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[bookmark: _Toc62204975]Introduction:
	
	This operation manual is intended to describe the operational procedures required to print and align patterns on substrates.  In addition, there are shallow descriptions designed to inform the user as to just what each operation is for and how it works in a step-by-step format.

[bookmark: _Toc62204976]Tool Description
	This new printer is controlled by a computer program instead of knobs like the old one.  Instead of a high power Mercury lamp for exposure, this one uses bright LEDs, which can outshine the old bulb by more than an order of magnitude.  It has the capacity to deliver a spectral range of light similar to the Mercury lamp, but with the software capability to sort out wavelengths individually, such as the 360 nm (i-line), 405 nm (h-line), and 436 nm (g-line) for specific needs.  Mechanically, it uses the same type of mask and wafer holder as the old one.  
	However now that we have two tools that can use mask and wafer holders from each other, we have designed and built a Plexiglas housing with labeled slots for named holders from each machine.  Our desire is to use the holders separately based on their printer owner.  Please do not stack one holder on top of another – dents in the clamping region will damage the resolution of either tool.  There are labels on all holders denoting their origin printer and labels on the Plexiglas housing as to where each holder lives when it is not at work. See Figure 1.

 [image: C:\Users\rar011300\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_7160.jpg]
Figure 1.  Wafer and Mask holder storage case.  Please do not mix one printer’s holders with the other printer’s holders.

[bookmark: _Toc62204977]Log Book Use
	Logbooks are provided with standard line items and lines to write on.  This is a mandatory step in the operation of this tool.  When you sit down to use a tool, you must fill in the logbook before you use the tool – Failing to do this may entitle you a timed vacation from using the tool…  The information requested in the logbook is vital to maintaining the serviceability of the tool for all users.  Please make a note of anything that appears to be failing in the tool operation.  Staff will look through logbooks and attempt to fix problems before users arrive in the morning, in keeping with maintaining a constant usability of our cleanroom tools.



[bookmark: _Toc62204978]Tool Operation
	This section will describe how to setup and operate the Karl Suss #2 Contact Printer.  These instructions will be written in a step-by-step order to print a pattern.  However, there are a number of different procedures depending on the many applications the tool is capable of performing.  The special printing operations will be discussed in separate sections below.

[bookmark: _Toc62204979]Starting the Tool
	If the tool is shut down, start it up by finding the rotary knob labeled “Machine” by the left side lower front panel next to the EMO (EMergency Off) button and twist it to the right and let go – the computer will open the Windows operating system.  If the LED lamp is also dark, then twist the knob next to the Machine knob to start the LED exposure lamp. When the software opens, double click on the Yellow “SUSS” icon [image: C:\Users\rar011300\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_7143.jpg] separated from the basic executables on the Windows screen to open the tool control program.    Normally the screen is always active and presents the beginning instruction page shown in Figure 2.             
          [image: D:\KarlSuss\Suss MicroTec2\SussPg6.png]
Figure 2.  Process start screen.



[bookmark: _Toc62204980]Setting up the Software for Operation
	Note the User Class in the upper right corner of the screen:  [image: C:\Users\rar011300\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_7139.jpg]
There are four different levels of permissions allowing the user to access different operations. (Table 1)  When the software starts up from an electrical shutdown, it will default to the class “Operator” which will prohibit you from changing any parameter.
Table 1
Operation Classes & Permissions
	Operator
	Routine operation of stable recipes      (Cannot change parameters)

	Application
	Creation/Modification of new or existing processes. (Password = Application)

	Service
	Repairs by UTD cleanroom staff

	SUSS Service
	Major repairs via Karl Suss Field Service Engineers only



Use the “Application” class with its password to create or alter a Recipe.  Name the new recipe starting with your director’s initials and then your recipe name so you can find it in the massively long list of recipes that will grow with time.

[bookmark: _Toc62204981]Creating a New Recipe

[image: D:\KarlSuss\Suss MicroTec2\SussPg2.png]
Figure 3.  Screen Layout of Recipe page.
1. Go to the opening “Processing” page of the software (Fig 2) where all of the recipes are listed in the left column.
2. Using the “Application” user class, choose and open one of your previous recipes by clicking on a recipe in the left column or a Std. Recipe by clicking on the Recipe name.
a. NOTE: “Std” Recipes are labeled by numbers, and sit at the top of the list and cover all types of exposures and alignment configurations.  Please do not store your modified parameters in these recipes.
3. Click on the “Recipes” tab at the bottom left corner of the screen.  Adjust parameters according to your needs.  (Generally all you need to do is put in an Exposure Dose [mJ/cm^2] on the page opened by clicking on the upper tab “Expose”.)
a. Upper tab “General” includes “Mask Name”, and Sample “Tool Set” 
The Tool Set lists 3 wafer sizes: W-75, W-100 and W-150 corresponding to 3”, 4” and 6” wafers.
b. Upper tab “Alignment” lists Alignment Type, and alignment marker locations.
c. Alignment gap can be adjusted to overcome edge bead height here.
Special Note:   If you have multiple layers in this process flow, then this tool needs to know where the alignment markers are in order to send the microscopes to the right place to perform the mask-wafer alignment.  This is stated in micron units of how far the markers are from the center of the mask.  If you know this and enter them into the table in the “Alignment” tab, then when you attempt an alignment the microscopes will go automatically to the marker locations without you having to manually drive them there.
	[image: D:\KarlSuss\Suss MicroTec2\SussPg2.png]
Figure 4. EXAMPLE:  Initial alignment location table for the two alignment microscopes.

