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A 2-MHz 8-ky PULSER FOR HIGH-SPEED 
STROBOSCOPIC PHOTOGRAPHY 

C0C.Lo 

Lawrence Radiation Laboratory 
University of California 
Berkeley, California 

August 1969 

Abstract 

A pulse generator has been developed to operate at a maximum 

burst rate of 2 x 10 6 pulses per sec'ond driving a Pockels cell which 

modulates a laser for high speed photographing purposes 0  With this 

pulser, a maximum of 250 frames can be taken in one burst, with con-

secutive frames spaced at a minimum of SOOX 	sec apart. The 

leading edge of the voltage waveform across the Pockels cell is approx-

imately 13X10 9  sec. 
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Introduction 

In the experimental setup, a pulsed solid-state laser is used to 

produce a coherent light pulse. A biased Pockels cell is inserted into 

the laser cavity (see Fig. ) to spoii the Q  of the cavity and hence stop 

the laser's normal operation. When the bias voltage is removed from 

the cell, the laser, starts to operate again, producing a beam of coherent 

light for as long as the appropriate bias voltage is absent from the cell; 

the light pulse is directed to the test area by proper lens and reflectors. 

Through.a schlieren system, the events at the test area are recorded 

on films, 

General Description 

Figure :2 is a block diagram of the complete pulse generator., 

Figures 3, 4, and 5 are schematics of the pulser. Table I is a tabulation 

of all chokes and transformers used in this pulser. 

With no external trigger input to the gate delay circuit, the pulser 

is off; the Pockels cell has a 7.5-ky positive bias across it. The shaper 

feeds a continuous pulse train to the gating ciràuit,. However, the pulse 

train is gated on only after a command pulse is fed to the gate delay 

• 	circuit. The frequency of the pulse train is controlled by either an • 

external pulse generator or a sine-wave generator through the built-in 

pulse shaper. The shaper accepts a sine-wave signal, which could be 

supplied from a crystal-controlled oscillator to provide accurate timing, 

and converts it into a train of pulses with the rise time and pulse width 

independent of, the input signal frequency. After a time delay of 
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approximately 500 j.sec, a gating signal of approximately 100 1j.sec is 

fed to the gating circuit. Hence, in one burst, 200 output pulses are 

available. The gated pulse train, is then used to trigger the two 

avalanche transistors that drive the planar triode #ML78 1.5. Through. 

a step-down inverting transformer, .the.driving.pulses are.fedto the 

final stage by a 125-ohm coaxial c.able which is terminated in 1.25 ohms 

at the grid of the final tube The Pockels cell is connected in parallel 

with the anode of the final planar triode. A voltage of 7.5 kV is normally 

applied across the triode as the .bias voltage for the cell. 

Shaper Stage 

The.operating frequency range of the shaper is from 200 Hz to 

4 MHz; the amplitude of the sine-wave input signal required is from 

5 to 7 V peak.. Q1.;  and Q convert the sine-wave signal into a square 

wave. Q3  amplifies the square wave before it is differentiated by C 3  

and R9 . Q4  serves as an emitter-follower buffer. The output pulse 

of this stage has a rise timeof about 15 nsecanda base width of 

1.00 nsec. The rise time stays essentially the same for an input fre-

quency range from 200 Hz to 4 MHz, and the output pulse amplitude 

is5V. 

Timing Circuit 	•. 

The time delay is obtained, by Q and  Q 6' which form a one-shot 

multivibrator, the pulse width of which is adjusted by R 20  through a 

range of 100 isec to 1. msec. Q7  amplifies the output pulse from the 

rnultivibrator. C 8  and R28  differentiate the amplified pulse; D 6  clips 

It 
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off the negative-going spike from the differentiated signal. Q8  and 

form another one-shot multivibrator, which controls the width of the 

gate.. The gate width is adjustable from 5 to 500 }.Lsec by R 31  and 

Provision is made for monitoring both the gate delay and the gate 

width. 

The Gate 

Q, Q, and Q form the gate. 
Q10 
 is normally off, hence

12  

is normally on, acting as the low leg of a voltage divider with R 12 . 

D 3  further blocks the low-level output signal voltage of the divider. 

serves as a buffer. R feeds a negative bias to the base. of Q2, .
13 

helping it to recover faster, after eachtime it conducts. An atten- . 

uation factor of greater than 50 db is achi.eved with this circuit. The 

output pulse has a rise time of about 1.5 nsec, and an amplitude of 2 V 

that is used to trigger the avalanche transistors in the driver stage. 

The input signal to the gate can alsobe fed from an external pulse 

generator as long as the input pulse has a rise time of less than 20 nsec 

and the base width is between 30 and 100 nsec. 

Driver Stage 

Q 3  and Q are specially selected transistors which operate
14  

in the avalanche mode, 2  The type used in this pulser is Motorola 

2N2222. The time delay of these transistors is less than 2 nsec and 

the rise time is less than 1 nsec, Since Q and Q are connected in 

series, an isolation transformer is.used at the intput. The bias current 
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of Q and Q is approximately 200 pA. The emitter of Q is con-

nected directly to the gird of V 1 . C normally is charged up to +110 V, 

when Q and Q turn on, 015  is switched right across the grid of V I ,
13 

turning it on. T 2  transforms the negative-going pulse to a positive-going 

pulse. At the same time, it steps down the 2500-V pulse toa 450-V 

pulse. A RG 213U cable is used to send the 450-V pulse to the final 

stage.. The rise time of the output pulse is 5 nsec, with a half-maximum 

width of approximately 25 nsec. 

Final Stage 

The final stage of the pulser is a separate unit from the main 

chassis. It is designe4 to mount in the laser cavity (Figure 6). The 

tube used in the final stage is a planar triode, Machlett type ML8538. 

