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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _______2.1, 2.2, 2.3, 3.1, 3.2, 3.3_________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.____3.1, 3.2, 3.3______________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _At different levels in the same building. Major part of the film will be shot in a clean room environment and that requires the people involved to wear clean room suits. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to demonstrate the use of the Laser Induced Forward Transfer–LIFT– technique for flip-chip packaging of optoelectronic components (Intro)

This is accomplished by depositing a thin film of metal, the donor, onto a transparent glass substrate, the carrier. (P1)
The second step is to pattern another glass substrate, the receiver, using photolithography with metallic contact pads and probing structures onto which donor micro-bumps are LIFTed. (P2)
(Video editor: Please put image P2 below image P1)
Next, the donor and carrier are put in contact and a laser pulse is focused at the carrier-donor interface. The pulse forward transfers the donor micro-bumps from the irradiated zone onto the receiver contact pads. (P3)
(Video editor: Please bring the images from P1 and P2 close to suggest contact, then (if possible), animate the laser pulse and transfer of a micro-bump so that the fourth yellow structure looks like the first three)
The final step is to align an optoelectronic chip to the LIFTed receiver substrate and perform thermo-compression flip-chip bonding followed by encapsulation of the bonded assembly. (P4)
(Video editor:  Ideally you could continue with the bottom, receiver, image from P3, remove the upper, donor/carrier image and laser, and add recreate something that looks like image 1 in P4.  Then show the two coming together as in image 2 of P4, ending with something like image 4 in P4.)
Ultimately, the bonded optoelectronic chips are electrically, optically and mechanically characterized to
show the successful functioning of the LIFT-assisted bonded chips. (P5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Kamalpreet Kaur: The main advantage of this technique over existing methods, like stencil printing, electroless/electro-plating and evaporation, is that it is a low-temperature, simple, cost-effective, fast and flexible process.

1.2. Geert Van Steenberge: The implications of this technique extend towards applications requiring chip-level bumping and bonding, high-accuracy and fine-pitch for high-density interconnections.  
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Micro-bumping using Laser-Induced Forward Transfer (LIFT) 
2.1. The first step is to prepare substrates for the experiment. [2.1.1-WIDE] This video begins with prepared 2 inch and 5 cm by 5 cm glass substrates for the donor and receiver respectively. [2.1.1-CU-TXT] The donor substrate has a 200 nm thick indium metal film evaporated onto its surface. The receiver substrate has been patterned with photolithography. [2.1.3-CU] The pattern includes 4 µm thick nickel-gold bond pads and fan out probing structures. [2.1.4-LM]

2.1.1. Talent at bench with substrates, preparing them for next shot (side by side)

2.1.2. Substrates next to one another, ideally with something to suggest scale. TEXT: Substrates: donor sample with 2 inch diameter, 0.05 cm thickness and  5 cm by 5 cm, 0.07 cm thick- receiver sample
2.1.3. Talent pointing to donor substrate for about 5 seconds, then pointing to the receiver substrate

