BKAME ver 4.1.10
(Partially in English)

Sep 23, 2015 Kentaro Kitagawa

Preface

‘kame” is a C++ multithreaded program which focuses on automated measurement by scripting
with Ruby language.

It is especially intended to be used in solid-state NMR experiment, but includes many types of
measurement drivers. The source is cross-platform (Linux/Mac OS X/Windows).

The license is open source, GPL(GNU public licence) version 2 or later¢95,



To install kame on Mac/Linux machines

To install kame on Windows machines
The case of using compiled binaries

The case of compiling source zip

Basic usage
Usage for text boxes

Usage for Graphs/Charts
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To install kame on Mac/Linux machines

See japanese document or memos in the source zip.

To install kame on Windows machines

The case of using compiled binaries

Qt of version 5.3 or later including MinGW32bit is necessary.

If you need GPIB,
Install a 488.2 driver from National Instruments (support for ANSI C and direct entries are
needed)

If you need DAQmMX,
Install a DAQmx driver from National Instruments (support for ANSI C is needed)

Expand kame-4**-win32.zip and launch it via kame.bat. Use not too old machine so that it has
enough functioning support for OpenGL2.1.

If you use USB devices of Thamway, copy fx2fw.bix, slow_dat.bin, fullspec_dat.bin to the
directory of kame executable. If something is wrong, try deleting fullspec_dat.bin.

The case of compiling source zip

First, try the above instructions.
Next, several depending libraries.

ftw-3.3.4-dlI32.zip (Expand it in the upper directory of the kame source, and name the directory
“fftw3”)

http://www.fftw.org/download.html

Install Ruby and msys (http://www.mingw.org/) , and activate the path for the ruby. And expand
ruby-2.2.* source in the upper directory of the kame source, and change the name to “ruby”.
Launch msys.bat, and in the ruby source directory, activate the path of the mingw (suchlike:--
PATH=$PATH:/c/QT/Qt-(somewhat)/Tools/mingw4(somewhat)_32/bin), and type

CFLAGS="-g0 " ./configure —enable-shared —disable-rubygems

make

Then you would obtain a DLL of Ruby

For zlib, get "Compiled DLL” from the following, and expand it in the upper directory as well and
name it “zlib”

http://www.zlib.net/

You need to compile the newer version of GSL by yourself

http://www.gnu.org/software/gsl/

Download the newest gsl, and expand it in the upper dir, naming “gsl”. Do the following as you
have done for ruby

.Jconfigure;make

Then, copy./libs/libgsl-0.dll and cblas/ libs/libgsl-cblas-0.dll to the directory of the executables.

5


http://www.fftw.org/download.html
http://www.mingw.org/
http://www.zlib.net/
http://www.gnu.org/software/gsl/

Open kame.pro from Qt creator. Build it in the mingw32 environment.

To execute kame, you need to copy the following dlls to the directory of the kame executables
(for example, build-kame-***-Debug).

zlib1.dll(in C:\Program Files*\GnuWin32\bin or so), llibgsl.dll, libgslcblas.dll (in gsl) ,
ibfttw3-3.dll (in FFTW3) , msvc*-ruby*.dll(in ruby)

And you can launch kame from Qt Creator.

For i18n, kame_ja.gm must be in the same directory, and “*kame/script/rubylineshell.rb” is
needed in the “Resources” directory to use a line shell.

First step

Error logs will be written in /tmp/kame.log(Unices) or in the current directory(Windows).

Basic usage

6 00 3 KAME

KAME Toolbox West Ell (" Line Shelll | | KAME Toolbox East ]

Raw Stream Recorder Driver Control | Device Port

Jopt/local/share/apps/kame/rubylineshell.rb

Status: sleep
EI | Write

#<Thread:0x10b51de78 run>

404 Research Not Funded.
Driver Type Recorded Time

& ron O]

“u3 Jejeds £

¥s" Calibratio...

Interact

(0 ResuMe | KL |

B9y WEANS MBY a

[ % New Driver || © Delete Driver |
y/A 7|

| @% Node B...

|
{

(First time) Add favorite driver for your instrument by invoking “New” button in the “Driver”
tab.
(Next time) Open your .kam file to restore the saved state in the menu "File”-“Open”

Push “Start” button in the “Interface” tab. Before this, you must specify address and/or port for
GPIB/SerialPort/TCP.

When you click a label of driver in “Driver” or “Interface” tab, you can open the driver specific
window

The tab “Scalar Entry” is intended to prepare the conditions for storing line-by-line text data. The
entries would be temperature or voltage etc.. When the difference after the last written value
exceeds “Delta”, one line will be appended in the file. If “Delta” is negative, it is appended on
getting new value. When you click the cell, a chart as a function of time will appear.

The tab “Graph” is for making X-Y-(Z) graphs from scalar entries.
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To save the state in kame, invoke “File”-“Save”. Frequent saving may save your time.

Usage for text boxes

When you edit the text of Uls, you have to press “Enter” key at the end, because the instruments
should not reflect the intermediate text. Unless so, the original state is recovered.

The values in most of the text boxes can be operated from the Ruby scripts.

Usage for Graphs/Charts

® 00 3 Chart - Ch.B
TempControl2-Ch.B

TempControl2-Ch.B
TempControl2-Ch.B —=— P’\

42

. !

s, 0.3 Tine
They are drawn by OpenGL in 3D space as transparent entities.
Left double click opens detailed dialog.
Right double click opens hints for you.
Left click and dragging on the plot can be used to expand scales.
Right click on the plot enables auto scaling.
Wheeling on the plot is zooming in or out.
Right click and dragging on the axis expands the axis.
Right click on the axis enables auto scaling for the axis.
Wheeling on the axis inclines the plot in the 3D space.
Middle click and dragging inclines the plot in the 3D space more freely.
Middle click restores a view point.

