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Motivation

 - What is the problem?
 - What are the applications?
 - What is the state of the art?
 - Why Yb?
 - Timeline and milestones?
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Motivation: applications6

40 min to 
ascertain position 
near mars

Earth

ship

Problem: Low SWaP and high stability fieldable clock 

Applications

• Deep space navigation

• Global navigation satellite systems

• Global positioning system denied navigation

• Fundamental physics
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Motivation: state of the art8

Schmittberger 2020 (arXiv:2004.09987v1)
P. D. D. Schwindt et al., "Miniature trapped-ion frequency standard with 171Yb+“, 2015

1 cm
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Ion species comparison
Ion I Cycling? Vapor Pressure Toxic
199Hg 1/2 40 97 194 No High Yes
171Yb 1/2 13 311 369 Yes low No



Motivation: state of the art11

Ion species comparison
Ion I Cycling? Vapor Pressure Toxic
199Hg 1/2 40 97 194 No High Yes
171Yb 1/2 13 311 369 Yes low No

• Fieldable laser at 197 nm not (yet?) feasible. 

Use discharge lamp instead (very robust).

• High scattering rate of Yb and possibility of fieldable laser

At 369 nm very promising!



Motivation: state of the art12

Office of Naval Research: POP 2020-2022

Goal: Demonstrate high stability Yb+ microwave clock with new DFB laser diode
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Physics

 - How does the clock operate?
 - What determines the clock’s performance? 
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Physics: operation15

Adapted from AIP Advances 5, 117209 (2015)

Features:
• No first order Zeeman
• Buffer gas quenching and cooling
• Re-pump lasers: 935 and 760 nm 

Collisional Quenching

Radiative Decay

369 nm
935 nm

760 nm

F’=1
F’=0

F=1
F=0

� 0 = 12.642�GHz

Heather Partner Thesis

FSK Rabi Fringe
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Image credit: Heather Partner Thesis

Clock Operation
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Physics: performance21

Short term stability

Long term stability

Psuedopotential

More micromotion



Setup

 - What measurements are made and how?
 - What does the apparatus look like?
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Setup: single clock23
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Setup: dual clock24
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End 
Caps

3 axis 
field 

control

935 nm

760 nm

399 
nm

369 
nm

PM
T

Synth
12.6 GHz

To wavemeter

HP
F

HPF

Trap 
driver

Heater

computer NI DAQ

shutter

wavemeter

Magnetic shields not shown
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ACES-AMIC trap assembly
Rod spacing = 6.2 mm

End-cap spacing = 48 mm
Trap capacity: 106 – 107 ions

IMPACT trap assembly
Rod spacing = 2 mm

End-cap spacing = 7 mm
Trap capacity: 105 – 106 ions

Setup



Setup: Vacuum system28



Setup29

Toptica laser system for 369 nm, 
399 nm, 760 nm, & 935 nm 

Optical table with two Yb+ ion 
trapping setups as two 
independent ion clocks

ACES-AMIC trap

IMPACT trap

ACES-AMIC trap inside magnetic shields



Setup30



Results

 - What is the short term performance of each clock?

 - What limits short term performance?

 - How do the clocks perform relative to one another?

 - How does each clock depend on experimental parameters?
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Results: ACES trap32

Signal = 45 k-cnts

Background = 25 k-cnts

Assuming shot noise (photon counting 
statistics) limited then…

Other settings
Background pressure: 300 pTorr
He buffer gas: 3.6 uTorr (ion gauge)
P369: 1.6 mW  (not optimized)
P935: 3.4 mW (not optimized)
P760: 0 mW (blocked)
Laser beam waists: ~ 1 mm (estimate)
Gate time: 25 ms
Field Strength: ~400 mG
RF drive voltage: 950 Vpp
End-cap voltage:  +11V
Ion lifetime: > 1 week
Voltage divider: 102
Agilent freq: 12.642812743 GHz
Agilent power: -38 dBm

Apr09-1643



Results:Influence of Magnetic Shield (ACES)33

Without Shield With Shield

The magnetic shield allows me to take “good” data while people are working in the lab

Apr08-1410Apr06-1634

People in the lab



Results: ACES34



Results: short term performance (IMPACT)35



Results: long term performance (ACES vs IMPACT)36

Clock frequency difference (red)
 and its average (black)



Results: long term performance37

Parameters that have appeared correlated with frequency 
drift:
-    V_RF [run A]
- Ambient B-field [run B]
- Ion signal (“sum”) [run C]

Run A

Run B

Run C



Results: long term performance38

These dependencies are more than and 
order of magnitude greater than those in 
the literature.

Possible explanation: High order B-field 
gradients. End cap voltage and He pressure 
change the ion cloud position.

Plan to repeat these measurements at 
various bias field values.



Future

 - Reduce long term drift
Use ions to stabilize bias field
Reduce magnetic gradients (no stainless steel!)

 - Run clock with developed DFB 369 nm laser
 - Zero dead time clock
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Future: zero dead time40

We can in principle use two ion traps to achieve complementary clock interrogations to 
cover the deadtime due to the signal detections.

Simulation by Y. Jau

Replace UXO with TCXO and second ion trap       lower power, smaller size, same long term stability



Conclusion41
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