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Background
Bose-Einstein Condensates (BEC) first experimentally created in 1995
◦ Cool bosons until they condense into ground state

BECs can manifest quantum effects on macroscopic scale
◦ Wave nature of atoms

Applications in interferometry
◦ Precision inertial navigation

◦ Gravitational mapping

◦ Sub-mm gravity

Image credit: S. Aubin
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Motivation
Ultracold atomic apparatus comprised of many components
◦ 32 analog and 64 digital output channels

◦ Can generate BEC from 87Rb every 40 seconds

Capabilities limited by software
◦ Only 32 of each type of channel

Future experiments need more precise timing
◦ Microsecond-range precision (uncharacterized)

◦ Want microsecond-precision and accuracy

Image credit: S. Aubin
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ADwin Sequencer
“Orchestra maestro”

Sends signals to the instruments

Each experiment is a “symphony”
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Improving the Control Software
Expand software to control more channels

Organize and refactor codebase for easier maintenance

Document code for future work
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Computer running 
control software
(LabWindows/CVI)

ADwin-Pro II 
sequencer running 
sequencer software
(ADbasic)

Digital outputs

Analog outputs

System Diagram
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32 analog channels

32 digital channels

10 pages, 17 columns per page

3 DDS channels (obsolete)

Old Software
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40 analog channels

64 digital channels

14 pages, 20 columns per page

New Software
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Improvements

Original Improved

Analog channels 32 40

Digital channels 32 64

Pages 10 14

Events per page 17 20

Total events per channel 170 280

Values can now be adjusted via variables
(new cards will require new ADbasic code)
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Organization
Versions as folders

Unclear history
◦ What changed?

◦ When?

◦ Which one is newest?

Large size

No redundancy
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Version Control with Git
Versions as commits
◦ Incremental changes

Clear history

Can return to any previous commit

Lightweight and resilient

Change tracking

Branching
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Change Tracking

Example commit summary

Changes since initial organization

Changes since very beginning
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Documentation
“The only thing worse than no documentation is wrong documentation.”
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Documentation in Code
Comments exist in code, but…
◦ Scattered through multiple files

◦ Difficult to cross-reference

◦ “Wall of text”
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Documentation from Code with Doxygen
Generates searchable, formatted, hyperlinked documentation from comments

Can be accessed online

Regenerates on every commit

16



Some things never change.
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Expanding the Software
Remove broken/obsolete code

Dynamic instantiation of elements

Code deduplication

Button 1 Button 2 Button 3 Button 1 Button 2 Button 3

Page1() Page2() Page3() Page(n)
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Save File Format
Changing the number of saved elements
breaks save compatibility

Reverse-engineer save format to keep
old experiments usable

Template injection
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Save File Conversion
Branch split

Stripped down version of old software

Saves in new format

last-compat main

save-convert
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Add-ons
Export data in text format for external programs
◦ Can use a different language

◦ Not dependent on LabWindows codebase
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Improving Timing Performance
Integrate with atomic clock
◦ Stanford Research Systems PRS10 Rubidium Standard

◦ Drifts <0.05 nanoseconds per second

Measure and reduce jitter
◦ Characterize precision and accuracy

◦ Did atomic clock integration help?
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Computer running 
control software
(LabWindows/CVI)

ADwin-Pro II 
sequencer running 
sequencer software
(ADbasic)

Digital outputs

Analog outputs

System Diagram
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Timekeeping with Internal Clock

Internal 300 MHz clock
(ticks once every 3.33 ns)

Wait for 3000 ticks
(10 us)

Update outputs

SoftwareHardware Operating System
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Timekeeping with Event Mode

External 100 kHz square wave
(rising edge once every 10 us)

Event mode
(on every rising edge)

Update outputs

SoftwareHardware Operating System
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Integrating the Atomic Clock

SRS PRS10
Rubidium
Standard

Siglent SDG5122
Waveform
Generator

ADwin Sequencer
10 MHz

Sine wave
100 kHz

Square wave Arbitrary waveforms

Outputs
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Jitter
Clocks are not perfect

Clock “ticks” may not be spaced evenly

Causes variations across many trials
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Measuring Jitter

SRS PRS10
Rubidium
Standard 

Siglent SDG5122
Waveform Generator

ADwin Sequencer

SRS DG535
Delay Generator

Siglent SDS1104X-E
Oscilloscope

10 MHz
Sine

100 kHz
Square

10 MHz in

Pulse at t=0

Pulse at t=t0

Pulse at t=t0

Trigger in
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Measuring Jitter

ADwin
Digital 1

ADwin
Digital 2

DG535
Delay

Duration (t0) Latencyt=0
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Intrachannel Jitter
ADwin internal clock drifts at 5.895 ppm against the reference
◦ Around 500 ms per day

◦ <150 ns jitter

Atomic clock integrated
successfully
◦ <40 ns jitter
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Long-term Intrachannel Jitter
Repeat experiment with t0=10 seconds
◦ Internal clock wanders away from initial value

◦ More jitter than when measured over short periods

◦ External clock stays steady

Internal

External

Clock Samples Range Std. Deviation

Internal 1039 690 ns 158 ns

Internal 697 740 ns 225 ns

External 435 60 ns 6.5 ns
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Interchannel Jitter
When multiple channels transition at the same time, they should do so
◦ How much delay?

◦ Do different channel sources behave differently?

ADwin Sequencer

Channels
1-8

Channels
9-16

Channels
17-24

Channels
25-32

Channels
33-40

Channels
41-48

Channels
49-56

Channels
57-64

Digital outputs

Bank 1 Bank 2

Analog outputs
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Measuring Interchannel Jitter

ADwin
Channel 1

ADwin
Channel 2

Duration Latencyt=0
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Interchannel Jitter
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Summary
Reworked control software
◦ Supports up to 40 analog and 64 digital devices, easily expandable in code

◦ Cleaned up and organized the codebase

◦ Wrote documentation

◦ Created framework for add-on programs

Integrated ADwin sequencer with atomic clock
◦ Decreased intrachannel jitter from 740 ns to 60 ns

◦ Characterized interchannel jitter between many channel sources
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