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DynaCool Application Note 1307-200

Magneto-Resistance Calibration of DynaCool Option
Thermometers

Section I: Introduction

The resistive thermometers used to measure temperature in the DynaCool base system and
Dynacool options exhibit magnetic field induced temperature errors due to magneto-resistance
(MR). Typically the error at 1.8 K and 9 T is a few percent, and can be above 5% at 14 T. In
order to correct for magneto-resistance errors, a MR table is used. The MR table contains percent
temperature corrections as a function of magnetic field and apparent temperature, the temperature
obtained from a simple R vs. T table lookup ignoring MR. Because there are two independent
variables in MR tables, they are often called 2D tables.

DynaCool is supplied with the sample chamber block thermometer MR calibrated, so temperature
values reported by the base DynaCool are always corrected for magneto-resistance. However,
some option thermometers are supplied without an MR calibration. In order to calibrate these
thermometers, you measure MR correction values for an option thermometer using the already
MR calibrated block thermometer as a reference.

The utility ThermCal.exe automates this procedure. ThermCal.exe acquires temperature readings
at a series of temperatures and magnetic fields, generates an MR table, then verifies that the
residual MR errors are below 0.5 % at another series of temperatures and magnetic fields. The
entire process takes about 16 hours on a 9 T system and about 30 hours on a 14 T system.

ThermCal.exe does not set up option software to apply the MR table during normal option
measurements. See the section Using the MR Correction in Option Measurements
for instructions on how to set up option software to apply the MR table.

Currently, ThermCal.exe supports MR calibration of the following option thermometers:
e Vibrating Sample Magnetometer (VSM) coil set

AC Magnetic Susceptibility (ACMS) Il

Horizontal Rotator

Multi-function Probe (MFP)

Thermal Transport Option (TTO)

ThermCal.exe is included in the standard DynaCool software installation. Shortcuts to run the
program are located in the directory C: \QDDynaCool\Tools\ThermCal\. If this directory
is not present on your system, or files for one or more options are missing, you may have an older
software release. Contact Quantum Design to upgrade.
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Section I1: Running the Calibration

To start the calibration, double-click one of the shortcuts in
C:\0DDynaCool\Tools\ThermCal\. For VSM, use the shortcut vSM MRCal. For rotator
or MFP, use the shortcut MFPRotator MRCal. For TTO, use the shortcut TTO MRCal. These
shortcuts start ThermCal.exe with the appropriate configuration for MR calibration and
verification on DynaCool. Follow the on-screen prompts to start the calibration. You will be

directed to:

e Enter serial number (not applicable to TTO)

O

Enter the serial number of the item you are calibrating. Locate the serial number
as follows, depending on which option you are calibrating

VSM standard coil set: serial number is VSM-### where ### are the numbers on
the outside diameter of the bottom insulating ring of the puck. (Do not use the
letters on this ring.)

VSM large bore coil set: serial number is VSM-LB### where LB### is printed
on the outside diameter of the bottom insulating ring of the puck. (Do not use the
letters on this ring.)

ACMS 11 coil set: serial number WF###, where ### are numbers. The serial
number is printed on the outside diameter of the bottom insulating ring of the
puck.

Horizontal Rotator: serial number is HRE### and is printed on a label near the
top of the rotator. The serial number might contain a letter prefix different from
HRE.

Multi-function Probe: serial number is MFF### and is printed on a label affixed
above the KF vacuum flange on the probe. The serial number might contain a
letter prefix different from HRE.

e Select calibration files (TTO only)

O

Select the calibration file for each TTO thermometer. These files contain R vs. T
calibration data for the thermometers. They are located at
C:\QDDynaCool\ThermalTransport\Calibration\ and have file
names like Therm#### . cfg. Thermometer A and Thermometer B locations
are defined in Figure 2-9 of the TTO user manual.

e Set up the system for the calibration

O

O

Insert option hardware into the sample chamber according to the instructions in
the option manual. For TTO, mount the thermometer shoes using the copper
sample as described in section 2.4 of the TTO user manual.

