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I - INTRODUCTION

This report covers work during the period 1 July 1978

to 30 Apr. 1979 on Contract DAABO7-77-C-264l to develop an 1FF

Pulser . The work is being performed by Cober Electronics in

Stamford , Connecticut for the U . S .  Army Electronics.Command ,

Ft.Monmouth, New Jersey . The work is directed towards ful-

filling the requirements of Task III Technical Guidelines

entitled “High Voltage Nanosecond Pulse Generators ” dated 18

December 1978. Listed below are the requirements for Task III.

Task III Requirements (1FF Pulser)

Peak Voltage on Load : 1.3 kV
(both Preamble & 1FF)

Load Capacitance : 30 pf

1FF Pulsewidth on Load (5070) : 70 ns

1FF Pulse Rise Time on Load : 30 ns max .
(10 to 907.)

1FF Pulse Fall Time on Load 30 ns max .
(90 to 107~)

Preamble Pulsewidth on Load : approximately 1 us
(507.)

Preamble Pulse Rise Time on 30 ns max . - 
-

Load (10 to 907.)

Preamble Pulse Fall Time on : 30 ns max .
(90 to 107.)

Jitter : 1 ns max .

Volume : 1200 cm3 max .

Weight : 3 kg max .

Input Battery Voltage 28 V

MTBF : burst operations

~ 1~.~ --~~~~~
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E l ”
A typical burst , including the preamble pulse is shown

in Figure 1. -

TASK III

The original approach in realizing the design objectives of

this task is shown in Figure 2.

Machlett ML-8538 tubes were to be used as the charge and

discharge elements. Power to operate the filaments of these

tubes as well as the bias suppli es (2 ) and 75 volt supply were

to be obtained from suitable windings of two 2OKc inverter supply

transformers . A typical inverter is shown in Figure 3. This

circuit arrangement was used in powering the discharge tube . A

similar transforiner-inverter was provided to power the charge tube.

Winding 5 (75 volt winding) was omitted in this transformer .

Finned anode radiators were found to be necessary to help

dissipate filament heat.

Power to operate the charge and discharge tubes was to be

obtained from two adjustable Venus supplies. External 60 cycle

power supp lies were used in the development of the breadboard unit

because of added flexibility in changing the output voltage.

Schematics of the positive and negative power supplies are

shown in Figure 4.

Long delivery of the Machlett ML-8538 made it necessary to

switch to E iniac Y-540 tubes .

The original des ign concept was based on differentiation

of the trigger pulse as it passed through the input transformer .

-3-
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The leading edge of the trigger puls e wou ld be differen tiated to

produce a positive drive , of some duration , to make the charge

tube pass current to charge the Pockels Cell capacitance. The

trailing edge of the trigger pulse would again be differentiated

to produce a positive pulse , of some duration , to make the discharge

tube discharge the Pockels Cell capacitance .

Considerable difficulties were encountered in the design

of the differentiating coupling transformer . The narrow pulses ,

100 nanoseconds, limited the amount of drive that could be

applied to the charge and discharge tube. Various sizes and

types of ferrite toroidal cores were investigated but all vari-

ations of the design failed to provide the required drive during

the 100 nanosecond pulse.

A variation of the input circuit was made . This is shown

in Figure 5. It was hoped that separate drives for the charge

and discharge tubes would produce the required positive drive

for each tube . This approach was again found lacking in produc-

ing the desired positive drive .

Several samp le permalloy cores were obtained from Magnetics ,

Inc. and substituted in place of the ferr i te  toroidal cores. The

Magnetics 52l43-l/2D core proved to be capable of providing the

desired grid drive for both tubes . Two new coupling trans-

• formers were now required . Transformer T-1 had to be capable of

operating with primary at ground and with the secondary at -3KV

with respect to ground . The capacitance of the secondary winding

with respect to ground was not important because it operated at

-8-
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power supply potential . The outpu t terminals of the nega tive

power supply were shunted by .002 microfarads .

Transformer T-2 , which operates the charge tube , requires

a secondary winding which must have as little capacitance to

ground as practical . This requirement may be realized by wind-

ing the primary close to the core with a spaced donut secondary .

Drawings of the coupling transformers are shown in Figure 6.

The newly designed transformers were introduced into the

breadboard circuit and connected as shown in Figure 5.

Operation of the pulse generator with a 10 volt input

from the Datapulse unit resulted in an output of 1300-1500

volts when the charge and discharge power supplies were adjusted

for approximately 2500 volts . The Datapulse generator was

operated in conjunction with a Cober P-27 trigger generator .

