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Conversion of A-60 NMR. Spectrometers to Fourier Transform Operation*

: M: Tomkiewicz,T W. J. Horsley, and M, P. Klein

Laboratory gf_Chemica]ABfodynamics, Lawrence Berke]ey'LaboratOry,

University of California, Berkeley, California 94720

Abstract

A description of the instrumental modifications aud additious '
required for the conversion of this class of fie]d-swept,’fie]d—'
modulated 60-MHz NMR spectrometers is given; The radiq frequency
portions are straightforward adaptatiohs of the sing]é—coi]lsamp1e
circuit to pulsed operation. The standard instrument achieves fieid-
frequency stab111zat1on through use of a NMR sideband osc1]1ator »
employing a separate sample. While such a configuration is adequate
- for the normal mode of operation, it does not provide sufficient |
.absolute stabiTity for the pulsed Fourier mode of operatfon The
requisite stability was achieved by phase locking the s1deband osc11—“
lation frequency to an externa1 reference by forcing the rad1o fre- -
_Quency to change in accordance with the phase-]ock error signa1. .
Both analytical and'Control channels are driven bylthis'commOh radiq
frequency source as is the reference s1gna] to the analyt1ca1 channe]

synchronous detector
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‘During'a series of studies of'Chemically.induced dynamic nuclear
: poIarizationd(CIDNP) it became necessary'to extehd‘the sensitivity of |
our‘dowager!Varian;AaGO NMR spectirometer uhjch had-aiready been fitted
) withiaiIight‘guide'for eiicittnghphotOChemicaihreactfons.]"while e
conVentfonai'signal'aVeragfngVtechniquesz'could navé'beén empToyed
the advantages of Fourler transform techn1ques for both SIQnal enhance-
ment3 and relaxat1on rate measurenents4 -6 d1ctated that the ]atter
fmethod'would produce the greater beneflts " We report our procedures
‘.-:for convers1on of this class of Spectrometers “and comment on ‘the per-
'formance. AN | |

This class of lnstruments ach1eves f1e]d frequency stab111zat10n
ﬁy-operat1on of the control channe] as arNMR s1deband oscﬂ'lator'7
Infthe'Afﬁd, the field: modu]at1on frequency is nom1na]1y 5 KHz. Instan-'

taneous departures of the magnet1c f1e1d from the correct va]ue are com- |

' ‘pensated for by a correspond1ng change 1n the SIdeband osc111at1on

;Tfrequencvah1ch_a1so supp11es the reference swgna1~to *he analyt1ca1
channel'signal phase detector Longer term stab1112at1on is ach1eved
hy rout1ng a portion of. th1s aud1o frequency to a 5 KHz d15cr1m1nator j
and low pass f11ter whose output passes to a var1cap d10de in the |
"IS-MHz crysta1 osci]]ator circult After quadrup11ng, the resultant

| GO-MHz signal drives both the control and ana]yt1ca1 channe]s Dur1ng,
| ;conventional CN operatlon the spectrum 1s scanned by app1y1ng a b1as
,fie]d sweep to one or the other of the two sanp]es Nlth probes
equ1pped for var1ab1e temperature operation the b1as fleld is: applled '

to the contro] sanple, ‘thus forc1ng the carrier. frequency to change
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In Fourier operation with a single rf synchronous detector the
pulsed rf f1e]d and the digital storage devices are emp]oyed mos t
eff1c1ent1y by pos1t1on1ng the carrier frequency at one or the othef
extremum of the spectra] region of 1nterest. Since in the sideband
mode of opefation the carrier frequency is effectively 5 KHz removed,
it is‘neceSéary to (1) displace the analytical from the control frans-
mittér'frequency by this value, or (2) to displace the local Zeeman
field between the two samples by an equivalent value in order to operate
._the analytical channel at the center band. In a preliminary series df
experimentS'tﬁe fixed and selectable output of a frequency syhthesizer
were employed to achieve the first condition. As the syntheéizef_is
occupfed fully iﬁ other spectrometers and its cost mitigated against :
the acquigition of another to be devoted ekclusively to the‘AeGO, wev
elected thé second approach.