2.1.4. LAB MEDIA: “receiver pattern”  (To be submitted by author)

2.2. Once the substrates are ready, move them to the laser-induced forward transfer, LIFT, setup. [2.2.1-WIDE].  The LIFT apparatus set-up consists of a 355 nm wavelength laser with a pulse duration of 12 picoseconds and an objective lens.  First the receiver substrate is placed onto the translation stage cum vacuum table. Then printing position on the receiver substrate is defined using a camera vision system. The lens focuses the laser onto the carrier-donor interface a computer controlled translation stage. [2.2.2-MED-TXT].   Place the donor -receiver pair on top of the receiver substrate the translation stage cum vacuum table. [2.2.3-CU/MED].  The donor and receiver should be in contact with the donor first in the optical path of the laser. [2.2.5-CU]. Use the objective lens a camera vision system to adjust the focus the laser beam (with a 20 µm spot size) onto the carrier-donor interface. [2.2.4-MED]  [2.2.6-MED/CU]. 
2.2.1. Talent moving receiver substrates to the LIFT equipment set-up and placing it on the vacuum table.
2.2.2. Shot
 of the principle elements of the LIFT equipment–at least the laser and optics.  TEXT: Laser wavelength 355 nm; pulse 12 ps; fluence 270 mJ/cm2
2.2.3. Detail of the lens and translation stage The printing position on the receiver substrate is defined using camera vision system. 
2.2.4. Talent placing the donor substrates on top of the receiver substrate lying on the translation stages/vacuum table.
2.2.5. Detail
 of final placement of substrates. 
2.2.6. Talent adjusting focus of the lens using camera vision system of the laser control software. 
2.3. In the laser control software, enter the desired pattern for the indium bumps to be transferred onto the receiver bond pads and begin the scan. [2.3.1-MED/WIDE] Here is an example of the receiver bond pads after bumps have been transferred. Thicker bumps can be created by moving the donor to a fresh area and repeating the scan. [2.3.2-LM]. The printed bumps are inspected using camera system of the software after removing the donor substrate from the top  [2.3.3 & 2.3.4]. To proceed, retrieve the bumped receiver from the translation stage. [2.3.3-MED] [2.3.5].
2.3.1. Talent at computer/controller selecting pattern and starting scan for printing micro-bumps using laser at a fluence of 270 mJ/cm2
2.3.2. LAB MEDIA: “Figure 2.tif”

2.3.3. Talent removing the receiver donor from the LIFT apparatus set-up.
2.3.4. Added shot: Talent inspecting the LIFTed micro-bumps onto the receiver substrate

2.3.5. Added shot: Talent removing the receiver substrate from the LIFT set-up
3. Chip to Substrate Thermo-compression Bonding and Encapsulation of the Bonded Assembly
3.1. Take the bumped receiver to a semi-automatic flip-chip bonder to have it bonded to an optoelectronic chip.[3.1.1-WIDE] Place the receiver onto the appropriate vacuum plate. [3.1.2-MED] Then, obtain a VCSEL (Voice talent: Read “Vik-sel”) (TEXT: VCSEL–Vertical-cavity surface emitting laser) optoelectronic chip to bond to the bumped receiver substrate.  [3.1.3-MED]  Here is an image of the contacts of a VCSEL chip which is about 1000 µm by 350 µm. [3.1.4-LM] Load the VCSEL onto a vacuum plate of the bonder with its active area facing down. [3.1.5-MED]

3.1.1. Talent arriving at the bonder with the receiver substrate

3.1.2. Over the shoulder shot of talent placing the receiver substrate on its vacuum plate

3.1.3. Talent getting optoelectronic chip ready for use

3.1.4. LAB MEDIA: “vcsel” (To be submitted by the author)

3.1.5. Talent loading the chip onto the bonder

3.2. Now begin the bonding process.  [3.2.1-MED] First, select a needle-shaped pick-up tool and align it on the center of the VCSEL chip. [3.2.2-SCLM] Pick up the chip and use the camera alignment system to align the chip bond-pads with the corresponding bumped contact pads on the receiver substrate.[3.2.3-SC LM][3.2.4-MED] 
3.2.1. Talent getting into position at the bonder 

3.2.2. *To be provided by authors SCREEN LAB MEDIA: Needle-shaped pickup tool being moved into position

3.2.3. *To be provided by authors SCREEN LAB MEDIA : Chip being picked up and moved to start alignment

3.2.4. Talent at bonder, working to align VCSEL chip with the bumped receiver (Video editor: This is an optional shot)

3.3. Once the pads are aligned, place the chip on the substrate. [3.3.1-SC LM] Bond the two by applying 12.5 gram force per bump at a temperature of about 200 ºC for about 5 minutes. [3.3.2-MED] 
With the bonding complete, use a syringe needle to dispense an optically transparent, UV curable adhesive around the edges of the assembly. [3.3.3-SC CU] Cure the adhesive with a UV lamp for about 30 seconds. Then, remove the assembly to characterize it. [3.3.4-MED] 

3.3.1. *To be provided by the authors. SCREEN LAB MEDIA : Aligned chip, then placement of chip on substrate

3.3.2. Talent
 at bonder, taking steps to apply force and heat to chip and substrate

3.3.3. *To be provided by the authors. SCREEN [shot CU]. Talent taking the sample for encapsulation. Syringe needle being moved into place, then dispensing adhesive