d. Upper tab “Alignment Views” lists actual measured alignment parameters calculated by the software after running an alignment test on a sample having alignment markers.
e. Upper tab “Exposure” lists Contact modes, and exposure Dose & Mode (Constant Dose), etc.
f. If you need to use this recipe for a layer requiring alignment to a previous pattern, you may need to revise the “Align Positions” values if you know them.  If you do not know the location of your alignment markers, then you will have to scan the microscopes to find them.  
4. Once you have finished adjusting parameters, “Save As” the new recipe with a new name (starting with your director’s initials) and the searched for alignment marks positions will replace the previous numbers without changing the borrowed original recipe.  This will allow the tool to move the microscopes to the nominal Alignment markers locations when you are performing alignment the next time you use this recipe. 
a. NOTE:  For Top Side alignment, the parameter in the recipe’s “Alignment Mode” has to be “Manual” and the Alignment parameter “Illumination Primary” has to be “Top Coaxial”.
b. NOTE:  If you change a parameter (dose, for example) there will appear an asterisk before the recipe name.  If you want to preserve the change, “Save” the recipe and the Asterisk will vanish.
c. NOTE: Also, if the parameters differ from the tooling installed (wafer holder, etc.) the process screen will show an Orange blanket over the item that requires you to change the tooling to match the recipe.

[bookmark: _Toc62204982]First Level Wafer Exposure Procedure
	
	Special Notice 1:  If something during a process flow causes an error, the software will create and fill in a horizontal message pop up in a box across the top of the screen describing what went wrong and in some cases instructions on what to do about it.
	Special Notice 2:  There will be “what to do next” instructions in the lower right corner of the screen during processing.  These are hints to guide the user through the processing procedures, giving various options available as the process proceeds. 
	Special Notice 3:  There is a new wafer (chip) holder located in the Plexiglas storage housing between the two contact printers.  This chip holder can clamp tiny chips or wafers up to 2” diameter.

Step 1:  Click on the “Process” tab at the bottom left corner and choose your recipe from the list on the left panel by clicking on the recipe name.
a.  If the machine Information status shows a red light at the “Machine Is Not Initialized” line in the upper right region of the screen, click on the “Initialize” button and wait until this auto process is completed (green light).
Step 2:  Lift the front “Door” (glass window) with the knob at the left edge of the door all the way up so the magnets can hold it open.
	
          [image: C:\Users\rar011300\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_7154.jpg]  
Figure 5.  Front of the aligner with mask door open for tooling exchange.
The horizontal tray with the handle is the wafer holder drawer.  
Also, note the Green swab handle cleverly attached next to the upper 
left corner of the glass door.  This presses down the vacuum tube from 
the chassis to the mask holder so the tube will not interfere with 
opening and closing the wafer tray slide.

Step 3:  Remove the mask holder by clicking the “Change Tools” button on the screen and click the command “Clamp Mask Holder” to unclamp it.  (Note the Orange or Black stripe next to the Clamp Mask Holder, etc. buttons – Orange means “On” and Black means “Off”.)   Then pull out the mask holder and place it upside down on the rubbery pillows at the “parking station” on top of the left side of the exposure tower.  Be careful with the vacuum supply tube – you may have to unstick it from the left hand green tube fastener.  If you do that, you need to replace the tube so that it is horizontal as it comes out of the mask holder chamber so when the glass door closes, there will be clearance for the wafer holder tray.  
Step 4:  Mount your mask with the Cr side up and the top side of your pattern design at the top of the mask holder.
  [image: C:\Users\rar011300\Documents\CleanRoomGeneral\Equipment\KarlSussAligner 2\Pictures\IMG_7182.jpg]
Figure 6.  Mask holder with mask aligned to three pegs (touching each of them) – two at top and one on left side.  Note the shiny metal clip at bottom of mask: this is the mechanical safety clamp to hold the mask in case the vacuum clamp fails.
Step 5.  Click the “Mask Vacuum” button in the upper right corner of the screen to vacuum clamp the mask to the mask holder.  The green LED under the “Mask Vacuum” button turns on when the vacuum pressure confirms that the mask is properly seated, then press down on the stainless steel safety catch at the bottom of the mask area to physically hold the mask onto the mask holder in case the vacuum fails during handling.