If you are dealing with the wave data, which can be stored in the text, you have a filepath bar
above or beneath the graph. The directory icon can choose the file name, but you must not
forget to click “Dump” when you want to save the data.
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$1& /tmp/kame.log (Windows TIZEIT 7 # /LY Dkame.log) ICRFEINE T,

8 006 KAME Messages
05:22:04 Module "/Users/northriv/

@ Documents/Projects/KAME/build-Debug/
kame.app/Contents/MacOS/modules/libt...

! 05:25:07 Input canceled.
! 05:25:12 Input canceled.
! 05:25:18 Input canceled.
! 12:27:59 NewDriverl: Starting...

12:27:59 Error: NewDriverl: Opening
o interface failed, because Communication
Error, tty open failed (strerror failed)

57
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000 &KAME Toolbox West
Raw Stream Recorder
o‘ 5 [ Write
= Driver Type Recorded Time
G| 1 Pulser NIDAQDOPulser Wed Mar 10 23:01:50 2010 +4
@|2 Dpso NIDAQmxDSO Wed Mar 10 22:53:47 2010 +4
3 NMRT1 NMRT1 Wed Mar 10 22:53:47 2010 +4
4|4 NMREcho NMRPulseAnalyzer Wed Mar 10 22:53:47 2010 +4
‘G| 5 TempContr|LakeShore340 Wed Mar 10 23:01:52 2010 +7
‘i 6 3458A HP3458A Wed Mar 10 23:01:52 2010 +4
7 3478A HP3478A
.| 8 NetworkAn, HP8711
'lg a NMRCnartr NIMRCnartriim Wed Mar 10 22:82:47 2010 +4
z
£ [ 7% New Driver || © Delete Driver |

RZA/XDEBM - BIERAERET, Flew RIAN—BETIUYIITDZERTANEEDORET 1V KD
AHEFET, LI—FRHIE. RBRICHESRISERICET 5T —INRIKEEZRRLET,

FRRZANZHITERDES BT VY RIUNMET, BRERRSANICERIZ T TERTEEL T, Al
BHSTEHEIZELWVWDT, EXTDIFTTIL,



8 00 9 Create New Driver

YOKOGAWA 7651 dc source
MICROTASK/Leiden Triple Current Source
Keithley 2000/2001 DMM

Keithley 2182 nanovolt meter

Agilent 34420A nanovolt meter

Agilent 3458A DMM

Agilent 3478A DMM

SANWA PC500/510/520M DMM

SANWA PC5000 DMM

Tektronix DSO

Lecroy/Iwatsu DSO

NF WAVE-FACTORY pulse generator
Oxford ILM Helium Level Meter

LakeShore LM-500 Level Meter

Stanford Research SR830 lock-in amp.
Andeen-Hagerling 2500A capacitance bridge
Oxford PS-120 magnet power supply
Oxford IPS-120 magnet power supply
Monte-Carlo simulation

HP/Agilent 8711/8712/8713/8714 Network Analyzer
Agilent E5061/E5062 Network Analyzer
NMR pulser NI-DAQ analog/digital output
NMR pulser NI-DAQ digital output only
NMR pulser NI-DAQ M Series with S Series.
National Instruments DAQ as DSO

NMR FID/echo analyzer

NMR field-swept spectrum measurement
NMR frequency-swept spectrum measurement
NMR relaxation measurement

NMR pulser handmade-SH2

NMR pulser handmade-H8

KENWOOD 5G7130 signal generator
KENWOOD 5G7200 signal generator
HP/Agilent 8643/8644 signal generator
HP/Agilent 8648 signal generator
HP/Agilent 8664/8665 signal generator
Cryocon M32 temp. controller

Cryocon M62 temp. controller

LakeShore 340 temp. controller

Picowatt AVS-47 bridge

Oxford ITC-503 temp. controller

Neocera LTC-21 temp. controller

Test driver: random number generation

Name |NewDriverl
[ ok [ cancel |

RawX hU—ALLI3—%
EF—SEMNARELET. "EZIRH Frv IRy IZDBASTVBREL FIRE A YARI-TOH
EHETRFEINET, CZIPHRATEMINETN. URENBDDOTA RAIBREEHBELET,

: 00 &KAME Toolbox West
; Name Axis X Axis Y
5|1 Graph-1 | TempControl2-C + ||| 3458A-Value
5|2 Graph-2 [ 3458A-Value : || 3478,
s
]
[§]
<
e
z
£ [ ¥ NewGraph || @ Delete Graph |

2RI/ B3RS 5T RERUE T, X/Y/Z8% (ANFTY R, OROBENSRATTE L,
A

RBEBZCEWT—YRBI I 7Dh5HEEINET,

‘Lve'lE A EUICL O~ RENfceF—5, "Stored’id [FFRANS515, TF RV ICBRENET—5
EERLET,
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=F17'J7b Yavr—Jl

&KAME Toolbox West

i)

Thermometer
| SI-RuO2 RIDEN stage 1444

O Dri... |®

Temp. Value
1| |k [2327.80289003

| Display

m =] Graph

@ Nod...

BEFORET—YEERIT DDICEVET, ERXRZFAINIESDETS, FEITRUbyR I U TR EEL
MENH D £9, > FILhkame/Measurements 7 ALY ICHD ET, AT Z51 VEIRIC K D 5. F/c
BFEY T 7Z2ERICLDERNTBETT,

IRRy 209 &0 REMRZERRLE T,

Node Browser

000 &KAME Toolbox West
Description

Label: Interfaces

For run-time only.

