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(1) History & Introduction

The PIC PulseGeneratois the latestin aline of PulseGeneratorslesignecand
build by the NMR group.Thefirst unit dueto Tony Kent is a standalonelesignbasedon a
Z80 microprocessomwith control and display via front panel keys and 7-segment_ED
displays.

The next PulseGeneratordesignuseda BBC B Microcomputerto enter,edit,
displayandgeneratehe pulsesequenceCounter/timersn themachine’sVIA 65221/0 chip
actually producedthe raw pulseswhich were cleanedup and madeavailableto the outside
world by a simple user—poriplug—in demultiplexerbox. With almostall of the work being
donein softwareit madefor a flexible easy—-to—modifypulse generator.The ideafor the
editing display is from Brian Cowan and the software was written by the author.

Upgradingto the then new 32bit RISC processorArchimedesmachinesthe
nextpulsegeneratofsoftware)usedthe samedemultiplexermox, which wasdrivenagainby
a 6522 VIA chip on the plug—in Acorn I/O card which emulatedthe I/O facilities of the
BBC Micro on the Archimedes. Unfortunately this design suffered from delay-length
‘jitter’ of the orderof afew uS. Thejitter is dueto the refreshof the computer'sDRAMS,
makingit difficult or impossibleto eliminate.While not makingthe systemunuseablat is
undesirable.As a consequencehis design was never used in experimentalwork and
prompted yet another design.

The 50MHz pulse generatomwas designedwith very short (sub—microsecond)
pulsesfor NMR work on solids in mind. It usesthe sameArchimedesdataentry/display
systemandis alsocontrolledin realtimeby the Archimedesvia the I/O card’'s 1MHz bus.
Both pulsesand delaysare producedby custom32bit, mutually triggering counter/timers
insidethe 50MHz pulsegeneratobox. Thelogic wasdesignedy Alan Betts. This approach
eliminates the delay—jitter problems of the previous design.

There are a numberof drawbacksto thesecomputerbasedpulse generators
which have prompted the design of the PIC pulse generator. Some of these are;

o Locks up a expensivecomputerfor a relatively trivial job which
could easily be doing something more befitting its capabilities.
o Computersand their monitors are notorious sourcesof RF noise

which finds its way into spectrometersetc. to which the pulse
generatotis attached. The noisestemsfrom crystalclocksinsidethe
computer which together with the Fourier componentsof their
division frequencieqproductionof which are an inherentfeatureof
the bussesf microprocessorsproducea broadfrequencyswatheof
radio frequency pollution. Opto—isolationis usually only partially
effectivein removingthe noisewhich is oftenhighly frequencystable
makingit difficult to removeby signalaveraging.This is becauset
cangetinto spectrometersia a variety of routes;Bussesnside and



outside the computer/monitorcan act as antennas,radiating the
signals.Being high frequencieghey can capacitativelycoupleacross
opto—isolators.They can be inducedin the braid of coax cables,
propagate via earth loops etc.

The PIC pulse generatoris basedaround6+ PIC16C84microcontrollerchips
and a 2KByte EEPROM memory chip to store pulse sequencesEach PIC16C84 chip
containsonly 1Kword EEPROM programmemory, 36 bytes of RAM, and 64 bytes of
non-volatile data EEPROM - hencethe needfor the multiple chips acrosswhich the
functionality of the designis split. PIC chips use the Harvard Architecture for security
reasonsandhenceall their bussegto memory,|l/O portsetc.)areinternalto the chip which
shouldeliminatethe bus—radiatingproblemsof computersandmicroprocessodesignausing
the traditional Von Neumannarchitecture The instrument’sdisplay usesa 4x16 digit LCD
modulefor dataentry/displayplus afew LEDs. Again this shouldbe muchlessnoisythana
computermonitor. The designattemptsto reproducehe dataentry & editing displayof the
previouscomputerasedonesby usingthe LCD asa ‘window’ which scrollsup anddowna
‘virtual’ editor display.

New Features in PIC Pulse Generator Version 0.20:

o The Slave pulse boardfacility to generateparallel (ie. overlapping)
pulsesequenceslp to 3 slaveboardscanbe fitted andprovidefor 4
independentulse trains. This facility was addedfor with SQUID
NMR in mind where special pulse sequences are required.

o A <Load> (PulseSequenceey) to supportprogrammingthe slave
pulse boards.

