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Problem

Optical Parametric Oscillators requires a very
precise orientation of a crystal

Doing this by hand is very tedious

The crystal degrades the power of the laser
beam significantly

Optical experiments require very sensitive
setups



The AOS Project

The project is to create an automated setup that
involves rotating an optical element that a laser
beam will pass through ending up at a sensor
that will measure the intensity of that beam.
Automation allows for a convenient, time
saving, and accurate experiment.



Optical Parametric Oscillator

Cavity
)\

Electrical

Crystal Wl Light ;
| Signal

Mount | Sensor

Controller

‘ High Gain
Computer Amplifier +
Microcontroller

Lock-in
Amplifier






Goals

High precision

Absolute position of mount known
Quick response

No motor burnout

Smooth adjustment

User friendly

Multifunction
— Automation
— Manual



Specification

Component Parameter Design Specification
Amplifier Gain 46656
Amplifier RF signal < 15 kHz
Mount Position accuracy 0.1°
Mount Adjustment sensitivity 2 urad
Mount Speed 0.5%/s
Mount Angular Range +2°
Mount Thickness <35mm
Display Dimensions <25mm, 60mm
Display Number of characters > 10

GUI Update time <2s




Atmega Code Block diagram

Initialize
* Begincommunication with Analogto Digital Converter
¢ Sendacknowledgement to computerthat microcontrolleris on
* Cleardisplay memory and print to display welcomescreen

Read

Get time stamp

* Readreferencevoltagegoingto ADCusing builtin
8bit ADC

* Readin 24 bit signed conversion from ADC using
i2C protocol

Output

* Printto USB port of computer for Labview toread and
Catalog along with time stamp
* Printoutput of amplifier after conversion to LCD screen

Conversion

>

Op amp gain

*» Usereferencevoltage and input from ADC to compute actual level
» Calculate levelwith respect tointernal gain of ADC and variable




USB to UART

Hardware diagram

¢ Atmega328

24 bit

«—> <«<—— Amplification

ADC

LCD




USB to UART
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USB to UART

Hardware diagram

¢ | Atmega328

24 bit

«—> <«<—— Amplification

ADC

LCD




Atmega328
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USB to UART

Hardware diagram

¢ Atmega328

24 bit
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Atmega + Display
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USB to UART

Hardware diagram

¢ Atmega328

24 bit

«—> <«<—— Amplification

ADC
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24-bit ADC
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Final PCB layout




Amplifier Goals

Signal has the ability to bypass the amplifier.
The gain can be adjustable.
Low noise

Noise filtration



Input

Amplifier Block Diagram
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Op Amps Comparison

OPA355 200 MHz 5.80 nV/VHz 360 V/us
OPA847 3.90 GHz 0.85 nV/VHz 950 V/us
TLC2201 1.90 MHz 12.0 nV/VHz 2.70 V/us




IRLML6244

N channel MOSFET

Drain to Source Voltage (Vdss): 20V
Vgs(th) (Max) @ Id : 1.1V @ 10pA
Rds On (Max) @ Id, Vgs : 21 mOhm @ 6.3A,

4.5V
Surface mount

&

P



PCF8574

* 8 bits I/O port expander that uses the 12C
protocol

* 2 ports of microcontroller to control up to 8
digital I/O ports. (SDA & SCL)

DW OR N PACKAGE

(TOP VIEW)
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P5
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Amplifier Block Diagram

Unity Gain
> Low Pass >
Output, Filter Output;

Je= 2%7+200Q*[(.1F*. 1yF) /(. 1uF+.1pF)]

fec= 15915 kHz



Low Pass Filter Sch.
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Converts +5V Supply to 5V System
Efficient Voltage Conversion: 99.9%
Excellent Power Efficiency: 98%

TC7660

Low Cost and Easy to Use

MNC

cap*
GND

CAP

[ [[e][r][~]

]
™

TCT7660

B
7]

6|
5]

'I.II‘
0OsC

LOW
VOLTAGE (LV)

lII'Ill::lll..lT




TC7660 Con. Schematic
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Piezo Motor

Newport AG-M100L

Optical Diameter | 1in (25.4mm)
Angular Range +2°
Adjustment lprad
Sensitivity

Absolute 0.05°
Positioning

Accuracy

Max. Speed 0.75°/s
Thermal Tilt 4urad/°C

Back view of AG-M100L



Software/Hardware Interaction

Mlount Light sensor

Posthon zensors determine Measures the mtensity

the positon of the 2 {(Watts) of the light

rotation axes T

Faster scanmng Algonthm Optimal Posthon Algonthm
TTzes motor posttion to find Tzes sensor data to

the spots to scan determine correct

TTzes the hight sensor data movements of the motors
with the motor position to

create a map

Controller
Tell the motors how much
to move and m what

direction



Software Benefits

Automatically and manually rotate the crystal
Increase position accuracy
Decrease setup time

Remove the inaccuracy of human movement



Software Environment
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LabVIEW Benefits

Graphical programing language
— More difficult to make errors
— Can quickly see how a program works

Accepts MATLAB code and a “C like” script
Parallel execution for multiple threads
Execution highlighting (debug feature)

Broken arrow start button lets you know there
are errors



A

Activity Diagram
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Full Scan GUI
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Precise Scan GUI
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Requirements
Analysis

System Design

Software Testing

 Modified Waterfall Testing
Method used

—Build basic functionality

Program Design

—Test it

Coding —Integrate it

Unit & Integration
Testing

System Testing

Acceptance Testing




Component name Subtotal Our Cost Component name Subtotal Our Cost

Resistors/Caps 30.04 0

Resistor 250 - 0.05% (Reference V divider) 5.33 0
24 bit ADC 2.47 0

Switch Button 0.1 0
3.3V regulator 0.54 0
Atmega328 3.93 0 SMA Female Edge Connector 4.86 0
ADR130 391 0 TC7660 0.95 0
LEDs 1.11 0
Crystal 16Mhz 0.56 0 TLC2201CP Op Amp 16.5 0
Ferrite bead 0.64 0 USB A to B cable 3' 2.02 0
FT232R- USB to Serial IC 45 0 USB B Connector Female 0.54 0

Voltage inverter -5V 0.95 0
L78L33C 9.5 0

LCD Module 9.5 0
LCD Module 9.5 0

Mirror Mount 732 0
NAU7802 1.71 0

Motor Controller 419 0
N-MOSFET 3.42 0

PCB 66 0
PCF8574 1.91 0

Total 1338.92 0
Precision 0.5v reference 3.07 0
Resistor 1k - 0.05% (Reference V divider) 4.36 0




Project Delegation

e eabere o vung_

Full Scan Process 15% 80% 5%
Precise Scan Process 15% 80% 5%
Hardware/Software 20% 60% 20%
Integration

Data Acquisition 70% 30% 0%
Microcontroller 90% 10% 0%
Display 100% 0% 0%
Amplifier 10% 0% 90%

PCB 40% 0% 60%
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