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chapter 1. Getting Started

Sectionsin this chapter:
e 1.1*“Introduction” on page 9
o 1.2“Starting SpinCAD” on page 10
« 1.3"Creating a New Pulse Sequence” on page 10
* 1.4*"Creating and Naming Multiple Channels’ on page 11
» 1.5"“Building the S2PUL _SC Pulse Sequence” on page 13
» 1.6 “Creating a Phase Table” on page 16
e 1.7*"Saving the S2PUL_SC Pulse Sequence” on page 19
* 1.8 “Running the S2PUL_SC Pulse Sequence” on page 19

This chapter isabrief tutorial to help familiarize you with SpinCAD. In this tutorial, you
will create the S2PUL_SC pul se sequence shown in Figure 1.

X phase 1 phi2
pl pw
Y dl
<+—>
d2
C
gradient

phase 1 =xy —x -y

Figurel. S2PUL_SC Pulse Segquence

1.1 Introduction

SpinCAD™ isanew graphical pulse sequence programming environment for YNT|NOVA.
It enablesyou to create a pul se sequence by dragging and dropping familiar NMR elements,
such asapulse, gradient, and delay. At another level, it provides a mechanism to directly
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Chapter 1. Getting Started

set the spectrometer hardware, such asturning on a TTL gate. SpinCAD also enables you
to build your own collections of elements for reuse in different pulse sequences. For
example, you might build a WATERGATE segment, which can then be dragged out and
connected to any sequence.

SpinCAD provides a convenient mechanism for specifying events on different

RF channels. Events can be constructed asa seria class of events or as events that occur in
parallel. SpinCAD also uses acompletely new model for representing the pul se sequence.
Asaresult, the amount of disk space needed to hold the sequence has been reduced from
tens of megabytesto tens of kilobytes for 2D, 3D, and 4D experiments. The starting time
for these experiments has been reduced to seconds.

SpinCAD enables you to array shapes and pul se shapes “ on-the-fly” from within a pulse
program, using Pbox.

The dps program can display SpinCAD sequences. A new option to dps enables you to
view thefine details of a SpinCAD pulse sequence. Inthismaode, al the primitive hardware
events are shown. Thismodeis selected withdps(’ -fi ne’).

Although SpinCAD provides all the capabilities of the earlier C-based pul se programming
methodol ogy, it does not preclude the use of C sequences, which can be used in conjunction
with SpinCAD.

Thereisaso atool, vnnr s2c, that converts a C sequence into SpinCAD.

In general, SpinCAD uses the same parameters as do the C sequences. However, there are
two significant differences:

e Theincremented delaysd2, d3, and d4 are not used in SpinCAD. Instead SpinCAD
usest 1,t 2, etc.

e Thephase, phase2, etc. parameters have slightly different values. In particular, the
value 5 inverts a designated gradient pulse.

1.2 Starting SpinCAD

Inthe VNMR input window, enter seqf i | =" s2pul _sc’ thenthecommandspi ncad.
The SpinCAD window shown in Figure 2 opens.

1.3 Creating a New Pulse Sequence

To create a new pulse sequence, do the following procedure:
1. Click on Sequence in the main menu, then select New sequence.

2. Enter s2pul _sc inthe Pulse Sequencefield, as shown in Figure 3.

Pulse Sequence: IEEPUI_EC

Figure 3. Pulse Sequence Name Field

After you have named the sequence, the next step isto create three channels.

SpinCAD 01-999145-00 A0900



1.4 Creating and Naming Multiple Channels

Help
Main menu Channel label Drawing canvas button
Sequence
information
SpinCAD Version 07,/26/00 for vangogh
Sequence Elements Tools Labels Help
Pulse Sequence: Channel 1
Number of Channels: 4 _
Components
Toolbox = T
delay
pulse
pulse (shaped)
ulse (autoshaped)
decoupler on
decoupler off
gradient (pos display}
gradient (neg displav)
gradient (Variable Anglel
gradient (0bligued
phase table C.:hann8|
receiver phase ||ne
Pulse element b
: i ag is vy
a'ttnbUtes acquire all points i
Pulse Sequence
\Qmment: oy
Docking
tool
\ 7
Dock
of = =_>|
to Phase Tables LT T T T T 11 @\
of =) =
Navigation arrows \\ Phase table area Trash

Scroll bar

Figure2. SpinCAD Window

1.4 Creating and Naming Multiple Channels

SpinCAD enables you to create up to eight channels on the drawing canvas. You can aso
name and define each channel. Do the following procedure to create three channels named
Observe, Decoupler, and Gradient:

3. Fromthe Number of Channels pull-down menu, shown in Figure 4, select 3.

Mumber of Channels: T

Figure4. Number of Channels Menu

4., Rename the Channel 1 |label to Observe:
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a. Inthedrawing canvas, click on the Channé 1 label shown in Figure 5.