‘Several benefits accrde from this choice aside from the obvious
cost feduétfbn.‘ The integral transmitter, control receiver, and field
modulation circuitry are used intact. The modificatipns to the éna-
1ytica1 éhénnel are minimized so that se]ection of conventiona] or

- pulsed operat1on is affected by a single switch. Figure" 1 conta1ns a
~ composite dlagram, both b]ock and schematic, of those elenents 1nvo]ved
in the conversion. , :

The.différential 5-KHz field offset is‘aéhieved by supp]ying-cUr-
rent, obta1ned from the internal - 1.0 V power supply, through a current
divider circuit to the sweep coils. This modification is shown in heavy .

lines in the upper right of Figure 1 where the series resistor and
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‘milliammeter are connected through RE-1 between the_aforementiohed

}-supply and termihal 7 of TB-501. Since departures or f]uctuations'from'

the field-frequency relationship are no.longer compensated for when the

| .sideband osci]Iation frequency does not provide the reference signal to
the anaIytica1‘ehanne1 phase detector, it becomes mandatory to achieve
the requisite-stabi]ity in §ome other fashion. The most direct method

is'to phase lock the}sideband osci]]ation'frequency_to'a stable 5-KHz

reference. .This is achieved by taking a sample of the output of the field

modulator and. comparing it to the reference in a broadband synchronous
detector and uSing the resulting error signal to'vary-the 60-MHz carrier
| frequency;uwhich}serves as both the excitation and homodyning reference
_Signa]; via the aforementioned varicap diode AFC oitcuitry; In ther
unmodified instrument a three-pole filter is fnroporated between the

~ varicap and the S;KHz_discrininator. \e were unable to achieve stable’
operation by intrbdncing our phase Tock ernor-signa] at this|Same‘point.
Instead, we introduced our error signal after the 1ntegra1 network .

The connection is shown ln heavy lInes between the phase detector, shown
on the lower left of F1gure 1, and terminal 10 of the transm1tter The
connection between termlnal 10 and the var1cap is our add1t10n, as 1t
does not exist ln the original 1nstrument The network between the
.phase detector and the var1cap was required to achleve a comprom1se

| between stabi]ity of the Toop at low frequencies and minimization of
_60¥H; modulation sidebands which arise from some component of field

'of frequency modulation at the Tine fkequency In the normal mode of

operation such f]uctuat1ons are compensated for automat]cal]y

j .
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‘.Sihéé-the basic instrument operates as a single coil "Q-meter"
circuft,fthé obvious choice for pulsed operation is also this.cohfigura-
tion. A déUb]é pole-double throw coaxial relay, RE~1, is inserted in
the:cable which connectsvthe probe to the ané]ytica] re;eiver-transmitter.
One pole switches the probé between the internal and exterha]lcircuitry.
The secénd pole provides for switching the ana]yticalktransmitter port
from'thevihte¥ﬁé1 tolthe_ékternaT circuitry where it provides the drive
 for the pbwer‘émplifier, via gate and phase control circuitry, and é]so'
the kefefénte Signal to the 60-MHz synchronous:detecior via a continuously
variable phase shifter.

In the pulsed mode the rf circuitry is patterned after that
described by-C]ark.8 The pre-amplifiér.i§ protected by shunf back- -
to-back diodes. Back-to-back diodes in series with the transmitter
prevent leakage of low level signals into theﬁprdbe-recéiver circuitry. .
The probe cOntﬁins‘a para]]ei'resohance circuft with a capaciive
divider proportioned to present an impedance of 100 ohms to a coaxial

-cable of like impedance. Since all of our external devices are'designed.
for 50-ohm operatidn, we inserted a 2:1 impedance matching trahsformer
between the internal and external elements. -

Double baianced mixers are used as gates in both the transmitting
and‘reﬁéiving circuits. The pulses are obtained from a pulse-sequence
genefﬁtofvdesigned for this application. The preamplifier, which has
been described b‘y'Leskovar.9 drives a conventional IF amp]ifier,“
gates, and then a dual phase detector-video amplifier with selectable

.video_bandwidths.',The'presencejOf the 5-KHz field modulation generates
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sidebands symmetrically disposed about the carrier fnequency; these are

discriminated;against by setting the video bandwidth at 1 or 2 KHz.

