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The Basics

Background: A next generation magnetic tweezer unit is to be built, based on a current unit. This unit will add the capability to do single-molecule fluorescent studies and form the core unit for a series of future designs.

Scope and Deliverables: 

Redesign of main system column (see picture)


Light source and lenses (light blue)



No major redesign. Just put back in system


Magnet, vertical and rotational motors (orange)



Method for swinging the system in and out of place



Add a reference position for vertical motion




Sensor, way of reading data in, software, etc.




+/-10 um repeatability, magnet holder to flow chamber



Add a reference position for rotational motion




Sensor, way of reading data in, software, etc.


Manual method for moving two magnets, symmetric about optic axis, a few um tolerance

Flow chamber holder and stage (yellow)



Integrate a coarse and fine 3 axis stage




Coarse X,Y,Z: 1” range, normal step sizes




Fine X,Y,Z: “small” range, <1nm step sizes. Currently looking at piezo stage



Design it into system




Objective and flow chamber stable to each other +/- 10-100nm over 1/2hr and 





1 Celsius degree change


Objective focuser and support (green)



Support objective

Stability as above.


Enclosure for this subsystem



Traps air and insulates to hold stable temperature


Mounting to table
Things outside the main system column
Investigate Camera



A camera with higher FPS would allow them to measure force quicker



What cameras are available? Current camera has 0.01 lux sensitivity



Could we do away with the image processor box?



This is tied to the choice of lighting source



See notes at end of document

Integrate driver and bring unit up, if new camera and frame grabber
Not included


Enclose whole table


Assemble and align


Any characterization 


No significant software save perhaps working with camera software


Parts beyond machining

Tasks and Budget

Therefore…

What is the dollar figure for this job and what does it mean (estimate, quote, hard-cap)?: Your answer here!

How will you track expenses as the project progresses?: Will you use the provided spreadsheet or some other method? 

Timing

How many hours will the whole project take? This should come naturally out of your project planning spreadsheet.

How much calendar time will it take to do this work? We have 3-4 months to do this work.

How will you track time spent as the project progresses?: Will you use the provided spreadsheet or some other method? How will you track time spent on the project for others besides yourself?

People and Communications

List people involved on this project and (very briefly) what they are doing. There should be at least a lead and a client.

Seok-Cheol Hong: principal contact at UCB

Mark Scheeff: lead at DW

Jan Liphardt: professor, wants to be involved, good contact.

Will you bring in anyone from outside DW+ to work on this project? Who owns these people’s time? Will you be able to get it if you need it?
Would like to get a junior ME’s help. Tim?

Will the project have any advisors or “mentors”? 

no

What will the client provide to the project, besides the usual? Access to the old machine

How do you plan on reporting progess to the client? periodic emails.

Equipment

Is there any special equipment you need? no
Misc. questions, tools and techniques

Would a quick prototype make the specification clearer? We are basically working with a prototype now.

Would this project benefit from more brainstorming up front, or should you dive right in? need to look at lighting and camera choices upfront.

Do you want to do some background reading to bring yourself up to speed on the general states/issues in this project area? Reading paper that seok-cheol provided wouldn’t hurt.

Would it be useful to do one or more design reviews? Design reviews will be done as needed. I think they will be essential to making the design clearer. This will be the primary way of communicating progress.

Would it be useful to start with a price and tell the client what you can provide for that price? Not in this case

Will your hourly rate work for this client? yes
What are the Risks? Most of our projects have modest risk, but some definitely give us very high “exposure”


What happens if this project doesn’t work properly?


What happens if this project is late?


What happens if this project goes over budget?


What are the key things it MUST do?
No huge risks apparent now.

And lastly…check your spidey senses. What are you worried about on this project? We might have a weak understanding of the technology and end up having to extend our estimate a lot.

Notes

The camera issue is connected with the light source.

There are 3 criteria for a new camera given brightness of light source:

(1) high sensitivity

(2) high scanning frequency (currently 30 Hz with interlacing)

(3) no interlacing

Dr. Liphardt is using Hitachi KP-M32 camera 

(http://www.aegis-elec.com/products/hitachi-kp-m32.html)

in his laser tweezer machine. (We are using DT3155 PCI-bus Frame Grabber 

board for watec and KP-M32.)

It is a camera I may use because it already works fine although it is not 

greater than watec.

My questions are:

What cameras are better than KP-M32 in the above criteria (how much better 

and how much cost)?

I am wondering how to crank the camera's capability for our purpose (for 

example, select small area, then

hopefully increase scanning frequency; with brighter light source, reduce 

integration time, etc)

I would like to improve illumination by using brighter LED (red or IR).

According to Hitachi KP-M32, the sensitivity is high ~ 600 - 700 nm.

For spectral response of the CCD as a example, please see

http://www.hitachi-denshi-uk.com/industrial_video/monochrome_cameras/pages/kpm22_32.htm

Therefore, I would choose RED LED separated from 532 nm excitation 

(Dichroic mirror should distinguish them).

The spectral response for IR is poor according to the curve. With other 

combinations of a camera and a light source,

could the situation be better?