Channel 1

Channel 2

Channel 3

Figure5. Channel Label

The label changes color and the Pulse Segquence toolbox changes to the
Channel 1 toolbox.

b. Inthe Channel 1 toolbox, type Gbser ve inthe Channel Label field.

Channel 1
Channel Label: |Observe N
Channel Type: RF —'|
fAcg. Quadrature: MNone
offset Cppm): 0.0
Safety Timift: M %

el

Figure 6. Channel Attributes Tool
c. PressEnter (or Return).
The Channel 1 label changesto Observe.

5. Repeat step 4 to rename the Channel 2 label to Decoupl er and the Channel 3
label to Gr adi ent .

SpinCAD 01-999145-00 A0900



1.5 Building the S2PUL_SC Pulse Sequence

In the Channel 3 attributes toolbox, shown in Figure 7, click on RF in the Channel Type
field and select Gradient from the menu.

Channel Label:
Channel Type:
Acg. Quadrature:
Offset (ppmd:
Safety limit:

Channel 3

IGradient

BE__ enrF
I__None “~ Gradient
0.0 A Generic
MaK

X

v

Figure 7. Channel Attributes Toolbox

1.5 Building the S2PUL_SC Pulse Sequence

To build the S2PUL_SC pulse sequence, do the following procedure:

6. From the toolbox shown in Figure 8, click on the delay element and drag it into the

Observe channel.

01-999145-00 A0900

delay

X

pulse

pulse (shaped)
decoupler on
decoupler off
gradient

phase tahle
receiver phase

if

if flag is v

spin lock

acquire all points
initialize acquisition
acquire (explicit)
Toop

MLEY spin lock
presaturation
calculations

Figure8. ComponentsList

SpinCAD
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14

Place it on the channel line as shown in Figure 9.

| Ohserve

Decaoupler

Gradient

Figure9. Delay
7. Typedl. Thisentry appears as the Duration attribute, as shown in Figure 10:

Pulse Element <delay>
Duration: ot iy

kil

Figure 10. Pulse Element (Delay) Definition Tool

SpinCAD 01-999145-00 A0900



1.5 Building the S2PUL_SC Pulse Sequence

8. From the toolbox, drag a pulse element and dock (connect) it directly next to the
delay. For more information about docking pul se elements, see section “Docking
Elements’ on page 32.

Ohserve

Figure11. Pulse Docked to Delay

Inthe docking tool, shown in Figure 12, notice the docking setting. The Front of the
pulse is docked to the End of the delay. Use the tool to change the docking order
between pulse elements. To change the docking order, either click on the Front,
Middle, or End buttons.

You can use the navigator arrows to select different sequence elements. Clicking on
a segquence element with the left mouse button will also select it.

Navigation arrows
Dock | Front Hidd1e| End |
of pulse il=_>|
to Front |r-11'dd1el End

of delay

Figure12. Docking Tool
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Chapter 1. Getting Started

9. Inthe Pulse Element <pulse> attributeslist, enter p1 in the Pulse width field and
click on the arrow in the Phase table field and select 0, as shown in Figure 13:

Pulse Elenent <pulse>
Pulse width: p1 ||S | -
Pre-delay: rof1 |
Phase tahle: Unaltered = 0"
20 /30 / 4D: Mone | [
ACg. Quadrature: None =1 “an”
offset: Unaltered -
Power: Unaltered “2?0 .
Anp1itude: Unaltered 0
"0 180"
"g0 270"
"0 90 180 270"
Dock Imﬁ'idlﬂe End I "0 180 130 0"
of pulse . "Unaltered”

Figure 13. Pulse Element (Pulse) Attributes List

10. From the toolbox, drag adelay and dock the Front of the delay to the End of the
pulse and enter d2 in the Duration field.

11. From the toolbox, drag a pulse and dock the Front of the pulse in the End of the
delay.

12. Inthe Pulse Element <pulse> box, enter the following attributes:

Pulse width pw
Phasetable "0 90 180 270"

After you have built the pul se sequence, the next step is to add phase tables.

1.6 Creating a Phase Table

Some predefined phase tables are |oaded when anew pulse sequence is created. This
section describes how to define a new phase table.

13. From the toolbox, select phasetable, as shown in Figure 14, drag it to the Phase
Tables area.

Companents

delay S
pulse

pulse (shaped)
decoupler on
decoupler off
gradient

phase table

receiver phase

if

if flag is v

spin lock

acquire all points
initialize acquisition
acquire fexplicit)
Toop

MLEY spin Tock
presaturation
calculations

el

Figure14. Phase Table
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1.6 Creating a Phase Table

To seetheattributes of apredefined phase tablein the Pulse Element attributes box,
click on one of the phase table symbols shown in Figure 15.

14. Dock the Front of the phasetableto the End of theright-most phase table, as shown
in Figure 15.

New table

FPhase Tabhles .

