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(57) ABSTRACT 

An NMR (=nuclear magnetic resonance) probe head com 
prising an RF (=radio frequency) receiver coil system, Which 
can be cooled doWn to cryogenic temperatures, and a room 
temperature pipe (5), extending in a Z direction, for receiv 
ing a sample tube containing sample substance to be eXam 
ined by NMR measurements is characterized in that a 
tempering means (11) is disposed betWeen the RF receiver 
coil system and the sample tube Which surrounds the sample 
tube in a radial direction and extends in the Z direction and 
is almost completely transparent to RF ?elds, or at least has 
an absorption of <5%, preferably <1% for RF ?elds to 
thereby provide simple and substantial reduction in the 
temperature gradient in the Z direction during operation 
Without thereby impairing the NMR measurement. 



Patent Application Publication Aug. 23, 2001 Sheet 1 0f 9 US 2001/0015646 A1 



Patent Application Publication Aug. 23, 2001 Sheet 2 0f 9 US 2001/0015646 A1 

——>AQQUT¢AZ 

Fig. 2 
6 

W4? 
Tom 

/7 

TOUTJ P Q<—— d<— —>Q 

To / 
2 Q<— —>Q 

\ é r A Q<— —>—Q 
Q'N AT TlNq F 

\\5 

T 
TIN IN 



Patent Application Publication Aug. 23, 2001 Sheet 3 0f 9 US 2001/0015646 A1 

Fig. 3a a 4 

CD ® 
V1’n-‘1 V2,""'2 

Fig. 3b 

Symm 

/ \/ >2 

Fig. 4a Fig. 4b 

5 f 

® 

® ® @ 

T?& I 



Patent Application Publication Aug. 23, 2001 Sheet 4 0f 9 US 2001/0015646 A1 

\ \ \ \ \ \ \Y \ 

MV+ 
Q 

TaAs(Z) TIN B 



Patent Application Publication Aug. 23, 2001 Sheet 5 0f 9 US 2001/0015646 A1 

Fig. 6b 

12" 



Patent Application Publication Aug. 23, 2001 Sheet 6 0f 9 US 2001/0015646 A1 

Fig. 7 

12 

Fig. 8a 
15 12 



Patent Application Publication Aug. 23, 2001 Sheet 7 0f 9 US 2001/0015646 A1 

3 f‘ Fig. 9 
&< 33 

1\y / 1s 
1 ‘ ( 

18 A 

12 

18]" 

“17 18' 

I" 

[I 

6% 



Patent Application Publication Aug. 23, 2001 Sheet 8 0f 9 US 2001/0015646 A1 

Fig.10a 3 _ "M -9 

Q? // 
a? 7 



Patent Application Publication Aug. 23, 2001 Sheet 9 0f 9 US 2001/0015646 A1 

Fig. 11a 

Fig.11b 



US 2001/0015646 A1 

COOLED NMR PROBE HEAD WITH UNIFORM 
TEMPERATURE CONTROL OF THE SAMPLE 

[0001] This application claims Paris Convention priority 
of DE 100 OG 323.3 ?led Feb. 12, 2000 the complete 
disclosure of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention concerns an NMR (=nuclear mag 
netic resonance) probe head comprising an RF (=radio 
frequency) receiver coil system, Which can be cooled doWn 
to cryogenic temperatures, and a room temperature pipe 
extending in a Z direction for receiving a sample tube 
containing a sample substance to be examined through NMR 
measurements. 

[0003] A cooled NMR probe head of this type is eg 
knoWn from US. Pat. No. 5,247,256. 

[0004] The probe head is installed in a magnet, for gen 
erating a highly homogeneous static BO ?eld, and comprises 
RF receiver coils disposed about a Z axis Which are cooled 
doWn during operation to temperatures of approximately 10 
to 25 K by means of suitable heat exchangers and heat 
conducting elements to improve the signal-to-noise-ratio of 
the received NMR signal during the measurement. The RF 
receiver coils are in an evacuated region for heat insulation 
reasons Which is formed essentially by a usually metallic 
casing of the probe head Which is penetrated by a room 
temperature pipe disposed cylindrically about the Z axis for 
receiving a sample tube. To permit passage of the RF signals 
from the sample to the RF receiver coils, the otherWise 
metallic room temperature pipe is replaced in the axial 
region of the coils by an RF permeable inner pipe, in most 
cases a glass pipe, Which is connected to the metallic parts 
of the room temperature pipe in a vacuum-tight fashion. 

[0005] After insertion of the sample tube into the room 
temperature pipe from the bottom, it is substantially main 
tained at a desired temperature (usually approximately 300 
K) using Warm air ?oWing from beloW through the room 
temperature pipe to control the temperature of the sample 
substance. This, hoWever, causes the associated problem that 
the measuring sample “feels” the considerably cooler sur 
roundings of the NMR resonator, cooled doWn to 10 to 25 
K, and radially radiates heat in this direction. This lost heat 
must be continuously replenished by the surging Warm 
tempering air How to ensure that the measuring sample 
remains essentially at the desired temperature. In conse 
quence, an axial and radial temperature gradient is produced 
in the measuring sample Which strongly impairs the NMR 
measurement. 

[0006] It is therefore the underlying purpose of the present 
invention to provide a cooled NMR probe head comprising 
the above-mentioned features Wherein the temperature gra 
dient in the Z direction occurring during operation is con 
siderably reduced Without thereby impairing the NMR mea 
surement. 

SUMMARY OF THE INVENTION 

[0007] This object is achieved in accordance With the 
present invention in a both surprisingly simple and effective 
manner by providing a tempering means betWeen the RF 
receiver coil system and the sample tube Which extends in 
the Z direction and radially surrounds the sample tube and is 
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almost completely transparent to RF ?elds, or at least has an 
absorption for RF ?elds of <5%, preferably <1%. 

