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ABSTRACT
The long-term goal of this research effort is to use glass cells containing rubidium (Rb) as electric-field sensors via controlled laser probes.
Two important steps to develop the experiment include the renovation of
a Vibration Control System (VCS) and the completion of a laser frequency locking circuit for the existing External Cavity Diode Laser (ECDL) to
provide active frequency stabilization.
Construction of the circuit will continue after the VCS is set up.
This circuit will enable the ECDL to provide narrow-band excitation of
rubidium atoms from the 5S to the 5P state [1]. Once the locking circuit is
implemented and the VCS in place, an existing ECDL setup will be used
to probe the quantized atomic states of Rb vapor within a glass cell [2].

INTRODUCTION
Statement of Purpose
The purpose of this experiment is to construct a proper experimental configuration to excite rubidium atoms with External Cavity
Diode Lasers (ECDLs) [1]. Rubidium (Rb) atoms, having two common
stable isotopes of 85Rb and 87Rb, are in the alkali group of elements, with
an electron configuration bearing one valence electron in its outer shell
[3]. A controlled laser probe can be used to excite the valence electron to
higher-lying states. This ECDL is, in turn, controlled with a saturation
spectroscopy feedback setup [4]. Use of rubidium in this experiment is
chosen because of the fairly basic structure of the atom and its useful
vapor pressure at room temperature [2,3]. To produce this experimental
setup, captured Rb gas in a vapor cell is excited by ECDLs from the 5S to
5P energy states [2,4]. By sending this laser through the vapor cell, reso45
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nances of the Rb gas are probed and mapped out [5]. Once this data has
been collected using a laser frequency locking circuit, the laser frequency
is fine-tuned to accurately excite the Rb vapor cells. This approach allows
for optimized excitation of Rb atoms to proper energy levels by a consistent laser frequency produced from ECDLs and controlled via feedback
circuits [4,5]. The objectives of this lab are to implement a proper framework of the experiment and produce a working setup.

Materials
Materials used in this research project are mounted on a vibration
control system. This anti-vibration isolation system is an optical table
suspended on four air-supplied pneumatic isolation system legs [6]. The
3/8” outside diameter (OD) sized air supply nozzle must be reduced to
the 1⁄4” OD size of the air line to the air regulator via pneumatic fittings.
From there, two leveling valves will require pneumatic fittings to connect
to the isolation system legs they are mounted on.
Components mounted on this isolation system include two ECDLs, vapor cells containing both isotopes of Rb gas at room temperature,
and the optics required for the experiment. These optics include mirrors,
polarizing beam splitters, half-wave plates, and glass plates. The lasers
require electronic control systems tailored to the two ECDLs in Littrow
configuration, a photodiode circuit, a Proportional-Integral-Derivative
(PID) controller, or frequency feedback circuit, and a Temperature Controller. These materials are placed on a separate electronics rack from
the table setup to minimize possible vibrational interference to the optical instruments. The two PID feedback circuits are added to the ECDLs
to achieve optimized Rb excitation. Power supplies for the experiment’s
electronics are also incorporated on the rack. These materials provide a
recording of the experimental procedure, as well as a record of electronic
and physical outputs of the experimental data.

DESIGN AND METHODOLOGY
Vibration Control System Setup
The experiment setup includes the establishment of the vibration
control system. As shown in Figure 1, the table is designed to provide a
constant input of clean, dry air through an air supply. Fittings are needed
to couple the air supply to an air filter/regulator, which will reduce the
initial 120 pounds per square inch (psi) pressure to the required input
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pressure. For input pressure, the VCS manual [6] states that required input air pressure “is determined by dividing the total load, including table
weight, by the total isolator diaphragm area (25.9 in2 per isolator) plus
5-10” gauge psi. This air supply reduction and filter setup is adequate for
the calculated weight load of the materials listed above.
Figure 1. Four Isolator Schematic of the VCS Setup [6]

