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WHAT IS CLAIMED IS: 

 

1. A control system for fluid immersion for inverted microscopy, the control system 

comprising: 

a sensor ring coupled to a distal portion of a microscope lens used with an inverted 

microscope, wherein the sensor ring forms an annulus in fluid communication with the 

microscope lens, wherein the annulus is enabled to convey a fluid that forms an immersion 

layer at a surface of the microscope lens during imaging using the microscope lens, and wherein 

the sensor ring further comprises: 

a plurality of sensor electrodes located circumferentially about the annulus, 

wherein each of the plurality of sensor electrodes remains in contact with the fluid when 

the fluid immerses the microscope lens; 

a common electrode located within the annulus, wherein the common electrode 

remains in fluid communication with the fluid; and 

a fluid port to receive additional fluid to replenish the immersion layer; 

a fluid replenishment system coupled to the fluid port and enabled to provide the 

additional fluid; 

an immersion controller coupled to the plurality of sensor electrodes, the common 

electrode, and the fluid replenishment system, the immersion controller enabled for: 

when the fluid immerses the microscope lens, measuring a first resistance of the 

fluid, respectively, between each of the plurality of sensor electrodes and the common 

electrode, to detect the fluid at each respective sensor electrode of the plurality of sensor 

electrodes; 

when the fluid exposes a first sensor electrode included in the plurality of sensor 

electrodes, measuring a second resistance of an air gap at the first sensor electrode; and 

responsive to detecting the air gap, controlling the fluid replenishment system 

to provide the additional fluid. 
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2. The control system of claim 1, further comprising: 

a sensor interface enabled to couple the immersion controller to the plurality of sensor 

electrodes and the common electrode, wherein the sensor interface further comprises: 

a current source enabled to form a circuit between the common electrode and 

the plurality of sensor electrodes; and 

a signal conditioning unit enabled to generate a plurality of voltage signals 

respectively from the plurality of sensor electrodes. 

 

3. The control system of claim 2, wherein the immersion controller enabled for measuring 

the first resistance and the second resistance further comprises the immersion controller 

enabled for: 

 receiving the plurality of voltage signals; and 

 generating a plurality of digital voltage values corresponding to the plurality of voltage 

signals. 

 

4. The control system of claim 3, wherein the immersion controller further comprises: 

 a multiplexer enabled to receive the plurality of voltage signals; and 

 an analog-to-digital converter to generate the digital voltage values from an output of 

the multiplexer. 

 

5. The control system of claim 4, wherein the multiplexer includes sample-and-hold 

circuitry. 

 

6. The control system of claim 3, wherein the immersion controller further comprises: 

 a plurality of analog-to-digital converters respectively receiving the plurality of voltage 

signals to generate the plurality of digital voltage values. 

 

7. The control system of claim 1, wherein the fluid replenishment system further 

comprises: 

 a reservoir enabled to store a volume of the additional fluid; and 

 a pump in fluid communication with the reservoir and the fluid port. 
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8. The control system of claim 1, wherein controlling the fluid replenishment system to 

provide the additional fluid further comprises: 

 providing the additional fluid until the first resistance is respectively measured from 

each of the plurality of sensor electrodes. 

 

9. The control system of claim 1, wherein the microscope lens is located in proximity to 

a transparent sample plate, and wherein the fluid forms a meniscus between the transparent 

sample plate and the sensor ring surrounded by the distal end of the microscope lens. 

 

10. The control system of claim 9, wherein the inverted microscope is enabled for imaging 

different samples on the transparent sample plate by moving at least one of the transparent 

sample plate and the microscope lens with respect to each other. 

 

11. The control system of claim 10, wherein the transparent sample plate and the 

microscope lens are enabled to move with respect to each other in a plane perpendicular to an 

optical axis of the microscope lens. 

 

12. The control system of claim 10, wherein the immersion controller is enabled to maintain 

a first diameter of the meniscus that is greater than a second diameter of the microscope lens, 

wherein the second diameter corresponds to an optical axis of the microscope lens. 

 

13. The control system of claim 12, wherein the immersion controller is enabled to maintain 

the first diameter of the meniscus when the transparent sample plate and the microscope lens 

move with respect to each other. 

 

14. The control system of claim 12, wherein the plurality of sensor electrodes located 

circumferentially about the annulus defines the first diameter. 

 

15. The control system of claim 1, wherein the sensor ring and the distal portion of the 

microscope lens form a planar surface, wherein the distal portion of the microscope lens and 

the plurality of sensor electrodes are at the same height. 
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16. The control system of claim 1, wherein the plurality of sensor electrodes includes at 

least three sensor electrodes. 

