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Abstract: Thermal ionization mass spectrometry (TIMS), characterized by excellent isotope ratio
measurement precision, long—term stability, and well-established metrological traceability, re-
mains an important platform for high—precision isotope analysis and plays an irreplaceable role in geo-
science, nuclear science, and cosmochemistry. This review systematically summarizes recent ad-
vances in key TIMS technologies, including ion sources, ion transmission systems, mass analyz-
ers, and detectors, with emphasis on multi—filament and thermal cavity ion sources, ionization—
enhancing materials, double—focusing mass analyzers, variable lenses, retarding lenses, and
high-resistance amplifiers for improving ionization efficiency, ion transmission efficiency, abun-
dance sensitivity, and trace—sample analysis capability. The recent progress in the independent de-
velopment of TIMS instruments and key components in China is also summarized. In terms of applica-
tions, the typical applications of TIMS in geochronology, nuclear material isotope analysis and nu-
clear safeguards, and cosmochemistry are reviewed, with particular emphasis on its technical ad-
vantages in the analysis of complex samples, high—precision isotope ratios, and ultratrace sam-
ples. Finally, the future development of TIMS toward ultratrace analysis, high sensitivity, intelli-
gent operation, and localization is discussed, providing a reference for the further development of
high—precision isotope mass spectrometry.
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Table 1  Comparison of technical characteristics of typical TIMS ion sources

Ion Source Type Advantages Limitations Typical Applications

Isotope analysis of elements amenable to

Single—filament . . Low ionization efficiency for high—ionization— . .

: Simple structure; easy operation . single—filament ionization, such as B,

10n source potential elements

Sr, and Pb
Lo Separate control of evaporation and . . . L .

Multi—filament S . . More complex structure; requires precise High—precision isotope analysis of U,

. lonization; high and stable ion

ion source temperature control Nd, W, and other elements

yields

Significantly enhanced ionization  Single—sample operation; requires vacuum

Thermal cavity Isotope analysis of difficult—to—ionize ele-

. efficiency for difficult—to—ionize el- recovery and thermal re—equilibration after
ion source ments, such as Uand W
ements sample exchange
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Table 2 Comparison of technical characteristics of typical TIMS detectors

L Applicable lon Current . L
Detector Type Principle R Typical Applications
ange

Faraday cup with ~ Direct measurement of ion current using a Faraday =~ Moderate—to—low ion cur- . X . X
X . . . . i . High—abundance isotopes and high—preci-
high-resistance am- cup coupled with a high—resistance feedback am- rents; wide linear response L. .
- . sion 1sotope ratio measurements.
plifier plifier. range.

. . . Low=abundance isotopes, trace isotope
Secondary—electron generation and cascade ampli-  Low—to—ultralow ion cur-

Electron multiplier analysis, and small-sample measure-

fication. rents.
ments.

. o Low—to—ultralow ion cur- Low=abundance isotopes, ultralow—in-
Secondary—electron generation, scintillation,

Daly detector rents; good long—term sta-  tensity signals, and radionuclide mea-

and photomultiplier detection. -
bility. surements.
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