Purge and seal the sample chamber.

Hook up cables for the option according to instructions in the option manual.

For VSM, verify that the option is set up so that no MR correction will be applied
to the option thermometer (this is handled automatically for rotator and MFP). In
order to do this, open the coil configuration file for the coil you are MR
calibrating, located at C: \QDDynaCool\VSM\Calibration\. There should
be no line starting with MR Therm =. If this line exists, the coil is already MR
calibrated and you should not take calibration data in this condition.

Activate the option software, and if necessary, start option temperature control.
Verify that the system is controlling on the option thermometer. To do this, look
in MultiVu Log Data and verify that both "Sample Therm (ID)" and "Control
Therm (ID)" match the values in Section 4.3.4 of the DynaCool Reference
Manual for the option you are using.
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Once the program indicates the temperature and fields at which the calibration will be performed
and you press Next to continue, the calibration and verification will run unattended.

Section I11: Output Files

The program creates a subdirectory inside C: \QDLogs\ThermCal\ for storage of calibration
files. The subdirectory name is ABC-### YYYYMMDD HHMM Where ABC-#4## is the serial
number of the assembly you entered into ThermCal. (For TTO, ABC-### will be replaced with
Therm### Therm### where each #4## is replaced with a thermometer shoe serial number.)
The calibration start time is encoded as YYYYMMDD HHMM where YYYY is the year, MM is the
month, DD is the day number, HH is the hour in 24-hour format, and MM is the minute. The
following files are created inside this directory:

e ABC-### YYYYMMDD HHMM.dat: A MultiVu data file that contains calibration and
verification data. ThermCal automatically opens this file in MultiVu for viewing. The
comment column contains comments "Starting MR calibration™ and "Starting MR
verification" to make it easy to find the start of each procedure.

e log-ABC-###_ YYYYMMDD HHMM.dat: A MultiVu log data file that contains a full
log of the calibration. ThermCal automatically opens this file in MultiVu for viewing.

e ABC-### YYYYMMDD HHMMSS.xml: These XML files contain configuration and
state information as well as calibration and verification data. ThermCal generates one of
these files each time it takes a data point and at certain critical steps in the calibration
process. The timestamp YYYYMMDD HHMMSS indicates when the file was written. To
view an XML file, open it in a web browser. As long as you keep the Sty1le directory
and its contents inside the calibration directory, the XML file will be displayed in a
structured format. You can restart a calibration using one of these files. See Restarting a
Calibration for details.

e ABC-### YYYYMMDD HHMM. txt: This plain text file contains debug information.
Normally you do not need to look at this file. This file prints out all messages that are
shown in the GUI as well as internal status messages.

e ABC-###-2D. tab: This file contains the magneto-resistance table generated by the
program. This file is generated at the end of the calibration procedure, before the
verification procedure. For TTO, there will be two of these files (Therm###-2D. tab),
one for each thermometer.

e ABC-###-2D.cfg: Magneto-resistance table in cfg format. For TTO, there will be two
of these files (Therm###-2D.c£qg), one for each thermometer.

Section 1V: Description of the Calibration and Verification Process

The program performs the following steps
1. Goto 9 K and wait for 30 minutes. This step reduces temperature gradients that would
otherwise result in small drifts at the beginning of the calibration.

2. Calibration
a. Go to a calibration temperature, starting with 16 K. At each calibration
temperature:
i. Go to a calibration field, starting with zero field.
ii. Wait for the reference and option thermometers to stabilize.
iii. Average many readings of reference and option temperatures. Record
data.
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iv. Repeat steps i through iii for each calibration field, up to the maximum
field of the instrument.
b. Repeat step a and a.i - a.iv for each calibration temperature (16 K to base
temperature).
3. When finished acquiring calibration data, generate the MR table.
4. Verification
a. Go to a verification temperature, starting with 20 K. At each calibration
temperature:
i. Go to a verification field, starting with zero field.
ii. Wait for the reference and option thermometers to stabilize.
iii. Average many readings of reference and option temperatures. Record
data.
iv. Repeat steps i through iii for each verification field, up to the maximum
for the instrument.
b. Repeat step a and a.i through a.iv for each verification temperature (1.8 K to 20
K).
5. Display the worst measured error in the program window. The error is less than 0.5 % for
a successful calibration.

