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X-RAY TUBE CONTROL CIRCUITRY 

CROSS REFERENCES TO RELATED APPLICATIONS 

The present invention may be utilized with other circuitry 
for controlling an X-ray generator, for example, as described 
and claimed in copending patent application, Ser. No. 
742,463, ?led July 3, 1968, entitled “An RMS Current Regu 
lator" by Melvin P. Siedband'and-Jack L. James now aban 
doned; copending patent application Ser. No. 860,687, ?led 
Sept. 24, 1969 entitled “A Brightness Stabilizer with Im 
proved Image Quality" by Melvin RvSiedband and Philip A. 
Duffy; copending patent application Ser. No. 860,686, ?led 
Sept. 24, 1969 entitled “Switching Circuitry for an X-Ray 
Generator" by Fred J. Euler‘and Jack L. James; and copend 
ing patent application Ser. No. 28,665, ?led Apr. 15, 1970 en 
titled “Heat Sensing Circuit" by Melvin P. Siedband and Jack 
L. James now Patent No. 3,634,871; all applications being as 
signed to the present assignee. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to X-ray tube con~ 

trol circuitry and more particularly relates to simple circuitry 
capable of controlling an X-ray generator but ?exible enough 
to operate in a number of procedural functions such as radio 
graphic, ?uoroscopic or cine. 

2. Description of the Prior Art 
Independent systems are generally used to control an X-ray 

generator when radiographic, ?uoroscopic, or 
procedures are desired to be used. Hence; a multiplicity of cir 
cuits and power supplies results in a rather expensive, and 
complicated piece of equipment. In any of these procedures it 
is desirable to control the output of the X-ray generator as a 
function of the detected radiation level. In addition, it is also 
necessary for the radiologist to select the site of the detector 
which will sense the radiation level. That is, the radiologist 
must decide whether he will detect energy at the spot?lm 
device, under the table, at the output phosphor of an image in 
tensi?er or whatever other location'he may select. The voltage 
applied to the selected photomultiplier tubes or other detec 
tors must be adjusted to establish the proper gain factor to as 
sure the appropriate sensitivity. The sensitivity will determine 
proper and optimum exposures and is a function of different 
X-ray attentuation factors to that detector input as well as nor 
mal detector variations. 
The detector may be located at a spot?lm device, under the 

table, or at the output of an image intensi?er to permit 
brightness stabilized ?uoroscopy, motion pictures of constant 
density or properly exposed radiographs. 
A prior art method of terminating radiographic X-ray expo 

sures is to couple the output of a scintillator to a photomul 
tiplier tube which feeds a thyratron arranged as an integrator 
so that when the output current of the phototube charges the 
capacitor to a predetermined level, the thyratron ?res and 
energizes circuits to interrupt the primary current to the X-ray 
high voltage transformer. 

Fluoroscopic brightness stabilizer systems for controlling X 
ray generators for proper cine exposures operate by the use of 
a photomultiplier tube optically coupled to the output 
phosphor of an image ampli?er. One such system is as 
described and claimed in the aforementioned copending ap 
plication, Ser. No. 860,687 wherein the output of a photomul 
tiplier tube is fed to a dc ampli?er, the output of which is 
compared to a reference and used to control the X-ray tube 
?lament circuits so as to automatically adjust X—ray tube beam 
currents. If the X-ray beam current exceeds certain bounds, a 
motor driven transformer adjusts the primary voltage of the X 
ray tube high voltage transformer to control the accelerating 
voltage of the X-ray tube. Stabilization about specific values 
of X-ray beam current and establishing the bounds within 
which the X-ray accelerating voltage will vary depends upon 
the particular procedure being followed; that is, whether cine 
frame rates or simple ?uoroscopy is being used. 
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2 
The object of the present invention is to provide X-ray tube 

control circuitry capable of operation following radiographic, 
?uoroscopic, or cineprocedures. 
Another object of the present invention is to provide X-ray 

tubes control circuitry which allows the radiologist to select 
the site of the detector to be utilized to sense the level of radia 
tion. 
Another object of the present invention is to provide X-ray 

tube control circuitry capable of appropriate sensitivity ad 
justments to obtain proper exposures under different X-ray at 
tenuation factors as well as the usual variations within the de 
tectors. _ 

Another object of the present invention is to provide X~ray 
tube control circuitry allowing the selection of the magnitude 
of operating voltage for the selected detector and allowing the 
choice of radiographic, ?uoroscopic or cine procedures. 
Another object of the present invention is to provide an X 

ray tube control circuitry which is simplier, less expensive, 
more reliable, and smaller in size than prior art circuitry util 
ized for simplier purposes. 

