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Goals of NMR Synchronization

Provide an independent and accurate magnet
current measurement.

Current measurements to be synchronized
with the lock-in amplifier measurements.

Maximize the number of acquisition points for
variable NRM sweep lengths (20-600 sec.)

Store measurements in NMR data files.



Existing NMR Program

Uses internal lock-in amplifier triggering.
Current/field is read back from power supply.

Asynchronous lock-in amplifier and current
measurements.

Different acquisition rates for current/field
measurements and stored lock-in amplifier data.

Current measurements are not stored in NMR
data files.



NMR Synchronization Features

Use external lock-in amplifier triggering.
Current measured by shunt instrumentation.

Current and lock-in amplifier measurements
synchronized.

Variable acquisition rates to maximize number
of data points.

Synchronized current & lock-in amplifier
measurements stored in NMR data files.



Comparison of Features

Existing NMR Synchronized NMR

Triggering Asynchronous lock-in trigger. Synchronized by external lock-in trigger.

Current Measurement
. Oxford Power Supply. CT-Box current shunt.
Instrumentation

Data Stream Asynchronous lock-in amplifier and Synchronized lock-in amplifier and current

current measurements. measurements
o Different DAq rates for lock-in buffer Same DAgq rate for instrumentation.
Data Acquisition Rates
data & current measurements. Variable rate to maximize data points.

Current measurements not stored in Current and lock-in amplifier measurements

b Al NMR data files. are stored in NMR data files.
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Synchronization based on a new product by CAENels:

e Summary of Specifications:

CAENels CT-Box Current Shunt

o ;i l

+/- 150 Amp range

CT=B0XK T cakiow @

24 bit ADC current resolution b CREN ELS i3

Gear for Science

< 0.005% current accuracy
1Hz — 100 KHz sampling frequency in 10us steps (Osalloscope mode)
Output TTL triggering

Local current monitoring and status

e New product Issues:
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Firmware errors requiring updates.

Hardware issues.

Lack of documentation on software protocols, etc.

Not shipped with software we could use.

Required extensive development of a library of LabVIEW instrument device drivers.
Developed LabVIEW DAq code using DSG device driver library to test the CT-box.

All Issues resolved.

NMR Synchronization Status



Lock-in Amplifier

e Stanford SR844 Lock-in Amplifier Limitations:
— Internal buffer depth only 16.3K:

» Limits number of data points on NMR sweeps.
» Must lower acquisition frequency on longer sweeps.

— No output trigger available.
— Slow acquisition rate — 512Hz maximum (internal trigger)
— Slow buffer data readout speed (~70 Sec. for 16K)

— Input (external) triggering issues:
» Specifications: Up to 512 Hz external triggering.

» DSG testing shows at acquisition frequency ~>300Hz, trigger
efficiency is less than 100%

» Trigger efficiency needs to be 100% for synchronization.



Synchronization Test Programs

CT-Box data acquisition program.
Lock-in amplifier test program.
Triggering efficiency program.

NMR development test program.



Synchronization Test Programs

* CT-Box data acquisition program.

— Tests CT-Box data acquisition and triggering.

— Uses queued data (FIFO)
e Acquisition & data decode are independent processes.

PRB CT-BOX O c

file Edit View Project Operate Tools Window Help =)
2 @n
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Synchronization Test Programs

L] L .
. O C k I n a m p I I fl e r te St p ro g ra m £ CT-Box - Lock-In Amp Sync Test V3 - With Pause.vi Front Panel on NMR Control 2016 - with_sensors with GPIB PS.lvproj/My Computer * ESEE s
| File Edit View Project Operate Tools Window Help
|| 11 [ 240t Aoplication Font ~ | 8=~ Wav i+ db~ o] Search 2 »‘)’
Pause Data Storage .. .OFF. | Start Data Storage | OFF | Exit woFElll  ©

* Triggering efficiency program.

Data Sample Read-back Rate | Trigger

Time Array Sample Rate (Hz) || 256 Acquire Data Status
Wait Time (msec) 2000 it Bolnta in Bittar | 16000
Buffer Stop | 16000 CH 1 Read Data| -6.72415E-7

Numeric || 1

Programs used together to test: e

Read out Buffer points 16000

— Lock-in amplifier data acquisition. N
Y |

Buffer Reset ERROR  Buffer Full ERROR Y BufferAray ¥ 0 | 0.0000E+0
— Data buffer storage and read out. == <
ol ]

— Lock-in amplifier dual data ' -
stream.

162.50000

NMR Control 2016 - with_sensors with GPIB PS.Ivproj/My Computer| <

{* PRB Edge Counter.vi Front Panel on Edge Counter.l... ‘ﬂ_x_‘

- LOC k-l n a m p I Ifl e r exte rn a I File Edit View Project Operate Tools Window Hel, ‘@
P & [240t Aoolication Font ~ | $ov <A ?

triggering capabilities and -
) g.g ] g p ‘Count Direction Reset
limitations.

;/ Count Up -r)

sto
direction ST £

STOP! =
gm 16000 - 3

Edge Counter.lvproj/FPGA Target] < 1 )
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NMR Development Test Program

* Instrumentation used in NMR
— RF Signal Generator.
— RF Switching/Attenuator Box.
— Magnet Power Supply
— Helium temperature & level.
— Lock-in Amplifier.
— Current Shunt
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NMR Development Test Program

e Tests the communication and timing between
NMR Instrumentation.