/

Figure15. Docked Phase Table

Predefined tables

15. Inthe Pulse Element <phase table> attributes list, shown in Figure 16, enter the
following settings in the Table label and Value (degrees) fields:

Pulzse Element <phase table:

Tahle Tabel: phasa 1 S
Walue (degrees): 0 30 180 270
Cyeling index: ctss

£

Figure 16. Pulse Element (Phase Table) Attributes List

16. From the toolbox, select receiver phase, as shown in Figure 17.

Components

delay I
pulse

pulse Cshaped)
decoupler on

decoupler off

gradient

phase table

receiver phase

if

if flag is v

spin Tock

acquire all points
initialize acquisition

acquire (explicitl
Toop

MLEY spin lock
presaturation
calculations

Figure17. Receiver Phase
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Chapter 1. Getting Started

Drag it to the Phase Tables area and dock the Front of the receiver phasetothe End
of the phase table that you created in step 13 and step 15, as shown in Figure 18.

PhaseTahles|||||||||||‘

Figure 18. Docked Receiver Phase

17. InthePulseElement <receiver phase> attributeslist, shownin Figure 19, enter the
following setting in the Phase tablefield:

Pulse Element <receiver phase>

Phase table: lphase1— E
fcg. Quadrature: Haone —d|

7

Figure19. Pulse Element (Receiver Phase) Attributes List

18. Click onthe L abels menu option, then Show to see the names of the pulse elements
on the drawing canvas.

The result in the drawing canvas should resemble the pul se sequence shown in Figure 20.

Observe

1l

dl o pl dZ2 pw

Decoupler

Gradient

PhaseTanles L1 1 [ T[T 111 il
I~ |

Figure 20. S2PUL_SC Pulse Sequence
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1.7 Saving the S2PUL_SC Pulse Sequence

1.7 Saving the S2PUL_SC Pulse Sequence

To store the S2PUL_SC pulse sequence, click on Sequence in the main menu, then Save
and check s2pul_sc.

If you do not want to save your pulse sequence, click on Exit, abandoning unsaved
changes.

If you save the pulse sequence, SpinCAD performs several checksto look for errors. The
Pulse Sequence button is color coded during the checking process. SpinCAD first checks
for attributes that are not filled in. During this check, the Pulse Sequence button label is
yellow. If the current experiment is set up to the pulse sequence that you are editing, by
havingseqfi | =" s2pul _sc’, SpinCAD then performs a runtime check on the pulse
sequence. During this check, the Pulse Sequence label islight blue. If no problems are
found, the Pulse Sequencelabel returnsto black. If there are problems, the label turnsred
and a pop-up Error Manager window appears with clickable buttons describing the
problems. Clicking on a button in the window selects the problem elements.

1.8 Running the S2PUL_SC Pulse Sequence

After you have successfully built the pul se sequence, you can map the virtual channelsin
the sequence to sets of parameters that control the rf and gradient:

1. Clickonthe Sparetabinthe VNMR dgwindow to access an assignment tool shown
inFigure 21. Usethistool to map the SpinCAD rf channelsto physical channelsand
gradientsto certain directions.

SpinCad Chamnel maps to chammel RF Charnels

Acq & Ob
observe RF 1 {abserve) RF1 [m —
Decoupler RE1 | RF 2 [c13

Sequence
Gradient z _.I

Figure21. Assignment Tool in dg Window

2. After you have made the assignments, enter thego command torunthes2pul _sc
sequence.

3. If runtime errors occur (such asillegal length delays), error messages appear in the
Text tab dg pane.
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chapter 2. Reference

Sectionsin this chapter:
o 2.1 “Manipulating the SpinCAD Window” on this page
e 2.2“Main Menu” on this page
» 2.3"Pulse Sequence Information” on page 27
e 2.4 "Gradients Values and Calibration” on page 39
o 2.5"“Setting Overhead Delay Time” on page 41
» 2.6 “The Collection Manager” on page 41

2.1 Manipulating the SpinCAD Window

In SpinCAD, all operations are conducted within a single window that has the normal
properties of a standard window, which you can reconfigure. You can enlarge and reduce
itssize, andtheusual Alt +. .. operationssuch as“Lower,” etc. are accessiblein the normal
way. However, SpinCAD isnot “CDE aware.” Exiting CDE while SpinCAD isrunning
might produce a Tooltalk error and is the same as clicking Exit, abandoning unsaved
changes. Whenever you exit SpinCAD using either Exit, saving . . . or the Close window
manager function; you not only save the current work but al so the geometry of the window.
The only way that you can exit SpinCAD without saving its stateisto click on Exit,
abandoning unsaved changes.

SpinCAD generates several transient pop-up windows. These windows are “modeless’;
that is, they do not stop activity elsewhere. In general, the windows have a Cancel button
so that you can remove them when you no longer want them. When awindow does not have
a Cancel button, use Close.