Type: InterfaceList

Ruby object:

Measurement["Interfaces”]

Supported Ruby methods: name() touch()
child(name/idx) [|(name/idx) count() each() to_ary()
create(type, name) release()

8 Child(ren):

Interface Interface Interface Interface Interface
Interface Interface Interface

Value 1

kameDHFDT—FF2TY ) —BEICEEBINTWET, RubyR 7 ) 7~ THIET B8,
"Mesurement["Drivers"]["driver1"]["foo"].value=1.0& WS R U TITWEJ, BEE_ LD ANILHRuby ET
ESEbNZHNRRLET, RTYTFTRDY > FILIE. kame/Sequences” # LY ICH D £,

=T —2X

© Dri... |

£ Graph

v Cal...

000 KAME &Toolbox East

Driver Control  Device Port Addr [1'
1 Pulser © RUN [[(UNSEL) ) o |3
2 DSO © RUN | (UNSEL) = 0o s
3 TempContr/o RUN [ GPIB s 12 5
4 3458A |0 RUN | GPIB : 23 %
5 3478A |0 RUN | GPIB : 20 [+ g
6  NetworkAn,o RUN [ GPIB & 16 |+ ‘é'
7 SG o RUN | GPIB : 19 |7 g
8 DCSource |© RUN |[GPIB : 27 5 m

Y WRANS mey ﬂ

RS ANHRIERR & DBERBEZLHEE LTWBIEE, JJICREEARD EE/FLERT VHHET,
BEE—RFIANEHL—D2TY, F/AZ; . TR—bky . TPRLR) ZZNZTNREULLRELTTE
YA
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GPIBDiZA. mM—RKR—D2THniE., MR-k EFEATEBVWEEA,

VY FIR—=KDFE, RS-232CTIEF7 RLRFRETI A, R— ~E/dev/ttyUSBO(Linux),/dev/
tty.usbserial(Mac)ED7/NA A7 7 AL EZBELF T, RS-485TIEFAL—T D7 RLRAZERELTTFI L,

TCP/IPDZE. TWR—bh; ICIPZRLR):(R—FES)ZRELTTEI W,

ANDZITY Y

el zNz]

KAME &Toolbox East

FEANSAY
E Om=as
BT
IvhY 1t R TS
1 [NMRT1-Tlinv  ].05978874461 | [o.00000  |[7
2 NMRT1-TlinvErr [0.0008923187%( | |0.00000 5
3 |NMREcho-PeakAbs|0.00703316871  [_1.00000 &
4 NMREcho-PeakFreq-18.40696116¢™ [0.00000 B
5 TempControIZ—Ch..lO U 0.00000 E
6  TempControl2-Ch.;351.3 [ Jo.00000 E
7 TempControI?—Ch.}42.331 @ 0.00000 \;
8 | TempControl2-Ch.|352.35 [ [o0.00000 5
9 3458A-Value 0.3111650855 |™  [0.00000 gl
10 3478A-Value \ [ [o0.00000 E g”:
11 NetworkAnaIyzer—h‘ LJ 0.00000 [+ N
Z
All-Entry Logger IL‘
| ES] [ write every|300 |'s ‘:

RIS L TI-RENBEROBEN —EICHFT T,

ZEIT2EEI Vv IS RHE, BHSIREOFv— D RENS, Fv—NOBREERR. E#HZA—MRT—
JVHERBWSNE T 2 7 ERU T,

TEANTAH
FERNT P AIIC—TTEIRAR—ZARYID T, R, EIEESNIEEHALET, WTRELFTT,
TEEAL, EF Ty LARVWEHALESA.

EDTA IV TN ANENEDE. TTILY TEELRY, TILY) ZEICTDE. BlLadE
DEZBAfcESIC—ITHALET, BICT D&, ZOEBICHUWMENTHAETNSEIC—THAOLE T,
EHDIEEZZEZSICIF. HESDOLETCTRLF—ZHBUANSRZI VI LET,

00—
TEIARN 7 7ANNC—TSEICAR—ZARXYID T, BELEERTETOEZENULET,
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RawX k) —L)—%

000 KAME &Toolbox East
Raw Stream Binary

NMR/NaFeAs-201003/20100310-c-23Na-t1-40K.bin| €@ =

IR ) |

[ @RW |[@sSTOP |[ G FF |

[ ® FIRST |[ @ BACK |[ ® NEXT |

Speed | Fastest

3 eRdS £

Position Wed Mar 10 23:01:52 2010 +773ms

EFEREORaWR MY —=ALL A= THALE 7 7ML EHRHFAATEITTEE T, BERUEEI/NT >TWS
DT, [AELEFTZBEEIE. B89, IKE->THS XD, TEEDLTTZW, BEDEEIZ EE)
THRELET, MIB) ELI—RAEHRINBEAERRTLTVWED,

K= A1 /\EBDERE

DCY —X
YOKOGAWA 7651 DC source (GPIB)

ADVANTEST TR6144/R6142/R6144 DC source (GPIB)

MICROTASK/Leiden Triple Current Source (GPIB)

76515518 AE. OEBL DL EICHBULIESNEHTT,

6 O O 3DC...
Channel
(UNSEL)

Output
Function
F1

Value
2.438

Range
(UNSEL)

T I I INILF X —% (DMM)
Keithley 2000/2001 DMM (GPIB)

Keithley 2851A nanovolt meter (GPIB)

