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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
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Motivation

Ultracold atomic apparatus comprised of many components
o 32 analog and 64 digital output channels

> Can generate BEC from 8’Rb every 40 seconds

magnetic coils laser beams (7 DCmulti-pin

Capabilities limited by software Qror = vor ot
transport & push (P1,P2) | e= optical pump/probe
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Future experiments need more precise timing (©
> Microsecond-range precision (uncharacterized)
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ADwin Sequencer

“Orchestra maestro”

Sends signals to the instruments

Each experiment is a “symphony”




Improving the Control Software

Expand software to control more channels

Organize and refactor codebase for easier maintenance

Document code for future work




System Diagram - ‘
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10 pages, 17 columns per page
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New Software

40 analog channels 5

64 digital channelsH

14 pages, 20 columns per page
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Improvements

Original Improved
Analog channels 32 40
D|g|ta| Channels 32 64 1a #define MUMBERANALOGCHANMELS 48
11 #define MUMBERDIGITALCHAMNMELS 64
Pages 10 14
Events per page 17 20 Values can now be adjusted via variables
new cards will require new ADbasic code
Total events per channel | 170 280 ( 9 )




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 e 0 s | o

=y tecnd committed 5 days age

o I n C r‘e m e nta I C h a n ge S removed LED code, added CPU_EVENT_CONFIG O — <>

=y tecnd committed 3 days ago

Changed delay mechanism to work with external events

C I e a r h iStO ry V¥ tecnd committed 5 days ago v

Q cefB8be [$)

corrected sync code for Pro | modules @ 7422da2 <O
. . ¢y tecnd committed 5 days age
Can retu rn to any preVIOus Commlt started work on external clock ADbasic code o 913ef8¢c O
=y tecnd committed 5 days ago
L] L] L] L]
Lightweight and resilient
removed unneeded processdelay line @ Adasdce O
L] .
Cha nge tracklng ¢y tecnd committed 8 days age
added external event test o 085Bcel <>
¢ tecnd committed 8 days age
Branching
Commits on Nov 19, 2021
Update CITATION.cff . Verified (0 | 7fesbdc <O
¢y tecnd committed 19 days ago +
Create CITATIOM.cff Verified 0 b5FB36C <>

¢y tecnd committed 19 days ago




Change Tracking

v fixed delay off by 1issue
I-’ main

Browse files

% tecnd committed 5 days ago 1 parent bd92e2b commit f@Ea82924885dc5a3afaf@58536e2157208d92594

Showing 2 changed files with 1 addition and 1 deletion.

« BIN +@ Bytes (180%) ADbasic/TransferDataExternalClock.TB1 [CJ

Binary file not shown.

v : 2 Em ADbasic/TransferDataExternalClock.bas [_,D

X @@ -97,7 +97,7 @@ EVENT:

97 97
95 ' If we see a negative number, interpret it as a 98

multi-event delay

99 if(DATA_1[counts]<@) then 99
lee@ - delaymultinuse=- 1*DATA_1[counts] lee
181 endif 181
1a2 182
183 Inc counts ' Get number of updates in next event 183

Split Unified

' If we see a negative number, interpret it as a
multi-event delay
if(DATA_1[counts]<8) then
delaymultinuse=-1 * (DATA_1[counts] + 1)
endif

Inc counts ' Get number of updates in next event

Example commit summary

] baze: 8c313b5> € compare: main *

-0 Commits 136 [£) Files changed 137

Showing 137 changed files with 5,345 additions and 18,606 deletions.
Changes since initial organization

] bace: feSbcad> | € compare main

o Commits 138 [£) Files changed 2,720

Showing 2,720 changed files with 5,354 additions and 767,563 deletions.

Changes since very beginning




Documentation

“The only thing worse than no documentation is wrong documentation.”

47  GuiDesign.c The 'engine'
[=] ReadMe Or Else t«t E3 PR
_‘L HEII lcl' 2006 49 EEE R L impor-tant Subroutines EEE L Lttt
2 Se RunCnce Takes the 18 'pages' and creates a single page, a 'meta'’ list.
3 Abandon hope, all ye who enter here. 51  BuildUpdatelist The 'real' engine. This takes the Meta-arrays and generates the 3 arrays that are transferred to the ADwin.
4 52 Also runs routines to generate the DDS commands (only the 1st is currently enabled)
53 Boots ADwin and sends the program to it.
54
55
56 CalcFocnValue pretty straightforward. Calculates next wvalue of the analog channel.
57 Optimize TimelLoop compresses strings of zero's in the updatenum[] array. Replaces with a negative number
58 UpdateScanValue Determine next value in a scan.
59 Timer_Callback Controls what happens when repeated runs occur...i.e. do we scan a value?
58 SCANSETTING_CALLBACK
61