2.2 Main Menu

This section describes the main menu, which consists of the submenus described in the
following sections:

» “Sequence Menu: Loading and Saving Pulse Sequences’ on this page
e “Elements Menu: Showing Element Components” on page 22

e “Tools Menu: Using SpinCAD Tools” on page 23

e “Labels Menu: Showing Labels on the Drawing Canvas’ on page 27

Sequence Menu: Loading and Saving Pulse Sequences

In the Sequence menu selection, you can load:
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* A new pulse sequence
A sequence that you created and saved
* An existing sequence in SpinCAD
You can also:
 Save the current sequence that you are working on
 Save the current sequence and exit SpinCAD
» Exit SpinCAD without saving the current sequence

Tip
To permanently open the Sequencewindow, shownin Figure 22, or awindow for any main

menu option, click theleft mouse button onthe broken line above thelist. Closethe window

by double-clicking on the button in the upper left corner of the window or by pressing the
Alt and F4 keys.

Click this line to permanently open a menu window.

SequencelE]ements Tools Labels

Mew Sequence

Read user sequence -
Read system sequehce -
Save and check s2pul_sc

Exit, saving szpul_sc

Exit, abandoning unsaved changes

Figure 22. Sequence Window

Elements Menu: Showing Element Components

By selecting the optionsin the Elements menu, shown in Figure 23, you can show or hide
the following items in the toolbox list:

= Elements S
I Show user collections

[7 Show system <ollections
W Show pulse elements

| I~ Show primitives

Figure 23. Elements Menu

For example, to see primitive pulse elements in the toolbox, click on Show primitives.
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Primitives

Primitives are the basic building blocksfor spectrometer control. RF: GATE isan example.

Composites

A compositeisasingle, complex element made up of one or more primitive elements. The
components of a composite are represented by a single graphic object on the drawing
canvas. pul se isan example.

Collections

A collection isagroup of pulse elements saved under a single name. To see collectionsin
the Componentslist, click on Show Collections. Section 2.6 “The Collection Manager” on
page 41 contains more information about collections. pr ef i x isan example.

Seeing Element Attributes

To see the attributes of an element, highlight the element by clicking on it in the drawing
canvas. Its description appearsin the attributes list, as shown in Figure 24.

Pulse Element <pulse>

Pulse width: m— I
Pre-delay: rof1.
Phase table: o d

2D 3D f 4D: None

fcq. Quadrature:  Mone |
Offset: naltered
Power: Unaltered
amplitude: Unaltered

Bl

Figure24. Element Attributes

Tools Menu: Using SpinCAD Tools

Use the Tools menu, shown in Figure 25, to change the appearance of the drawing canvas
and perform other functions.

s ——]
Make a pulse sequence collection
W Show Docking Lines
W Tool tip help
Audiosvisual preferences

Print sequence
Re-Tayout display
Zoom to -

Figure25. ToolsMenu
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Make a Pulse Sequence Collection

Click on this option to create a pul se sequence collection. For more information about
making a collection, see the section “Making a Pulse Sequence Collection” on page 42.

Show Docking Lines

Docking lines are vertical guides for docking activities. You can use them when building a
sequence. Each element has either two (Front, End) or three (Front, Middle, End) docking
points. When an element is docked, pointsinvolved in docking are shown as solid, vertical
lines. Unused docking points appear as dashed lines.

To see docking lines on the canvas, click on Show Docking Linesin the Tools menu. You
can hidedocking lines by clicking on Show Docking Linesasecond time. Whileyou move
an element, its docking lines disappear from the drawing canvas; they reappear after itis
docked. You can adjust the color of the docking lines by clicking on Tools, choosing Audio/
visual preferences, and selecting Connection lines.

Tool Tip Help

Click on this option to see descriptions of menu items when you place the cursor on top of
them. To hide tool tips, click again on this option.

Audio/Visual Preferences

You can customize the appearance of the drawing canvas by controlling the color of the
following aspects of the canvas:

* Pulse elements

» A selected pulse element

* A connected pulse element
» Connection lines

e Channel lines

» Background of the drawing canvas (changing this aspect takesfull effect the next time
that you start SpinCAD)

Clicking on Audio/visual preferences opens the PSG Audio/Visual Control window,
shown in Figure 26. Use the window to change the colors of all, selected, or connected
pulse elements; connection and channel lines; and the background of the drawing canvas.
Controlling Sound

Usethe Audio Selection optionsto control the sound volume or turn off the docking sound.

Changing Pulse Element Colors

To change the color of an element, click on a pulse element, then scroll through the list of
colorsin the PSG Audio/Visual Control window, shown in Figure 26, and click on a
selection.

