist of approxi-

mately 2500 turns of AWG38 wire wound around a separate

—4—
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molypermalloy powder toi oid core . The primary winding

will pass through the center window of all three cores

and will be insulated to withstand the 30kV potential

difference -

Testing on the Task A power supply breadboard was

begun by modifying it for 10kv operation. The primary

and control windings were wound on one of the three

toroids to be used in the 30kV design. The intent of

the testing was to operate the converter into a resis-

tive load at a third of the final average output voltage

(i.e. at 5kV) and at full current (i.e. at 5mA) . When

charging the Blumlein circuit capacitors, the charging

voltage will rise linearly to 30kV during the inter-

pulse period. As a result, the average output voltage

is half the peak output voltage. The first toroid had

a shorted secondary turn and had to be discarded. Using

a second toxoid, the converter was started. When

operating the converter at 4kv, audible corona at the

terminations of the fine secondary wi re was noticed. An

attempt to install corona rings at the low voltage and

high voltage terminations resulted in an open in the

secondary winding of the second toroid. Four new toroids

wound with corona rings have been ordered. Until these

cores are received , the third toroid is presently in the

breadboard.

The Task A power supply was init ially designed using

— 7—
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a high voltage Darlington transistor as the output

switching device. A device with a high voltage rating

was chosen for reliability reasons in the face of un-

known switching spikes. This concern proved to be un-

founded. To improve efficiency , low voltage transistors,

which have faster switching speeds and lower saturation

voltage , have been ordered and will be evaluated. Minor

changes were made in the control circuit. Turn—off

circuitry for the output transistor switch was modi fied

so as to gain fas ter turn— off  speed.

B. Task A Modulator

The 30kV , 1200A pulse , having a pulse width (50%)

of l2 5ns , wil l  be formed by discharging a Blumlein cir-

cuit with a triggered spark gap . Each network of the

Blurnlein circuit has a 12.5 ohm impedance. To approach

the 2Onsec rise time and . 40nsec fa l l  time requirement ,

each network has four sections . The high voltage

trigger pulse will  be formed by discharging a capacitor

with an SCR. The capacitor is resonant charged to 56

volts from the 28 volt input . A trigger transformer ,

having a 1:250 turns ratio , applies the high voltage

pulse to the trigger electrode of the spark gap .

The 1250 pF , 30kV capacitors in the Blumlein circuit

have~ a significant effect  on the size of the pulse

generator for Task A. Capacitors, wound with mica

— 8—
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dielect r ic  and fo i l  el”~.k: rodes , we re received. The mea-

sured size of each capacitor was approximately 2-5/ 16”

x 1~ 13/160 x 3/16”. When a sample from the set of

capacitors purchased was hipot tested at 30kV in air,

leakage current flowing through the capacitor was in-

significant when compared to the 5.OpA corona leakage

current flowing through the air.

Testing on the modulator breadboard for Task A

pulse generator was begun using a laboratory high voltage

power supply to charge the Blumlein circuit capacitors

through a current l imit ing , charg ing resistor. Pre-

liminary tests on the Bluznlein circuit are being per-

formed at a 10kV voltage level. The intent of this

testing is to evaluate the fidelity of the output pulse

before going to the 30kv voltage level. To ensure

reliable f i r ing at the 10kV voltage level , the E . G . & G .

GP-9 1 triggered spark gap , having a static breakdown

voltage of 12.5kV , has replaced the GP-92-38 , having a

static breakdown voltage of 38kV. A pulse current

transformer monitors the pulse current through the ground

connection of the 25 ohm load , constructed from 2 watt

carbon composition resistors .

An open circui t voltage of 10kV was measured at the

secondary of the trigger trans former. The trigger trans—

former output was applied to the trigger electrode of the

—9—
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GP-91 triggered spark gip to discharge the Blurnlein

circuit at a pulse repetition rate of 15Hz. Pulse

currents of approximate ly 400A were measured through

the 25 ohm load with the Blumlein circuit charg”~d to

10kv. The modulator is undergoing furthe r evaluation

and refinement.

V VI
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I I I . TASK B

Tests were conducted to evaluate the operation of

an ITT 7621 hydrogen thyratron at reduced filament

power. An SCR—magnetic modulator has been designed

and wil l  be evaluated .

A. ~~yratron Evaluation

A test breadboard was constructed to evaluate

operation of an ITT 7621 hydrogen thyratron at reduced

fi lament power. Normally , this thyratron is supplied

with a coimnon , in ternal connection of reservoir heater

lead and filament heater lead. The 7621 thyratron was

modified such that the reservoir heater leads and

filament heater leads were brought out separately. At

a filament heater voltage of 6 .3  volts , filament

heater current was 1.65A . At a reservoir heater voltage

of 6.3 volts, reservoir heater current was .45A.