Section V: Examine the Data

Figure 1 shows typical calibration data. The data items are as follows:

o Reference T (K): The sample chamber block temperature, which is MR corrected.

e Therml T (K): The option temperature, which is not MR corrected during the calibration
phase, and is MR corrected during the verification phase. For TTO, the program records
both Therml1 T (K) (Thermometer A) and Therm2 T (K) (Thermometer B).

e Therml Err (%): The percent error between the block temperature and option
temperature. This is the MR error during the calibration phase, and residual error during
the verification phase. For TTO, the program records both Therm1 Err (%)
(Thermometer A) and Therm2 Err (%) (Thermometer B).

e Field (Oe): The magnetic field.

In this case, the MR error is as large as about -4.5 %. During the verification phase, the errors
have been reduced to < 0.2 % by application of the MR table that was generated from the
calibration data.
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Figure 1. Typical MR calibration and verification data.

Section VI: Using the MR Correction in Option Measurements

After ThermCal finishes, you must perform further steps to apply the MR correction during
option measurements. Follow the procedure below, depending on which option you are using.

Vibrating Sample Magnetometer MR table usage

1. Using Notepad, open the MR calibration table generated by the program. Navigate to the
calibration folder, and select a file with a name like ABC-###-2D. tab.

2. Select the MR table. Start with the text Tb12dHex and select all the way to the first
semicolon. Do not select the text starting with Table2D ID. Copy the table to the
clipboard using the Edit/Copy menu command.

3. Using Notepad, open the coil configuration file for the coil you calibrated. The file is
located at C: \QDDynaCool\VSM\Calibration\ and hasa name like VSMcoil-
#44#.cfg for a standard coil set or vSMcoil-1LB### .cfg for a large bore coil set.

4. After the line starting with Therm = , create a new line starting with MR Therm =

5. In Notepad, paste the table after MR Therm =

6. The file should contain an MR table as shown inside the blue lines in Figure 2.
Depending on the details of the file before you added the MR table, it may look slightly
different than the figure.
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7. Save and close the file.
8. Follow the instructions in the section Verifying the MR Table is Applied to make sure
the correction is being applied correctly.

File Edit Format View Help
; VW5M Large Bore Coil Configuration File

serial Number = LB634 ; change xxx to the coil serial number
Coil Center = 41.06; replace 40.1 with the measured coil center
System Calibration = 14082 ; change this number after system calibration

Therm = TABLE 25 2 2 #0 52.33624,440.73395,56.84336,399.25058,61.84804,361.67175,67.44354,327. 5031|_
1.41300,2.42255,6549,.70400,2.18932,7753.40800,1.97951,9208.05000,1.79700,11065.11000,1.63132,1349/|~

MR Therm = Thl2dHex 0 0 2 2 3 1 1 20 20 #0 3ECF991F3F0AB3133F2D99963F50801A3F73669D3F8B26903F9C99|
1883923CCEBB7C71397B9D0B74BBAAST 3DCEB35287 5SEB9846A0BBDEDBEFBCO41E36BC12586DBC17 247 2BC13E7DSBCOADD:
3CF3AB517863B2BDC933BBCEB7CG3BCFB9753COD5DC13C34B4423C58C1B03CTAS0BE3CEBCE6BAIODDICIFIOB067ED3IB5BE0:
7E73BCA31103651CE1637116DA13730926B2371EECE2EB869119889830E04B0E1D197BALCO04ABAIFALABBAST STFTBASA80!

