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Abstract 

The stability of the single-energy X-ray device produced by X-ray machine and Bragg 
diffraction is studied. The stability of X-ray machine and double crystal structure is 
tested by controlling the temperature, humidity and other environmental factors. The 
test results show that the stability of the X-ray machine is less than 2.7% during the test 
time of 3000 s, and the double crystal structure is tested for 3000s, and the results show 
a periodic fluctuation of 1000s. When exploring the cause of fluctuation, the angle motor 
in the double crystal stepper motor is tested, and it is concluded that it is caused by the 
moment imbalance of the flexure hinge of the double crystal stepper. In the next work, 
the motion direction of the flexure hinge will be changed to ensure the stability of the 
double crystal structure. 

Keywords 

X-ray machine, Double crystal Monochromator, Bragg diffraction, Stability. 

 

1. Introduction 

After decades of development, space astronomy has made great achievements in astronomical 

observation and expanded human cognition of the universe. The spaceborne detector needs to be 

accurately calibrated on the ground, and the detector is usually calibrated by single-energy X-ray [1]. 

There are four main ways to produce monoenergetic X-rays: radionuclide, synchrotron radiation 

Bragg diffraction, K fluorescence and X-ray machine Bragg diffraction [2]. Among them, the 

monoenergetic X-ray produced by X-ray machine Bragg diffraction is a kind of double crystal 

diffraction structure designed based on the principle of Bragg diffraction. This paper mainly probes 

into the factors affecting the stability of the double-crystal Monochromator, and the stability of the 

double-crystal Monochromator affects the calibration of the detection efficiency of the detector, so 

the research on the stability of the device is very important for the experiment of calibrating the 

detector. it is necessary to meet the calibration requirements only if the device stability is within the 

error range in the process of calibrating the detector. 

2. Principle and structure 

2.1 Double crystal Monochromator device 

The double crystal Monochromator consists of a crystal, a double crystal structure and a high 

precision goniometer. The double crystal structure is installed on the high precision goniometer, and 

the high precision turntable controls the angle of the double crystal structure by improving the motor, 

and then changes the angle of the incident X-ray. The double crystal structure is the core part of the 

double crystal Monochromator [3], see Fig.1. The first crystal 2 and the second crystal 7 are placed 

in parallel in the fixed brackets 3 and 6 of the double crystal structure, and the incident X-ray is 
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transformed into a single-energy X-ray through the first crystal. Then diffracted to the second crystal, 

the height difference of the incident single-energy X-ray relative to the incident X-ray is kept constant 

and parallel under the action of the height difference fixed structure. As a result, the light spot with 

the same position can be obtained [4]. The Bragg diffraction of X-rays can produce monoenergetic 

X-ray photons, as stated by the Bragg Law [5].  

 

2d sin 𝜃 = 𝑛𝜆                                  (1) 

 

The relation between monochromatic energy and Bragg diffraction angle can be obtained. 

 

E =
𝑛ℎ𝑐

2𝑑 sin 𝜃
                                 (2) 

 

Where 𝑑 is lattice spacing, 𝑛 represents the diffraction series, 𝜃 is the angle of incidence, 𝜆 is the 

wavelength of X-ray photons, ℎ is the Planck constant and  𝑐 is the speed of light. 

 

Fig.1 Double crystal structure schematic diagram 

 

2.2 Precision Analysis and Test of Crystal fine tuning 

The selected stepper motor rotates once in 10000 steps and actually moves 1mm. The stepper motor 

drives the push rod to move 1µm through the transmission device, which causes the angle change of 

the crystal diffraction surface to be (3). 

 

1×10−3

100
×

180

𝜋
× 360 = 2.06″                            (3) 

 

Where 100mm is the distance from the central rotating shaft of the flexure hinge to the direction in 

which the bearing moves at the shaft end of the push rod, that is, the force arm from the push rod to 

the rotating shaft of the flexure hinge. As a result, the range of energy resolution for every 1µm shift 

at a certain energy point can be calculated. 

The angle of the crystal is fine-tuned by the stepper motor, which has an effect on the energy of the 

monochromatic light output of the crystal. In order to meet the requirements of the instrument, the 

requirements for the manufacture and assembly of the crystal, installation base and fine-tuning 

structure are put forward. An important factor that has a great influence on the outgoing light quality 

is the parallelism of the upper and lower diffraction plane of the crystal. in order to ensure the 
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accuracy of the outgoing light, the parallelism of the machined diffraction surface of the crystal must 

be within ±1' [6]. Another important factor affecting the outgoing light quality is the torque balance 

offset of the angle stepper and the spring to the flexure hinge, which makes the system tilt 

continuously in one direction, resulting in torque imbalance, so explore the causes to improve the 

stability of the device [7]. 

