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Optical design of mercury ion microwave frequency standard
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Abstract: The mercury ion trapped microwave frequency standard is pumped by the mercury lamp, and can achieve
miniaturization. It has potential wide applications for the future satellite navigation, deep space explorations and time
keeping for its advantages of small volume and high performance indicators. In order to improve pumping efficiency and
reduce noise background, it is necessary to carry out optical design of mercury lamps, so that the pumping light can fully
interact with trapped ions through the center of the quadrupole trap well while reducing reflection from the vacuum cavity
and quadrupole rods. Firstly, two optical design methods, occlusion light source method and non proportional amplifica-
tion method, are proposed. Then, the specific design process and results of the two design methods were introduced, and
the energy utilization efficiency of the two optical design methods for mercury lamps was compared. Finally, the non pro-
portional amplification method was used for optical path optimization design, and physical system signal detection experi-
ments were completed. The experimental results show that using this optical design scheme, the amplitude of mercury ion
light microwave dual resonance transition signal has been increased by more than 20%.
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Fig.1  Sketch map of composition of ion trapped mercury

microwave frequency standard system

05 30 S o AR R YR Y 40. 5 GHz e, SEBURE
TROH 5 @ PR IR PO AL, K
PRBIE 1K B T ERIT G £k b, S 10 MHz s e
A 5 it o

oK B T IR AR AT Hg A o TAE W o
Hg" [A] 7 28 R I AR BEAT R A R A, L
TEREZ I IE] 2 s

199Hg* 22Hg*emitted light
(5d"6pyP,, —F— —_— T
194 nm 194 nm
(5d"69)S,, F=]—x— R
40.5 GHz
F=0——-

(a) "He'fiEd (b) *Hg*fig 2
(a) Energy level of ""Hg*  (b) Energy level of 2?Hg*
K12 ReSFReg it 2K

Fig.2 Simplified diagram of mercury ion energy levels
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Fig.3  Sketch map of the method of blocking out the lamp
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Fig.4 Simulation diagram of optical path for method of
blocking out the lamp
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Tab.1 Design results of different lens 2 focal lengths
EHE / mm PIEE /mm JEBEHTTREAR [ pm
75 27 3063
100 35 1334
150 43 763
200 49 1027
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Fig.5 Sketch map of non-geometric proportion

magnification method
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Tab.2  Optical path design parameters

of 5 mm—2 mm BT mm
fEHE LY} (3 TG S
50 140 50 190
75 200 84 284
100 280 112 392
150 430 170 600
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Tab.3  Optical path design parameters

of 5 mm—16 mm ¥A5 . mm
fEHR L) E3:E TGRS A
50 47 163 210
75 77 245 322
100 104 340 444
150 158 515 673
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(a) Optical path simulation diagram of 5 mm—2 mm
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(b) Optical path simulation diagram of 5 mm—16 mm

Ko AR% LBl RO HIA

Fig.6  Simulation diagram of optical path for non-geometric

proportion magnification method
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Tab.4  Three sets of optical path parameters ¥4%. mm
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Fig.7 Sketch map of lamp area calculation
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Fig.8 Diagram of optical path and structure design
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Fig.9 Test curve of transition signal
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