Delay = -.0000872647 ; change the delay after coil calibration
Amplitude Calibration = 0.0824,1.0007,0.4998,1.0032,1.0023,1.0000,1.4900,0.9974,1.9920,0.9925,2.4!

Image Mean = 770 ; chanﬁe the image mean after image effect calibration
Image Ratio = 1.084 ; change the image ratio after 1ma?e effect calibration
- -r: 1
;

Image RRR = 98.0 ; change the image RRR after image effect calibration

4 1

Figure 2. VSM coil calibration file with MR table.

AC Magnetic Susceptometer MR table usage

1. Using Notepad, open the MR calibration table generated by the program. Navigate to the
calibration folder, and select a file with a name like ABC-###-2D. tab.

2. Select the MR table. Start with the text Tb12dHex and select all the way to the first
semicolon. Do not select the text starting with Table2D ID. Copy the table to the
clipboard using the Edit/Copy menu command.

3. Using Notepad, open the coil configuration file for the coil you calibrated. The file is
located at C: \QDDynaCool\ACMSII\Calibration\ and hasa name like
ACMSCOIL-WF##4#.cfg.

4. After the line starting with Therm = , create a new line starting with MR Therm =

In Notepad, paste the table after MR Therm =

6. The file should contain an MR table as shown inside the blue lines in Figure 2.

Depending on the details of the file before you added the MR table, it may look slightly

different than the figure.

Save and close the file.

8. Follow the instructions in the section Verifying the MR Table is Applied to make sure
the correction is being applied correctly.

o

~

Rotator and Multi-function probe MR table usage

1. Using Notepad, open the MR calibration table generated by the program. Navigate to the
calibration folder, and select a file with a name like ABC-#4##-2D. tab.

2. Select the MR table. Start with the text Tb12dHex and select all the way to the first
semicolon. Do not select the text starting with Table2D ID. Copy the table to the
clipboard using the Edit/Copy menu command.

3. Deactivate the Rotator or Multi-function Probe option if it is running.
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4. Using SROMCfg.exe (located in C: \QDCan\), read the SROM from the BRT module
(node 21). Name the file BRT Srom.srom.

5. Make a copy of the SROM file saved in step 1, and hame the copy
BRT Add MRTable.srom.

6. Open BRT Srom.srom in Notepad. Locate the section that contains the name of the
probe you calibrated. For a rotator, locate a section like [ROT### 1. For an MFP, locate
asection like [MEP#4#4#] . In this section, locate the three-letter thermometer serial
number at the end of the line starting with ThermSN=. For example, the MFP with serial
number 273 has thermometer serial number MMD in Figure 3.

7. Open BRT Add MRTable.srom in Notepad. Delete everything except the line
SROM#1, the line ModuleBoardPartNum=3101-225, and the header (the section
starting with [Header]).

8. InBRT Add MRTable.srom, create a new section by typing [ABC MRCal],
replacing ABC with the three-letter thermometer serial number located in step 4 (for
example [MMD MRCal] for MFP 273).

9. Under [ABC_MRCal] create a new line starting with Data=QTB:

10. InBRT_Add_MRTable.srom, paste the table after Data=QTB:

11. Under Data=QTB:, create a new line starting with TableID=STR:

12. Go back to the MR table cfg file in Notepad. Locate and copy the table 1D, which is in
quotes located after the text Table2D ID 0. Do notinclude the quotes.

13. InBRT_Add_ MRTable.srom, paste the table ID after TableID=STR:

14. The file BRT Add MRTable.srom should now look like Figure 4.

15. Save and close the file.

16. Using SROMCfg.exe, send the file BRT Add MRTable.srom to the BRT module
(node 21). Choose to reboot the module when asked to do so.