HP/Agilent 34420A nanovolt meter (GPIB)
13



HP/Agilent 3458A/3478A DMM (GPIB)

SANWA PC500/510/520M/PC5000 DMM (IR SerialPort)

© O O % DMM...
Function

MyrA b 13 STHARAHEIHEZREL XTI,

A
ANZITYRYIBENINESNKT,

TIYZIANL—IA2OXI—F(DSO)
Tektronix DSO (GPIB)

Lecroy/lwatsu DSO (GPIB)

DSO on NI-DAQ M,S series (NI-DAQmXx)

Thamway A/D conversion DV14U25 (USB)

8 00 % DSO Control
Trigger Setup o
= & bump
Pos. =(") 8.00% &l &
FallingEdge Wavefiorm
Source (UNSEL) : Troces (V)
Level 0 " 0.3 ‘
F 0.2
orce Trigger
0.1
Tracel 0
0.1
| (UNSEL) Iy
FS.| 4 * Vp-p 0.3
Offset 0 v B e et SRR
0005 000 0003 0002 0001 0.001 0,00

g Trace2 = Trace3 | Trace4 || (-0.000475, -0.3711) Time (sec)

Horizontal Setup Digital Filter

v/ Single Sequence (M FIR filterBand Width 2000 kHz
Average 4 Display Strategy| Averaging |

Sharpness |4 Center Freq 0 kHz
Width 0.01 s Record Length 50000

AYAXD—7D/DIVTHEL ., fitdshiE7ILAT—I)L TES.; T KEEHIFELRD " TEHRELTTIL,
Oy IIVo— VR 192, TPRL—=Y) M¥HIBELTEVZ IV T7IT20EDRLICKEDET,

TRNDAE Z"Averaging’lc 92 EHERRT 2D TEFTIH. GPIBPCPUICKEREGEZMNTE
I, VI —o >R T—RT'Sequence’lc T % & IEEBERMIGELLBICEITRRUET,

%)L 7«)L%1 . FIR(Finite Impulse Response) 71 )LY Z#NF3 2 EMNTEET, THLEREY
(feyps TNV Rig) (ow) TEE U EEBZ FNEFNOF v RIVICENT B DT, fec-bw/2h 5 fc+bw/2D
BE#ZEITLSICED £T, FIREEAA TERICAMIEINE T,
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VoI RL—4

NF WAVE-FACTORY (GPIB)

© O O M Func. Synt...
Output

Modulation

(UNSEL)

Function

(UNSEL)

Freq 0 Hz

Amp 0 Vp-p

Init. Phase 0 deg.

Offset 0 v
Trigger Burst

T —

REET
Oxford ILM Helium levelmeter (GPIB, SerialPort)

Cryomagnetics LM-500 levelmeter (GPIB)

REBE@EIEH D T Ao
ANZ MUICENESNEYD,

Ay o477 /B

Stanford Resrearch SR830 lock-in amplifier (GPIB)
NF LI5640 lock-in amplifier (GPIB)

Andeen-Hagerling 2500A capacitance bridge (GPIB)

® O O W Lock-in-Amp...

Output 0 Vv
Frequency 0 Hz
Sensitibity 2nV/fA

Time Const.  le-Ssec

Fetch Freq. 1

Autoscale for X

Autoscale for Y

TERDIAHSERE ) [ EFALAVRY Y N DB EELEICLTVET,
ANZITYRYIRX/YENESNE T,
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BITEYYT %Yy NEIR

Oxford PS/IPS-120 magnet power supply (GPIB, SerialPort)

Cryogenic SMS10/30/120/150C magnet power supply (USB Serial Port)

N=Y ATV KRRy FE—F—DHHHIFEETITVWE T,

©® O O 9 Magnet Power Supply - NewDriverl

@ RfyFe—%
W m
Y7EY S Ule j-vazuvh
PRIy NS M7 ® T
FURTy NEE HIES
PRy NEE IR
MEEE 0 T
#3lL—k o T/min IAS &bl MO |
Approach /* Config. |

TIK—YV ATV NDEFR 2#F v I95E,

WD EREMICEEL IcRFlcE—% —Z YD £, "Approach”%"Oscillating”lc 9% &, 20%A —/\—

>

r

16

21—~ UBNSHIGEZXA—TFLET,

JEL INY Y EHT EROBEEIHE F95

800 MM PS Detail Confi ion - NewDriverl
Sweep Rate Limits
1 lo |tlo | T/min
2 o ITlo | T/min
3 0 ITlo | T/min
4 o [Tl | T/min
5 lo |Tlo | T/min
Secondary Power Supply
GRRR) 4
Multiplier ﬁ
Safe Conditions
o | <[ cRRR) +] < [100 |
o | <[ RER) +] < [100 |
o | <[ aR) +] <100 |
Conditions for Persistent Current Switch
N=YRF Vb [ GRRR) sl<lo '
Non-Persistent[ GRIRR) :] > \0 |
Wait after Heater ON/OFF F sec.




®5IL— MR, mEEICHIBRZ NI 21551, "Sweep Rate Limits”IC"&AHIH-"L — b DRF &)\
SWRICHERBELEFANTTS L,

“Secondary Power Supply” &> A0 )L DOERENICHE VKT T,

“Safe Conditions™ld. RAZITY KNUDEZERLT. BEHINSAND EHIBZEEOICLETD,
BRIC. N=Y AT YRRy FRORGZMINT 22 ENHEXT,

“Wait after Heater ON/OFF"ic. XMy FbE—49—DFERHEZANTTIL,
TREFESFHLEER (SG)

KENWOOD SG7130/SG7200 signal generator (GPIB)

DSTech. DPL-3.2XGF (SerialPort)

HP/Agilent 8643/8644/8648/8664/8665 signal generator (GPIB)

Rhode-Schwartz SML-01/02/03/SMV-03 signal generator (GPIB, SerialPort)

Thamway NMR PROT built-in signal generator (TCP/IP, GPIB, USB)

® O O M Signal Gen....

