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Double Crystal MonochromatorWEPV003

BRG → Energy Selection (CR1)
GAP → Vertical Displacement
PTC  → Energy Selection (CR2)
RLL → Horizontal Displacement

𝜃
𝑔

𝐻

Virtual
incident beam

Incident
beam

Monochromatic
beam

𝑧
𝑥

𝑦

1st Crystal

2nd Crystal
Δ𝑅𝑥′

Figure 1. Double Crystal Monochromator.
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Figure 2. High-Dynamics Double-Crystal Monochromator Lite.
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Control ArchitectureWEPV003

Figure 3. BRG and PTC transfer functions for feedback 
(closed-loop) and feedback plus feedforward.

• Independent SISO systems (BRG, GAP, PTC, RLL)

• Second-order system approximation

• Robust feedback controllers via loop-shaping

• Simple PID with practical “rules of thumb”

• A few notches added for stability

• Feedforward in order to expand scanning frequency 

possibilities 
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𝑓 = 0.3 Hz 𝜃𝐴 = 0.06 rad

Figure 4. SDE Power Spectrum Density.

Figure 5. Cumulative power spectrum of control error in simulation for all disturbance sources.

• Mechanical
• Ground vibrations (GND)
• Flow-Induced Vibrations (FIV)

• Electronic
• Sensors
• Actuators
• Sub-divisional Errors (SDE)

• Periodic errors
• Encoders and Interferometers
• Interpolation errors
• Frequency dependent 

Sub-divisional Errors (SDE)
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Table 1. Control error RMS for different scan amplitudes 
𝜃𝐴 and frequencies 𝑓 between 1 Hz to 2.5 kHz

Figure 7. Representative scan conditions.
Figure 6. In position stability, HD-DCM to HD-DCM-Lite comparison.

• SDE is the main additional noise during scans, 
specially on BRG loop

• Leading signal for CCG comes from BRG 
reference instead of sensor


