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In the quest for im
proving S

/N
 ratios, w

e have im
plem

ented a run-tim
e control of the w

hole filter block (C
IC

 and F
IR

), w
hose settings need 

no longer be static during the w
hole experim

ent, but can be sw
itched at any m

om
ent by the pulser am

ong up to 64 pre-program
m

ed 
settings. 

T
he F

ID
s of the oil-stained P

erspex are show
n in F

igures 3 and 4. It is a typical case of heterogeneous sam
ple w

here, w
ith traditional 

hardw
are, w

e w
ould have to optim

ize filter w
idth for the slow

ly decaying m
obile part, distorting heavily the fast decaying solid

portion or, 
alternatively, keep a large bandw

idth suitable for the solid at the price of a needlessly large noise in the liquid (F
igure 3).

T
he hardw

are of the new
 board gives us the possibility to com

bine the desirable features of both situations w
hile avoiding the necessity to 

run all experim
ents tw

ice. T
he F

ID
 show

n in F
igure 4 uses tw

o filters w
ith different setting. T

he pulser is program
m

ed to select
the output 

data of large bandw
idth filter in the first portion of the F

ID
 and the data generated by narrow

 bandw
idth filter in the second portion. 

S
im

ultaneously, it changes the sam
pling rate and thus optim

izes the F
ID

 accum
ulation m

em
ory usage
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T
he problem

s described above had been addressed by S
telar in different w

ays, such as the developm
ent of F

F
C

 m
agnets w

ith ever higher 
m

axim
um

 fields (higher initial polarization), better cooling system
s (im

proved field stability), higher acquisition frequencies (im
proved probe 

sensitivity), solenoid probes (better sensitivity for sm
all-volum

e sam
ples), novel null-biased sequences [3] (reduced noise propagation in data 

evaluation algorithm
s) and, last but not least, novel signal acquisition and accum

ulation m
ethods im

plem
ented on the new

 S
O

C
 (system

-on-
chip) P

C
I board ( is show

ns in F
ig.1)  described in this poster and its tw

in [4].

T
he board m

ounts a 12-bit A
nalog-to-D

igital C
onverter (A

D
C

) w
hich allow

s sam
pling rates of up to 200

M
 sam

ples/second and thus m
akes 

possible direct sam
pling of the input signals up to 90 M

H
z. T

he output of the A
D

C
 is divided into tw

o data stream
s (odd and even) updated at 

half the sam
pling rate w

hich is com
patible w

ith the top speeds of the digital receiver im
plem

ented w
ithin the F

P
G

A
. T

he latter includes a dual 
digital dow

n-converter using tw
o D

irect D
igital S

ynthesizers (D
D

S
), follow

ed by a re-com
biner  of the tw

o stream
s, C

IC
 filters (decim

ation 
ratios from

 4 to 16383) and F
IR

 filters (16 taps/18 bit coefficients). T
he dow

n-converted and filtered in-phase and out-of-phase digital signals 
are then sam

pled by a data accum
ulation m

odule described below
 w

hich stores the accum
ulated data in four large S

R
A

M
 chips. B

eing
fully 

digital, the receiver autom
atically elim

inates a num
ber of analog-receiver artifacts such as D

C
 offsets and quadrature am

plitude and phase 
m

isadjustm
ent ( m

ain functional blocks of the digital receiver are show
n in F

ig.2) .

T
he run-tim

e control of all aspects of an N
M

R
 experim

ent, including the R
F

 pulse sequence, all receiver settings, accum
ulation m

odes and, 
in fact, of all the instrum

ents' hardw
are is achieved by m

eans of a 128 bit/20 ns sequencer sub-processor described in detail in the tw
in 

poster [4]. 

A
part from

 the D
D

S
 generators w

hich m
ake part of the receiver, there are other tw

o digital R
F

 sources routed to three R
F

 output connectors. 
O

f these, tw
o pass through digitally controlled attenuators perm

itting, for exam
ple, the generation of profiled pulses. A

ll the on board D
D

S
 R

F
 

generators feature 32 bit frequency and 16 bits phase control, 14 bits outputs for D
igital A

nalog C
onverters and the capability to run 

synchronously.

T
he board is interfaced to a P

C
I bus and runs under the control of a H

ost C
om

puter w
hich, how

ever, does not need to be of the strictly real-
tim

e class since the board is capable of autonom
ous operation ofeven very com

plex acquisition procedures.

F
inally, the board incorporates also 10 buffered T

T
L inputs for safety interlocks and external events sensing, all capable of generating H

ost 
interrupts as w

ell as im
m

ediate, pre-program
m

ed responses of the pulser/sequencer. O
ther features w

orth m
entioning are a large num

ber of 
buffered T

T
L output ports and the capability to host an extension board for special/prototyping purposes.
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In a perfectly stable field, an off-resonance quadrature F
ID

 looks like the one show
n in (A

)
and is perfectly reproducible. H

ere 
the red points indicate the in-phase C

artesian com
ponent u and the green ones the out-phase com

ponent v, w
hile the black 

ones denote the com
puted m

agnitude m
 of the com

plex signal. T
he D

IS
P

A
 plot in (B

)
show

s the sam
e data in the com

plex 
plane (u,v), w

ith the dots corresponding to the evenly distributed sam
pling m

om
ents. 