The P-27 trigger unit enabled the Datapulse unit to produce a

pulse train of ten pulses at the desired repetition rate .

Viewing of the resulting pulse train was difficult with standard

oscilloscopes. A Tektronix Model 466 Oscilloscope provided

satisfactory viewing if the burst repetition rate was increased.

The external 60 cycle power supplies were disconnected

from the breadboard and opera tion wa s shifted to the positive

and negative Venus power supplies. Satisfactory operation was

observed with the Venus power supplies . Operation did indicate

that a bleeder would be requir ed acr oss the output terminals

in order to speed up the discharge period of the output capacitor .

L •±_i•~ ~:~T_1•:_~j
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A 10 mehohm shunt resistor was placed across the 0.002 mfd

storage capaci tor.

A review of the breadboard units indicated that a reduc-

tion in size could be realized if the two inverter transformers

were comb ined into a single unit that would be driven by two

2N3773 transistors . It was also agreed that placing the Pockels

cell within a suitable cavity that was to be located in the pulser

would reduce the shunt capaci tance across the output terminal .

A tentative size of 3.75 x 5.5 x 7 .5  inches was chosen as a

first approach for a housing that would include all components

as well as the Pockels cell. The bottom of the housing was

provided with an open section through which the Pockels cell

would be introduced. Suitable mounting holes were to be provided

to secure the cell to the housing. A suitable pulse input

connector and power input connector were to be provided on the

housing . A tentative outline drawing of the proposed puiser

housing is shown in Figure 7 .

The switch tubes were threaded into finned rac~iators and

mounted on a lucite deck that was secured to the housing

side walls by means of suitable angles . The finned radia tors

helped dissipate the filament heat of approximately 10 wat ts .

Both tubes were mounted with their cathode up.

The drive circuits for the charge and discharge tube

were mounted on separate copper clad circuit boards . Separation

of these circuits is shown in Figure 8 as “Card 1” and “Card 2” .

A suitable shielded cable connects the output of the differentiating

—12—
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circuit in Q-l’s drain circuit to the base circuit of 0-3

(MPS6534) . The copper clad backing was chosen because it

offered a good ground plane . Counterbored cut-outs were

made in the copper clad backing to clear feed through terminals.

Each card had two power input connections (+28 volts and +75

volts). Individual cards can be raised out of the housing

by removing two mounting screws , to permit maintenance of

the cards .

The bias supplies as well as the 75 vol t supp ly were

orig inally mounted on a single card that was located within

the housing and directly above the tubes. Leakage problems

between the bias supplies was found to be a probleT” because

of the high voltage (up to 6KV ) that cot:ld exist between the

supplies. The common card limited access to the tubes and

other components of Card 1 and Card 2. The bias supplies were

separated and reconstructed on individual and isolated strips.

The posi tive 75 vol t supply was also reloca ted.

Early attempts to operate the prototype unit indicated

several basic problems . Some of these are enumerated below :

1. Several Y-540 tubes showed appreciable leakage

current 5-10 ua when the tubes were operated without filament

power and with the grid connected to the cathode .

- I 2. One tube showed no emission with a hot cathode and

with the grid connected to the cathode .

—14—
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3. New tubes must be tested in the breadboard circui t

prior to insertion into the prototype . Tubes that operate satis-

factorily in the “charge tube” position may be used as charge

or discharge tubes. Tubes which do not operate satisfactorily

may only be used in the discharge position . The standard

charge circuit in the breadboard is altered as shown in order

to perform the tube evaluation test. The test circuit is

shown in Figure 9. The standard circuit is altered by re-

moving the jumper which connects the anode of the discharge

tube to the cathode of the charge tube. An external 30 pf

capacitor is connected between the cathode of the charge tube

and ground . A suitable discharge resistor (approximately 10

megohms) is connected across this capacitor in order to

discharge it during the interpulse period .

The equipment is operated in the standard manner while

the voltage across the capacitor is viewed . A good tube will make

the voltage across the 30 pf capacitor approach the power supply

voltage in 3-5 steps. The test also indicated the emission

capabilities of a particular tube with a given grid drive .

4. Coupling was observed between the anode radiator of

the discharge tube and the 10K and 470 ohm resistors that are

connected into the base circuit of Q-3 (MPS6534). This effect

manifested itself as an erratic modeing of the output pulse as

high voltage was applied to the discharge tube . The problem

was solved by removing the 10K and 470 ohm resistors and reloca-

ting them in their respective positions on the copper clad side

— 16—

___________ 
t~ - _ -  

-_ - _ -  -.- _ _-_ .-_ .-- _ — -•_- _-~ —-- 
-

~~~~

•
_ _ • - _ - - -—.