 

17. A microscope objective for fluid immersion for inverted microscopy, the microscope 

objective comprising: 

a sensor ring coupled to a distal portion of a microscope objective used with an inverted 

microscope, wherein the sensor ring forms an annulus in fluid communication with the 

microscope objective, wherein the annulus is enabled to convey a fluid that forms an immersion 

layer at a surface of the microscope objective during imaging using the microscope objective, 

and wherein the sensor ring further comprises: 

a plurality of sensor electrodes located circumferentially about the annulus, 

wherein each of the plurality of sensor electrodes remains in contact with the immersion 

layer when the fluid immerses the microscope objective; 

a common electrode located within the annulus, wherein the common electrode 

remains in fluid communication with the fluid; and 

a fluid port to receive additional fluid to replenish the immersion layer; 

wherein the microscope objective is enabled to operate with: 

a fluid replenishment system coupled to the fluid port and enabled to provide the 

additional fluid; 

an immersion controller coupled to the plurality of sensor electrodes, the common 

electrode, and the fluid replenishment system, the immersion controller enabled for: 

when the fluid immerses the microscope objective, measuring a first resistance 

of the fluid, respectively, between each of the plurality of sensor electrodes and the 

common electrode, to detect the fluid at each respective sensor electrode of the plurality 

of sensor electrodes; 

when the fluid exposes a first sensor electrode included in the plurality of sensor 

electrodes, measuring a second resistance of an air gap at the first sensor electrode; and 

responsive to detecting the air gap, controlling the fluid replenishment system 

to provide the additional fluid. 
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18. The microscope objective of claim 17, further comprising: 

A sensor interface enabled to couple the immersion controller to the plurality of sensor 

electrodes and the common electrode. 

 

19. The microscope objective of claim 17, wherein the fluid replenishment system further 

comprises: 

 a reservoir enabled to store a volume of the additional fluid; and 

 a pump in fluid communication with the reservoir and the fluid port. 

 

20. The microscope objective of claim 17, wherein controlling the fluid replenishment 

system to provide the additional fluid further comprises: 

 providing the additional fluid until the first resistance is respectively measured from 

each of the plurality of sensor electrodes. 

 

21. The microscope objective of claim 17, wherein the microscope objective is located in 

proximity to a transparent sample plate, and wherein the fluid forms a meniscus between the 

transparent sample plate and the sensor ring. 

 

22. The microscope objective of claim 21, wherein the inverted microscope is enabled for 

imaging different samples on the transparent sample plate by moving at least one of the 

transparent sample plate and the microscope objective with respect to each other. 

 

23. The microscope objective of claim 22, wherein the transparent sample plate and the 

microscope objective are enabled to move with respect to each other in a plane perpendicular 

to an optical axis of the microscope objective. 

 

24. The microscope objective of claim 22, wherein the immersion controller is enabled to 

maintain a first diameter of the meniscus that is greater than a second diameter of the 

microscope objective. 

 

25. The microscope objective of claim 24, wherein the immersion controller is enabled to 

maintain the first diameter of the meniscus when the transparent sample plate and the 

microscope objective move with respect to each other. 
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26. The microscope objective of claim 24, wherein the plurality of sensor electrodes located 

circumferentially about the annulus defines the first diameter. 

 

27. The microscope objective of claim 17, wherein the sensor ring and the distal portion of 

the microscope objective form a planar surface, wherein the distal portion of the microscope 

objective and the plurality of sensor electrodes are at the same height. 

 

28. The microscope objective of claim 17, wherein the plurality of sensor electrodes 

includes at least three sensor electrodes. 

 

29. A method for inverted immersion microscopy, the method comprising: 

 using a microscope objective to view a first sample included in a plurality of samples 

loaded into an inverted microscope, wherein the microscope objective is immersed in a fluid 

at a distal portion of the microscope objective, wherein the microscope objective further 

comprises: 

a sensor ring coupled to the distal portion and forming an annulus in fluid 

communication with the microscope objective, wherein the annulus is enabled to 

convey the fluid, and wherein the sensor ring further comprises: 

a plurality of sensor electrodes located circumferentially about the annulus, 

wherein each of the plurality of sensor electrodes remains in contact with the fluid when 

the fluid immerses the microscope objective; 

a common electrode located within the annulus, wherein the common electrode 

remains in fluid communication with the fluid; and 

a fluid port to receive additional fluid from a fluid replenishment system to 

replenish the fluid; and 

using an immersion controller coupled to the plurality of sensor electrodes, the common 

electrode, and the fluid replenishment system, maintaining the fluid over an optical axis 

diameter of the distal portion when at least one of the microscope objective and the first sample 

are moved with respect to each other. 

 

30. The method of claim 29, wherein maintaining the fluid over the optical axis diameter 

of the distal portion further comprises: 
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When the fluid immerses the microscope objective, measuring a first resistance of the 

fluid, respectively, between each of the plurality of sensor electrodes and the common 

electrode, to detect the fluid at each respective sensor electrode of the plurality of sensor 

electrodes; 

when the fluid exposes a first sensor electrode included in the plurality of sensor 

electrodes, measuring a second resistance of an air gap at the first sensor electrode; and 

responsive to detecting the air gap, controlling the fluid replenishment system to 

provide the additional fluid. 

 

31. The method of claim 29, further comprising: 

causing at least one of the microscope objective and the first sample to be moved with 

respect to each other in order to view a second sample included with the plurality of samples 

using the microscope objective; and 

wherein maintaining the fluid over the optical axis diameter of the distal portion further 

comprises maintaining the fluid over the optical axis diameter before the microscope objective 

is aligned with the second sample. 

 

 