This is more than adequate for virtually all'proton'chemical shifts at

60 MHz.

The transm1tter emp]oyed thus far is a wideband solld state

10-watt amp11f1er wh1ch derlves adequate drive from the A 60 analyti- ‘

vca] transm1tter when the outputvattenuator is set at m1n1mum attenua-
tion. With these settings a 90° pulse'requtres about 25'usec. At
hioher’power levels, as well as for Very”fong pulses, we have observed
some interaction between the pulsed ana]ytiCe] tranSmitter and the
control channel, resulting in a momentary loss of theblock.‘-Some
improvement was achieved by enclosing both probe cables in separate
.bfaided_shields, As a 25-psec pulse represents a field in excess of
two gauss in'tne rotating frame we hdve not found it necessary to
strive to attaln h1gher power 1evels | “ |
Flgure 2 shows a representative Fourier spectrum of a 5% sample
of ethy] benzene The performance is as ant1c1pated. We do not make
a direct comparison between the normal and pulsed operation as there
are sufficient differences in the preamplifiers to render_sucn a com-
parison not very meaningful. |
The data acquisition and Fourler transformation were executed in
our 1aboratory—w1de computer based system dubbed AQUIRE. Th1L system
is capable of tak1ng data from many instruments concurrent]y in the
foregrohnd wihile simultaneousiy executing batch, disb1ay, te]%type'mes-b
sages. and data manipulation tasks in background. A dielogue‘between

COmputer and operator determines the number of passes and the number
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of Speétra;tq'be acquired and upon receipt of a start instruction via
the te]étybé,,the bu]se progfammer is started. Upon completion of the
vparticu]at“experiment; either the free induction decay signal or its
Fouriefjtransfdrh is displayed on the storage oscilloscope together
with an a]pha;numéric descriptioh of the number of the spectrum and
number of passes.  The system details will be published e]sewﬁeke.
| _,"u;e of appropriate pulse sequences permits measurements of
relaxation rates in comp}ex spectra. Fourier différence spectra
between i]juminated and unilluminated samples are obiained by a com-
bination of hardware and software controls. Spectra obtained at
varying timesrafter.samp]e illumination or éamp]eimiXing can also
be recorded. |
| In sum; the conversion of the spectrometer when coupled with.a
suftabje cdmputer has rendered it a highly versatile instrument with

senSitivit& adequate for many purposes.
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Figure Captions

Figune?1m - Diagram of elements involyed in the conversion of an A-60

NMR spectrometer to Fourier transform operation. The components

enclosed in the dashed lines are external additions concerned with

the nadio frequency circuitry, the digital conversion, daté‘acquisition,
and the Fourier transformation. RE-1 is a coaxial relay which switches
the radio frequency elements from normal CNvto pu]éed operation.' One
.pole is inserted into the probe circuitry while the other transfers the

~ radio frequency drive between the internal and external circuitry.

" RE-2 connects additional bias current to the sweep coils to offset tne
nzeenan fieldvet the analytical channel by 5 KHz,_thus permitting opera-
fion et'the “center band". The circuitry in heavy lines at the left is
‘@ phase-lock loop which compares a sample of the field modulation signa]
to that from a stable 5-KHz oscf]]ator in a wideband synchronous detec-
'ntor and supplies an error signal to the varicap diode and provides field-
frequency stabilization ’n-both‘the CN and pulsed modes'of operation.

The connecfionAbetween terminal 10 of TB-101 and the vericap circuitry
‘was added during this converéion and does not exist in the standard
instrument. | | | .
Figure 2. The NMR Spectrum_df a 5% solution of ethyl benzene obtained
- from ihevFourier transformation of the free induction decay fo]]owing

a single 90° pulse.
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