[0008] In addition to exchangeable sample tubes, the 
NMR probe heads in accordance With the invention also 
include so-called ?oW-through heads Wherein the sample 
tube remains ?xedly installed and the ?uid to be examined 
is introduced through a thin conduit on the one side (bottom) 
and is guided out on the other side (top). Probe heads of this 
type may be used in continuous passage and also in a How 
and stop mode (for an extended measuring period). These 
probe heads are used for rapid introduction of the sample as 
Well as for an important analysis step folloWing a liquid 
chromatography separating cell. The former are called ?oW 
through probe heads, the latter LC-NMR coupling. Probe 
heads of this type are also referred to as LC heads (liquid 
chromatography, in particular also HPLC High Pressure 
Liquid Chromatography). Probe heads of this type can 
particularly pro?t from cryotechnology and also from the 
modi?cations in accordance With the invention. 

[0009] These inventive modi?cations prevent dissipation 
of heat from the measuring sample and thus uneven cooling 
Without signi?cantly impairing the received NMR signals. 
The principal advantage of such a tempering means com 
pared to a conventional heated air ?oW for the sample tube 
is the fact that the thermal ef?ciency can act uniformly 
through the entire axial length of the sample tube. The 
central area is thus as Well tempered as the edge areas 
thereby effectively preventing axial temperature gradients. 
[0010] The heating means in accordance With the inven 
tion can be used individually and also in combination With 
an air ?oW tempering means. Acombination of both heating 
types is particularly advantageous for optimum suppression 
of the residual temperature gradients. 

[0011] In contrast thereto, a conventionally heated air 
?oW, Without the heating means in accordance With the 
invention, usually enters into the room temperature pipe at 
the loWer end of the sample tube, starts to heat up the sample 
tube at this location and continues to cool doWn While rising 
in the axial direction. The temperature of the heated air How 
in the upper region of the sample tube Will therefore alWays 
be less than in the loWer area thereby inevitably reducing the 
tempering performance in the upper region of the sample 
tube. As a result, there Will alWays be an axial temperature 
gradient Which can be someWhat reduced by increasing the 
amount of air per unit time, hoWever cannot be prevented in 
principle. Moreover, the corresponding countermeasures are 
highly limited since, if the amount of air per unit time is too 
large, vibration free positioning or proper rotation of the 
sample tube can no longer be guaranteed. 

[0012] Through corresponding selection of the tempering 
means With respect to its absorption behavior of RF ?elds, 
one tries to obtain an almost complete transparency to the 
RF ?elds to alloW as free a passage as possible of the 
measuring signal from the sample to the RF receiver coil 
system. 
[0013] The tempering means of the inventive NMR probe 
head can be realiZed in technically completely different 
ways, eg through heating With electric current but also 
heating through radiation or thermal conduction in the 
region about the sample tube. 

[0014] A particularly preferred embodiment of the inven 
tive NMR probe head is characteriZed in that the tempering 
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means comprises a layer radially surrounding the sample 
tube in the aXial region of the RF receiver coil system having 
a radial thickness of <1 mm, preferably <50 pm and Which 
is made from a material Which at least partially absorbs 
radiation in a Wavelength range of 100 nméké 100 pm and 
Which is transparent to radiation in a Wavelength range of 
)\.>100 mm. Absorption of thermal radiation in the layer 
permits temperature control of the sample tube in the 
corresponding aXial region. 

[0015] The NMR probe head in accordance With the 
invention preferably comprises a heating means for uni 
formly heating the layer, Which can be designed With dif 
ferent technical means. 

[0016] Apreferred further development is characteriZed in 
that the heating means comprises a device for irradiating the 
layer With radiation in a Wavelength range of 100 
nm E )L i 100 pm, in particular With thermal radiation thereby 
providing contact-free and uniform heating of the layer. 

[0017] The device for irradiating the layer is preferably 
disposed on the side of the room temperature bore facing the 
RF receiver coil system. Since the receiver coil system is 
generally accommodated in an evacuated region, the thermal 
radiation can pass through the vacuum to the heating layer 
Without obstruction. 

[0018] One further development is particularly space 
saving With Which the layer is disposed on the side of the 
room temperature pipe facing the RF receiver coil system. 

[0019] Many materials Which can be used to construct the 
room temperature pipe already absorb in the desired Wave 
length range such that heating up using radiation does not 
require a special radiation-absorbing layer. 

[0020] The radiation absorbing heating layer may sur 
round the room temperature pipe over a large area. Alter 
natively, the layer may be disposed about the room tem 
perature pipe in axially eXtending strips disposed at a 
separation from one another in the peripheral direction. 

[0021] One further development is particularly preferred 
in Which the layer is electrically conducting and can be 
heated through application of an electric voltage. 

[0022] Alternatively or additionally, a further embodiment 
provides that the tempering means comprises one or more 
heating coils of thin, in particular layered, electrically good 
conducting material each comprising an outgoing and return 
conductor. The outgoing and return conductors of the heat 
ing coils are electrically connected to one another at one end 
and can be supplied With heating current from a current 
source at the other end. 

[0023] A preferred further development of this embodi 
ment is characteriZed in that the heating coils are formed of 
an electrically conductive layer Which radially surrounds the 
sample tube in the aXial region of the RF receiver coil 
system, has a radial thickness of <1 mm, preferably <50 pm 
and is transparent to radiation in a Wavelength range of 
)\.>100 mm. This layer may be radiation-absorbing as in the 
above-described embodiments to alloW heating in tWo dif 
ferent Ways. 