SUMMARY OF THE INVENTION 

Brie?y, the present invention accomplishes the above cited 
objects and other objects and advantages by providing cir 
cuitry ?exible enough to operate in a number of procedural 
choices. The level of variation may be detected from any one 
of a number of detectors each positioned in a desired location. 
The present invention combines the selected radiation detec 
tor with an operational ampli?er having an integrator mode of 
operation and a signal ampli?er mode of operation depending 
upon what procedure is desired. Means are provided for 
calibrating the circuitry to assure appropriate sensitivity. 

DESCRIPTION OF THE DRAWING 

Further objects and advantages of the following invention 
will be readily apparent from the following detailed descrip 
tion taken in conjunction with the drawing in which the sole 
FIGURE is an electrical schematic diagram of an illustrative 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The level of radiation from an X-ray tube 2 may be sensed 
at a number of locations by a plurality of detectors, herein il 
lustrated for example as photomultiplier tubes 10, 20 and 30. 
Each photomultiplier tube has applied thereto an operating 
voltage determined by a power inverter 40. The selected 
photomultiplier tube is connected to an operational amplifier 
50 where the output from the selected photomultiplier is 
either integrated over time to determine the length and extent 
of exposure or to amplify the output from the selected 
photomultiplier tube to provide an output indicative of the 
brightness of the resulting image. The operational ampli?er 50 
will function in either mode as determined by the selecting cir 
cuitry 60. The operational ampli?er 50, when in the integrator 
mode, provides an exposure termination signal to circuitry 70 
upon the integral of the selected detector current and elapsed 
time reaching a predetermined value. The operational ampli? 
er 50, when in its signal ampli?er mode, provides a brightness 
signal which is a function of the selected detector current to a 
brightness stabilization circuit 80. The brightness stabilization 
circuitry 80 is utilized when ?uoroscopic or cine functions are 
desired. The exposure terminating circuit 70 is utilized when 
the radiographic procedure is desired. 
More particularly, assume that the radiologist desires to de 

tect energy at a particular site and photomultiplier tube 10 is 
in that location. The photomultiplier tube 10, if used in a 
radiographic procedure, may detect radiation from the X-ray 
tube 2 coupled through a scintillator. If the photomultiplier 
tube 10 is to be used for ?uoroscopic or cine procedures it will 
be optically coupled to the output phosphor of an image inten 
si?er (not shown) radiated by the X-ray tube 2. 
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The selection of photomultiplier 10 is illustrated to be ac 
complished by closing switch 11. Of course any suitable selec 
tion means may be utilized and may include external logic cir 
cuits, punched cards, tape, etc. The selection at 11 by the con 
nection of a conduct signal, say +24 volts, will render a 
transistor 12 conductive. The other select circuits will be at 
ground potential. Therefore transistor 12 will be conducting 
so that a potentiometer 13 in its collector circuit in conjunc 
tion with a resistor network 14 between a voltagesupply in 
dicated at +24 volts and a point reference potential or ground 
will select an input current to an ampli?er, indicated as a 
transistor 41. An emitter follower circuit 42 is connected to 
respond to the ampli?er 41 and provide an output voltage as a 
function of the input current to transistor 41. 
The inverter 40 will thus produce an output voltage, for ex 