The 7621 thyratron served as a discharge switch for

a pulse forming network (PFN ) charged to 8kV. The PFN

was designed to provide a lOOns pulse to a 1250 ohm

load . The pulse repetition rate was 5KHz. Filament

heater voltage was reduced to 5.0 volts which resulted

in a fi lament heater current of l.5A . Reduction in

the fi lament heater voltage resulted in a gradual in-

— 11—
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crease in the delay and eventual disappearance of the

high voltage pulse. In discussions with engineering

pe rsonne l. at ITT , mention was ma d&~ that  f i l ament

heater power in the 7621 thyr a t ron  a f fec ts  the heating

of the hydrogen reservoir. Triggering of the grid

electrode is affected . Further evaluation of this

breadboard has been deferred in favor of designing

and evaluating an SCR—magnetic modulator to meet the

requirements of Task B pulse generator.

B. SCR-Magnetic Modulator

V To meet the requirements for the Task B pulse

generator, an SCR-magnetic modulator has been designed.

Presented in Figure 3 is a schematic diagram of the

SCR-magnetic modulator. A brief discussion of the

operation and features of the SCR-magnetic modulator

follows .

The cycle of the SCR-magnetic modulator begins by

resonant charging low voltage storage capacitor C2 to

56 volts from the 28 volt input by applying an input

trigger to SCR1. Upon completing the charging of capa-

citor C2, an input trigger is applied to SCR2 to reso-

nant discharge capacitor C2 through saturating trans-

former T1. Saturating transformer T1 transf ers the

energy from capaci tor C2 to the PFN capacitors and steps

up the low voltage input to 10kV. Upon completing the

— 12—
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transfer of energy from capacitor C2, transformer T1

saturates . The saturation of transformer T1 discharges

the PFN to form the output pulse . This step is similar

to triggering a thyratron to discharge a PFN in order

to form an output pulse. The saturated inductance of

the secondary winding of saturating transformer T1 con-

tributes to the inductance required for one section of

the PFN . In case of a short circuit at the load ,

satur ating transformer T1 is saturated and, therefore,

it prevents an overload in the low voltage input by

decoupling it from the high voltage pulse circuit.

Similarly , under an open circuit condition at the load,

9aturating transformer T1 remains saturated and prevents

the PFN from being charged to higher voltages for

succeeding pulses . As can be seen, saturating trans-

former T1 serves multiple functions. SCR1 and SCR2

require a low voltage input trigger to turn on. This

results in a design of minimal circui t complexity and

volume .

To achieve maximum eff iciency and minimum volume ,

the SCR-magnetic modulator was designed in the fol-

lowing manner. To minimize the peak charging current

flowing through SCR1, charging of capacitor C2 is ac-

complished over a time interval of approximately 63~ sec,

a s ignif icant  portion of the lOOpsec interpulse period .

Capacitor C2 ,  when charged to 56 volts , stores approxi—

— 14—
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V

mate ly the energy required to charge the PFN capacitors

to 10kV in order to form a lOOnsec pulse into a 5kv , 4A

load. Capacitor C2 is a subminiature , low dissipation

factor , metall ized polypropylene uni t .  Saturating V

transformer T1 is wound on a tape wound toroid core

using a grain-oriented 50% nickel - 50% iron alloy having
a 1/2 mu strip t hick n e 5V VV . The very square hysteresis

loop of this core is utilized to quickly discharge the

PFN when the voitsecond capacity of transformer T1 is

reached. For maximum efficiency, the design of saturating

transformer T1 will be such that the core flux will reach

saturation at the moment capacitor C2 is completely dis-

charged. The low voltage and high voltage termination

of the secondary of saturating transformer T1 are sep-

arated by approximately one inch. An adjustable bias

through the dc contro l winding of saturating transformer

Tj  compensates for component tolerances by setting the

core flux to a specific level. To meet the lOnsec rise

time and 2Orisec f a l l  time r~ quirement , the PFN has five

sections . Total network inductance is 62.5 i I I . Total net—

work capacitance of 4OpF~ is divided equally between five

V miniature ceramic capacitors. Total component volume is

less than the speciiieu requirement of 360 cm3.

—15—

V V~~~~~~
_  

_ _ _ _ _ _ _ _
-V -. -__— -V — - V — -



10112

IV. TASK C

Three commercially avai lable devices were evaluated

to determine which was the most suitable candidate as

a switch to meet the ultra high speed requirements of

the Task C pulse generator . The VMP22 VMOS FET, the

2N527l avalanche transistor, and the GA3O1 nanosecond

SCR were evaluated in test circuits using these de-

vices in a series arrangement . Presented is a brief

discussion of the test results.