17. Follow the instructions in the section Verifying the MR Table is Applied to make sure
the correction is being applied correctly.

r

| BRT_SROM.srom - Notepad e re e e — |

File Edit Format View Help

ModuleBoardPartNum=3101-225
SROM#L Three letter thermometer serial number

[Header] for MFP with serial number 273.
Device_Name=STR:BRT_Module
serial_Number=STR:BRTOL1
Part_Number=5TR:3101-225

Existing MR table

[MFP273]
for another probe

ProbeType=STR:MFP
ThermsN=STR:MMD

[MMD_RvsT]
Data=QTB:TABLE 23 2 2 #0 45.477245,446.659332,49.269230,400.010132,53. 86,358.233002,58.391129,320.821533,63. 848
982,2.505739,4283.060059,2.243509,5075.211914,2. 008980,6077.147949 27500317 ,7382.158203,1.613327,9134.536133,1.4457
TableID=5TR:MMD

[rOT483]
ProbeType=STR:ROT
Max_Unit=FLT:380
IndexSwW=U8:1
ThermsN=STR:LXS

[LXs_RvsT]
Data=QTB:TABLE 23 2 2 #0
3476.554932,4,409006
TableID=STR:LXS

*211456,440.415436,57. 886547 ,399.028259,63.104679,361.530029,68.954971,327.525024,75. 500
/.553955,3.979859,4532. 379883,3.594803,5234.719238,3.245125,6093.700195,2.930773,7156. 90185

[Lx5_MRCal]
Data=QTB:TEL2DHEX 1 23 2 2 3 1 1 20 20 #0 3EF4EE1A3F1C69473F3E5B823F604DBC3IF811FFR3IF9219183FA312363FB40B533FC504703
00BA180000B84440000BB0C0000BE4C0000BEE50000BEA00000BBAEQ000BEAS0000BE980000BE860000BE 5C0000BE280000BAECO000BADCO000B
00387C00003BA900003BDE00003C0A00003C2A00003C4900003C6600003C7E00003CE9800000000000000000000000000000000000388000003

003B8760000880000000000000068000000890000006990000089F00000BA3800008A700000BA940000BAAB00008AB00000BAAC0O000BAA00000B.

TableID=STR:LXS

4 I 2

m
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Figure 3. Example file BRT Srom.srom read from BRT module.

| BRT Add_MRTablesrom - Notepad i i R e

File Edit Format View Help
ModuleBoardPartNum=3101-225 -

SROM#L

[Header]
Device_Name=STR:BRT_Module
Serial_Number=STR:BRT011l
Part_Number=5TR:3101-225

[MMD_MRCal]

Data=QTEB:Th12dHex 0 0 2 2 3 1 1 20 20 #0 3ECF991F3IF0AB3I133F2D90963F50801A2F73669D3F8B26903F0CO0D23IFAEODL4 IFEBFS0553F
0BB100000BE1EOOOOBB4 00000BEE40000BEB90000BBFE0000BC1CE000BC3480008C430000BC470000BC438000BC3BE000BC340000BC2FO000BC
03A90000036240000388E0000360500003C0C00003C24580003C2B80003C3200003C 38000089900000BA000000BAZ80000BA600000BAB40000BA
03BA0000039680000039200000B8C00000396000003A4800003A8000003A7000003A45800003A3000003A3000003A4000003A5000003A7800003A
TableID=STR:MFF273MR2B29B57A

4 nr L3

Figure 4. Example file BRT Add MRTable.srom after adding MR table.

Thermal Transport Option MR table usage

1. Using Notepad, open the MR calibration table generated by the program for one of the
thermometers. Navigate to the calibration folder, and select a file with a name like
Therm###-2D. tab.

2. Select the MR table. Start with the text Tb12dHex and select all the way to the first
semicolon. Do not select the text starting with Table2D ID. Copy the table to the
clipboard using the Edit/Copy menu command.

3. Using Notepad, open the thermometer calibration file for the same thermometer. The file
is located at C: \QDDynaCool\ThermalTransport\Calibration\ andhasa
name like Therm# ##.cfg. Be sure the serial numbers match.