3.3.4. Talent completing UV cure, then starting to remove the assembly
4. Characterization of the Bonded Vertical-Cavity Surface-Emitting Lasers
4.1. After fabrication, the bonded assembly is ready for evaluation of its electro-optical performance. [4.1.1-WIDE] Make use of a probe station to record light-current-voltage curves. [4.1.2-MED] Equip the station with a stage with a hole in its center for the passage of the light emitted from the bonded VCSEL and mount the flip-chipped substrate onto it.  [4.1.3-CU/MED] Ensure that the bonded VCSEL is aligned to the hole. [4.1.4-CU] 

4.1.1. Talent arriving at probe station with bonded assembly

4.1.2. Talent getting into position to work with the probe station

4.1.3. Talent getting stage and mounting the substrate on it

4.1.4. Detail of the mounted substrate ready for the next step

4.2. Next, place a photodetector beneath the stage. [4.2.1-CU] Use a microscope to align its active area with the bonded chip and then continue to precisely position the probing needles on the nickel-gold probe pads. [4.2.2-MED] This is an image of a properly aligned chip with probes in position for a measurement. [4.2.3-LM] During the measurements, inject up to 10 milliamps of current and measure the voltage drop across the VCSEL and the power of the emitted light. [4.2.4-MED data collection]

4.2.1. Photodetector being placed beneath stage

4.2.2. Talent using microscope to work with assembly
4.2.3. LAB MEDIA: Microscope image of assembly ready for testing (to be provided by authors)
4.2.4. Talent making measurements.  Ideally graphs of data would be visible

5. Results: A typical Light-Current-Voltage Curve recorded from a Flip-Chip Bonded Vertical-Cavity Surface-Emitting Laser Chip
5.1. The solid blue and the dotted red lines are data for current-voltage measurements for the optoelectronic chip before and after encapsulation. The solid black curve and the dotted black curve are data for optical power emitted by the optoelectronic chip before and after encapsulation.  This data verifies the successful functioning of the VCSELs post-bonding and that the encapsulant had no effect on chip functionality.

5.1.1. LAB MEDIA: “Figure 7.tif”  (Video editor: Please point to/highlight the overlapping blue and red curve and the right-hand axis during the first sentence. Then point to/highlight the two black curves  and highlight the left-hand axis during the second sentence.)

5.2. In this plot, recorded current-voltage curves for flip-chip assemblies bonded using different pressure are compared with those recorded from a bare die.  This supports the conclusion that there is negligible additional resistance due to laser-induced forward transfer printed bumps.

5.2.1. LAB MEDIA: “Figure 8.tif”  (Video editor: Please highlight the key during the first sentence.)

5.3. The bonded vertical-cavity surface-emitting layer laser chips were age tested in a climate chamber at 85 ºC and 85% relative humidity for 400 hours.  The average dc resistance, in red, shows no change over time. There was also no change in  For the average optical power the change is < 0.3 dB was recorded, in blue.

5.3.1. LAB MEDIA: “Figure 9.tif”  (Video editor: Please highlight the right-hand axis and the red points during the second line.  Then highlight the left-hand axis and the blue points during the last line.)
6. Conclusion (said by authors on camera)
6.1. Kamalpreet Kaur: Once the LIFT and bonding parameters are optimized, the packaging can be realized in less than 10 min if it is performed properly.
6.2. Geert Van Steenberge: After watching this video, you should have a good understanding of the use of LIFT technique for flip-chip packaging of single optoelectronic components, which can further be scaled up to wafer level. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
�shots 2.2.2 and 2.2.3 were combined


�shot 2.2.5 was not filmed and was combined with 2.2.6 


�For 2.3.4 same video clip from 2.2.3 can be used.


�Show the video shot at 04.45 after this LM


� Show the LM for step 3.3.1 for this audio section as well. 


�The shots taken during step  3.2.4  can be used here, where the talent was working at the bonder machine


�Shots 3.3.3  and 3.3.4 were combined


�Shots 4.1.1 and 4.1.2 were combined


�Screen shots of the graphs to be provided by authors
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