Figure 4 shows the test circuit for the VMP22 VMOS

FET. A desirable characteristic of the VMOS FET ,when

compared to the avalanche transistor and nanosecond

SCR, is that the input gate controls the output pulse

width. Each VMP22 device was stressed at 100 volts by

applying 200 volts to the series combination. When a

TTL input was applied to the MH002 6 clock driver , a

positive 200 volt pulse was observed at the drain of

FET Q2• The transition time from 200 volts to 0 volts

was approximately Bnsec. The measured rise time of the

input pulse to the gate of PET Qi was also 8nsec. Further

evaluation of the VMOS YET as an ultra high speed switch

requires the design of a high speed driver , using dis-

crete components, to charge the VMOS FET input capa-

citance.

—16—
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Figure 5 shows the te ;t  circuit for the GA301 nano-

second SCR. Each GA3O1 SCR was stressed at 100 volts by

applying 200 volts to the series combination. Upon

applying a trigger pulse to the gate of SCR1, a dis-

charged pulse having a peak amplitude of 200 volts was

observed across the 51 ohm load. The measured rise

time of the leading edge was 7 nanoseconds. Increasing

the trigger voltage amplitude so as to increase gate

current resulted in a decrease in the delay time but

no further decrease in rise time .

Oscillation problems were encountered when testing

the series arrangement of two 2N527 l avalanche tran-

sistors . Changes in circuit layout and component values

did not eliminate the problem.

Based on information received from VMOS FET vendor

Siliconix , the VN9 8AK VMOS FET will soon be commercially

available. When compared to previously available VMOS

FETs, this device has electrical characteristics which

are more suitable for the switch requirements of the

Task C pulse generator. Like the VMP22 VMOS PET, this

device has a minimum drain~source breakdown voltage of

90 volts. However, the internally connected zener

diode between gate and source, present on the VMP22,

has been removed. This results in a reduction of maxi-

mum input capacitance from 5OpF to 4OpF. In addition,

the gate-source voltage is no longer clamped. For the

-18- 
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low duty cycle requirerV V V V~ .1t of the Task C pulse generator ,

higher pulsed gate-source voltage can be applied re-

su l t ing  in increased pulsed drain current. Based on in-

formation obtained from Siliconix , a 30 volt signal

Vtpp lied to the gate w i l l  result  i n  a dra in  current  of

approx ima tely 9A. This cap abil iLy would s impl i fy  the

design of a Task C pulse generator by eliminating the

need to parallel many devices in order to obtain the

ISA peak current necessary to charge the 3OpF load

capacitance to 1000 volts in 2nsec.

An order for the VN98AK VMOS FET has been placed.

The speed and current capability of this device will be

evaluated in a test circuit operating at reduced voltage.

A circui t , having low output impedance and using

discre te comp onents , wil l  be designed to provide the

gate drive necessary to quickly charge the VN9 8AK VMOS

FET input capacitance . If the results of the evaluation

are satisfactory , a breadboard using these devices in a

series—paralle l arrangement wil l  be desigr~ d. Fabri—

cation and evaluation will follow .

—20—
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V. CONCLUSIONS

A breadboard of the Task A pulse generator , con-

sisting of power supply and modulator, has been

fabricated . Total component size approaches the

speci fied requirement of 360cm 3. Tests on ‘the power

supply and modulator breadboard have been initiated.

Breadboard tests on the power supply , using one of

the three toroids to be used in the 30kV transformer

design , resulted in a 4kV output at 4mA into a resistive

load . Breadboard tests on the modulator at 10kV re-

sulted in a pulse current of approximately 400A at a

pulse width of l25ns.

A breadboard design of an SCR-magne ti c modulator

for the Task B pulse generator has been completed. The

design utilizes a saturat ing transformer to transform

the low voltage input to high voltage and subsequently

to discharge a pulse forming network . Total component

volume is less than 360cm3. ~

Commercially available devices were evaluated in a

V series configuration to determine which was most suit-

V able as a switch for the Task C pulse generator. For

the VMP22 VMOS PET, a transition time of Sns was measured

for a 200 volt voltage swing. The transition time is

presently limited by the gate drive circuitry. Further
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evaluation of the VMPL2 an I Ot V h ~ r VMt~~ FETs as high

speed switches requires the design of a discrete com-

ponent, high speed driver.
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VI. PLANNED WORK FOR THE NEXT PERIOD

Breadboard testing of the Task A pulse generator

will continue. The power supply and modulator will

be individually tested arid then integrated at the

10kv voltage level. Following this, the Task A pulse

generator will be encapsulated and evaluated at the

30kV voltage level. To meet the requirements of the

Task B pulse generator , a breadboard of an SCR-

magnetic modulator will be constructed and evaluated.

To meet the requirements of the Task C pulse genera-

tor , an approach using VMOS FETs will be emphasized.

Based on vendor information , the VN98AK VMOS FET will

soon be commercially available. This device will be

evaluated and, if satisfactory , a breadboard using

these devices will be designed and evaluated.
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