4. Paste the table at the end of the thermometer calibration file.

5. The file should contain an MR table as shown inside the blue lines in Figure 5.
Depending on the details of the file before you added the MR table, it may look slightly
different than the figure.

6. Save and close the file.

7. Repeat steps 1-6 for the other TTO thermometer.

8. Follow the instructions in the section Verifying the MR Table is Applied to make sure
the correction is being applied correctly.

File Edit Format View Help

REM Therm2082.cfg Thermometer Calibration P
TABLE 21,2,2,#0 4576.473,1.698489,4148.421,1. 808988,3461.614,2.045085,2925.6,2.312405,2503.28,2.613836,2

Thl2dHex 0 0 2 2 31 1 20 20 #0 3ECF991F3F0AB3133F2D99963F50801A3F73669D3F8B26903F9C99D23FAEOD143FBFBO5S5
39AFE469398351D439871A01BED2B0D2ZBA3AAAGSBADZFIB1EB2ED92DEB7 DCEFFEBOD26D6EBE032C0BBE367 B4BBAB0DILBBOCF 5CC
3AB045E03AF776D03B499C1B36947 8B4 3BCDB0AG3CO5CAGB3C259CE613C46CT84BB8CBDCE10000000038058A3EB55DFE814B8D40047
BGCBAFEBOO0000003770EDB53820B70038A5BF5538A2D67 33801897 8B80664E4BBEAE3VFB9581C13B9A4584EB9E61A12BADDIBCE

Figure 5. TTO thermometer calibration file with MR table.

Section VII: Verifying the MR Table is Applied
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For options other than TTO, follow these steps to make sure the table is correctly applied during
option measurements.

1. Set up the option as described in the option user manual.

2. Activate the option software, and if necessary, start option temperature control.

3. Setatemperature and field at which verification data were taken by ThermCal. Look in
the * . dat file to find a temperature. For example, set 2.67 K and full field.

4. Startalogin MultiVu using Utilities/Log Data... and select all items on the
Standard Items and Diagnostic Items tabs.

5. After the system stabilizes at the set temperature and field, look at the values of
"Temperature (K)" and "Block Temp (K)". The percent difference between these
temperatures should be the same (within noise) as the value for "Therm 1 Err (%)" in the
*.dat file created by ThermCal. Be sure to compare at the same temperature and magnetic
field.

6. If the values match, the calibration is correctly applied. If the values do not match, the
correction is not being applied or there is a problem with the MR table. Contact Quantum
Design for assistance.

For TTO, you can tell that the MR tables are being applied by looking in the Thermal Transport
Log window when you activate the option. If the MR tables are applied, you will see the lines
“Hot Thermometer magneto-resistance correction loaded” and “Cold Thermometer magneto-
resistance correction loaded”. If you do not see these lines, the MR tables are not applied. Contact
Quantum Design for assistance.

Section VIII: Restarting a Calibration

If a calibration must be aborted or fails for any reason, you can restart the calibration using the
XML files created by ThermCal (see the section Output Files). Normally you choose the file
with the latest date and time stamp. However, you might choose an earlier file if you suspect
faulty data are present in later files. (Open the files in a web browser to examine them.)

To restart a calibration, start the program
C:\QdDynacool\Tools\ThermCal\System\ThermCal.exe, press the
Browse. .. button, and select the desired XML file. Follow the on-screen prompts to restart the
calibration.

Section I X: Configuring the Calibration

Normally the ThermCal XML configuration files supplied by Quantum Design do not need to be
modified. If you wish to modify the configuration files, read the documentation included with
ThermCal. Start the program
(C:\QdDynacool\Tools\ThermCal\System\ThermCal.exe), then select
Help/ThermCal Help... The help window that opens includes descriptions of all the
parameters in the XML configuration files.

The configuration files are located at C: \QdDynacool\Tools\ThermCal\Config\. In
order to use a modified configuration file, run ThermCal.exe, press the Browse... button, and
select the desired XML file.
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