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(54) MEANS AND METHOD FOR CONTROLLING THE 
NEUTRON OUTPUT OF A NEUTRON GENERATOR TUBE 

(71) We, TEXACO DEVELOPMENT 
CORPORATION, a Corporaton organized 
and existing under the laws of the State of 

. Delaware. United States of Americe, of 135 
j few 42nd Street, New York, New York 

10017, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which i t is to be performed, to be 

10 particularly described in and by the following 
statement:— 

The present invention relates to control or 
regulating circuits and methods for controlling 
neutron generating tubes. 

15 According to the invention, a gas Med 
neutron generating tube in a nuclear well 
logging tool has a target, an ion source and 
a repknisher connected to ground. A negative 
high voltage is applied to the target by a 
power supply also providing a target current 
corresponding to the neutron output of the 
neutron generator tube. A constant current 
source provides a constant current. A network 
receiving the target current and the constant 

25 current provides a portion of the constant 
current as a replerdsher current which is 
applied to the replenisher in the neutron 
generating tube. The network controls the 
magnitude of the replenisher current in accord-

30 ance with the target current so as to control 
the neutron output of the neutron generating 
tube. 

The objects and advantages of the invention 
will appear more fully hereinafter from a 

35 consideration of the detailed description which 
follows, taken together with the accompanying 
drawing, wherein one embodiment of the 
invention is illustrated by way of example. 
It is to be expressly understood, however, 

40 that the drawing is for illustrative purposes 
only and is not to be construed as defining 
the limits of the invention. 

The Figure is a schematic drawing of a 
neutron generator tube with associated control 

45 and regulating circuits constructed in accor-
dance with the present invention. 

The present invention regulates a continuous 
or a pulsed neutron source by controlling the 
replenisher current in the replenisher section 
of a neutron generating tube. Referring to 50 
the Figure, the three primary functional 
elements of a neutron generating tube in a 
nuclear well logging tool (not shown) are 
a target 3, an ion source 5 and a replenisher 
7. Replenisher 7 is connected to ground 10. 55 
For a neutron tube such as Amperex 18603, 
target 3 normally operates at —125 kv which 
is used to accelerate a gas mixture of 
deuterium and tritium ions to the titanium-
tritium target 3. Ion source 5 in the Amperex 60 
tube, operates at approximately 1600 volts, 
ionizes the gas mixture and focuses to the 
accelerating area. Replenisher 7 regulates the 
gas pressure at a constant level by controlling 
die temperature of a metal cylinder (not 65 
shown) in the replenisher 7 of neutron 
tube 1. Replenisher 7 is operated by allowing 
2.5 to 4.5 amps of replenisher current to 
flow in this section. The Figure also shows 
an energizing and regulating circuit located 70 
in the well logging tool. 

The —125 kv target voltage is generated 
by a conventional type Cockroft-Walton type 
high voltage power supply when 50 volts DC 
is applied to the driver circuit. The high 75 
voltage power supply includes NPN tran-
sistors Q1 and Q2, transformer T l , Resistor 
RI, capacitor CI, capacitors C2, C3 and diodes 
CR. I t should be noted that the breaks in 
relation to the second segment of the 80 
capacitance diode network indicate that there 
are more sections which are not shown for 
convenience. Since the Cockroft-Walton 
power supply is of a conventional type, the 
details of which are not essential to an under- 85 
standing of the present invention, it is sufficient 
to say that it provides —125 kv to target 
3 and a line 12 carries a current I T 
corresponding to the target current. The 
target current I r corresponds to the neutron 90 
output of tube 1. 

A 200 volt peak to peak at 2.7kH square 
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wave voltage is applied to a transformer 15 
which steps the square wave voltage down to 
provide a reduced square wave voltage to 
a full wave rectifier bridge comprising diodes 

5 17, 18, 19 and 20. A filtering capacitor 25 
is connected between the positive output of 
the full wave rectifier bridge and ground 10. 
The negative output of the full wave rectifier 
bridge is connected to ground 10. The type 

10 of circuit just described provides a constant 
current I as long as a voltage Vx across 
capacitor 25 is constant. 

The positive output of the full wave rectifier 
bridge is also connected to an emitter 36 of a 

15 PNP transistor 38 having a collector 40 and 
a base 44. Base 44 of transistor 38 is connected 
to an emitter 45 of another PNP transistor 
47, having a collector 48 and a base 49. The 
collectors 40 and 48 are coupled together 

20 and provide a common constant current 
output when the transistors 38 and 47 are 
properly biased. Base 49 of transistor 47 is 
connected to resistor 31 and to another 
resistor 50. The other end of resistor 50 is 

25 connected to ground through a temperature 
sensitive resistor 55, whose resistance varies 
in accordance with temperature, so as to 
provide temperature compensation when 
the logging tool is downhole. 