To have consistent and clean air flow from the laboratory air supply, the system must have an air regulator. This regulator will reduce the
air supply’s main output from ~120 psi to the required psi determined by
the VCS manual [6]. This air must be non-humid and clean. The regulator filters the air for contaminants and water with a metal condensation
bowl to trap byproducts in the air supply.
The table’s ¼” OD tubing feeds into the regulator and is distributed to the VCS’s leveling valves. The decision to select compression fit
versus push-to-connect (PTC) fittings is due to its advantages for this
experiment. The fast, durable nature of the PTC transportation fitting
outweighs using compression fit. Not needing to use thread sealant is
also an efficiency bonus over the use of PTC fittings [7]. Table 1 (below)
shows that the PTC composite’s psi range and thread type are sufficient
for the table setup.

Vibration and Noise Isolation
Instruments placed on the optical table are set up to eliminate
as many outside variables as possible. The optical table construction is
to perform experiments involving sensitive devices, such as interferometers, microscopes, and balances [6]. Optics used on the table also benefit
from reduced errors caused by interference or vibrations in or around
the experiment. The ECDL’s beam signal recorded on this table setup
would benefit by having less noise interference from outside vibrations.
These exterior vibrations, such as an individual using the stairs within
47
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Table 1. Comparison Chart Between Compression and PTC Fittings [7]

the building, could produce signal noise or interference in measurements
that would skew experimental results [8]. In Figure 2, the vibration control system’s transmissibility, the measurement classification for material
vibrational management, is shown for the vertical and horizontal planes
of the optical table [6].

Optical and Experimentation Setup
The optical setup shown in Figure 3 provides an idea of how excitation of Rb is executed. The laser beam is directed into the Rb vapor
cell where the excitation of the gas is performed. During this process, the
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Figure 2. VCS Isolation Transmissability Versus Vibrational Frequency Charts [6]
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beam is also directed into photodiodes for feedback data acquisition to
monitor the beam’s characteristics. A feedback circuit, reading the information gathered from the photodiodes, interacts with a piezo-electric
transducer. This transducer acts to change diffraction grating and change
its angle with respect to the emitting laser diode. This interaction changes
the effective output wavelength of the laser beam. This setup is duplicated
to provide two-step excitation: the first from a 5S ground state to a 5P
first excited state, and the second from 5P to the 5D excited state.
Figure 3. Optical Table Setup for Spectroscopy Experiment
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The step-by-step procedure of exciting rubidium atoms, in respect
of isotope 87Rb, from the states of 5S1/2 to 5P3/2 and 5D5/2, is illustrated in
Figure 4 [9]. Lines shown in the figure display paths of excitation mentioned above in the ECDL setup. With Rb at ground state, an ECDL beam
tuned at ~780 nm is used to excite Rb from 5S to 5P. A second ECDL setup excites Rb from 5P to 5D with a ~776 nm beam wavelength. This final
5D excited state is the objective of the experiment, where afterwards, Rb
may decay down into the 6P state and eventually down to the 5S ground
state while emitting a wavelength of ~420 nm [10].
Figure 4. Level Diagram for the Transitions of Rubidium Due to Excitation. Solid
lines indicate the excitation pulses and the dashed lines show the super fluorescent
emission of the process [10]

Feedback Circuit Integration
To produce the desired laser beam wavelength, a frequency locking circuit is used in conjunction with photodiodes. Active circuit feedback by photodiodes and the PID circuit control the optimal output of
51
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the laser to excite Rb atoms. The ECDL sends this laser beam through a
beam splitter where one beam is sent towards the vapor cell and the other
is used for data reference. A PID frequency feedback controller monitors
the photodiode reference signal to maintain a desired frequency. The second reference beam from the beam splitter is observed and compared to
the initial signal. The difference in wavelengths, one as reference and the
other after traveling through the Rb vapor cell, represents the rubidium
atom’s absorption. The wavelength difference determines ECDL beam
wavelength corrections.