[0024] In a particularly preferred manner, the outgoing 
and return conductors of the heating coils are disposed 
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bi?larly at as small a separation from one another as possible 
to minimiZe generation of a disturbing magnetic ?eld during 
current ?oW. 

[0025] In this connection, it is advantageous if the outgo 
ing and return conductors of the heating coils consist of tWo 
longitudinal strips disposed one on top of the other Which are 
electrically insulated from one another by an insulation layer 
or insulation strip. 

[0026] A further development is particularly preferred 
With Which the outgoing and return conductors of the 
heating coils are made from materials having different 
magnetic susceptibilities and Which are selected such that 
each overall heating coil is magnetically compensated 
toWards the outside to prevent formation of additional 
magnetic ?elds during current ?oW Which Would deteriorate 
the resolution of the recorded NMR spectra. 

[0027] The tempering means can be geometrically 
designed such that one or more heating coils are disposed in 
a spiral fashion about the room temperature pipe. 

[0028] As an alternative, it is also possible to dispose 
several, preferably at least 8, heating coils at a separation 
from one another in the peripheral direction about the Z aXis 
of the room temperature pipe, Which eXtend parallel to the 
Z direction. 

[0029] Advantageously, the heating coils are spatially 
oriented such that they are minimally coupled to the RF 
receiver coil system. 

[0030] One embodiment of the heating coils having a 
material eXhibiting as good an electrical conductance as 
possible (e.g. Cu) is particularly preferred Wherein the 
conductors have rectangular, possibly square or circular 
cross-sections (typically of a magnitude of 10 pm><10 pm or 
less). Due to the resulting very small overall surface cov 
ering, the room temperature pipe maintains its good perme 
ability to RF ?elds, and the RF losses are also very loW due 
to both the small surfaces of the heating conductors and the 
good electrical (and thus RF) conductivity. 

[0031] In a preferred further development of the above 
described embodiment, a loW-pass ?lter may be provided 
betWeen the current source and the heating coils to minimiZe 
signal distortion and residual attenuation. 

[0032] One further development is also preferred in Which 
a parallel resonant circuit is provided betWeen the current 
source and the heating coils Whose resonance frequency is 
the most sensitive RF frequency relevant for NMR mea 
surements. Such a rejector circuit also prevents transmission 
of disturbing signals to the RF receiver coil system and 
minimiZes unWanted coupling-out of the RF signals via the 
heating coils. 

[0033] In a further development, the current source advan 
tageously supplies the heating coils With alternating current 
in order to keep further disturbances in the static magnetic 
?eld as small as possible. 

[0034] In this connection, the angular frequency OH for 
the heating current IH=IO~cos uuHt through the heating coils 
should be selected such that the corresponding side bands 
are outside of the observeable NMR spectrum. 

[0035] In particular, the folloWing should hold: 1 
kHZé (DH/2J1: i 10 GHZ, preferably 10 kHz 2 (DH/2J1: i 1 MHZ. 
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It is generally advantageous if the tempering means, in 
particular the room temperature pipe itself, a heating layer 
and/or heating coils are formed of a material having good 
thermal conductance Which permits particularly uniform 
heating along the entire surface of the corresponding heating 
means to counteract formation of temperature gradients in 
the sample tube. 

[0036] A particularly preferred embodiment of the NMR 
probe head in accordance With the invention provides for 
radiation shields disposed betWeen the RF receiver coil 
system and the room temperature pipe Which surround the 
room temperature pipe in a radial direction, extend in the Z 
direction and are made of one or more materials oriented in 
the Z direction Which are almost completely transparent to 
RF ?elds or at least have an absorption of <5%, preferably 
<1% for RF ?elds. 

[0037] Although cryotechnology has used radiation 
shields for some time to curtail heat radiation losses, this 
procedure is not directly applicable for a cooled NMR probe 
head since the normally metallic radiation shields, Which 
re?ect heat radiation, either completely block or at least 
strongly impair propagation of RF ?elds from the measuring 
sample to the RF receiver coils such that the incoming NMR 
signals are at least highly attenuated, distorted or completely 
unusable. 

[0038] In accordance With the inventive solution, the 
radiation shields provided in the vacuum betWeen the RF 
coils and the room temperature pipe solely comprise mate 
rials Which are oriented in the Z direction. The axial orien 
tation of the radiation shield material prevents their ?nite 
susceptibility from impairing the resolution of the NMR 
signals. On the other hand, the physical properties of the 
materials should be such as to effect as large a transparency 
as possible in the region of radio frequency radiation. In 
most cases, this material property has the associated disad 
vantage that re?ection of lost heat back toWards the mea 
suring sample is not very high. 
[0039] It is advantageous if the radiation shields have at 
least a minimum separation from one another in the radial 
direction and do not contact each other or at the most contact 
at points or linearly to prevent direct heat conduction 
betWeen the individual radiation shields in a radial direction 
Which Would lead to a thermal “short circuiting”. Occasional 
contact betWeen the radiation shields is not a serious prob 
lem, in particular if the chosen material has very loW heat 
conduction. As long as the individual contacting points or 
lines are sufficiently spaced apart from one another, the 
overall heat conduction betWeen the radially disposed radia 
tion shields can be essentially neglected for the purposes of 
the invention. 