                  [image: D:\KarlSuss\Suss MicroTec2\SussPg7.png]
Figure 7.  Right panel with Change Tools action buttons.
							
Step 6.  Reposition the Mask & Mask Holder into the stage in its “V-Grooves”, push it all the way to its backstop, and then press the screen button “Clamp Mask Holder”.  
NOTE: If the mask holder is placed into the V-Grove at a crooked angle, it will stick & not go in.  The cure for this is not to push harder, but to “wiggle” it a bit and it will find its way in nice and gently.
            There is also a mechanical block that sometimes stops the mask holder from sliding all the way to the back.  This occurs about a half inch before reaching the back if the mask holder is slightly angled to the right as it slides to the back.  If this happens, just wiggle it until it skips the block and seats properly.
Step 7.  Snap the vacuum supply tube back into its left side green tube fastener if required and adjust the tube to bend horizontally as it comes out of the mask holder when the glass door closes in order to allow clearance for the wafer holder travel.  (See Fig. 5)
Step 8.  Click the “Next” Button in the lower right corner of the screen to return to the 1st process page.
Step 9.  Click the “Light Measurement” button in the lower right corner of the screen to enable measurement of the exposure light intensity.  When the page comes up, click the button “UV Light On” to measure its intensity.  Watch the intensity value until it is reasonably stable and then re-click the “UV Light On” button to extinguish the light.  This step will calculate the exposure time for you.  Click “Next” to return to the start page.
Step 10.  On the start page, click on “Start Process” button.  Then pull out the wafer drawer and load your sample onto the vacuum clamp stage.
	NOTE:  Occasionally at this step, you might encounter an instruction at the bottom right corner telling you to “Remove Wafer” and click on “Next”.  This may turn on the Expose light and then turn it off, but you do not want your sample to see this light, so wait until the exposure flashes before loading your sample.
Step 11.  Align your wafer to the two pins at the edge of the vacuum grooves with the wafer’s flat and then scoot the wafer to the left to contact the centering pin.  The wafer must touch all three pins to be properly oriented.
a. Switch on the “Wafer Transport Vacuum” by clicking “Next”.
b. Then Push the slide in gently.
c. Then push “Next” to clamp slide.
Step 12.  The Z-Stage will automatically perform the “Wedge Error Compensation” and separate the wafer from contact with the mask so the stage can be moved horizontally parallel to the mask to align your alignment marks if required.
Step 13.  For a first layer pattern, push the “Expose” button to expose the wafer.
Step 14.  When the exposure is finished, wait for the “Open slide to unload” notice at the bottom right of the screen, and pull open the wafer tray to remove the vacuum released wafer.  Close the wafer drawer.
NOTE: If you are exposing a series of wafers, click on “Next” to expose the next wafer.
Step 15.  If this is the only or last wafer in a series, click on “Back” to return to the start page.
Step 16.  Click on “Change Tools” and then “Clamp Mask Holder” button to release clamping.  Open the glass door and remove the mask holder.  Be careful with the mask holder vacuum supply line.
Step 17.  Unlatch the mechanical clamp at the bottom of the mask holder, and then click on the “Mask Vacuum” button to unclamp your wafer.  The “Mask Detected” LED indicator will go dark, and you can remove the mask.
Step 18.  Finally, replace the mask holder into its v-groove nest inside the tool, re-snap the vacuum supply tube into its green holder, and close the glass door. (This is done to protect the mask holder surface from particle collecting or dings if something is set on top of it while outside the tool.)
Step 19.  Click “Next” to return to the start page.
Step 20.  Complete filling in the paper logbook.

[bookmark: _Toc62204983]Top Side Manual Alignment

	This alignment technique is available in all recipes if the option is selected, but even if it is selected, and you are exposing a first level sample, the recipe allows you to skip it.  
	The two alignment microscopes are movement independent.  They can move in any direction required by marker placements.  The x-y coordinate system sets x,y = (0,0) at the center of the wafer.  As you look into the glass door at the wafer and microscopes, the positive x direction is to the right and the positive direction of y is towards the rear.

           [image: C:\Users\rar011300\Documents\CleanRoomGeneral\Equipment\KarlSussAligner 2\Pictures\Align MaxMin.jpg]	
Figure 8.  Coordinate system of alignment microscopes - defining max alignment mark location limits.  Note: As you look in to the sample holder chamber the +Y axis is pointed towards the back of the stage, and the +X axis is pointed to the right.