ample between —650 and —-l,300 volts, as determined‘ by the 
potentiometer 13 at the collector of transistor 12. If the poten 
tiometer 13 is approximately at its mid-range, 900 volts will be 
applied to photomultiplier tube 10 or, if desired, 900 volts can 
be applied to all of the photomultiplier tubes. lf operating volt 
age is applied to all three detectors the physical arrangement 
of the X-ray generator should be such that very little light 
input will be provided to the other photomultiplier tubes so 
that only the selected detector 10 will have a signi?cant out 
put signal. At the same time selection is made at 11, a Zener 
diode l5 and ordinary diode 16 leading to the base-of a ?eld 
effect transistor 17 will conduct such that the transistor 17 will 
be rendered conductive. The output current of the selected 
detector 10 will be coupled through transistor 17 directly to 
an input ?eld effect transistor 51 in the operational ampli?er 
50. 

Field effect transistor 51 and ?eld effect transistor 52 are 
connected as a differential ampli?er feeding cascaded 
transistors 53 and 54. 

Prior to the initiating of an exposure an enabling circuit 90 
grounds the input 51 to the operational ampli?er 50. That is, 
the absence of an exposure gate signal at the input of 
transistor 91 feeding ?eld effect transistor 92 grounds the 
input to transistor 51. Assuming the power supply connection 
for the differential ampli?er of transistors 51 and 52 to be 
—6.8 volts as indicated, the operational ampli?er 50 will be 
forced to an initial condition at the output collector of 
transistor 54 of near —4 volts, approximately the saturation 
condition of transistor 54. 
When an exposure is initiated, the gate signal is changed 

from 0 to +24 volts deenergizing transistors 91 and 92 thereby 
enabling the operational ampli?er 50 to respond to the output 
current of the selected detector 10. Feedback for the opera 
tional ampli?er 50 is provided through resistor 55 and capaci 
tor 56 which couples the collector of transistor 54 to the input 
of ?eld effect transistor 51 to provide the operational integra 
tion. The rate of change of voltage seen at the collector of 
transistor 54 is directly proportional to the output current of 
the photomultiplier tube 10 fed to the input of transistor 17. 
As the output of the operational ampli?er 50 increases in a 
positive direction, the setting of a potentiometer 71 in the base 
circuit of output of transistor 72 and the output voltage of 
transistor 54 will determine when transistor 72 will begin to 
conduct. The collector of transistor 72 is connected to circuits 
70 in the X-ray control timer to terminate the exposure when 
transistor 72 is conductive. Obviously, the length of exposure 
is inversely proportional to the brightness detected by the 
photomultiplier tube 10. As brightness diminishes, the current 
output of the photomultiplier tube 10 is reduced and therefore 
the integration time of the operational ampli?er v50 is in 
creased. 

If the X-ray tube control circuitry is to be used for fluoro 
scopic or cine procedures the mode selecting circuitry 60 is 
activated, for example, by closing switch 61. For such 
procedure the operational ampli?er 50 will be made to 
operate in a signal ampli?er mode for use in stabilizing 
brightness as described and claimed, for example, in the afore 
mentioned copending application, Ser. No. 860,687. 
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4 
If the control circuitry is to be used for stabilization of 

brightness in ?uoroscopy or cine procedures, the output col 
lector of transistor 54 is coupled through a ?lter 57 illustrated 
as parallel connected resistor 58 and capacitor 59 to the input 
of ?eld e?'ect transistor 51 via ?eld e?‘ect transistor 62 in the 
selecting circuitry 60. When the transistor 62 is rendered con 
ductive as a result of the connection of a "select operational 
ampli?er” input through switch 61 the parallel combination of 
resistor 58 and capacitor 59 is connected directly to the input 
of transistor 51 so that the con?guration of the operational 
ampli?er 50 is changed from an integrator to a signal ampli?er 
mode. The output voltage at the collector of transistor 54 will 
then be proportional to the current from the selected detector 
10. The shunt capacity in the feedback path will now function, 
not as an integrator, but as a ?lter to establish a roll-off 
frequency of about 3 to 4 cycles per second. That is, the 
operational ampli?er 50 will follow steady state variations of a 
few cycles per second but if the radiation intensity varies to a 
greater degree the shunt capacity will smooth out excess varia 
tions exceeding the thermal time constant of the X-ray genera 
tor tube to thereby assure good stability of the system. 
Other photomultiplier tubes 20 and 30 may be selected at 