~~~

• __‘— ‘._‘-•-—•



— 
_-— --—-__—_--•_w -

o
-J

I

31 L

~Q~~%fl o
_ _  

i
i

0 

ii)

I

-‘~~~~ 
H

c~ Q I I 1 I I P H
H

2 2 2

Ii



5—.----

Colx!r
‘f r 1I( !r

of the card .

A similar ef fec t  was observed with regard to the 47 ohm

resistor in the input to U-i and the 510 ohm resistor in the

output of U-i (pin 2).

A brass electros tatic shield was provided to sh ield

U-i and Q-l from the bias , cathode and output leads on V-i

(charge tube) .

FINAL PROTOTYPE UNIT

Power to the final prototype unit is controlled by means

of a switch box which allows for proper sequencing of the unit

and adds flexibility for purposes of maintenance . Twenty-

eight volt power may be app lied to the inverter circuit  while

75 volts power and all high voltage power is removed. Filament

voltage and bias voltage checks may be made without any high

voltage hazard .

A schematic of the control box is shown by Figure 10 .

Power (28 volts) should be applied to the control box for

approximately 30-45 seconds before the 75 vol t switch and the

positive and negative power supply switches are actuated. This

allows the cathodes of V-i and V-2 to reach pr oper operating

temperature . Bias voltage is also applied to both tubes .

U-l raises the TTL level of the trigger signal to approxi-

mately 12 vol ts in order to provide a suitable gate for Q-l.

The output of Q-1 is differentiated by C4 and R-8.  The trailing

edge of the signal (positive going) is applied to the gate of Q-2.

The negative going drain signal of Q-2 is coupled to T-l through

-18- 

-
_ _ _ _ _ _ _ _ _ _ _ _ _  ——5-- — ..- ---5.-- - -— - ‘-._--_ ‘•--•‘-

_ _- _ - _-_-• -_••_ —~-.- •_. -~ - ---—- ---



______________ — - _ .~-~
_—-—~~~---_ _ _ _ _ _ _ _ _

~~ -i~~’~~~~ j  ..—..—.•.—• •-•- -~~• . 
_ 

- --—- -—- •—-

C-S where it is inverted and applied to the grid of V-2

(discharge tube) .

The differentiated leading edge of the negative going

drain of Q-l is applied to the base of Q-3. The signal in

the collector circuit of Q-3 is inverted with respect to its

base signal . The resulting positive voltage across R-6 is

applied to the gate of Q-4 to produce a negative going drain

which is in turn coupled through C-6 to the primary of T-2.

The negative signal that is applied to the primary of T-2

is inver ted and app lied to the grid of V-i (charge tube).

An outline drawing of the prototype unit is shown in Figure 7.

A protective outer cover is provided in the prototype unit.

It may be removed readily be removing eight 6-32 machine screws .

Each circuit card may be lifted from the housing by removing

two 6-32 screws which secure the circuit card to the housing

side panels. An insulating baffle is provided beneath each

card and care should be taken to replace this baffle in its

proper position before the circuit cards are secured in place .

Voltage adj usting acce ss holes ar e pr ovided and labeled for

each high voltage power supply .

Each Y-540 tube is threaded into its cooling radiator .

The filament, ca thode and grid leads must be carefully unsoldered

before any attempt is made to remove the tube .

The collectors (outer shells) of the 2N3773 inverter

transistors are at +28 volts with respect to the housing .

—19—
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Care should be exercised to prevent grounding of these points.

The prototype unit may be operated continuously for approximately

5 minutes without the need of external cooling . Operation beyond

this time will requ ire an external cooling fan that should be

directed at the collectors of the 2N3773 transistors .

A hanging lead is provided in the Pockels cell well to

permit connection to the turret terminal on the top surface

of the cell .

-20-
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III. CONCLUSIONS

A prototype of the Task III pulse genera tor has been

cons truc ted and tes ted without the final Pockels cell.

Initial tests indicate that it will meet the output

vol tage requiremen t of Task III .

The size of the pro totype exceeds the ini tial goal of

1200 cm3. The pulser hous ing has a volume of 2500 cm3 with

an allowance of approximately 500 cm3 for in ternal moun ting

of the Pockels cell .

A fur ther reduc tion in size is possible if the circuit

cards (2) are combined into a single card .

—2 1—
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