(2) User Guide
(A) Initial Data Entry.
This is the same as previous designs. The required input is;

Number of Pulses in the sequence

Pulse to recycle to

Number of times to recycle (Enter O for infinity)

The Pn/Dn labelsand channelspecifiersfor the N pulsesspecified
above.The Pn/Dn labelscanbe anythingin the rangeP1-P8&
D1-D8. The channelspecifierslist the channel(seachpulsewill
appearon. They arelists of betweenl and 8 digits in the range
1-8in anyorder.Egs.“5” for pulse#2meanghe secondoulsein
the sequenceavill emergeon channel5 only. “6254” for pulse#7
would mean the 7th pulse emerges on channels 2,4,5 & 6.

Thevaluesandunits of the pulsesanddelays.Valuesarein therange
1-16383 for pulses and x-16383 for delays, where the ‘X
dependson the position of the delay in the sequence.See
specificationsectionbelowfor moredetails.Units areoneof uS,
mS, Secondr Minutes.Valuesaretypedfirst andenteredwith
the <Enter>key. Units are enteredby hitting <Enter>over the



the required symbol in the “umSM” prompt.

The pulse sequence is then complete and control passes to the editor menu

(B) Pulse Sequence Editing.

As mentionedabovethe pulsesequenceditoris accessetyy scrollingthe LCD

window aroundthe virtual displayusingthe 4 cursorkeysandmodifying the sequenceising
other key-strokes. Here is an annotated example pulse sequence from the virtual displz

(a0)
(al)
(a2)
(@3)
(a4)
(@5)
(ab)
@7)
(a8)
(@9)
(al10)
(all)

(b0)
(b1)
(b2)
(b3)
(b4)
(b5)
(b6)
(b7)

(cO)
(c1)
(c2)
(c3)
(c4)
(c5)
(c6)
(c7)

(d0)

!

P12345678
D12345678
cccccccc
11113453

2 2 6
3 7

co~NOO 01 b~

P1=1uS
P2=12uS
P3=123uS
P4=1234uS
P5=12345uS
P6=140mS
P7=100mS
P8=2089mS

D1=100uS
D2=12345uS
D3=1mS
D4=10mS
D5=100mS
D6=1000mS
D7=1Sec
D8=10Min

Recycle# 65123

1

The editing options for each line/group of lines are given below.

Both the numberof pulsesin the sequencendthe recycle—topositioncanbe
altered by clicking the <Enter> key over the arrow—head or
arrow—tail moving left or right to the desired new position and

(a0)



clicking <Enter>and secondtime. Naturally invalid choicessuchas
recycle-to pulse > number—of-pulses are rejected.

(al-a2) Pn andDn pulse/delaylabelsare modified by pressinga numberkey over the
pulse/delay# to be modified. The numberpresseddefinesthe new
Pn/Dn label.

(al3) Pressinga numberkey overthe ‘C’ for a particularpulsewill addthatchannel
to the list of channelsthe pulse will emergefrom. That list is
displayed vertically over lines a4-all.

(a4—all) Pressingthe <Delete>key over a channelspecifierfor a particularpulse will
removethat channelfrom the list of channelsthe pulsewill emerge
from.

(b0-b7)  Both thePn pulse label values and units can be modified here.

(@) To modify the value — overtypeit with the new value and hit
<Enter>over any part of the numberto enterit. Hit <Delete>to
discardany changesnade.Note:to changefor example, 1000—
100, the string “1000” can be overtyped with “0100".

(b) To modify the units — Hit <Enter>over any part of the units
string, eg. over the 'S’, ‘e’ or ‘c’ of “Sec”. The units chooser
string “umSM” thenappearsFinally, hit <Enter>overa symbol
for the desired new units.