Photodiode Function
The photodiode, which has a 785-nm-centered wavelength, observes inputted light and produces electrical current based on the input.
The feedback circuit’s input is the photodiode’s output electrical signal.
Photodiodes must be isolated in this experiment. Outside light sources interfere with the integrity of the photodiode’s output signal. Output
signals of the photodiode are small in value, so an amplifier is utilized
to boost these signals, reduce noise, and provide a desired amplitude
for the PID feedback controller. An inverting operational amplifier (opamp), shown in Figure 5, is used to increase the signal amplitude. A final
op-amp produces optimal output signals based on Rb absorption in relationship to the reference beam’s signal. The feedback circuit uses this
output signal since it is proportional to the absorption of light as it travels
through the Rb vapor cell. The op-amp, gain, and DC offsets are also variable to control input signals for precise output readings [11].
Figure 5. An Inverting Operational Amplifier with Photodiode Input
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Feedback Circuit Soldering Preparation
This PID feedback circuit consists of resistors, capacitors, transistors, and numerous other electrical components to condition input photodiode voltage signals. Shown in Figure 6, the feedback circuit diagram
displays locations of modules and components. Procedures in soldering
these components onto the circuit board follow principle techniques in
proper preparation, tools, and solder material [12]. Using a soldering
iron at 400°C is required for this board to properly melt solder and secure the pin connections between electronic component leads and circuit
board plates [12]. If the soldering iron temperature is too high, the board
may melt and warp the connection terminals, which will not provide a
secure electrical connection.
During soldering preparation, isopropyl alcohol is used to clean
both the component leads and circuit board terminals. Alcohol removes
contaminants and helps establish direct connections of terminals. This
cleaning procedure of the board and component leads is repeated for
each module that is soldered.
Figure 6. Frequency Feedback Circuit Diagram

Feedback Circuit Soldering Process
Using a commercial software package for circuit design and analysis, the circuit diagram displays where each component is on the PID
feedback circuit board. It is critical to use proper soldering techniques,
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especially when working on analog circuits in this frequency domain.
Improper soldering can cause capacitive or inductive reactance, which
could induce noise and may affect the frequency response of the circuit.
Evidence of these defects include improper wetting of solder on the component leads or board traces. Also, cold solder joints and excessive solder
material may contribute to electrical interference [12]. To avoid this, only
enough solder is added to fill the terminal and to create a cone-shaped
solder connection around the lead, as shown in Figure 7 [13]. The key to
proper circuit board construction is understanding the potential sources
of interference.
Figure 7. A Proper Solder Joint [13]

TESTING
VCS Baseline Setup and Test Plan
To commission the VCS table for optical experimentation, the following steps were developed to ensure vibration isolation and calibration
accuracy. First, a baseline will be determined when the table’s nominal
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isolators are fully down on stops with no air applied. Next, the table’s level
will be verified through an eight-point analysis with a reference standard.
The recorded results will be utilized to establish a baseline.
Isolation test trials for the table have taken place to establish the
baseline. The table was pneumatically lifted per manual specifications
to determine what input air pressure is needed for the load [6]. Another
eight-point analysis with reference standard was conducted to adjust leveling valves on the isolator system. Calibration was then conducted with
multiple trials and loads to fully commission the table for experimentation.
Initial testing described above determined baseline measurements of the table’s level, plumb, and transmissibility. To perform this test
setup, a 6’ bubble level was used as the reference standard to determine
leveling tolerances of the table with no air applied and at full inflation
or floating. The table was oriented with sides 1-4 and corners A-D with
an axis as reference (Figure 8). Each side was measured by placing the
bubble level, denoted as a red line, parallel to each side. Additionally, the
level was placed corner to corner to determine table geometry and aid in
adjustment. This test indicated the mechanical adjustments needed to the
table legs with no air applied.
Figure 8. VCS Table Leveling Diagram