Output Level 0 dBm

Frequency 0 MHz

AM ON
FM ON

PROTDZE X, 71 YEDNMREZEDFIHAIEE T,

— 5 — >
KYNT—=DOFPFZA4Y
HP/Agilent 8711/8712/8713/8714 network analyzer (GPIB)
Agilent E5061/E5062 network analyzer (GPIB)
DG8SAQ VNWAS3E w/ custom dll network analyzer (TCP/IP)

Thamway T300-1049A Impedance Analyzer (SerialPort)

NMR Built-in network analyzer (NMRPulser+SG+DSO)
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® 00 » Network Analyzer Control

Sense
Start Freq. 46 MHz Stop Freq. 52

Points 601 Average 4

ANFZIVRYIEY—A—DEZHAULET,
mEET/mes

Cryocon M32/M62 temperature controller (GPIB)
LakeShore 340 temperature controller (GPIB)
LakeShore 370 temperature controller (GPIB)

Picowatt AVS-47 bridge (GPIB)

Oxford ITC-503 temperature controller (GPIB, SerialPort)
Neocera LTC-21 temperature controller (GPIB)

Keithley 2700 DMM w/ 7700 scanner (GPIB)

OMRON E5*C controller (Serial Port Modbus RTU 57600bps)
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8 00 % EEIVRO0-5...

Loopl

E—=FE—F | RER)

C3 |«

=450 —

Source Ch. (FAER)
BE

REERE 0

FEE—% 0
RT—=L2rs) (FRFEIR)
PowerMax |0 | ®IME 0 |
PO I 0 DO

External DC Source

| GRER) !
Frrxl | GRIR) A
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[
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Loop2
FroRILERE

DREE ZBRRUCIBE. kametEFEZEN SEEICEIRU XY, BEFOREMRE FrUTL—
Yayvr—7Jly YT THERTEXY,

TNERIEES ) 2B E. FDDCY —R F e lEREHIEA %R WTPIDSIEZITWET,
ANZIVRUILE (BIEFESEE) DESNET,

RRIESNTWERBAD, "Stabilized"& WS/ —RiC "RERE) 5D "REDERE DIT7—Z2—%E
HEF L ENMREFS N TVWED,

oV —

Mutoh NPS digital counter (SerialPort)

HEEEIEH D EH A

AAZTVRYIENESNET,

7t 22 il i

Fujikin FCST1000 Series Mass Flow Controllers (Serial Port 38400bps)
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Flow Controller - NewDriver3

Flow @ Alarm
Valve Output @ Warn
&4 Open Valve ‘ | Close Valve

Target %
Ramp Time 0 ms

{ ) 0.00E

NA7O0-32>hO—75—RKRZ4/)NTT,

AAZTVRYIENESNET,

/
T—5 — 1
OrientalMotor FLEX CRK motor controller (Serial Port Modbus RTU 57600bps)

OrientalMotor FLEX AR/DG2 motor controller (Serial Port Modbus RTU 57600bps)

8 00 A Motor Driver - STM1

GE ' @® Ready
LI @ Slipping
Active || Round |0
Target { 0.00E
RVS F1E FWD
=E 0 Hz  AUX Port Bits 0
Motor Steps 0 Encoder Steps 0
Acc. 0 ms/kHz Dec. 0 ms/kHz
Run Curr. 0 %  Stop Curr. 0 %
MicroStepping [ | Use Encoder
Clear Position Store Setting to ROM

2TFvEYTE—TY—RKRZA1/\TT,

FActives THIBEDON/OFFZZREL XI5

AAZITVRNVJICEIESNE T,
NMR Pulser
NMR pulser on NI-DAQ M series (NI-DAQmMX)
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NMR handmade pulser on H8 (SerialPort)

NMR handmade pulser on SH2 (SerialPort)

NMR pulser Thamway N210-1026 PG32U40 (USB)

NMR pulser Thamway N210-1026S/T (GPIB, TCP/IP: experimental)

See appendix for DAQmMx

6 00 3 Pulser Control - Pulser
Output Master Level
RT Mode | Fix Rest Time -10.00 dB
Rep/Rest 4600 ms Comb Mode
Tau 400 Us | Comb Off
Pi/2 Pulse Comb Pulse
Pulse Width 2.5 us Pulse Width 4.8 us
Output Level -5.00 dB Output Level -5.00 dB
Waveform | Kaiser(7.2) BY Waveform | Flat-Top BW= :
Pi Pulse Off-Resonance 0 kHz
#of Pulses 1
Pulse Width 4.8 us
Periodic Term 1000 us
Output Level -0.50 dB
PL 45572.48 ms
Waveform | Kaiser(7.2) BV * ’
PL(ALT) 86.01682 e Pulse Table (Select Region to Visualize)
Time [ms]  Diff [ms) Pattern (
5> wuuu.uvic U.uuzH uuuL
/ More Config. 0000.1878 0.1866 0101
0000.1978 0.0100 1101

The pulser drivers without featuring QAM cannot change the items of intensities and waveforms.
Digital waves will appear right side.

When “RT mode” is "Fix Rep. Time”, the total period betwen the 1st (Pi/2) pulse is fixed to "Rep/
Rest” time. Otherwide, ("Fix Rest Time”), the clearance time between the last pulse or 27 to
Saturation (Comb) Pulse is fixed to the described value.