[0040] One further development is particularly preferred, 
Wherein the radiation shields are constructed from a material 
Which re?ects or at least absorbs radiation in a Wavelength 
range of 10 pméké 100 pm and Which is transparent to 
radiation in a Wavelength range of )\.>100 mm. The former 
Wavelength range corresponds to heat radiation at a tem 
perature of betWeen approximately 20 K to 300 K Which 
corresponds to the temperature difference betWeen the mea 
suring sample and the cooled NMR coils. The latter Wave 
length range corresponds to radiation of a frequency beloW 
3 GHZ, Wherein the RF range Which is important for NMR 
measurements is betWeen several MHZ and beloW approxi 
mately 1 GHZ. 
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[0041] An optimum material Which has practically no 
absorption losses in the considered RF range, and on the 
other hand is not transparent in the above-mentioned heat 
radiation range, is eg glass or quartZ. 

[0042] The radiation shields of the NMR probe head in 
accordance With the invention could theoretically be con 
?gured as tubes coaxially surrounding the room temperature 
pipe. The tube material Would, hoWever, normally be exces 
sively thick. The radiation shields could also be constructed 
from a unidirectional foil Whose production and processing 
is, hoWever, relatively dif?cult. Orientation of the foil along 
the Z axis can be realiZed eg through application of 
mechanical tensile stress. In contrast thereto, one embodi 
ment is preferred, in Which the radiation shields are made 
from a unidirectional fabric. Unidirectional fabric of this 
type having correspondingly suitable materials is commer 
cially available. 

[0043] These fabrics preferably consist of ?ber mats, in 
particular ?ber glass mats Which are made of ?bers having 
a diameter of less than 10 pm and a total thickness of 
approximately 30 pm. When using such ?ber glass mats, it 
Would be feasible to Wind them in several layers in a 
spiralling fashion about the room temperature pipe on its 
vacuum side instead of providing a radial sequence of 
individual cylindrical radiation shields. 

[0044] In a further particularly preferred embodiment, the 
radiation shields are formed of rods or ?bers, preferably 
glass ?bers and/or quartZ ?bers oriented in the Z direction 
and radially disposed about the axis of the room temperature 
pipe. Fibers of this type are available With diameters of 
betWeen 10 and 50 pm. Although, glass ?laments having a 
diameter of less than 5 pm are also available, these Would 
probably be difficult to Work With. 

[0045] In a preferred further development, the radiation 
shields are formed of ?ber bundles having someWhat higher 
overall mechanical stability than the individual ?laments 
and are thus easier to Work, similar to rods. 

[0046] In embodiments of the invention, the rods or ?bers 
may be disposed freely in space and be fastened only at their 
ends. Alternatively, the rods or ?bers may be mounted to a 
support pipe disposed coaxially With respect to the room 
temperature pipe, preferably on the side of the room tem 
perature pipe facing the RF receiver coil system. 

[0047] In a preferred further development the rods or 
?bers are mounted to the support pipe or room temperature 
pipe using a glue transparent to RF radiation in order to 
prevent attenuation of the RF radiation from the measuring 
sample to the RF receiver coil due to gluing. 

[0048] One further development is also advantageous, 
Wherein the rods or ?bers are densely packed in the periph 
eral direction about the axis of the room temperature pipe to 
prevent visible gaps “as vieWed” in the radial direction. In 
this fashion, the rods or ?bers each form a radiation shield 
connected in the peripheral direction. 

[0049] One embodiment of the NMR probe head in accor 
dance With the invention is particularly preferred in Which a 
centering device is disposed about the axis of the room 
temperature pipe for centering the sample tube in its mea 
suring position. The transverse temperature gradients, 
extending radially With respect to the Z axis, Which can occur 
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during operation of a cooled NMR probe head are given by 
the product of the heat loss per unit surface, the reciprocal 
value of the mass flow of tempering gas and a symmetry 
factor Which includes a displacement or angular deviation of 
the sample tube axis from the Z axis of the room temperature 
pipe. Since this asymmetry appears as a factor in the overall 
product, even small inclinations of the measuring sample 
Within the room temperature pipe have a large in?uence on 
the tempering ?oW. Therefore, the proposed centering 
device can have an additional considerable effect With 
regard to a reduction in the temperature gradients and an 
improvement of the quality of the NMR signals. 

[0050] In a further development Which is particularly easy 
to realiZe, the centering device comprises one or more 
spacers disposed betWeen the room temperature pipe and the 
sample tube and symmetrically distributed about the Z axis 
of the room temperature pipe. 

[0051] These spacers may be disposed in the area of the 
bottom of the sample tube in its measuring position and/or 
in the area of the feed opening of the room temperature pipe 
on the side of the room temperature pipe facing the sample 
tube. Alternatively, the spacers may extend over the entire 
axial length of the RF receiver coil system. 

[0052] One further development is also advantageous, 
Wherein the spacers consist of strips of elastic material 
extending in the direction of the Z axis Which are rigidly 
connected to the room temperature pipe at their ends facing 
aWay from the sample glass in its measuring position and 
Whose ends facing the sample glass in its measuring position 
have a bead Which is bulged toWards the sample glass and 
Whose free leg seats on the room temperature pipe. 

[0053] To prevent disturbance of the NMR measurements, 
the spacers should be produced from a material Which is 
transparent to RF radiation. 

[0054] In a preferred further development, the spacers 
consist of sheet metal strips having a thickness of approxi 
mately 100 pm and a Width transverse to the Z axis of 
approximately 0.5 mm to 2 mm, preferably approximately 1 
mm. 

[0055] Further advantages of the invention can be 
extracted from the description and the draWing. The features 
mentioned above and beloW can be used in accordance With 
the invention either individually or collectively in any 
arbitrary combination. The embodiments shoWn and 
described are not to be understood as exhaustive enumera 
tion but rather have exemplary character for describing the 
invention. 

[0056] The invention is shoWn in the draWing and 
explained in more detail by means of embodiments. 