Print Sequence

When you select Print sequence, you can print two sets of information. Initially, all events
in the sequence are numbered on the canvas. A pop-up window, shown in Figure 27,
contains atext description of all the elements and their attributes, keyed to the canvas. You
can print this information on your default printer.
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Colar Selections

Pulse element

Selected element

Connected element

Connection Tines

Channel Tines

Background

fudio Selection

w~ Turn off audio
4 Quiet audio

s Medium audio
s Loud audio

sual Control

Snow
ChostiWhite
WhiteSnoke
gainshoro
Floralwhite
OldLace

Tinen
antiquewhite
Papayarhip
Blancheddlmond
bisgue
PeachPuff
Havajowhite
moccasin
cornsilk

ivory
LemonChiffon
seashell
honeydew

4

Figure 26. PSG Audio/Visual Control Window

—
I Pulse Sequence 52 pul_sc I
Acg. Quadrature: MNone X
Safety 1imit: MAR
Channel 3
Channel Label: Gradient
Channel Type: Gradient
phase table
Table label: o]
Yalue (degrees): 0.0
Cycling index: ctss
phase table
Table label: 90
value (degrees): 90.0
Cycling index: ctss
phase table
Table label: 180
Yalue (degrees): 180.0
Cycling index: ctss —
phase table
Table label: 270
value (degrees): 270.0
Cycling index: ctss
phase table
Table label: 0 90
Yalue (degrees): 0.0 90.0
Cycling index: ctss
phase table
Table label: 0 180
value (degrees): 0.0 180.0
Cycling index: ctss
phase table
Table label: 90 270
Yalue (degrees): 90.0 270.0 vl
Flind dec G e
Update | Print text | Show graphic. .. | Cancel

Figure 27. Print Window

2.2 Main Menu

You can also print the graphic canvas. If you select Show graphic. . ., aPageView window,
shown in Figure 28, opens. In this window, a PostScript file is generated and loaded. You
can inspect the result and send it to your printer. To print the result, do the following steps:

1. Inthewindow, click the right mouse button on the File menu button and select Print

Another PageView window opens.

2. Select the desired printer and click on Print.
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PageView V3.6.2 FCS  File: prpstmp

File =) View =] Edit =

sequence s2pul_sc

Pulse

Desaupki
Giraifient

! page; 1 of 1 !

Figure 28. PostScript File in PageView Window

Re-layout Display

Clicking on Re-layout display enables you to change the canvaslayout to optimizethe use
of the canvas by the sequence.

Zoom to

Clicking on the Zoom to option opens the window shown in Figure 29, which enablesyou
to magnify your view of the drawing canvas time axis.

| Zoom to P‘:\SDD%
| Make a parameter template A 400%
S 200%
1 50%
S 25%
S 00%

Figure29. Zoom Window
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Labels Menu: Showing Labels on the Drawing Canvas

Use the L abels menu, shown in Figure 30, to see labels on the drawing canvas. To see
labels, select Show. These labels, shown in Figure 31, are color coded. Blue indicates that
the label isthe value of the first attribute. Green indicates the name of the object.

Figure 30. Labels Window

Obzerve

dl pl d2  pw

Figure31. Labels
If you revise any labels, you can update the changes by clicking on the Update option,

shown in Figure 32. To conceal labels from the drawing canvas, click on L abels, then
Hide.

Figure 32. Update/Hide Labels Window

Help Menu

The Help menu contains getting started information describing the menu system, mouse
actions, and how to edit pulse sequences. The menu also contains information about
collections of pulse elements, the Collection Manager, and current collections.

2.3 Pulse Sequence Information

Pulse Sequence

The Pulse Sequence field, shown in Figure 33, is concerned with the overall pulse
sequence. After you have selected and opened a pul se sequence, its name is displayed in
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the entry field. When you create a new pulse sequence, use thisfield to enter the name of
the sequence. If you exit SpinCAD and thisentry field is blank, your work is saved as the
sequence nonarre.

Pulse Sequence: ||52P‘-11_5C

Figure 33. Pulse Sequence Field

The Pulse Sequence button has two functions:
It servesas an indicator regarding the state of the current sequence.
« It gains access to the sequence comment field.

When you save a pulse sequence, the Pulse Sequence button is color coded during the
checking process. SpinCAD first checks for attributes that are not filled in. During this
check, the Pulse Sequence button label isyellow. If the current experiment is set up to the
pulse sequence that you are editing, including havingseqf i | =" s2pul _sc’ , SpinCAD
then performs a runtime check on the pulse sequence. During this check, the Pulse
Sequencelabel islight blue. If no problems are found, the Pulse Sequence label returnsto
black. If there are problems, the label turnsred. A pop-up Error Manager window might
appear with clickable buttons describing the problems. Clicking on abutton in the window
selects the problem elements.

If you click on the Pulse Sequence button, the title of the Pulse Element attribute box
changesto Pul se Sequence and showsthe sequence Comment field, asshownin Figure 34,
where you can enter comments. Prolific use of thisfeature is encouraged! You can expand
thisfield (or any other field) by pressing the Control key and clicking theleft mouse button
inthefield.