(cO-c7) Editing the Dn delaylabelsis the sameasfor Pn pulselabels.Therearesome
additionalissuesherewhich relateto pS units delays.If too small a
valueis enteredfor a particulardelay pointedto by a label an error
messagevill be printed. The messagevill referto a delayfor which
the value was too small. Note: This doesnot necessarilymply that
delaywasthe only onefor which the valuewastoo small. It doesnot
evennecessarilyneanthatdelayhadthelongestminimumacceptable
value of the delaysreferredto by that label. After the error message
the delay value will be unchangedand the user must leave it
unchanged or choose a larger value.

A similar situationcanoccurwhenDn unitsaremodified.Eg. if a particularDn
was 5mS and the user modified the units to uS an error will occur
becausehe pulsegeneratorcannotgeneratea delay asshortas5uS.
The units will remainunchangedand usermustfirst changethe Dn
valueto somethingacceptablyargerandthenchangethe unitsto uS.
Note: Undercertaincircumstance®n label valueswith pSunits can
alter‘spontaneouslyby a few 10sof uSwheneditsaremadein lines
a0—-a2.This is an unfortunateside effect of the way pulsesequence
informationis storedin the PIC chipsmemorytogetherwith the very
limited amountof memoryavailablein thesechips.A futurerevision
of the softwaremay modify this behaviourIn the meantime the user
should checlon label values after any modifications in lines a0—a2.




(d0O) The Recycle value gives the number of times the repeatpart of the pulse
sequenceencompassedy line a0 will be repeatedAs with Pn/Dn
label valuesthe numberis typedwith numerickeysandenteredwith
the <Enter> key. Specifying O produces an infinite recycle count.

(C) Accessing the pulse sequence EEPROM based file-system.

The file-systemis accessedria the <Menu> key and may be enteredat the
initial "Nos Pulses ? " promptandatmostplacesin the Editor
Menu described above. The initial menu appears as follows;

Scrolling left with the « cursorkey and hitting <Enter>over any part of the
string "Filesys" will accesghe file-systemmenuwhich appears
as follows, eg;

From here;
e The« & — cursorkeyscanbe usedto chosebetweenthe options
displayedon the top row (respectivelyLOAD, SAVE, RENAME,

DELETE the current pulse sequence and EXIT the file-system mer

e TheT & | cursorkeysscroll throughthe file-system'scatalogueof
pulsesequenceslhe exampleaboveshowsthe 12th pulsesequence
whose nameis "Tom's T1" is the currently selectedone. In this
versionof the pulsegenerato6 pulsesequencesanbe storedby the
file-system.

¢ Loadinga pulsesequence- Press<Enter>while the cursoris overthe'LD". If
successful the system responds with 'Done.

e Savinga pulsesequence- Press<Enter>while the cursoris overthe 'SV'.
The menu then displays, eg.;



The pulsesequenceanthenbe savedwith the samename(Tom'sT1) or anew

namecanbe enteredHit <Enter>to saveunderthe samename Hit T
ord cursor keys to enter a new name. The menu then responds;

ABCDEFGHIJKLMNO

New?
12 Tom's T1

The new filename is constructedby choosing charactersfrom line#2 and

t There is one exception.

The undefined character
which occurs one place
to the left of the first
instanceof the ‘W’ may
not be used.

insertingtheminto line#3.The T & | keystogglethe cursorbetween
lines2 & 3. The« & — keysselectwhich characteto choosefrom
line#2 and where to placeit in the filename being constructedin
line#3. Hitting <Enter> over a characterin line#2 selects that
characterand hitting <Enter> over a position in line#3 insertsthe
selectedcharacterat that position. Hitting <Enter> over line#3 a
secondtime completesthe operationand savesthe pulse sequence.
Any* of the 256 charactergieneratedy the display canbe usedin a
filename and are accessedyy using the < and — keys to scroll
line#2. Note: The display generatesnany specialsymbol characters
aswell asa variety of accenteccharactersSomeexamplefilenames/
pulse sequences have been pre-inserted into the EEPROM.

e Renaminga pulsesequence- Press<Enter>while the cursoris overthe'RN'.

The menu then displays, eg.;

ABCDEFGHIJKLMNO

Mod?Tom's T1
12 Tom's Tl

The procedurefor modifying the filenamedisplayedin line#3 with characters



selectedrom line#2is the sameasdescribedhbovefor savinga pulse
sequence with a new name.