3. Experimental results 

Before the beginning of the experiment, we carried out a single control of the variables that affect the 

stability. The ambient temperature of the laboratory was controlled at 19 ℃, the humidity was 50%, 

the voltage of the X-ray machine was set to 200keV, and the current 7.5mA. Time was measured for 

3000s. The stability of the calibration device has a great influence on the calibration experiment.  

Only in a stable environment can the detector be accurately calibrated. If the stability is poor, energy 

drift or efficiency drift occurs in the testing process, which will cause errors in the experiment. 

Therefore, we first test the stability of the optical machine in the calibration experiment, the position 

structure of the whole device remains unchanged, but the crystal is removed from the double crystal 

structure, and the X-ray produced by the X-ray machine is measured continuously with a detector for 

3000s. The measurement results are linearly fitted, see Fig.2, in which the maximum count is 1449, 

the minimum is 1187, the average is 1304, the standard deviation is 36.03, and the stability is less 

than 2.7%. 

Next, the stability of the whole device including the crystal is measured, the measuring environment 

is unchanged, the angle is adjusted to 3.2 degrees and the energy is 120keV, in which the throwing 

angle position of the stepper motor is 10.67764mm and the rolling angle position is 8.08112mm. The 

stability of the device is very poor and shows a certain fluctuation law, see Fig.3, and its 1000s is a 

fluctuation period, so in the process of calibrating the detector, the calibration time needs at least 

1000s, so the working time cycle increases. It will bring a larger working cycle for the staff, and it is 

necessary to explore the causes of instability. 

 

 

Fig.2 Stability test of X-ray machine 

 

 

Fig.3 Stability test of double crystal structure 
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4. Research on the influencing factors of beam stability 

After probing into the factors of the structure affecting the beam stability, it is found that the angle-

throwing stepper needs to be adjusted every time, which is caused by the torque imbalance between 

the angle-casting stepper and the spring to the flexure hinge. After the start of the experiment, we re-

use the angle-trimming motor to adjust the angle parallelism between the first crystal and the second 

crystal. After rough adjustment of the angle motor, we start to adjust carefully from the 10.64788mm 

position, adjusting the step to 0.002mm, each time. The monochromatic light spectrum is collected 

by a high purity germanium detector and the acquisition time is 30s. The relationship between the 

monochromatic light counting rate of the detector response and the position of the angle stepper motor 

is obtained. When the stepper motor position is in the range of 10.6478mm~10.6935mm, the counting 

rate increases at first and then decreases, and the maximum counting rate is 780.43cps. 

Combined with the previous test results, it is assumed that in the case of no external force, the 

mechanical structure of the system will continuously increase the input angle feed. Therefore, if the 

initial position of the casting angle is set in the rising area of the counting rate, if the assumption is 

correct, the counting rate will increase first and then decrease with time. Due to the large return 

difference of the fine-tuning stepper motor, the feed of the stepper motor is returned to 10.6715mm, 

and it is found that the counting rate is higher than the result of the first test. Therefore, continue to 

reduce the feed rate of the stepper motor until the corresponding counting rate is lower than the 

maximum value and is in the rising zone.  

Finally, the feed rate of the stepper motor is fixed at 10.66162mm and is no longer adjusted. 

According to the test results, see Fig.4, the blue part indicates that the count increases at first and then 

decreases with the increase of the feed angle along the positive direction of the stepper. Because of 

the backhaul difference, the red part indicates that when moving in the negative direction, the count 

rate is larger than that at the same position before and gradually decreases. 

The test results confirm that there are unstable factors in the mechanical structure, which makes the 

counting rate change periodically, the throwing angle increases with the positive direction of the feed 

of the stepper motor, and the upward torque of the spring is less than the downward torque. In the 

next work, we will try to replace the spring or change the fixed mode of the spring to make the double 

crystal structure more stable. 

 

 

Fig.4 The relationship between the counting rate and the feed rate of the angle stepper motor 
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5. Conclusion and outlook 

In this study, experiments are carried out on the stability of the double crystal structure. firstly, the 

stability of the optical machine and the double crystal structure are tested respectively. it is found that 

the stability of the double crystal structure is very poor, and the influence of the input angle feed of 

the double crystal structure on the beam stability is investigated. the results show that the imbalance 

between the downward torque and the upward torque of the spring in the mechanical structure makes 

the counting rate unstable and changes periodically. In the following work, the spring structure will 

be improved to meet the stability requirements. 
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