Pulse Sequence
Comment : | N

Bl

Figure 34. Comment Field

Number of Channels

Beneath the Pulse Sequence field is a button for indicating the number of channels. These
channels are virtual channels and do not relate to your hardware until go time. SpinCAD
designers have provided an arbitrary maximum of eight channels solely based on the
amount of graphics real estate available. You can change the numbers of channels at any
time. New channels are added at the bottom of the canvas.
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Specifying Channel Attributes
Click on the Number of Channels button and choose a number from the list.

When you click on achannel label in the graphics canvas, the Pul se Sequence box changes
to the box shown in Figure 35, so that you can specify the attributes of the channel.

Channel 1

Channel Label: |0hserve S
Channel Type: RF —-|
#cq. Quadrature: None |
Offset Cppml: 0.0
Safety limit: MaK
4

Figure 35. Channel Attribute Fields

Usethe Channel Label field to name achannel. Click onthe Channel Typeto open apull-
down menu to specify an RF, Gradient, or Generic channel. Click onthe Acg. Quadrature
button to impose Cyclops on a pulse. You can set a Safety limit for any channel. The
default valueis MAX, which enables you to use the full range of power. Any other value (in
units of t pwr ) sets as global maximum for power in that channel, whichis useful in
decoupling.

Toolbox

Below the Number of Channelsis the toolbox, shown in Figure 36, which is a container
for currently displayed elements.

To build a sequence, click on elements and drag them out of the toolbox and onto the
canvas.

Thelist can be longer than the displayed region; use the scroll bar to see elementsthat are
not displayed. The order in which elements are displayed is not a phabetical. Collections
are listed before composites, which are followed by primitives. Within each group, the
order is arbitrary, but we have tried to put the most useful elements at the top.

Components
prefix S
delay
pulse
pulse {shaped)
pulse {autoshaped)
decoupler on
decoupler off
gradient {pos displayd
gradient {neg displayd
gradient (Variable anglel)
gradient {obliguel
phase table
receiver phase
if
if flag is v
acquire all points A

Figure 36. Toolbox
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Pulse Element Attributes

Below the toolbox is atool that enables you to see and define the attributes of a pulse
element. Figure 37 shows the definition of a delay. Thistool varies according to the
currently selected element. If the list of attributesistoo long to be displayed, use the scroll
bar to see hidden attributes.

Pulse Element <delay>

Duration: |d1 S

V|

Figure 37. Attribute Definition Tool

As many attributes as possible have been preset. Those attributes with of Unal t er ed
need not be filled in. However, some fields must be supplied information. These are blank
and generally clustered at the top.

When you select an element, the first attribute is automatically selected. After you fill in
thefield, you can see the attribute on the canvas by clicking L abels in the main menu then
Show. You can proceed through the attribute list by either repeatedly pressing the Tab key
or by clicking with the mouse:

* Oneclick placesthe insertion point.
» Two clicks selects aword.

e Threeclicksselectsaline.

 Four clicks selects the entire entry.

If you need more room to display or edit afield, pressthe Control key and click the | eft
mouse button to open a separate edit window.

Seethe Appendix, “List of SpinCAD Components,” for more information about attributes.

Docking Tool

Thistoal, shown in Figure 38, enables you to fine-tune the docking (connecting) of one
element to another element. For more information about docking, see “Docking” on

page 32.

Dock IFant r-11'dd1e| End |

of pulse sl =
to Front |r-11'dd1e| End
of delay

Navigation arrows
Figure 38. Docking Tool

SpinCAD 01-999145-00 A0900



2.3 Pulse Sequence Information

Navigation Arrows

Each click on the navigation arrows, shown in Figure 38, enablesyou to moveto theleft or
right from element to element on the drawing canvas.

Drawing Canvas

The drawing canvas, shown in Figure 39, is the center of the action in SpinCAD. Thisis
where you compose a sequence and edit it. The key action is the manipulation of pulse
elements.

e

oupler

1
I
I
I
I
|
i
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
|
t
I
I
I
I
I

-
Phase Tabies ML T TTTTTTI E]

Figure 39. Drawing Canvas

Placing Elements on the Drawing Canvas
To place a pulse element on the drawing surface, do the following procedure:
1. Click on an element in the toolbox to select it then drag it onto the canvas.

2. Release the button to position the element. If the position is close enough to a
docking point, the element snaps into the docking position; otherwise, select it with
the mouse and drag it close to the docking point. For more information about
docking elements, see the section “Docking Elements’ on page 32.

Selecting Elements

When you press the right mouse button over an element, it is sel ected but cannot be moved.
When you select an element, it is displayed in adifferent color (red by default) and the
attributes of that element are available for editing. The element to which it isdocked is
outlined in color (also red by default).
Duplicating Elements
Do the following steps to duplicate an element:

1. Select the element with the left mouse button, then press and hold the Shift key.
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2. Drag the duplicate.

Docking Elements

When you place elements directly next to one another on the drawing canvas, you are
connecting, or docking, the elements. A series of docked elementsis called a stack. When
you click on and drag an element in a stack, you also drag all elementsthat are docked to
the right of it. You can change the docking order of stacked elementsin two ways:

* Inthedrawing canvas, manually drag an element to thefront, middle, or end of another
element.