¢ Deletinga pulsesequence- Press<Enter>while the cursoris overthe 'DL".
The menuthenrespondswith "Sure?" . Hit <Enter>to confirm the
delete operation or hit any other key to back out.

e EXxiting the file-systemmenu—- Press<Enter>while the cursoris over the
'EXIT'. If apulsesequenceavasloadedfrom the EEPROMor a pulse
sequencewas already present before the file-system menu was
invoked, control passedo the editor menu,otherwisecontrol passes
to the initial data entry procedure for a pulse sequence to be entere

(D) Operating the Slave pulse generator boards.

The Slavepulsegeneratoboardsare accessedan exactlythe sameway asthe
MasterpulsegeneratorTwo new conceptsanda new menuhavebeenaddedto controlthe
Slave boards. The two concepts are;

(1) The notion of a ‘currently selected pulse generator board’
(2) The Enable/Disable status of a Slave pulse generator board.

Both entities can be displayedand alteredvia the Slave Board'smenuwhich is accessed
from the main menu;

by hitting <Enter>over any part of the string "Slv. Brds" . An exampleSlave boards
menu is;

Status: EDD

Selected: 0

The Enable/Disablestatusof the 3 slaveboardsis shownon line 2 andthe currentlyselected
pulsegeneratotboardis shownon line 3. In the exampleslave board#1is enabled,slave
boards#& #3 aredisabledandthe currentlyselectedulsegeneratoboardis board#0- the
masterpulsegeneratoiboard.The currently selectedhulsegeneratoboardcanbe changed
by hitting a numerickey in the range[0—-3], 0 beingthe masterpulsegeneratotboardand
1-3 beingthe 3 slaveboards.Theenable/disablstatusof the 3 slaveboardscanbe changed



by makingthatslaveboardthe currentlyselectedoard(ie. hit a numerickey 1-3) andthen
using any of the cursorkeysto toggle its enable/disabletatus.To leavethe slave boards
menu, hit <Enter> which returns the system to the main pulse sequence editing menu.

From this point hitting the <Start/Stop>key will causethe currently selected

pulsegeneratoboardto be loadedwith the pulsesequencelisplayed
in the editor menu and pulse generation(on the master pulse
generator board plus any enabled slave boards) to be started.

Alternatively, pressingthe <Load> pulse sequenceey will only resultin the

currently selectedoulsegeneratoboardbeing loadedwith the pulse
sequencalisplayedin the editor menu.The <Load> pulsesequence
key permitseachof the pulsegeneratoiboardsto be preloadedwith
whateverpulsesequenceés requiredbefore startingpulsegeneration.
This is the way a parallel pulse sequence is built up.

Note (1) As far as the editor menu and file-systemis concernedgachpulse

Note (2)

sequencdoadedinto eachpulsegeneratoiboardis a separateentity
which mustbe savedasanentryin thefile-systemif it will needto be
edited or reused in the future or on another pulse generator board.
The masterpulse generatorboardis always enabledand therefore
must have a pulse sequencdoadedinto it for pulse generationto
work. If the systemis booted,pulsesequencesnly loadedinto the
slave board(s) and the <Start/Stop>key is pressedthen pulse
generationwill not start. Instead,the error message'MPS?" (ie.
Master Pulse Sequence?ill be displayedand the pulse sequence
editor menu will be reentered.

(E) Stopping/Starting Pulse Generation.

The <Start/Stop>key startspulsegenerationlt will continueuntil the recycle
countis reachedor a userhits the key againto stop pulsegenerationNote: If the <Start/
Stop>key is pressedduring a pulsethat pulsewill be cut short. For this reasonit is a bad
idea to hold down the <Start/Stop>key in the hope of ‘manually recycling’ the pulse
sequenceThe <Start/Stop>pbutton’sLED lights whenpulsegenerations in progressAfter
pulse generation has finished the editor display is reentered.

(F) Other Features.

Pressingthe <Escape>key softwareresetsthe pulse generator
and restarts it at the initial pulse sequence entry point.