30 Collectors 40 and 48 of transistors 38 and 
47 are connected to a collector 60 of an NPN 
transistor 61 having an emmiter 63 connected 
to ground 10 and a base 65 connected to 
a temperature sensitive resistor 70, which also 

35 provides downhole temperature compensation. 
Resistor 70 is connected to an emitter 85 

of a NPN transistor 86 having a collector 87 
connected to resistor 28 and a base 90. Base 90 
of transistor 86 is connected to an emitter 93 

40 of a transistor 95 having a base 96 and a 
collector 97 connected to collector 87 of 
transistor 86. Base 96 of transistor 95 is 
connected to line 12, resistors 98, 99, and a 
capacitor 100. The opposite ends of resistor 

45 99 and capacitor 100 are connected to ground 
10 while the opposite end of resistor 98 is 
connected to a collector 103 of a NPN 
transistor 105 having an emitter 107 connected 
to ground 10 and a base 108 connected to an 

50 electronic switch receiving a + V D.C. 
voltage, a —V D.C. voltage and a control 
signal. Switch 110 passes either the 4-V or 
the —V voltage in accordance with amplitude 
of the control signal. 

55 Collector 40 of transistor 38 is connected 
to replenisher 7 of tube 1 and provides the 
replenisher current IR to replenisher 7. 

CONTINUOUS OPERATION MODE 

Initially, as the tube 1 is first turned on 
60 by means not shown, the —125 kv is 

slowly applied to target 3. After approximately 
—40 kv is applied to target 3 for focusing of 

existent ions in the tube, the 1600 volt 
ion source voltage and replenisher current 
are applied to ion source 5 and replenisher 7, 65 
respectively. Due to the time required to 
ionize the gas mixture, the gas pressure in 
the tube is minimized when the ion source 
voltage appears. After approximately 4 amperes 
of replenisher current heating replenisher 7 for 70 
3 to 5 minutes, the gas pressure in tube 1 
increases causing target current IT to flow. 

During the time the replenisher current I B 
is heating replenisher 7, IT is zero and I 
equals the replenisher current I E because of 75 
a voltage V2 which appears across base 96 of 
transistor 95 and ground 10 is zero and no 
collector current I t can flow in transistor 61. 
As tube 1 starts to operate, target current I T 
increases causing voltage V2 to increase from 80 
zero. As the voltage at base 96 of transistor 95 
increases, transistor 95 is turned on causing 
in turn transistor 86 to turn on so that there 
is current flow through resistor 28 and tran-
sistor 86 to resistor 70. The current through 85 
resistor 70 turns on transistor 61. As a result, 
transistor 61 conducts some of the constant 
current I, in accordance with magnitude of 
voltage V2, to ground 10 in form of 
current Ia which in turn affects the magnitude 90 
of the replenisher current IR. Voltage V2 at 
base 96 of transistor 95 corresponds to the 
target current IT . 

When the turn on period for tube 1 is 
completed, the neutron output is kept constant 95 
by continuously monitoring the target current 
I T and changing the gas pressure in tube 1 
by varying replenisher current IK . The 
desired target current I T is controlled by 
the resistance values of resistors 98, 99. For 100 
continuous mode operation resistors 99 and 
98 are in parallel because switch 110 is 
rendered conductive by the control signal to 
pass the + V voltage to base 108 causing 
transistor 105 to conduct, thereby connecting 105 
resistor 98 to ground 10. 

PULSED MODE 

The operation in the pulsed mode is the 
same as in the continuous mode except that 
the voltage at base 96 of transistor 95 is gener- j JX 
ated differently. For the pulsed mode, tube 1 
operates with a maximum duty cycle of 10 
percent which means the peak of target current 
IT is a factor ten times higher when the 
tube is on. Therefore, target current I T is 115 
detected as a pulsed current. However, by 
means of an appropriate time constant for a 
given repetition rate capacitor 100 is kept 
charged to a constant voltage level. Switch 
110 is activated to apply the negative voltage 120 
to the base 108 of transistor 105 rendering 
transistor 105 non-conductive and removes 
resistor 98 from the circuit. Therefore, the 
pulsed mode target current I T is detected by 



569 1 571 844 
2 

resistor 99. The average value of target current 
can be charged by varying the resistance value 
of resistor 99. Normally, the continuous and the 
average pulsed mode target currents are made 

S equal which is normally the maximum output 
of tube 1. 

The present invention as hereinbefore 
described regulates a continuous or a pulsed 
neutron source by controlling the replenishing 

}0 current through the replenishment section of 
die neutron generator tube. 

WHAT WE CLAIM IS: — 
1. An energizing and regulating circuit for 

a gas filled neutron generator tube comprising 
15 a target, an ion source and a replenisher, said 

Circuit comprising a power supply adapted to 
provide a negative high voltage to said target 
and a target current corresponding to the 
neutron output of said tube, a constant current 

2Q source, and control means connected to said 
power supply and to said constant current 
source, said control means being responsive 
to said target current to provide a portion of 
the constant current to said replenisher sub-

25 stantially to regulate the neutron output of 
said tube. 

2. A circuit as claimed in claim 1, in 
which the control means includes dividing 
means for shunting a portion of the 

30 constant current to ground as a shunt 
current in accordance with the target current 
and for providing the remaining portion of 
the constant current as the replenisher current. 