BRIEF DESCRIPTION OF THE DRAWING 

[0057] FIG. 1a shoWs a schematic vertical section along 
the Z axis through an NMR probe head in accordance With 
the invention in the vicinity of an RF receiver coil system, 
including tempering means and associated temperature 
dependence along the Z axis; 

[0058] FIG. 2 shoWs a schematic vertical section through 
a cooled prior art NMR probe head With associated tem 
perature dependence in the direction of the Z axis; 
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[0059] FIG. 3a shoWs a schematic horiZontal section 
through an arrangement comprising a sample tube intro 
duced asymmetrically into the room temperature pipe; 

[0060] FIG. 3b shoWs the temperature distribution in the 
Z direction associated With the arrangement according to 
FIG. 3a; 

[0061] FIG. 4a shoWs a schematic vertical section through 
a room temperature pipe With asymmetrically introduced 
sample tube and indicated convection ?oWs Within the 
measuring sample; 
[0062] FIG. 4b shoWs the associated temperature depen 
dences in the direction of the Z axis on the left and right-hand 
side of the arrangement of FIG. 4a; 

[0063] FIG. 5 shoWs a schematic temperature dependence 
of the tempering gas in the direction of the Z axis With the 
sample tube being introduced asymmetrically into the room 
temperature pipe, With the inner side of the room tempera 
ture pipe in the region of the RF receiver coils having good 
heat-conducting properties; 
[0064] FIG. 6a shoWs a schematic representation of an 
embodiment of the invention With tWo opposite electric 
heating coils extending along the room temperature pipe; 

[0065] FIG. 6b corresponds to FIG. 6a, Wherein the 
surface A surrounded by the heating coils is larger; 

[0066] FIG. 6c shoWs an embodiment With spiralling 
heating coil; 

[0067] FIG. 7 shoWs a schematic representation of an 
embodiment With tWo thin layers of a heating coil Which are 
separated through an insulation foil; 

[0068] FIG. 8a shoWs a circuit diagram for a heating coil 
With upstream loW-pass ?lters; 

[0069] FIG. 8b corresponds to FIG. 8a, hoWever, With 
upstream rejector circuits; 

[0070] FIG. 9 shoWs a schematic vertical section through 
an inventive arrangement comprising heating means, tem 
perature sensors and electronic temperature control; 

[0071] FIG. 10a shoWs a schematic vertical section 
through an inventive NMR probe head With thermal shields 
betWeen the room temperature pipe and the RF receiver coil 
system; 

[0072] FIG. 10b shoWs a schematic horiZontal section 
through an arrangement according to FIG. 10a in the axial 
region of the RF receiver coil system; 

[0073] FIG. 11a shoWs a schematic vertical section 
through an inventive arrangement With centering device; and 

[0074] FIG. 11b shoWs a horiZontal section through an 
arrangement according to FIG. 11a. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0075] FIG. 1 shoWs a schematic vertical section through 
an inventive NMR probe head comprising a tempering 
means 11 in the axial region of the inner tube 5 of a room 
temperature pipe 4 and the associated temperature depen 
dence along the Z axis. The tempering means 11 can be 
effected eg via electric heating and/or radiation heating of 
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a corresponding surface on the room temperature pipe 4 in 
the region of the inner tube 5 by means of a heating means 
19. The temperature dependence along the Z axis shoWn on 
the right-hand side illustrates (solid lines) the situation 
Without tempering means and (broken lines) the situation 
With regulated tempering means, indicating a nearly con 
stant temperature along the entire Z axis. 

[0076] Further details of the inventive NMR sample head 
can be extracted i.a. from FIG. 10a described beloW. 

[0077] The operation of the inventive arrangement is 
explained beloW: 

[0078] FIG. 2 schematically shoWs a section of an NMR 
probe head of prior art, Wherein radiative heat ?oW Q passes 
from a sample tube 6 in a radial direction toWards the RF 
receiver coil system 1 since the receiver coil system 1 is 
maintained at a cryogenic temperature of approximately 25 
K While the sample tube 6 should be held approximately at 
room temperature using the tempered air How 8 supplied 
from beloW. The heat radiation from the sample tube 6 
results, taking into consideration the heat supplied by the 
tempering How 8, in a temperature dependence in an axial 
direction Within the sample tube 6 as schematically shoWn 
on the right hand side of FIG. 2. 

[0079] The relatively high temperature gradients Within 
the sample substance 7 often result in an undesired deterio 
ration of the recorded NMR spectra. The lines Widen due to 
the temperature dependence of the chemical shift Which can 
prevent simultaneous shimming of tWo substances. This 
effect is particularly distinct With Water. 

[0080] In addition, convection effects may occur if the 
temperature gradient has exceeded a critical value. The 
resulting ?uctuations can considerably impair stability dur 
ing shimming and during NMR experiments. 

[0081] In addition to the temperature gradients in the Z 
direction, transverse gradients can also occur if the sample 
tube 6 is not positioned exactly in the center of the room 
temperature pipe 4, as schematically shoWn in the horiZontal 
section of FIG. 3a. 

[0082] Due to the differing mass ?oW resulting from the 
differing ?oW resistances on the left (L) and right (R) sides, 
differing longitudinal gradients occur on either side, leading 
to a transverse temperature gradient Which becomes more 
distinct toWards the top, as shoWn in FIG. 3b. Of the three 
temperature dependences shoWn, the middle one illustrates 
the symmetric case. This gradient additionally promotes 
formation of convection Within the normally liquid sample 
substance 7, as is schematically shoWn in FIG. 4a. The 
associated temperature dependences in the Z direction are 
shoWn in FIG. 4b. The temperature dependence on the 
right-hand side (=R) may thereby considerably differ from 
the temperature dependence on the left-hand side (=L). 