« Click on an element in the drawing canvas, then using the docking tool, shownin
Figure 38, click on the Front, Middle, End buttons to set the docking points.

Undocking Elements

You can undock (disconnect) a selected element by selecting the left-most element in the
subset of elements with the left mouse button and dragging it. When you move a docked
element, all elements docked to it are also moved on the drawing canvas and the docking
lines disappear. You can drag this group of elements anywhere. You can redock the group
at any available dock point or remove it to the trash.

Removing Elements

To remove a subset of elements from the drawing canvas, select the left-most element in
the subset of elements that you want to delete and drag the element to the trash can.

Phase Table Area

You can drag phase tables from the toolbox and add them to phase tables that are already
in this area shown in Figure 40.

Fhasze Tahles . | | | | | | | |

Figure 40. Phase Tables Area

Phase tablesin this area are available to other elementsin the pulse sequence. The main
purpose of this areaisto provide avisually separate areafor tables.

Trash

Objectsdragged into the trash cannot be recovered. After you drag an object to the trash, it
is permanently gone. There is no undo option.

Docking

An element has two or three docking points. Elements are docked together by linking one
element to another element at a selected pair of docking points.

Each element has afront docking point and an end docking point. Many elementsalso have
amiddle docking point. These docking points areinvisible unless the element is part of the
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docked pulse sequence, in which case, they are represented as vertical lines on the canvas,
solid if used and dashed if not used.

Part of the runtime checking procedure is to ensure that there is a single, contiguous path
from the beginning of the sequence to its end through docking points. This requirement
means that there is an additional rule for docking:

If the front of an object (1) is docked to the front of another object (2), then 1is considered
to be docked into 2 and cannot extend outside 2.

Each of the two or three docking pointsin a composite is defined by the designer of the
composite. The actual positions might not be where you first think. As an example,
consider the pulse element. We think of a pulse as having awidth of pw, but in actuality,
the events that occur look more like Figure 41.

— pw -——

— rofl -
Figure4l. Actua Pulse Width

In the period rofl, we might unblank the amplifier, blank the receiver, set the phase,
frequency, and power to be used. We really do not want to have to deal with rofl because
it makes a simple picture complex, as shown in Figure 42B.

—| W - — W -—
| |
| — | *rofl | -—
— | !
— tau -+ — tau-rofl -—
What we want What usually must be programmed
A B

Figure42. Programminginrofl
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SpinCAD enables you to overlap events so that you can design the pulse to have afront
docking poaint at the end of rofl, as shown in Figure 43.

pw

—p rofl -

—» | tau -+

-¢——— Docking point
Figure43. Overlapping an Event

Therofl period overlaps into the tau period, which rai ses some boundary conditions:
1. tau<rofl
The delay is now of length rofl.
2. rofl- 0
The eventsin rofl overlap into tau.
3. rofl- Otau - O
The minimum time is that necessary for the eventsin rofl to execute.

Phases

Phases in SpinCAD are always in degrees. Although there are both 90" and small angle
phase shifting hardware, SpinCAD normally handles the two units transparently, so you
don’t haveto.

You can specify aphase as avalue, avariable, atable, or an expression. All are specified
in exactly the same way because all instances end up astables.

In general, phases are set in three places:
» Asachanne attribute
» Asapulse attribute (the most common)
» Asareceiver attribute
The pulse element has three phase-related attributes:
* Phasetable
» 2D/3D/4D
» Acqg. Quadrature
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Phase Table

Phase tableis an entry field with a menu tab (the down arrow shown in Figure 44.

Pulse Element <pulses
Pulse width: p1 ||K Gradient
Pre-delay: rof1 |
Phase table: Unaltered = oo
20 4 3D 4D: None —-| "an”
Acg. Quadrature: None _.| "1a0"
offset: Unaltered e
Power: Unaltered "2?0 .
Amplitude: Unaltered L
“0 180"
“qo 270"
“0 90 180 270"
Dock |Fr0nt r-h'dd]el End | "0 180 180 0"
of pulse _ "Unaltered”

Figure 44. Phase Table Menu Tab

Clicking onthe arrow opensalist of all currently known table names. When you start anew
sequence (Sequence - New Sequence), anumber of phase tables are automatically
defined and made avail able. These names show the contents of each table. Note that the
table names can include blanks, in which case, theuse of " " is mandatory (e.g.," O
180"). Be aware that the table name s not the table contents, so" 0 180" could also be
named"spin tenp.alt".

One special nameis Unal t er ed, which is not atable but an instruction to SpinCAD to
not phase shift the RF at this point. Additional special namesaref adl,f ad2,andf ad3.
For more information about the Phase table attribute, see the section “ Elements Using
Phase Tables” on this page.