A negative. 140V is applied to the grid of the ML8538 to bias it off 

normally. This bias voltage was chosen after measurement of the 

leakage current against the bias voltage of 5 tubes. Because of the 

high bias voltage required by the Pockels cell and the requirement of 

a fast-fall switching pulse, the mounting of the switching tube right 

next to the Pockels cell ofers a reasonable solution to a low-inductance, 

high- operating-frequency driver for the cell. A 1.4-ohm current shunt 

is connected in series with the cell; this serves as an output monitor. 

The fall time of the voltage pulse is approximately 13 nsec, and the 

half-maximum width of the voltage pulse is approximately 50 nsec. ... 

Figure 7 shows the voltage waveform across the Pockels cell. . 
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Power Supplies 

The line voltage is rectified directly off the line. A 20-ohm 

resistor is connected in series with the full-wave bridge rectifier to 

reduce the surge current to 2 A. A triac is turned on approximately 

100 rnsec after the main switch is activated, bypassing the current-

limiting resistor. Because of the numerous voltage needed by various 

parts of the circuit, a 90-kHz chopper 3  is used. This approach reduces 

the size of the power supply section to a minimum. A 90-kHz oscillator 

is used to drive two transistors, which chop up a 100-V dc supply 

provided by the dc regulator. Through the chopper transformer, T 4 , 

the 200-V peak-to-peak rectangular wave is stepped up to 800 V peak 

to peak for driving the Cockcroft-Walton voltage multiplier. 	Other. 

voltages are obtained similarly. A one-turn winding on the chopper 

transformer supplies the driving signal to the triac, which as previously 

mentioned, is turned on approximately 100 msec after the main switch 

is activated. The delay is accomplished by the time constant of R 65  

and C 39 . The dc regulator is short-circuit protected; the tripping cur-

rent is approximately I A. 
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Table I. Chokes and transformers used in the puiser. 

Item Type 

T 
1 

Indiana General 
CFI.01., Q-2 
toroid 

T 2  Indiana. General 
H toroid 

(2 toroids) 

T Triad 
FI6X 

T4  Indiana General 
CF123 0-5 toroid 
(2 toroids) 

T Ferroxcube 
846T250 
3E2A toroid 

Indiana General 
0.-5 toroid 

(2 toroids) 

L Ferroxcube 
L2  
T 3 

846T250 
1 1)A 

Winding Description 

Primary: 4 turns evenly distributed 
Secondary: 3 turns on one half of 
the core, another 3 turns on the other 
half of the core. 

Primary: 10 turns evenly distributed. 
Secondary: 4 turns on one half of the 
core, another 4 turns on the other 
half, connected in parallel. 

PrImary-: 14 turns twisted pair 
evenly distributed, connected in 
series. 
Secondary: 19 turns twisted pair 
evenly distributed, connected in 
series; 25 turns twisted pair 
evenly distributed connected in series. 

Primary: 12 turns evenly distributed. 
Secondary: 4 turns C. T. 

15 turns twisted pair evenly distri-
buted. #16 plastic insulated. 

20 turns evenly distributed. 

NOTE: All wire #20 extruded 
TeflOn. 
•Round off edges of all toroids. 
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Figure Captions 

Fig. 1. Arrangement of laser cavity. 

Fig. 2.. Block diagram of the 2-MHz 8-kV pulse generator. 

Fig.  2-MHz 8-ky pulser timing circuit and driver. 

Fig.  2-MHz 8-kV pulser final stage (mounted in laser cavity). 

Fig.  2-MHz 8-kV pulser power supplies circuit. 

Fig.  Laser cavity, showing the mounting of the final stage of the 

8-ky pulse generator. 

Fig.  Voltage waveform across Pockels cell. 

Fig.  Main chassis components layout. 

Fig.  Main chassis and final stage. 



() 

a) 
a), 
4I I 
r [ I 	• 

CS 	CT' 
> 	D 

(1)H E~- 

0) 
00  
0 

0. 

a). 

0 
5-i 

bD 
,-1 

H 
H 	( 

0) 
'0 

4,) 
•r-1 



II 

.. 
a) 

4 

+ 0 

_____ a) •.-i 
C.) 

a) 

bo 

A 
4.) 

- - --J 

a) a) 

Cl) 
C.) 

ci) 
bD 
to 

4) 

E- •r4 

'-') 	•r4 

N 

I 
0 

o 
c) 

('1 

bjD  

- 

o 
4) 

• 	

0ra 

kC) 

r1 	r1 

NC) 

co 

I 

k-i 

0) 

ci) 
+31  

0 
Q_I 	C) 

4) 	ci) 
c-i 
o 	a)r1 
4bO. 

4) 43 .4.)
Orr1r 

ON  



F1 

j4J 

fl 

LL 

to 

• TL 
('4 

4 

- t.1• - 

b 
i-I 

10 

II 

N 

CO 
0) 
(0 

-J 
a) 
x 

A 

tiN - 



ol 

-12- 

H :  

• ••• 

c. 

c"c 

'I) 

Ix 



I- 

III 
C, 

,) l 
H 

- 

Ln 

00 

!!I1 	I 	
00 

 

IW 
 kn 

I 

1- 

a; 

ccl 
—J 

>( 



-14- 

I I ' 

if 

.*4 

XBB 698-5652 

Fig. 6 

rm 



.H 

0 

p. 

-f 5- 

XBB 698-5688 

Fig. 7 

6 



0 

-6- 

XBB 698-5654 

Fig. 8 



XBB 698-5653 

i!1 Al 	1111 	Alv, 	I I 

-7- 

Fig. 9 

I 



I._ L. 	I_. I NI .1 I I _, I_. 

1*1 

	 This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclOsed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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