The leveling procedure results for the table system in ground state
are shown in Table 2. Leveling values are denoted as observations of the
bubble level’s bubble position. The denotations of bubble biasing right,
left, and centered represent the tilt, or level, of the table. Diagonal leveling
is represented as biasing to respective corners, such as a bias to corner D.
As shown in Table 2, overall edge biasing indicates that, at ground state,
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there is a tilt toward corner D. Additionally, this corner-biasing indicates
that there is a slight tilt on the z-axis. Mechanical corrections derived
from this data will aid in calibrating the VCS level at ground state. Further, the VCS’s inflated state trials would be conducted, and the valve
system leveling and calibration will determine the table’s level.
Table 2. Biasing Chart for VCS Leveling

Side and Corner

Biasing

1

Left

2

Right

3

Right

4

Right

A to D

A Bias

B to C

B Bias

VCS Floating Adjustment and Calibration
When the table is floated and each leg elevates, the leveling procedure will determine air valve adjustments to maintain a level platform.
Valves tailored to the legs have a mechanical limit switch that actively
releases air at a certain level to determine the table’s float positioning. The
process in calibrating the leveling valve system is to check the position of
the centering guide and flange of all isolators. The gap between the guide
and flange should be 1⁄4” ± 1⁄16”, as shown in Figure 9 [6]. Repeating the
baseline test plan using a reference standard on the table will calibrate the
table level and float state.
Figure 9. VCS Float Height Adjustment [6]
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The floating table load calibration will determine the accuracy of
the leveling valve’s control arm limit switch adjustments. A 50-lb-reference standard should be used, assuming this will represent an equipment
load for experiments performed on this table. Off-center sensitivity will
be performed on the surface of the table (Figure 10). A 50-lb load will
be placed on the center of the floating table, denoted by position 1. Four
level measurements for sides 1-4 will be performed and documented, as
shown in Table 3. If the bubble level is within specification, the result is
TRUE; otherwise, it is FALSE. The center and each corner will have four
level measurements on each side of the table. Those four measurements
will be recorded for each load point, as shown as points 1-5 in Figure 10.
Analysis of this measurement result will determine the accuracy of the
control arm limit switch adjustments and provide a guide to adjust the
leveling system.
Figure 10. VCS Load-Testing Setup

Table 3. Example of Floating Table Load Test Level Biasing Data

Load Points
Table Sides

1

2

3

4

5

1

TRUE

-

-

-

-

2

FALSE

-

-

-

-

3

TRUE

-

-

-

-

4

TRUE

-

-

-

-
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Feedback Circuit Testing and Calibration
In conjunction with VCS testing, an ECDL, photodiode, and PID
feedback circuit system will be constructed and mounted to the table surface. While the table is at ground state, the system will be powered, and a
photodiode voltage signal output will be observed after it passes through
a dedicated circuit designed to amplify the voltage signal received. This
baseline data test will be conducted at a time of day when there is little
vibrational interference. After this baseline model is tested, a second experiment trial will take place after floating the table. Each case will record five discrete incremental input beam wavelength data points and
frequency responses to determine the accuracy of the feedback circuit
and photodiode. Comparing these derived results will indicate both the
effective transmissibility of the table’s two states and the feedback circuit’s
consistency in producing an output signal via linear amplification of the
photodiode’s voltage output.

Timeline and Objectives
The installation of the vibration control system and laser frequency locking feedback circuit will take place imminently. Future research
tasks include creating a working setup of the table where an electronics
rack and PID feedback circuit will be installed in the laser laboratory on
campus. The goals are to finish building the system and conduct the test
plan. Complete construction and testing of the frequency locking circuit
will follow.
Subsequent experimentation will include recording initial data
for the system and performing two-step excitation to the 5D State of rubidium [10]. Further excitation would allow for either ionization or excitation to Rydberg states [14].
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