62 DrawNewTable

63 DigTableCallback
54 TimeTableCallback
B5 Cmd_Run_Callback
(=11 Cmd_Scan_Callback
57 Cmd_5top_Callback
68

63  BootAdwin

7@ BootLoad




Documentation in Code

Comments exist in code, but...
o Scattered through multiple files

o Difficult to cross-reference
o “Wall of text”

45
46
47
43
49
58
51
52
53
54
55
56
57
58
59
50
&1
52
63
64
65
&6
57
58
]
78
71
72
73
74
75

2885
July 29 Added cption to output a history of the Scan wvalues when running a scan.

Adding option to stream the panel to text files;
JULY 28 commands for DDS2 are now generated, also sent to ADwin now (see new
ADBasic code TransferData_Jul2@.BAS) Fixed ADBasic software bug. Turns out
that DIG_WRITELATCH1 and DIG_WRITELATCH2 {(for lower and upper 16 bits
respectively) are incompatible. Use DIG_WRITELATCH32 instead. July 18 Added 3rd
DDS interface, simplified DDS control by reusing the existing DDS control panel

DDS 2 and 3 clock settings displayved in DDSSettings.uir  Not
modifiable. Set using a #define in wars.h Save DDS 2,3 info to file. Julyd
Adding 2nd DDS (interface only, creating dual dds command structure still needs
to be done.) June? Finalized scan programming. MNow scans in amplitude, time
or DD5 frequency. (Only DDS1 so far) April 28 Changed the way that the table
cells are coloured. Mow all cells are celoured based on the information in the
cell. MNo longer based on the history of that row. Sine wave output now relabels
amplitude and frequency on analog control panel. Colours Cyan on table. April 7
Fixed a bug where we didn't reach the final value on a ramp, but reached the
value before. Cause: in calculating ramps, i.e determine slope=amplitude/number
of steps but should be amplitude/number_steps-1 Mar 23 Added A Freguency OFfset
to the DD5...so the same ramp can be continually used while changing the trap
bottom. Fixed duration of ramps etc at column duration. Mar 18 Fixed a problem
where the frequency ramps generated by the DDS finished in half the expected
time Can't find a reason for this, except that the DDS manual might be wrong.

Added a Sinewave option to the list of possible functions. Only
accepts amplitude and freguency..no bias

- bias could be 'worked around' using bias setting under

Analog Channel Setup Jan 18 Add menu option to turn off the DDS for all
cells. Avelds a string of warnings created by the DDS command routines if a DDS
command is written before the previous DDS command was done; Jan 5 Fix bug in

code where the timing isn't always copied into the DDS commands Fixed the last

panel mobile ability




Documentation from Code with Doxygen

Generates searchable, formatted, hyperlinked documentation from comments

Can be accessed online

Regenerates on every commit

238 /4 Send the new arrays to BuildUpdatelist() FUnCtiOrl DDCUmentatiDn

239 BuildUpdatelist (MetaTimeArray, MetahAnaloghrray, MetaDigitalArray, mindex);

48}

241 /™.

42 s + BuildUpdateList()

243  @param TMatrix[] Stores the interval time of each column

244  @param AMat[] Stores info located in the analog table void BuildUpdateList ( double TMatrix[500],

245 @param DMat[] Stores infe located in the digital table struct Analog TableValues AMai{NUMBERANALOGCHANNELS+1](500].
246

247 all the above have 5@ update period elements note that valid elements are basel s DMat[NUMBERDIGITALCHANNELS+1][500]’
248 int numtimes

249 @Eparam numtimes = the actual number of valid update period elements. )

258

251  Generate the data that is sent to the ADwin and sends the data.

252 From the meta-lists, we generate 3 arrays. Parameters

253 - UpdateNum - each entry is the number of channel updates that we perform during the ADwin EVENT, where an TMatrix[] Stores the interval time of each column

254 ADwin ewvent is an update cycle, i.e. 18 microseconds, 188 microseconds... etc. We advance through this AMat[] Stores info located in the analog table

255 array once per ADwin Event. UpdateNum controls how fast we scan through ChNum and ChVal . . .

258 - ChMum - An array that contains the channel number to be updated. Synchronous with ChVal. Channels listed below DMatD Stores info located in the dlg‘ta‘ table

z:; - Chval - An array that contains the value to be written to a channel. Synchronous with Chval. all the above have 500 updale period elements note that valid elements are base1
259 - Chilum Parameters

268 - Value 1-32: Analog lines, 4 cards with 8 lines each. ChVal is -18V to 18V

numtimes = the actual number of valid update period elements.