— CT-Box does not have an internal buffer memory.

— Computer must accept CT-Box serial
communication stream at data acquisition rate.

— Program must communicate with all
instrumentation used in NMR without dropping
CT-Box events.



Current (Output Unit:

NMR Development Test Program

Y Scale.Offset and Multiplier

Y Scale.Range:Minimum

HDice NMR Control User Interface

Press to Exit Program:
Output Units

' Power Supply " Run Setup Field Sweep Analysis [ Temperature | CT-Box (Current Shunt) [ Expert
tion h Start Run @I,

Acquistions

CT-Box Data Array Current Value Array

|0.00000 =

0.00000 -

H 0.00000

»

|0.00000

Set Sampling period (us)

Set Acquistion Rate (Hz) [0

R

<
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' ' ' i i ' ' ' ' ' 1 i ' ' ' '
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000

Pause @D
Stop Run @l

Field (G)

% Acquistion % Processing

ACQRunning  Abort ACQ Complete Complete

Elements in COM queue

Data Array Size -
D R N N B o o e L S e o e e
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62

Ct-Box Sync Mode Enable BIIERIIEL] Time

Asynchronous Test Sweep
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NMR Development Test Program

HDice NMR Control User Interface

Y Scale.Offset and Multiplier

Press to Exit Program
Y Scale.Range:Maximum Output Units

I Power Supply i Run Setup Field Sweep | Analysis i Temperature f CT-Box (Current Shunt) i Expert

start Run €D

' ' ' ' ' ' i i ' ' ' ' ' ' ' '
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 160

Acquistions
CT-Box Data Array Current Value Array

13216166100 [Fovrorem— o
16.16610 % Acquistion % Processing
3226.163157 ACQRunning  Abort ACQ Complete Complete

3236165583 joleito ‘. - - ooQll- ‘ ;

I32 4 6.165840 16.16558

T
—_— .| 5 B B B R R R R
sty 6.16584 8 10 12 14 16 18 20 22 24 26 28 30 32
[326 6164078
[327 6165991 [6.16481
13286162923 loioa0e | Elements in COM queue

|32 96166078 :

[52106163002 | v 161659 Samples per scan [(SIEECZPRN
Set Sampling period (us) fSIE LR 15872 | e . : | |
Set Acquistion Rate (Hz) JPESNAL Ct-Box Sync Mode Enable [l am = 0

Synchronous Test Sweep Synced CT-Box & Lock-in Data
Async Power Supply Data
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Synchronization Schedule

DSG HDIce Schedule Feb March April May June July August September October

2/22/2018 19(26] 5|12|19(26| 2 | 9 |16|23|30| 7 [14(21|28| 4 |11|18|25| 2 | 9 |16|23|30| 6 [13{20(27]| 3 |10|17|24| 1 | 8 15|22

Upgrade of RF Box # 1 and #2:

Upgrade electronics for readback of terminator and cable types & interlock status

Debug and test

Upgrade of RF |isolate rack mounting on RF generator, RF amplifier, RF box, signal generator

Rack #1 Configure new PC and instrumentation interface hardware for NMR rack 1 upgrade

Debug and test NMR, RTP, and FRS programs with upgraded instrumentation

Rack 1 instrumentation used to develop synchronization hardware and software

Install & debug instrumentation, computer, power supply, and hardware interfaces in HDIce lab

Develop, debug, and test hardware trigger interface for CT-box to lock-in amp

. Develop code interface between lock-in amp triggers with current measurement device drivers
Synchronization

Develop test program to test triggering rate efficiency and timing

for Lock-in
Develop, debug, and test synchronization library sub-routines into lock-in amp DAQ code

Amplifier Data Modify, debug, and test NMR subroutines to write synchronized measurements to data file

Integrate, debug, and test synchronization code package into main NMR program

Debug Gauss offset issue in NMR scans

Modify, debug, and test NMR code to write gauss/current measurements to data file

Revise RF Splitter/Attenuation boxes to add local instrumentation status readback capabilities

Consolidate RF Splitter/Attenuation box communication interfaces into a single communication interface

Debug VISA device base drivers for Oxford Mercury iPS power supplies

Revise, debug, and test RTP and NMR programs for Oxford Mercury iPS power supplies

Update all NMR LabVIEW instrumentation drivers to VISA.

Rewrite, reorganize, and document NMR main program and subroutine libraries
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Status Summary

The present work being done has to address the following questions:

1.
2.

3.

3/5/2018

mmhwNR

Is the CT-Box current shunt going to work in synchronization?

What instrumentation will be the trigger for synchronization and will the
instrumentation work?

What are the limitations to the synchronization plan?

Will the two independent (but triggered by the CT box) data streams from the
lock-in amplifier & CT-Box align and have 100% trigger efficiency?

. Can all of the instrumentation used in the NMR program communicate at the same

time without losing CT-Box events?

Code development is underway and more testing is definitely needed,
but so far all the answers look encouraging:

Yes.

CT-Box will trigger the lock-in amplifier and it will work.

The lock-in amplifier is the limiting factor in the system.

Yes, the two data streams will align and have 100% trigger efficiency.

Yes, all instruments can work together at speed without losing CT-Box events.
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