
Argonne Wakefield Accelerator Laser Phase Feedback Control System
 

Saif Nasir, Ata Urrab, Peter Solomon, Hailah 
Aljarboua  

Department of Electrical and Computer Engineering  
Northern Illinois University  

Dekalb, USA  

 
Dr. Stanislav Baturin and Dr. Philippe Piot  

Argonne Wakefield Accelerator  
Argonne National Laboratory  

Lemont, USA

 
Abstract—Argonne Wakefield Accelerator (AWA) uses an 
intense laser system to produce electron bunches for use in 
accelerator experiments. The system is synchronized to 
a commercial laser oscillator device which operates at a 1.3 
GHz Low Level Radio Frequency (LLRF). The 1.3 GHz 
LLRF signal is then frequency divided, and phase locked to 
an external 81.25 MHz reference signal using a mechanical 
phase shifter at Argonne National Laboratory (ANL). 
Because of certain limitations with the mechanical phase 
shifter, the phase relationship between the 81.25 MHz signal 
and the 1.3 GHz LLRF signal has the potential to drift. For 
this reason, a secondary system was designed to work with 
the current mechanical phase shifter that would ensure that 
the phase drift is reduced for the researchers during scientific 
experiments.  

I.  INTRODUCTION 
The current phase shifter device used at ANL is a mechanical 

“trombone” like device. The mechanical structure involved takes 
up a lot of space, has a high latency of operation, and introduces 
unwanted noise and vibrations into the system. Most importantly 
however, changes in temperature adversely effects the phase 
control of this style of phase shifter resulting in the phase 
drifting over time. The mechanical phase shifter is guided by a 
Laser Phase Monitor (LPM) system developed by 
ANL to determine the level of phase adjustment to be made [2].  
      The LPM compares a photodiode associated 1.3 GHz signal 
against a 1.3 GHz LLRF signal. There are two techniques to 
obtain the 1.3GHz signal from the laser oscillator. A frequency 
multiplier can be used to multiply the 81.25 MHz signal 
by 16 to get a 1.3 GHz signal. Another option is to filter the laser 
oscillator photodiode signal by using a high 
quality factor 1.3 GHz cavity filter. Using an AD8302 phase 
detector board [1], a phase difference between the two signals 
can be converted into a proportional voltage. This proportional 
voltage is then used to adjust the coaxial line stretcher by the 
means of a stepper motor. However, using the LPM, a phase drift 
of roughly 1° degree per 1° C of temperature change was 
observed over a six-hour duration.  

Realizing the limitations of this mechanical phase 
shifter design, the team developed a “second-
stage” precision phase shifter system that works in conjunction 
with the existing mechanical phase shifter and satisfies the 
0.00625° phase shift at the 81.25 MHz frequency outlined by the 
ANL researchers. The mechanical phase shifter would be 
responsible for the bulk of the phase shift while the auxiliary 

system would offer further precise control over the phase of the 
81.25 MHz frequency signal. 

II. METHODS 
The team decided to use the theory behind Quadrature Vector 

Modulation (QVM) as the focal point for the device. 
By applying QVM, a signal can be split into its respective 
quadrature components and the gain and phase can be controlled 
by setting the values for the in-phase (I) and quadrature 
(Q) components [3]. If the I component (amplitude of the cosine 
wave) and the Q component (amplitude of the sine wave) is 
varied with respect to time, a full control of the amplitude and 
phase shift of the resulting summed waveform can be 
achieved. QVM is widely used in RF applications to control the 
amplitude and phase of high frequency signals. 