2D/3D/4D

2D/3D/4D hasamenu that enables you to add additional phase changesto the Phase Table
attribute. The values of this attribute are None, t 1,t 2, and t 3. These values enable you
to respectively modify the phase in accordance with the value of phase, phase?2, and
phases3.

Acq. Quadrature

Acqg. Quadrature also has amenu that enables you to either impose Cyclops on a pulse or
to impose the channel setting. As aresult, the phase applied to a pulse can be the sum of a
number of logical elements, some of which can be delayed until go time.

Elements Using Phase Tables

The two elements that use phase tables are the pulse and the receiver phase. Selectionsin
the Phase table menu, shown in Figure 45, have the label in double quotes, and when you
click onaselection and put it into the entry field, it appears in double quotes, e.g., " 0", to
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emphasize that the selectionisalabel. If thelabel does not include a space, +, or —, double
guotes are optional.

Phase table: |phi1 ﬁ “g" "oo 270"
tag" "0 ad 180 270"
"1 E0" "0 180 180 OF
tzvon "phase 1"
O 90" Unaltered
o 180"

Figure 45. Phase Table Menu

The Phase table attribute can be alabel for the menu selection, it can be a parameter name,
alist of one or more values, or a specification using the ” notation. The attribute can also
include the math operators + and - to combine any of the those types of labels. The
following list shows some examples of legal phase table attributes (assuming the standard
“prefix” list is present):

"0 180"

"0 180" + 90.0

fred

270.0

1724 90" + "90 270" + fred

90 270

The parameter f r ed must exist and be set to a phase angle. If something is enclosed in
" ", itmust bealabel of atable. Enclosing f r ed or 270.0in" " causesan error, since
no phase table with labels fred or 270.0 exists.

Note: Labels are character strings. The string " 270. 0" isnot the sameas" 270" .

Several tables are predefined but not shown in the SpinCAD interface. The receiver phase
element sets the oph phase table. The tables fadl to fad5 are also made. These tables all
have two elements (0 180) and are respectively indexed with the t1Index to t5Index
variables. A pulse can have aphase table attribute setto" 0 90" + f ad1l.

The use of fadl to fad5 is checked, and any that are used are automatically added to the
receiver phase oph. Therefore, fadl to fad5 should not be explicitly added to receiver phase
oph.

Tables

Tables are commonly used to describe phase cycles. Phase tables have three attributes:

» Tablelabel

» Values (in degrees)

e Cycling index
A phasetablelabel can be any string of characters, including spaces. The phasetable values
can be defined as asimplelist of values or alist using the ” notation. The list elements can
be separated with either spaces or commas. Parameter names and math expression cannot
be used to define the values of a phase table. The” notation is of the general form (val 1

val 2 . . . val n)” count, which causes the el ement within the parentheses to be
duplicated count times. A single value does not require parentheses. The parentheses can
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be nested. Only thecharacters0 1 2 3 4 56 7 8 9. , () "andaspaceare
legal. Some examplesinclude the following strings:

Character Sring Same as

(0,90)"3 0 90 0 90 0 90

9072 90 90

(0”2 (90.0 180)~2)"2 00 90.0 180 90.0 180 00 90.0 180 90.0 180

The program expandphase expandsthe * notation. expandphase can be run from
Unix with the table notation enclosed in " ", for example, the command

expandphase "((0 90)74 (180 90)"2)~2"

prints two strings.
e Thefirst string is the number of elementsin the expanded list.
» The second string isthe actual list of elements.

If anincorrect phaselist isused asinput, the first string is anegative number indicating the
error and the second string is a brief description of the error, as shown in the following
example.

sl p: evan 28>expandphase "(0 90)”~4 (180 90)~2"

12

0 90 0 90 0 90 O 90 180 90 180 90

sl p: evan 29>expandphase "((0 90)"4 (180 90)~"2)~ 2"

24

0 90 0 90 0 90 0 90 180 90 180 90 0 90 0 90 0 90 O 90 180 90 180 90
sl p: evan 30>expandphase "(-90 90)~"2"

invalid character '-’

-5

invalid el enent

expandphase isin/ vnnr/ bi n.

Phase Control in SpinCAD

A phase parameter issetin VNMR to control phases. The parameterisphase, phase?2,
phases3, etc.

Table 1 showsamap of phase( n) valuesto effect on designated 2D, 3D, and 4D objects.
Table 1. Map of Phase(n) Values

phase(n) Value RF Gradient
0 +0 -

1 +0 -

2 +90

3 tppi -

4 +0 -

5 - invert
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Note: phase, not phasel, isfor thefirst indirect dimension.

Table 1 showsthe effectsof phase( n) valuesont ( n) . Thesevaluesare used to provide

38

quadrature in indirect dimensions as shown in Table 2.

A phase table element in SpinCAD selects the dimension to be used and, therefore, the set

Table 2. Values Providing Quadrature

Phase Name phase(n)
states 1,2

t ppi 3

gr adi ent 4,50r15
firstlncr 1
absval 0