W
hen the field is not stable, the F

ID
's are not reproducible and

data accum
ulated in the standard w

ay (i.e., sum
m

ing up the 
C

artesian com
ponents) are dram

atically com
prom

ised, as show
n in (C

) and in the corresponding D
IS

P
A

 plot (D
)

show
ing four 

scans at varying offsets and, in bold, the result of the accum
ulation. O

nly a tiny fraction of the F
ID

 is usable for signal-intensity 
estim

ates if one w
ants to keep the offset-induced errors below

 1%
.

W
hat happens is best evidenced in (E

)
w

here the four colored dots show
 the position of the com

plex signal point #32 of the four 
F

ID
's. S

ince all four points w
ere taken at the sam

e tim
e t after

the excitation pulse, they all have the sam
e am

plitude but, 
because of the unstable offsets, a quite different phase. T

he am
plitude, in fact, is insensitive to phase and depends only upon t 

and T
2*. A

veraging the C
artesian coordinates of the four points results in a data point represented by the black dot, w

hich is 
physically alm

ost m
eaningless.

A
veraging separately the polar coordinates (m

agnitudes and phases) leads to a correct m
agnitude estim

ate. T
his is show

n in 
(F

)
w

here the thick green line corresponds to the com
puted averaged

am
plitudes of the four F

ID
's. T

he overlaid w
hite line 

indicates the ideal am
plitude decay (the sam

e as the black trace
in A

), w
hile the bum

py black line is the result of C
artesian-

com
ponents averaging (the sam

e as the black trace in C
). T

he averaged m
agnitudes obtained in this w

ay are valid for the w
hole 

duration of the F
ID

's w
hich, in liquids, am

ounts to a precision-im
provem

ent factor of up to 100 (w
ith their very short decays, 

solids are little affected by these effects).

E
xploitation of the phase averages is at present hindered by the

lack of suitable averaging algorithm
s for circular distributions 

(there is w
ork in progress). O

vercom
ing this obstacle, one should be able to recover an accum

ulated signal w
ith correct 

am
plitude, corresponding to an average and constant offset value. A

 great advantage of the new
 board design is that all future 

im
provem

ent of m
athem

atical algorithm
s can be im

plem
ented by reprogram

m
ing its F

P
G

A
 w

ith no need to redesign the w
hole 

board.  

F
F

C
 p

ro
b

lem
 to

 b
e tackled

: field
 n

o
ise an

d
 sen

sitivity

A
m

ong the particularities of F
F

C
-N

M
R

 relaxom
etry is the fact that it is based on frequent and very fast (~1 m

s) sw
itching of the m

ain m
agnetic field B

 betw
een several values differing by several orders of m

agnitude 
(0 to 1 T

). T
his im

plies extrem
e dynam

ics of the m
agnet system

 w
hich, w

hile essential [1], m
akes the field som

ew
hat unstable (noisy). F

urther field reproducibility problem
s arise from

 the therm
al and m

echanical 
stresses on the m

agnet, incurred by very high pow
er dissipation (up to 15 kW

) during the sw
itching intervals. In the present system

, field noise is of the order of 50 ppm
 and, unfortunately, cannot be im

proved by 
any of the traditional m

ethods used w
ith static electrom

agnet A
ll this deteriorates signal coherence betw

een successive scans and thus reduces the efficiency of the data accum
ulation process (F

ID
 shortening). T

he 
link betw

een field stability and reproducibility and the achievable sensibility is of considerable im
portance because low

 S
/N

 ratios still lim
it m

any potential applications of F
F

C
 N

M
R

 relaxom
etry. 
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part from
 signal coherence and stability betw

een successive scans, one m
ust in fact consider also the sensitivity achievable in

a single scan (S
/N

 ratio). In any N
M

R
 m

ethod, 
this param

eter depends on the factors appearing in the w
ell-know

n  form
ula show

n on the right [2]. In F
F

C
, since the field B

 is not constant, the S
/N

 ratio depends
on all the field 

values applied during the field cycle, nam
ely the polarization field B

p , the relaxation field B
r and the acquisition field B

a

It can be show
n, for exam

ple, that in the case of the basic pre-polarized sequence, the signal is proportional to B
p *B

a
w

hen the relaxation period τ
is zero w

hile, w
hen τ

>>
T

1 , the signal is proportional to B
r *B

a .
W

hile the first factor in these expressions varies (B
p

or B
r ), the proportionality to B

a
is alw

ays present. In order to m
axim

ize the S
/N

 ratio, it is therefore advantageous to use alw
ays the largest possible acquisition 

field B
a

and the corresponding operating frequency.
C

onsidering  that the field strengths in F
F

C
 experim

ents are rather low
, how

ever, sensitivity is alw
ays a difficult issue in particular w

hen m
easuring relaxation 

profiles of nuclides w
ith low

 γ
and/or low

 abundance, such as 2D
, 7Li, 17O

, 13C
, etc.
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T
o com

bat the field stability and reproducibility problem
s m

entioned above, w
e have im

plem
ented a num

ber of novel data 
accum

ulation m
odes, som

e of w
hich differ substantially from

 the usual averaging of the C
artesian com

ponents of the com
plex 

signal. T
hus, for exam

ple, it is possible to average -
in separate buffers -

the m
agnitudes and phases at each F

ID
 point and 

thus rem
ove m

ost of the field instability effects and extend the
usable portion of the F

ID
 (see the next paragraph). It is even 

possible to average sim
ultaneously the tw

o C
artesian coordinates

as w
ell as the m

agnitude-phase pairs in four distinct buffers.