III. CONTROL SYSTEM 
The laser phase feedback control system was 

designed with compatibility in mind for integration 
with either a Raspberry Pi 4 Model B or Arduino 
Nano. Mounting holes were drilled into the component mounting 
tray that would accommodate either device if needed. The 
control code was written in Python and C++ so depending on 
which configuration the researchers at ANL decide upon, they 
are able to quickly incorporate either device.  
      The electronics in the laser phase feedback control 
system are powered by a single 5V source supplied through a 
USB Type A pass-through mounted at the front of the 
enclosure. The control system (RPi 4 or Arduino Nano) operates 
by sending instructions to an AD5667 16-Bit 2-Channel 
DAC which outputs the correct voltage values to an ADL5390 
RF/IF QVM using the Inter-Integrated Circuit (I²C) 
communication protocol. The output voltage derived from the 
DAC determines the precise phase adjustments to be 
made from the ADL5390 QVM device to the 81.25 MHz 
frequency input signal.  
 

 
Figure 1: AWA Laser Phase Shifter Assembly (CAD Model) 

 
 



 
Figure 1: AWA Phase Shifter Assembly (Realized) 

A. Summary of Operation 
1) Necessary phase shift is defined 

by a user and is received by the control system. 
2) Control system’s 

algorithm performs necessary calculations to determine 
the correct output voltages to be produced from 
the AD5667 DAC. 

3) Calculated voltage values are converted to decimal 
values and then to hexadecimal values in order to be 
written to the AD5667 DAC registers. 

4) Hexadecimal values are transferred to the AD5667 
DAC through the I²C communication 
protocol and correct voltage is outputted to 
the intermediate (I) and quadrature (Q) inputs of the 
ADL5390. 

5) ADL5390 QVM rectifies the 81.25 MHz signal 
by applying the user defined phase shift. 

IV. ENCLOSURE 
Electronic devices often need protection from external 

environmental factors. An exposed circuit board is more likely 
to be damaged than one that has been covered and also poses a 
potential safety risk when the device is being operated. A user 
could unintentionally come in contact with the unprotected traces 
leading to a possible electric shock. Because of these reasons, an 
enclosure was needed to protect the sensitive electronic devices.  

The Polycase AN-23F enclosure is diecast from an A383 
aluminum alloy and measures 260.10 x 160.02 x 90.42 
millimeters (10.24 x 6.30 x 3.56 inches) with a total mass of 
approximately 3.8 kg (~ 8 pounds). The enclosure is IP68 rated, 
and electromagnetic and RF interference shielded to protect the 
electronics within. To achieve the IP68 certification, the 
enclosure has a durable impermeable cover that can be secured to 
the body of the enclosure using four stainless steel 8-32 machine 
screws.  

A gasketed material made of nitrile buna rubber is employed 
between the lid and the body as an additional form of ingress 
protection. Two SMA pass-through connectors were embedded 
into the enclosure to allow the 81.25 MHz input signal 

and the phase adjusted 81.25 MHz output signal to be attached to 
the device. A USB Type A bulkhead adapter is 
also available externally to supply the 5V power and 
communication signals through universal serial bus. A mounting 
tray was machined out of a ¼” aluminum plate (3003 alloy) 
and fabricated so that the components could be attached securely 
inside the enclosure. The mounting tray was a necessary part for 
two main reasons. For one, the mounting tray ensures that the 
components are safely and securely fitted within the enclosure. 
Two, the mounting tray makes disassembly for maintenance or 
calibration much easier since all of the electronic devices come 
out of the enclosure together. 

V. RESULTS 
After testing the device, the results of the Laser Phase 

Feedback Control System were determined. At an operating 
Frequency of 81.25 MHz the theoretical resolution that can be 
achieved with this device is calculated to be 0.000437° degrees at 
81.25 MHz (or 0.006992° degrees at the 1.3 GHz LLRF). The 
device has a phase control range of ±45 degrees at 81.25 MHz. 
Finally, the stability of the phase meets or exceeds the targeted   
<  0.1° degree per 1° C temperature change due to the control 
system dynamically applying corrective measures to adjust the 
phase shift based on temperature fluctuations. 

  

 
Figure 3: 45o Phase Difference (Left), Phase Alignment (Right) 
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