[0083] To counteract this effect, the central part 5 of the 
room temperature pipe 4 is made from a material having 
good heat conduction to thereby considerably reduce the 
transverse temperature gradients (x-y direction). HoWever, 
only those materials are acceptable having negligibly small 
RF radiation absorption While also exhibiting the required 
high heat conductivity. A concrete example is sapphire. 

[0084] FIG. 5 shoWs this situation With poor heat con 
ductivity (broken lines) and With good heat conductivity 
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(solid lines) for the room temperature pipe 4, in particular of 
the inner pipe 5. The temperature dependence along the Z 
axis cannot be substantially in?uenced thereby (except for 
averaging of the tWo extrema). Only the temperature depen 
dence directly before the upper clamping point of the sample 
tube 6 can be improved. It is not possible to eliminate a 
linear temperature gradient merely through heat-conducting 
measures on the room temperature pipe 4. 

[0085] This is Where the invention starts, according to 
Which a tempering means 11 is disposed betWeen the RF 
receiver coil system 1 and the sample tube 6 Which extends 
in the Z direction and surrounds the sample tube in the radial 
direction and is almost completely transparent to RF ?elds. 

[0086] In embodiments of the invention Which are not 
further represented in the draWing, the tempering means 11 
consists of a heating means 19. A layer can be additionally 
disposed on the sample tube 6 for absorbing thermal radia 
tion Which achieves the considerably improved axial tem 
perature dependence in the sample tube 6 described above 
for FIG. 1. The tempering means 11 can comprise supple 
mentary, additionally or alternatively also electrically heat 
able elements, in particular heating coils 12, 12‘ as shoWn in 
FIG. 6a opposite to and in the Z direction along the inner 
tube 5 of the room temperature pipe 4. 

[0087] In any case it is recommended to produce the inner 
tube 5 of a material having good heat conductance (e.g. 
sapphire). 

[0088] FIG. 6b schematically shoWs a heating coil 12“ 
comprising a relatively large surface A Which should be 
prevented in practice. The surface A of the coil should be 
minimiZed since too large a surface could cause consider 
able disturbance of the homogeneous magnetic ?eld B0 in 
the measuring position of the inventive NMR sample head 
due to ?elds Which extend perpendicular thereto When 
current ?oWs through the heating coils. 

[0089] FIG. 6c shoWs an inventive arrangement compris 
ing a heating coil 12‘“ spirally Wound about the inner tube 
5 Wherein the surface betWeen the tWo electric conductors is 
kept as small as possible for the above-mentioned reasons. 

[0090] In a further embodiment it can be advantageous to 
form the heating coil 13 of tWo thin layers 13‘, 13“—as 
shoWn in FIG. 7—Which are disposed one on top of the 
other and are electrically separated from one another by a 
thin insulating foil 14. This virtually prevents generation of 
disturbing magnetic ?elds When a current ?oWs through the 
heating coil 13. 

[0091] Copper or aluminium Would be suitable materials 
for the layers 13, 13“. A1203 Would be suitable for the 
insulating layer 14. An arrangement of this type can also 
consist of a combination of different materials for the layers 
13‘ and 13“ Wherein same should be selected such that the 
overall heating coil 13 is magnetically compensated toWards 
the outside. 

[0092] Suitable orientation of the tempering means 11 
With respect to the most sensitive RF receiver coils used 
minimiZes electromagnetic coupling With the RF receiver 
coil system 1. 

[0093] To minimiZe signal distortion, disturbing signals 
and residual attenuation, the electrically heated variant of the 
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inventive tempering means 11 should be provided With a 
loW-pass ?lter 15 upstream of the corresponding heating 
coils 12 (see FIG. 8a). 

[0094] FIG. 8b schematically shoWs a further improved 
embodiment Wherein an electric rejector circuit 16, 16‘ is 
connected upstream of the tWo inputs of the heating coil 12 
Which blocks the RF frequencies Which are to be measured 
and Which additionally minimiZes the in?uence of the heat 
ing current on the NMR measurement such as distortion and 
attenuation of the measuring frequencies. When an alternat 
ing current is used as heating current through the heating coil 
12, the angular frequency of the alternating current can be 
selected such that the sidebands generated thereby are 
outside of the observeable NMR spectrum. 

[0095] The heating ef?ciency can be permanently set in 
accordance With the expected radial heat ?oW at a tempera 
ture TIN of the tempering gas 8 ?oWing into the room 
temperature pipe 4 from the bottom, and be corrected in 
proportion to the fourth poWer of that temperature. 

[0096] Other embodiments permit active regulation of the 
heating poWer. For this purpose, tWo thermometers 17, 17‘ at 
the loWer and upper ends of the inner pipe 5 of the room 
temperature pipe 4 can measure the prevailing temperatures 
T1 or T2 and supply same to an electronic control circuit 18 
Which controls the tempering means 11. In the most simple 
case, the control circuit 18 may consist of a differential 
ampli?er 18‘ Which receives the tWo temperature signals of 
the thermometers 17, 17‘ and passes its differential signal on 
to a regulator 18“ Which controls a ?nal step 18“‘ Which in 
turn supplies the tempering means 11, in particular a heating 
coil 12 With corresponding heating current. 

[0097] The embodiment of the NMR probe head in accor 
dance With the invention schematically shoWn in FIG. 10a 
comprises an RF receiver coil system 1 Which is disposed 
symmetrically, With respect to a Z axis, about an axially 
extending room temperature pipe 4 Which serves for accom 
modating a sample tube 6 containing a sample substance 7 
to be examined by NMR measurements. 

[0098] The RF receiver coil system 1 is mounted onto heat 
conducting elements 2 Which cool the RF receiver coil 
system 1 to cryogenic temperatures, usually Tiz25 K. 