The times (suchlike “Tau”, “P1”) are defined to the center of pulses, in principle. For “Comb
pulse”, the center of the last saturation pulse is considered.

When “Comb mode” is’P1 ALT”, it uses two P1 values alternatively. In that case, two FID/echo
drivers are necessary to acquire T1. Hardware gating using "ASW” signal is necessary.

Seemingly, "Comb ALT” mode alternatively issues the pulse sequence with and without saturation
pulses.

The following window appears when “More Config.” button is invoked.
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8 00 3 Pulser Control More Config. - Pulser

Port Selector

# in Phase Cycle 16 S QAM DC Offset
Port0 | Gat +
Conserve St.E. Phase 2 ! port1 0 %E.S.
v/ Echo Pt hvers Py
Echo Phase Inversion Portl | PreGate | PortQ 0 %S,
Multi-echo (Meiboom-Gill) 1 T
Port2 | Pulsel *|  QAM Level Tuning
Driven Equilibrium - za0 [
ort ~PS- + I
Pre-Gate Setup Time 10 us QPSK-PSGate J
= s PortQ 1
Digital IF Freq. 0 MHz | Port4 [ QPSK-Inv ¢
Analog Switch Port5 [ Gate 3| pOAM Delay Tuning
Port1 0 us
Port6 +
ASW Hold 1 ms Gate ‘ PortQ 0 us
Port7 | Pausing(PFl4) 3
Induce Emission
ASW Setup 0 mS pont8 [ ASW B (Preliminary)
- - Phase 0.00 deg.
ALT Separation 1 ms  Portd| Trigl ¢
Port10 | (UNSEL) )
i Port11 [ (UNSEL) :)
B2y 0 US Portl2 [ (UNSEL) B
Width 5 us Port13 | (UNSEL) 3
Soft SW Off 2 us Portl4 | (UNSEL) 3
 Only for pi Pulses Port15 | (UNSEL) D)

“# in Phase Cycle” determines the cycles for pi/2,pi pulses up to the value of 4, and in addition,
the phases for comb pulses can be altered when the # > 4.

“‘Conserve St.E. Phase” allows to measure Stimulated Echo with phase cycling. For this, use two
pulses for the comb, and the priod of the comb should be the same of 7, and width of pi/2
pulse is zero, and the width of pi pulse should be same of that of comb.

“‘Multi-echo” more than 2 uses Carr-Purcell-Meiboom-Gill (CPMG) cycles. It features phase
cycling even for CPMG. For this, you have to do proper setting in the FID/echo driver.

“Port selector” is used for associating the hardware ports and the functions.
"Gate” is gating.
"PreGate” is gating with a setup time for a power amp.
"Trig1” is a trigger rising at 2 T.
"Trig2” is a trigger rising at pi/2 pulse and falling at pi pulse.
"ASW?” is gating for the receiver.
"QSW” becomes H level only after the pulse. This is for Q switch.
"Pulse1” is identical to pi/2 pulse.
"Pulse2” is identical to pi pulse.
See QPSK logics below:
(Phase) “QPSK-A”" “QPSK-B” “QPSK-NonInv” “QPSK-Inv” “QPSK-PS-Gate”

0° L L H L L
90° H L H L H
180° H H L H L
270° L H L H H

Thamway recerives would use a pair of "QPSK-A","QPSK-B” or "QPSK-PS-Gate”,”"QPSK-Inv”

NMR FID/Echo measurement

This driver is an analyzer, which subtracts a background level from the DSO wave, cuts it using a
window, sums up, and makes a frequency-domain spectrum.
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800 3 NMR Pulse - NMREcho
DSO| DSO

[&]( & pume
Origin from Trig ~ Width
-0.1 ms [0.2] s Wave
Background Subtraction Infens W)
Pos for Sub.  Width I
1 ms |5 ms 0.2 1
@Periodic Noise Reductio
| LeastSquare MDL D 0T
Multiple Echo 0 W*M« N v
# of Echoes 1 8] o4 R —
Period (=2Tau) 0.6 ms B0 wﬂ
0.2 .x‘ CH2
Phase Inversion Cycling
[_J Enable 0.1 ° 0.1
Pulser | Pulser 4| R-DBL-CLICK TO SHON HELP Time (ms)
Digital IF Freq 0 kHz | 7 SHOW SPECTRUM |[ ZF-FFT 4 | Window Func. | Rect D)
Phase =————( === 0.00deg [:| Window Width =—( == 100.00% ||
FFT Origin |0.001 ms FFT Length 16384 pts
Incremental/Sequential Average
[ Incremental 0 \;H 4= CLEAR

For ordinary echo measurment, set the trigger of DSO to 2 7 (="Trig1”), and use “Single
Sequence” mode for DSO.

[t cuts the wave of DSO from the “Origin from Trig.” by *Width”. But for “Multiple Echo”,
displayed waves are averaged ones for “# of Echoes” times.

When “Width” of “Background Subtraction” is not zero, it displays a subtracted data using the
average level from “Pos for Sub.” with “Width”. For better S/N, you have to use much larger
“Width” than that of “Width” for echoes.

If “Period Noise Reduction” is activated, a least square fitting for periodic noise in the
background part is attempted to extrapolate the noises. The number of noise frequencies are
estimated by the information criterion. This function requires a lot of CPU powers.

When the “Phase Inversion Cycling” is on, it averages a positive and negative echoes
alterneatively after an inversion for the latter. This procedure allows to cancel out the time-
dependent background.