The pulsegeneratohasanexternalclock input facility. Selecting
this will affect all timing within the system.This is becausaall

timing within the unit is derived from the clock. Internally a

4MHz clock is used.If for examplean 8MHz externalclock is

applied,all pulsesanddelaysproducedwill be ¥ the displayed
values.A front panelLED indicateswhetherinternal or external
clock is in operation.



o The ‘Bleep disable’key canbe usedto disablethe bleepermwhich
producesthe ‘keyclick’ etc. This a latching key and its LED
reflects the enable/disable status of the bleeper.

o The systemhasa hardwareresetbuttonon the back—panelThis
can be used to regain control of the system in the event it hang

o In contrast with the previous microcomputer based pulse
generatorghe PIC systemdoesnot usea relatively slow BASIC
interpreterto producethe recycledelay. Consequentlyminimum
recycle delays are only marginally longer than those of other
delays. Be aware thereforethat if you erroneouslyspecify a
recycledelayof say100uSit will happilygeneratet, burningout
the transmitter/frying your sample etc. You have been warned!

(3) Specifications (individual pulse board):

Number of pulses generated: 1<n<8.

Number of possible recycle-to positions: 1<m<8, mxn.

Number of independently specifiable pulse lengths: 1-8.

Number of independently specifiable delay lengths: 1-8.

Number of channels from which any pulse may emerge: 1-8.

Minimum & maximum pulse lengths (4MHz clock): 1-16383uS, 1uS steps

1-16383mS, 1msS steps
1-16383Sec, 1Sec steps
1-16383Min, 1Min steps
Minimum & maximum delay lengths (4MHz clock): x—16383uS, 1uS steps
1-16383mS, 1msS steps
1-16383Sec, 1Sec steps
1-16383Min, 1Min steps

x=60uS for Delays#1-#2

x=94uS for Delay#3

x=109uS for Delays#4-8

x=x+22uS-y for a recycle
delay.

if n>3 andm<3 then

y=34uS otherwisg=0.

Minimum & maximum recycle count values: 1-65535, steps of 1 or
unlimited.
Minimum & maximum external clock frequencies: DC-4MHz guaranteed with

current 4MHz rated PIC
chips. Frequencies 10MHz-
16MHz will probably work
too. 10MHz rated PIC chips
may be needed for



frequencies >10MHz.

Best to test external clock
frequencies >4MHz before
using on live experiment.

(4) Bugs

(a) The most complicatedsectionof the softwaredealswith scrolling of the
LCD ‘window’ within thevirtual editordisplay.lt is difficult to eliminateall bugsfrom such
code.Occasionallyafter certaineditsthe LCD is knownto showerroneousntriessuchas
something like;

P1=1pS
P1=1pS
P2=123uS
P3=1234uS

wherethe P1 pulselabelis incorrectly written twice. This a benignbug andcanbe cleared
by scrollingup/downthe displaycausingthe badsectionto berepaintedIf thisis a problem,
please make a note of the exact circumstances under which it occurs to aid debugging.

(b) For pulse sequencesontaining no long® pulse or delay values, pulse
generatiorcannotbe stoppedwith the <Start/Stop>key — Only a hard-resetill halt pulse
generationNote: Only one pulseor delay (eg. the last/repetition-timedelay) in the pulse

sequence needs to lmmg to avoid this bug,
T ‘Long’ means > 32uS for pulses an@00pS for delays.

(c) Dueto the fact that PICsinternally divide their clock input frequencyby a
factor of 4, it is possiblethat therewill be small differencesin time betweenthe start-of-
pulse-generation-timen the masterand any of the three slave boards.Thesedifferences
will alwaysbe lessthan1 machinecycle (ie. <1uSwith the internal4MHz clock) and will
remainconstantuntil the pulsegeneratoiis Resetor switchedoff/on again— thatis, it will
notresultin pulsejitter. A possiblefuture modificationto the pulsegeneratohardwaremay
eliminate this problem.

(5) Possible Future Enhancements
o A computer interface to permit a computer to drive the pulse
generatorSpecificationdor this arecurrentlyundecidedPossibilities
are GPIB/IEEE-488, RS232, 12C, 8-bit parallel port, Ethernet etc.
o If RF noisefrom the systemis a problemit maybe possibleto usethe
PIC’s SLEEP instruction to put them into a dormant state when
pulses are not being generated or the system accessed by a user ¢