[0099] The upper and loWer sections of the room tempera 
ture pipe 4 are connected to a casing 3 of the NMR probe 
head Whereas its central section comprises an inner pipe 5 
(mainly of glass) Which is permeable to RF ?elds. The 
sample tube 6, axially projecting into the room temperature 
pipe 4, is held at the desired temperature during the mea 
surements by means of a gas How 8 Which is tempered 
approximately to room temperature T2z300 K. 

[0100] FIGS. 10a and 10b clearly shoW that several 
radiation shields 9 are disposed betWeen the receiver coil 
system 1 and the room temperature pipe 4 surrounding the 
room temperature pipe 4 in a radial direction and extending 
along the Z axis. The radiation shields 9 are formed of 
materials oriented in the Z direction Which are almost 
completely transparent to RF ?elds. The radiation shields 9 
are separated from each other in the radial direction and do 
not contact another or, at the most, have point or linear 
contacts, as clearly shoWn in FIG. 1b. They have a radial 
thickness <0.1 mm, preferably <50 pm. The radiation shields 
9 are preferably made from glass or quartZ. 
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[0101] To obtain orientation of the material in the Z 
direction as required by the invention, the radiation shields 
9 may be formed of a unidirectional foil, of unidirectional 
fabric, in particular of ?ber glass mats, or of axially extend 
ing rods or ?bers, preferably glass or quartZ ?bers or ?ber 
bundles. 

[0102] The radiation shields 9 may be freely disposed in 
space and mounted only at their ends or, as shoWn in the 
embodiment, mounted to the room temperature pipe 4. 

[0103] For reasons of clarity, FIGS. 10a and 10b do not 
shoW the centering device in accordance With the invention. 
It can be incorporated as any of the embodiments described 
above. 

[0104] FIGS. 11a and 11b ?nally shoW a preferred 
embodiment of the inventive NMR probe head comprising 
a centering means having, in the embodiment shoWn, four 
spacers 10 symmetrically distributed about the Z axis. The 
associated proper centering of the sample tube 6 Within the 
room temperature pipe 4 prevents convection How and 
thereby formation of temperature gradients Within the 
sample substance 7, as already explained above. 

I claim: 
1. An NMR (nuclear magnetic resonance) probe head, the 

probe head for receiving a sample tube containing a sample 
substance to be examined by NMR measurements, the probe 
head comprising: 

a receiver coil system; means for cooling doWn said 
receiver coil system to cryogenic temperatures; 

a room temperature pipe, extending along a Z-axis, said 
room temperature pipe for receiving the sample tube; 
and 

tempering means disposed betWeen said receiver coil 
system and the sample tube, said tempering means 
extending in the Z direction and radially surrounding 
the sample tube, Wherein said tempering means are one 
of substantially transparent to RF ?elds, exhibit an 
absorption for RF ?elds of <5%, and exhibit and 
absorption for RF ?elds of <1%. 

3. The NMR probe head of claim 1, Wherein said tem 
pering means comprise a ?rst layer radially surrounding the 
sample tube in an axial region of said receiver coil system, 
said ?rst layer having a radial thickness of one of <1 mm and 
<50 pm, said ?rst layer made from a material Which at least 
partially absorbs radiation in a Wavelength range of 100 
nm§k§100 pm and Which is substantially transparent to 
radiation in a Wavelength range of )\.>100 mm. 

3. The NMR probe head of claim 2, further comprising a 
heating means for uniformly heating said ?rst layer. 

4. The NMR probe head of claim 3, Wherein said heating 
means comprises a device for one of irradiating said ?rst 
layer With radiation in a Wavelength range of 100 
nm§k§100 pm and irradiating said ?rst layer With heat 
radiation. 

5. The NMR probe head of claim 4, Wherein said device 
for irradiating said ?rst layer is disposed on a side of said 
room temperature pipe facing said receiver coil system. 

6. The NMR probe head of claim 2, Wherein said ?rst 
layer is disposed on said room temperature pipe at a side 
thereof facing said receiver coil system. 

7. The NMR probe head of claim 2, Wherein said ?rst 
layer surrounds a surface of said room temperature pipe. 
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8. The NMR probe head of claim 2, wherein said ?rst 
layer is disposed about said room temperature pipe in axially 
extending strips Which are separated from one another in a 
peripheral direction. 

9. The NMR probe head of claim 1, Wherein said tem 
pering means comprises at least one heating coil, each of 
said at least one heating coil comprising thin material having 
good electric conductance and each comprising an outgoing 
and return conductor, Wherein said outgoing and said return 
conductors are electrically connected to one another at a ?rst 
end and can be supplied With heating current from a current 
source at a second end. 

10. The NMR probe head of claim 9, Wherein said heating 
coil comprises an electrically conducting second layer sur 
rounding the sample tube in an aXial region of said receiver 
coil system, said second layer having a radial thickness 
Which is one of <1 mm and <50 pm, said second layer 
substantially transparent to radiation in a Wavelength range 
of )\.>100 mm. 

11. The NMR probe head of claim 2, Wherein said ?rst 
layer can be electrically heated. 

12. The NMR probe head of claim 10, Wherein said 
second layer can be electrically heated. 

13. The NMR probe head of claim 9, Wherein said 
outgoing and return conductors of said heating coil are 
disposed bi?larly in close mutual proXimity. 

14. The NMR probe head of claim 13, Wherein said 
outgoing and return conductors comprise tWo longitudinal 
strips disposed one on top of the other, said tWo strips 
electrically insulated from one another via an insulation 
layer or insulation strip. 