When the “Incremental” is activated, once the stored wave is cleared and it averages all waves
forever unless you invoke “CLEAR” button. The number box displays the average count.

Clicking “SHOW SPECTRUM?” puts the following window.
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8 0O 0 » NMR-Spectrum - NMREcho
Spectrum
Intens. (V) Phase (deg)

0.031

0.024

0.017

400 -300 -200 -100 0 100 200 300
(-28, 0.0117) Freq. (kHz)

| = bumP

Usually we use "ZF-FFT” (Zero-Filling Fast Fourier Transform) mode. The origin for the FFT is
given by “FFT Origin”, which is counted from the trigger. Of course, you can use “Window func.”

The red bars are the absolute in the complex FFT. The phase (green) should be flat if the “FFT
Origin” is proper. "dark” is a noise level which is estimated by the background. "Peaks” are
maxima in “abs.”.

The displayed “IFFT Re.”/”IFFT Im.” in the main window are IFFT result for the spectrum analysis.
In ZF-FFT, it is nothing but a wave after windowing. "DSO Re.”/”"DSO Im.” is the waves of DSO
after the background subtraction.

In the scalar entries, the maximum value and its frequency is emitted.

NMR Relaxation Rate Measurement

The driver is analyzer, which measures relaxation rates using waves in FID/Echo drivers. Of
course the pulser is controlled by this. Configurations for window function are not shared with
FID/Echo drivers, and can be freely changed during your measurement.

8 00 A NMR Relaxation Measurement - NMRT1

F—7 0 [ 2L —DEIFE(N) PAY JULAZ#+ZA1| NMREcho % |
(M Fit M(infinity) | #3fE7« v h(v) | T1 Measureme | | Pulser S RLATFSAH2 [ GRER) 4
MA—r7 z—Z(A) P1/Tau Generator
fit = = |-42.50 % |[}| [Fatten s|  Pims)/2Tau(us) R 29507.0679

P o |kHz [ Log i muME[70 | #@KfE 560000

AB—F T I 400 Hove
MA—koc v RSU) 00061 e

BBIM | Kaiser a=15 ) 0.005T //

. oot A
T RIE| 25% 3 0.003-4 /
S 0.0z} #
BEFOBIM | NMR 1=3/2 centera & | 4o 5 o1l /’
T YFAVIRF—H R oF e
0.001 + PR

1/T1[1/s] = 0.059789 +- .00 L PokATIr

0.000892(1.49%) ot SR 5193595 —

Tils] = 16.726 +- 0.25(1.49%) ST

,,,,, Ananaar | 00 T T

[ @ JcvrqvFueyr | (300 0.0015%) P1 (ms)

\ e H—FDEEO) )| | @[ = ==L
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Invoking “Control Pulser” first clears the results and new P1 value (written in “Next”) will be
transfered to the pulser driver when a new data come in. When the generator is "TRandom”, Ps
will be randomly chosen between “Min” and “Max”. The "Flatten” generator tries to find the most
vacant region. “Log” distribution is standard for the generators. You can change “Next” value for
P1 at any time.

“‘Fitting Status” summaries a result of a least square fitting for a relaxation curve.
“Auto Phase” choses automatically the phase that can maximize the difference in the curve.
“*Smooth Samples” specifies a number of regions for the truncation for P1 before fitting.

“Auto Windows” choses automatically the window function that can maximize S/N. It is not suited
for an experiment where a frequency dependence of T1 is physically important.

“Fit M(infinity)” adds a fitting parameter for a value at t—w~. This should be turned off for T2
measurement.

‘Frequency” is a center frequency for the relaxation analysis. Change of this entity clears the
stored result.

“‘Reset Fitting” could be used when the fitting is not well functioning due to the initial values.

1/T12ste. values and errors will be emitted to the scalar entries.

NMR Spectrum Measurement
(Frequency Sweep)

This driver is an analyser which measures frequency-swept spectrum using waves in FID/Echo
driver. Configurations for window function are not shared with FID/Echo drivers, and can be
freely changed during your measurement.

Fourier Step Sum(FSS) technique, which sums ZF-FFT results by changing the center frequency,
is employed. The internal memory for the summation is in time domain, which enables you to
select window function any time.

8 00 » NMR Spectrum (Freq. Sweep) - NMRFSpectrum
|| Activate Freq. Sweep
Center Freq (70.6 MHz

3| & bump

Span 3000 kHz Spectrun
Intens. (V)
Step 5 kHz 0.03
Band Width 400 kHz
0.02
Pulse Analyzer| NMREcho
Signal Generator
| SG
Offset Freq.

0 MHz o

69.8 69.9 70 70.1 70.2
o) (6994, 0.012) Freq (MHz)
Count 0 0 Post Processing

Burst Mode

Solver| ZF-FFT + | @ Auto Phase=={ = 172.24deg. |:/
Window Func.| Kaiser a=15 + | Width == === 100.00% 3
( 4« CLEAR SPECTRUM | Band Width | 100% B

25



“Activate Freq. Sweep” first clears the stored result and start changing a frequency of the SG
from “Center Freq.” - “Span”/2 by every “Step”.

“Auto Phase” choses the phase that can maximize the overall real part. However, usually the
absolute part should be relevant.

You have to consider “Band Width” for FSS before starting measurement. But you can choose it
by multiplying "50%”,"100%”,"200%" anytime.

“LC tuning” determines a method for tuning during the sweep. "As is” does nothing. "Auto Tune”
employs an auto-tuner driver and tunes the circuit every "Step”. "Await” turns off the pulser
every “Step”, asks you, and waits until you turn on the pulse again after your manual tuning.