21 and 31 respectively by energizing their associated gating 
?eld effect transistor 27 or 37. Potentiometers 23 and 33 will 
similarly allow calibration of the high voltage output from the 
inverter 40 to properly operate the selected photomultiplier 
tube. The circuitry may then be programmed by the selecting 
circuitry 60 to operate the operational ampli?er 50 to an in 
tegrator mode for exposure phototiming when the radio 
graphic procedure is desired or the operational ampli?er 50 
may be selected to operate in its. signal amplifying mode for 
brightness stabilization purposes when ?uoroscopic or cine 
procedures are to be used. 
The entire logic circuitry of FIG. 1 can be reduced to a few 

printed circuit cards and provide a ?exibility heretofore 
unavailable. A higher order of performance is possible than 
with conventional vacuum tube circuits. The utilization of the 
same X-ray tube control circuitry for any desired procedure 
with any selected radiation detector greatly reduces costs 
since an appropriate single circuit is programmed to operate 
for any desired procedure. The present invention replaces a 
portion of the present multiplicity of circuits and power sup 
plies that were previously necessary. The illustrated circuitry 
is compatible with and may be operable with the brightness 
stabilizing circuitry described and claimed in the aforemen 
tioned copending applications, Ser. No. 860,687. 
While the present invention has been described with the 

degree of particularity for the purposes of illustration, it is to 
be understood that all modi?cations, alterations and the sub 
stitutions within the spirit and scope of the present invention 
are herein meant to be included. For example, while 
transistors and knife switches have been illustrated to perform 
various switching and amplifying functions, it is to be un 
derstood that any suitable devices capable of similar per 
formance may be utilized. The speci?c operating parameters 
are merely by illustration and other operating voltages and 
power supplies are equally applicable. Any number of 
photomultipliers in selected location may be utilized. Three 
photomultiplier tubes were shown for purposes of illustration. 
We claim as our invention: 
1. X-ray tube control circuitry comprising, in combination: 

a plurality of radiation detectors each in a desired location; 
means for selecting a desired radiation detector; power supply 
means responsive to the selecting means for providing an 
operating voltage to the selected radiation detector; opera 
tional ampli?er means having an integrator mode for exposure 
timing and a signal ampli?er mode for brightness sensing; 
means responsive to the selection of a radiation detector for 
connecting the output current of the selected detector to said 
operational ampli?er means; means for selecting the mode of 
said operational ampli?er means; said operational ampli?er 
means, when in said integrator mode, providing an exposure 
termination signal upon the integral of the selected detector 
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current and elapsed time reaching a predetermined value; said 
operational ampli?er means, when in said signal ampli?er 
mode, providing a brightness signal functionally related to the 
selected detector current. 

2. The combination of claim 1 wherein said operational am 
pli?er means, when in the signal ampli?er mode, provides a 
signal directly related to the output current of the selected de 
tector. 

3. The combination of claim 1 further comprising exposure 
initiating means for gating said operational ampli?er means to 
respond to the output current of said selected detector. 

4. The combination of claim 1 further comprising means for 
smoothing out variations exceeding a few cycles per second in 
the output current of the selected detector. 

5. The combination of claim 1 further comprising means for 
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6 
individually calibrating the magnitude of the operating voltage 
from said power supply means for each radiation detector that 
may be selected. 

6. The combination of claim 1 further comprising timing 
means responsive to the magnitude of output current from the 
selected detector for determining the length of exposure. 

7. The combination of claim 6 further comprising an output 
stage responsive to the exposure termination signal from said 
operational ampli?er means reaching a predetermined mag 
nitude to activate exposure terminating circuitry. 

8. The combination of claim 7 wherein said output stage in 
cludes variable means for controlling the gain of the output 
stage to determine the magnitude of signal from said opera 
tional ampli?er means which will actuate said output stage. 

* * * * II‘ 