3. A circuit as claimed in claim 2 for a 
35 tube operable in a continuous mode and in a 

pulsed mode whereby the target current is 
respectively continuous or pulsed, wherein 
the dividing means includes voltage means for 
providing an average bias voltage in accordance 

40 with pulses of target current when said tube is 
operated in the pulsed mode and a bias 
voltage in accordance with a continuous target 
current when said tube is operated in die 
continuous mode. 

45 4. A circuit as claimed in claim 3, in which 
said voltage means includes switch means 
adapted to pass a positive D.C. voltage when 
said tube is operated in the continuous mode 
and to pass a negative D.C. voltage when said 

50 tube is operated in the pulsed mode, a first 
NPN transistor having its emitter connected to 
ground and its base connected to said switch 
means, said first transistor being rendered 
conductive by a positive voltage from said 

55 switch means so as to substantially connect 
its collector to ground and being rendered 
non-conductive by a negative voltage so as to 
substantially disconnect its collector from 
ground, first conductive means for conducting 

60 «id target current, a first resistor connected 
between said conductive means and the 
collector of the first transistor so that when the 
first transistor is rendered conductive the first 

resistor connects the conductive means to 
ground, a second resistor connected between 65 
said conductive means and ground, and a 
capacitor connected between the conductive 
means and ground so that when the first 
transistor is rendered conductive the bias 
voltage which appears at said conductive 70 
means corresponds to the continuous target 
current, and so that when the first transistor is 
not rendered conductive the bias voltage which 
appears at said conductive means corresponds 
to the average current of said pulsed target 75 
current. 

5. A circuit as claimed in claim 4, wherein 
said dividing means includes a second NPN 
transistor having its collector connected to said 
constant current source and its emitter so 
connected to ground, a temperature sensitive 
resistor connected to the base of said second 
transistor; a third NPN transistor having its 
collector connected to receive a voltage from 
said source, and its emitter connected to the 85 
temperature sensitive resistor; a fourth NPN 
transistor having its collector connected to 
receive said voltage from said source, its 
emitter connected to the base of the third 
transistor, and its base connected to said 90 
conductive means so that the bias voltage 
controls the conductive state of the second, 
third and fourth transistors so as to cause 
a portion of the constant current to be shunted 
to ground as the shunt current, said shunt 95 
current being proportional in magnitude to 
the magnitude of the target current, and 
second conductive means to conduct the re-
maining portion of the constant current to the 
replenisher. 100 

6. A circuit as claimed in claim 5, in which 
said source includes D.C. voltage means for 
providing a substantially stable D.C. voltage 
with respect to ground, a third resistor 
connected to the D.C. voltage means and to the 105 
collectors of the third and fourth transistors, 
fourth and fifth resistors having a common 
connection to the D.C. voltage means; a 
fifth transistor, which is of the PNP type, 
having its emitter connected to the fourth HO 
resistor and its collector connected to the 
collector of the second transistor; a sixth 
transistor, which is of the PNP type, having 
its emitter connected to the base of the fifth 
transistor, its collector connected to the 115 
collector of the second and fifth transistors and 
its base connected to the fifth resistor; and a 
second temperature sensitive resistor serially 
connected between the base of the sixth 
transistor and ground so that the fifth and 120 
sixth transistors are energized to provide the 
constant current to the collector of the second 
transistor and the second conductive means. 

7. A method for energizing and regulating 
a gas filled neutron generator tube, in a 125 
nuclear well logging tool, said generator tube 
having a target, an ion source receiving an 
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ion source voltage and a replenisher connected 
to ground, said method comprising providing 
a negative high voltage to the target, providing 
a target current corresponding to the neutron 

5 output of the neutron generator tube, pro-
viding a constant current, and providing a 
portion of the constant current to the replen-
isher as a replenisher current in response to 
the target current so as substantially to regulate 

10 the neutron output of the neutron generator 
tube. 

8. A method as claimed in claim 7, including 
shunting a portion of the constant current to 
ground as a shunt current in accordance with 

15 die target current and providing the remaining 
portion of the constant current as said 
replenisher current. 

9. A method as claimed in claim 8 for a 
tube operation in a continuous mode and in 

20 a pulsed mode, whereby the target current is 
respectively continuous or pulsed, wherein the 
shunt current is provided by providing an 
average bias voltage in accordance with pulses 
of target current when the tube is operated in 

25 the pulsed mode, and providing a bias voltage 

in accordance with the continuous target 
current when the tube is operated in the 
continuous mode, and controlling the magni-
tude of the shunt current in accordance with 
the average bias voltage when the neutron 30 
generator is operated in the pulsed mode, and 
with the bias voltage when the neutron 
generator tube is operated in the pulsed mode, 
and with the bias voltage when the neutron 
generator tube is operated in the continuous 35 
mode. 

10. An energizing and regulating circuit for 
a gas filled neutron generator tube substantially 
as described herein with reference to the 
accompanying drawing. 40 

11. A method as claimed in claim 7 and 
substantially as described herein with reference 
to the accompanying drawing. 

MICHAEL BURNSIDE & PARTNERS, 
Chartered Patent Agents, 

Hancock House, 
87 Vincent Square, 
London SW1P 2PH. 

Agents for the Applicants. 
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