NMR Spectrum Measurement (Field sweep)

This driver is an analyser which measures frequency-swept spectrum using waves in FID/Echo
driver. Values of the magnetic field is taken from a magnet power supply driver or DMM driver.
Configurations for window function are not shared with FID/Echo drivers, and can be freely
changed during your measurement.

Fourier Step Sum(FSS) technique, which sums ZF-FFT results by changing the center frequency,
is employed. The internal memory for the summation is in time domain, which enables you to
select window function any time.

Center Freq 80.2 MHz

3| = bump
Band Width 200 kHz
Field Min |1 T Spectrun
tens. (V)
Field Max 12 T Tt ,‘ I
f L .
Resolution I n"%\l o i
' T imag, part
(Approx.) 0.002 0.02 ‘ “ ?33}25
Magnet Power Supply N
3458A s I
: 0.01 iy
Field AN
Erenr 13.8504 /
Residual 1
Field |0 T 0 T
10.% 10.% 10.% 10.97 10.%¢ 10.9 1" 1.01 1.0 1108 1.0+ 11.05
NMR Pulse " .
Analyzer NMREcho v ) (10.945, 0.0052) Field (T)
Post Processing
Solver| ZF-FFT +| (¥ Auto Phase () 171.31deg. |7
Window Func.| Rect + | Width ) 100.00% |-
#x CLEAR SPECTRUM | Band Width| 200% il

See also the frequency sweep driver.

Internally, the center of the frequency is calculated as -log(H) x "Center Freq” during FSS. It is
justified as long as the resonance frequency is proportional to the field, or the case "Center
Freq”>>0.001x"Band Width”.

The actual field is calculated as (raw value) x "Field Factor” + "Residual Field”.
You must sweep the magnetic field externally somehow.

“Resolution (Approx.)” specifies a typical resolution of the horizontal axis. Change of this entity
may clear the result.
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NMR LC autotuner

This driver is an anlyzer, which tunes the LC circuit by monitoring a vector network analyzer
driver. Before and after the tuning, it inverts the bits of "AUX” in the motor drivers, which can be
used to control an RF relay.

NMR LC autotuner - NewDri

@ Tuning @ Succeeded
Target Freq. ‘0 MHz
Target Reflection |-15 | dB
(V] Use STM1 (V] Use STM2

\ Abort Tuning \

STM1 | sSTM1 %

STM2 | GREIR) * |

NetworkAnalyzer | NetworkAnalyzer &

T IS d S
5 R BRI E
A4 N\IZ. BIFTERT DCY —X&aKREBESETLHENS, DMMMASDOERET—Y DESZED £,

ry
S
7
NI

© O O 9 Resistance Measure...

[ #ilg
mn

Resistance 4  Ohms

DMM | GRRIR) :)

DC Source [GRRIR) ¢

ANZITVRYICENMESNET,

AT YT hIC KB

RubySE(C L 2 HHNTEETT, kameNEETlE. RubyERDAL Yy RWNERE->THD., E=Z¥—70O
2'Z Ix(kame/script/rubysupport.ro)h'E 5 [CRubyD AL v RZFH U KE> TR I Y 7 M (seq) ZFHwAHA
HEITLET,

TEANEZER ALV YA LY hInTkameDFREICKRRENE T, XFI—KIFUTF-8TY,
IS—HMEIhiE. NN\vI NL—IDKRETRREINET,
MathEY 1 —)LIFIEETHAATFNTVET,

kame & OERDP D ED /HlEIZ. XNodeZ SRXADATI 7 hENLTITWET, TFNS5ATI I b
V) —#EICR>TH D, MeasurementA 7V RHIL— KT,
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N IARA V5 ZHIEFRICEL & “Node Browser’d JICRUby TOA TVt RZEXY v R—EBRT
REDENERREINET,

XNode?Z 7RI, Array&Blic & SBAY Yy REHR—MULTWETD,

Bl Z1E£. Measurement['Drivers"]['NMRT1"]["PIMin"] THIFEI R DA TV b (ZDIFEAIF
XDoubleNode? ZR) L7V EZATEXT,

XValueNode? S AR IZFDF 7 T AIF, value=XYV v RTRA. valueXV v K {EQEEIFEETT,

RubyiC &2 HIEIZOIDRI A LT IDRHDEITDT, EiL HEZRAT BHERFELZR ) —TZAN
TFaW,

B (ZFRETARY N T LZREFT D)

def wait_within(node, val, min_wait, timeout, incr = 1)
tstart = Time.now
print "Wait for stabilize '#{node.name}' within #{val}"
sleep min_wait
while tstart + timeout > Time.now
if node.get().abs <= val then
print "OK. #{Time.now - tstart} sec. lost"
return true
end
sleep incr
end
print "Time out #{Time.now - tstart} sec."
false
end

tempctl = Measurement["Drivers"]["TempControl2"]
pulser = Measurement["Drivers"]["Pulser"]
pulse = Measurement["Drivers"]['NMREcho"]

for temp,rept in [[10,100],[20,50],[40,25]]
print "T=#{temp}K\n"
pulser["RT"].value= rept
pulser["Output"].value= true
tempctl["TargetTemp"].value=temp

pulse["ExAvglncr'].value= false

sleep(3)

pulse["ExAvglncr'].value= true
pulse["'Spectrum"]["FileName"].set("hogehoge-#{temp}K-ft.dat")
slp = [300.0, rept*100/1000.0].max()

sleep(slp)

pulse["Spectrum"]["Dump"].touch()
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wait_within(tempctl["Stabilized"], temp/100.0,30,36000)
end
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