15. The NMR probe head of claim 9, Wherein said 
outgoing and return conductors are substantially made from 
materials having different magnetic susceptibilities, said 
magnetic susceptibilities being selected such that said heat 
ing coil is magnetically compensated toWards an outside. 

16. The NMR probe head of claim 9, Wherein said at least 
one heating coil is disposed in a spiral fashion about said 
room temperature pipe. 

17. The NMR probe head of claim 9, Wherein one of 
several and at least 8 heating coils are disposed at a 
separation from one another in a peripheral direction about 
the Z-aXis of said room temperature pipe and eXtend parallel 
to the Z-aXis. 

18. The NMR probe head of claim 9, Wherein said at least 
one heating coil is spatially oriented to minimiZe coupling to 
said receiver coil system. 

19. The NMR probe head of claim 12, Wherein said 
heating coil comprises thin material eXhibiting good elec 
trical conductance. 

20. The NMR probe head of claim 19, Wherein said thin 
material has a cross section betWeen 1 pm2 and 100 pmz. 

21. The NMR probe head of claim 9, further comprising 
at least one of a loW-pass ?lter and a parallel resonant circuit, 
connected betWeen said current source and said heating coil, 
said parallel resonant circuit having a resonance at a most 
sensitive frequency relevant for NMR measurements. 

22. The NMR probe head of claim 9, Wherein said current 
source is an alternating current source. 

23. The NMR probe head of claim 22, Wherein an angular 
frequency 00H for said heating current IH=IO-cos uuHt through 
said heating coil is selected such that associated side bands 
are outside of an observable NMR spectrum. 
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24. The NMR probe head of claim 23, Wherein 00H is one 
of 1 kHzéuuH/2s'cé 10 GHZ and 10 kHzéuuH/2s'cél MHZ. 

25. The NMR probe head of claim 1, Wherein said 
tempering means comprise a material having good thermal 
conductance. 

26. The NMR probe head of claim 1, further comprising 
at least one radiation shield disposed betWeen said receiver 
coil system and said room temperature pipe, extending in a 
Z-direction, and surrounding said room temperature pipe in 
a radial direction, said at least one radiation shield compris 
ing at least one material oriented in the Z-direction Which is 
one of substantially transparent to RF ?elds, has an absorp 
tion for RF ?elds of <5 %, and has an absorption for RF ?elds 
<1%. 

27. The NMR probe head of claim 26, Wherein there are 
a plurality of radiation shields spaced apart from one another 
in a radial direction, said radiation shields being one of 
Without mutual contact, in mutual point contact, and in 
mutual linear contact. 

28. The NMR probe head of claim 26, Wherein said at 
least one radiation shield comprises a material Which one of 
absorbs and re?ects radiation in a Wavelength range of 10 
pméké 100 pm and Which is substantially transparent to 
radiation in a Wavelength range of )\.>100 mm. 

29. The NMR probe head of claim 28, Wherein said at 
least one radiation shield comprises glass or quartZ. 

30. The NMR probe head of claim 26, Wherein said 
radiation shield comprises a unidirectional fabric. 

31. The NMR probe head of claim 30, Wherein said fabric 
comprises one of ?ber mats and ?ber glass mats. 

32. The NMR probe head of claim 26, Wherein said 
radiation shield comprises at least one of rods, ?bers, glass 
?bers, quartZ ?bers and ?ber bundles oriented in a Z-direc 
tion and disposed radially about an aXis of said room 
temperature pipe. 

33. The NMR probe head of claim 32, Wherein said rods 
or ?bers are freely disposed in space and are attached only 
at ends thereof. 

34. The NMR probe head of claim 32, further comprising 
a support pipe, Wherein said rods or ?bers are mounted on 
said support pipe. 

35. The NMR probe head of claim 32, Wherein said rods 
or ?bers are disposed to be one of coaXial With respect to 
said room temperature pipe and on a side of said room 
temperature pipe facing said receiver system. 

36. The NMR probe head of claim 32, Wherein said rods 
or ?bers are densely packed in a peripheral direction about 
an aXis of said room temperature pipe. 

37. The NMR probe head of claim 1, further comprising 
a centering device for centering the sample tube in its 
measuring position about an aXis of said room temperature 
pipe. 

38. The NMR probe head of claim 37, Wherein said 
centering device comprises at least one spacer disposed 
betWeen said room temperature pipe and the sample tube 
and distributed symmetrically about a Z-aXis of said room 
temperature pipe. 

39. The NMR probe head of claim 38, Wherein said spacer 
is at least one of disposed in an area of a bottom of the 
sample tube in its measuring position and disposed in an area 
of a feed opening of said room temperature pipe on a side of 
said room temperature pipe facing the sample tube. 
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40. The NMR probe head of claim 38, wherein said spacer 
is disposed along an entire axial length of said receiver coil 
system on a side of said room temperature pipe facing the 
sample tube. 

41. The NMR probe head of claim 38, Wherein said spacer 
cornprises strips of elastic material extending in a direction 
of the Z-aXis and Which are rigidly connected to said room 

temperature pipe at their ends facing away from the sample 
tube in its rneasuring position and Whose ends facing the 
sample tube in its rneasuring position have a bead Which is 
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bulged toWards the sample tube, said bead having a free leg 
seating on said room temperature pipe. 

42. The NMR probe head of claim 38, Wherein said spacer 
comprises a material Which is at least one of transparent to 
RF radiation and rnagnetically cornpensated. 

43. The NMR probe head of claim 38, Wherein said spacer 
cornprises sheet metal strips having a thickness of approxi 
rnately 100 urn and a Width transverse to the Z-aXis Which is 
one of approximately 0.5 mm to 2 mm and approximately 1 
mm. 