261 - Value 51: DD51 line. ChVal is either a 2-bit walue (8-3) to write, or (4-7) a reset signal
262 - Value 52: DD52 line. ChVal is either a 2-bit walue (@-3) to write, or (4-7) a reset signal . . .
) ) ) e . o Generate the data that is sent to the ADwin and sends the data. From the meta-lists, we generate 3 arrays.
263 - Value 1€1, 182 First 16 and last 16 lines on the first DIO card. ChVal is a 16 bit integer
264 - Value 183, 184 First 16 and last 16 lines on the second DIO card. ChVal is a 16 bit integer « UpdateNum - each entry is the number of channel updates that we perform during the ADwin EVENT, where an ADwin event is an update
265 - ChNum 281, 282 These are codes to enable/disable looping. Corresponding ChVal is the number of loops.

cycle. ie. 10 microseconds, 100 microseconds. .. etc. We advance throuah this array once per ADwin Event. UpdateNum controls how




Some things never change.

This
file remains a mystery to me, but I'm sure whomever 1s reading this more than has the = sean.c The inner workings of this is a mystery, wrapped in an enigma
intellectual capacity to understand it. Go you.




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 ]
[ pagel) ] [ page2() ] [ page3() ] | Page(n) |




badmin\Desktop\adwinGUl

Save File Format

Changing the number of saved elements ST
breaks save compatibility SRRSO
Reverse-engineer save format to keep SR
old experiments usable
Template injection oo e

ow k
CIT]




Save Converter — [m] X
File

Loed Panel [WoT  BTe| fer Evap | Hdden| Hdden| Hdden| Hdden| Hidden| Imagng
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Fast On Scan Values
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ical Pump Laser |7 B
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Fiber A RadOP ZE]
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RF Switch 7 B.450
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save-convert il =
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ransport C1
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Scope Trigger 1
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Add-ons

Export data in text format for external programs
o Can use a different language

> Not dependent on LabWindows codebase

B Dear PyGui - O *

High Fine

BRb Trap L

Rb Repump
=




Overview

Project 2: Improving Timing Performance

Summary




Improving Timing Performance

Integrate with atomic clock
o Stanford Research Systems PRS10 Rubidium Standard

> Drifts <0.05 nanoseconds per second

Measure and reduce jitter
o Characterize precision and accuracy

> Did atomic clock integration help?




System Diagram - ‘

Computer running ADwin-Pro I I 0 I 0
control software I

sequencer running

(LabWindows/CVI) sequencer software
(ADbasic)
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Timekeeping with Internal Clock

Hardware Operating System Software
| — T
Internal 300 MHz clock ) IWait for 3000 ticks [ Uodate out uts]
(ticks once every 3.33 ns)J L (10 us) P i

W) | e



Timekeeping with Event Mode

Hardware Operating System Software

| B |

External 100 kHz square wave) Event mode
.. : > .. Update outputs
(rising edge once every 10 us) J i L(on every rising edge)

o) (o




Integrating the Atomic Clock

Rubidium " ADwin Sequencer | " Outputs ]
Standard

Waveform

10 MHz L Gonerator J 100 kHz
Sine wave

1010 I
SRSPRSlOw m (Siglentsoesuﬂ 1010 1010
)

Square wave Arbitrary waveforms




Jitter

Clocks are not perfect

Clock “ticks” may not be spaced evenly

Causes variations across many trials




Measuring Jitter

10 MHz 100 kHz
>RS PRSlOW Sine ( Siglent SDG5122 ) Square ( 1 Pulse at t=t,

RubldlumJ 'LWaveform GeneratorJ g ADwin SequencerJ

Standard

Pulse at t=0

\ 4

[Siglent SD51104X-E1

Oscilloscope

A

Trigger in

A 4

10 MHz inf SRS DG535 W Pulse at t=t,
LDeIay GeneratorJ




Measuring Jitter

t=0 Duration (t,) Latency
A 1

[ )
ADwin
Digital 1
ADwin : i Ref Clock in Si
Dlgltal 2 i i eference Cloc ADwin Signals
DG535 i

DEIay i i -i./ Intrachannel Jitter




Intrachannel Jitter

ADwin internal clock drifts at 5.895 ppm against the reference
> Around 500 ms per day
° <150 ns jitter

. . a 00000 —-—- Original (Linear Fit) :’
Atomic clock integrated € 40000 |—- Modified (Linear Fit)
>
0 /
successfully £ 20000
° <40 ns jitter 5 e
0 ————— - — — = — - 00 — i W = —. - —
= 100 I " l
< [
S S S 3 IR S -
@ _ ® Original I
g ~190 # Modified 'f
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Long-term Intrachannel Jitter

Repeat experiment with t,=10 seconds
° Internal clock wanders away from initial value
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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?
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Measuring Interchannel Jitter
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Interchannel Jitter
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Summary

Reworked control software
o Supports up to 40 analog and 64 digital devices, easily expandable in code

o Cleaned up and organized the codebase
> Wrote documentation
o Created framework for add-on programs

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

o Characterized interchannel jitter between many channel sources



Acknowledgements

Dr. Seth Aubin, for his guidance and support

My fellow lab members: Will, Stephen, Morgan, and Sindu, for keeping me
company

Work in support of NSF and DTRA projects