[bookmark: _Toc62204984]Alignment Location Shift
	For all of the following special alignment procedures the instructions will require you to move the stage to align the wafer alignment marks to the corresponding marks on the mask.  The software shows a screen (Fig. 11) intending to show the markers on the mask and the wafer so the user can align them using the stage motion.  However, the location displayed for the alignment microscopes is set by data in a memory file in the recipe.  If the mask or wafer location do not show up on the screen, then you will have to move the joystick to position them overlaid.  As it turns out, the software stores the location after each alignment but locating the wafer holder or wafer in the exact spot each time is not possible manually – we are generally talking about a few hundred microns but the wafer markers can be completely off the screen, requiring hunting in the dark.
[bookmark: _GoBack]	In order to corral the alignment marker scatter to a more repeatable location, you can set the stage center (in the recipe alignment table) to the following location: (x=462um, y=467um) to pattern the first layer.  This will ensure that the base pattern will have a center in the center of the wafer, and you will not have to search for the alignment marks on the second layer exposure.  NOTE: This center location will wander a bit due to the manual centering of the sample holder in its nest.
	The graphs below show the offset values from each of the recipes so far created in the software just to give you an idea of the spread range.  In the graphs, you will see red lines that register the size limits of the screen window. This location scatter can be for the same wafer pattern repeatedly or for other wafer patterns.  

Figure 9.  Alignment scatter range for X-Axis of stage. Note that all the spots outside the red lines will be off the screen in X.


Figure 10.  Alignment scatter range for Y-Axis of stage.  Note that all the spots outside the red lines will be off the screen in Y.



[bookmark: _Toc62204985]Manual Top Side Alignment Instructions (Small Gap between mask and substrate)

Special Notice:  For the Manual Alignment option to be active in a recipe the parameters “Alignment Mode” must be “Manual”, the “Alignment Illumination Primary” must be “Top Coaxial”, and “Alignment Side” must be “Top Coaxial”.
Step 1.  Check your recipe and make sure your parameter list contains the “Manual” and “Top Coaxial” components.  While you are at this point, make sure or replace the Stage Coordinates to match the location of the alignment markers on your wafer.
Step 2.  Load your mask and wafer according to the “First Level Wafer Exposure Procedure”, and proceed to the step where the microscope screen comes up for focus and alignment.

   [image: D:\KarlSuss\Suss MicroTec2\SussPg3.png]
Figure 11.  Alignment screen showing both left and right alignment markers in a split screen with alignment tools in the right column.  Note the bottom horizontal window with magnification and brightness factors – open this by clicking on the broad arrowhead button at the bottom of the full screen.

Step 3.  The screen will have two panels to show the Left and Right microscope images.  To the right of this is the alignment panel with buttons to enable the procedure.  The top right region holds the alignment commands for x,y adjustment and focus of both microscopes.  Select the left microscope positioning and focus button by clicking on the button “Stage XYϴ”: Button changes to [Left TSA XY Focus] and use the joystick rotation handle to obtain focus of the mask.  Then tilt the joystick to move the microscope to the location of the markers on the left side of the substrate.  Repeat this with the [Right TSA XY Focus] command button by clicking on the [Left TSA XY Focus] button, and duplicate the focus and search for the right side alignment marker.  Note that the button with the % sign allows you to adjust the speed of the adjustment functions.
Step 4.  After you focus the alignment markers and set them in the center of their windows, activate the button [Stage XYϴ] (where ϴ stands for the rotation angle) by clicking on the [Right TSA xy Focus] button.  This will allow you to use the joystick to move the wafer under the mask to find the matching alignment markers on the wafer and align them to the mask alignment markers.
a. If you have activated the “Do Alignment Check” command in the recipe, click on the “Alignment Check” button and the z-stage will contact the substrate to the mask and you can evaluate the overlay match before exposure.
b. If the match is poor, you can go back re-align the overlay.
c. If the match is good, click “Exposure” and conclude the process.

NOTE:  If this was the first run through the manual alignment, the software will have saved the alignment mark locations in temporary memory.  If you have multiple layers to align in this device, you can save the alignment marker locations into the recipe and not have to hunt all over the place to find them for the next layer alignments.  To do this, click on the “Save” button or the “Save As” button which allows you to change the recipe name.
Step 5.  Remove the wafer by pulling out the wafer tray after the tool releases the sample holder for removal.  The sample will be unclamped.
Step 6.  The Lower Right corner instructions give you two choices (“Next” to cycle another wafer and “Back” to return to the start page).
Step 7. If you have completed all exposures, click on ”Back” to return to the Start Page where you can remove your mask via “Change Tools”.
	NOTE:  When you have removed your mask, please return the mask holder to its nest inside the glass door (fasten the vacuum tube and close the glass door).

[bookmark: _Toc62204986]Manual Top Side Alignment Instructions (Large Gap)

	If the mask focus and the wafer focus are so far apart (large alignment gap >50 um) that you cannot focus the alignment microscopes on both levels at the same time, then you will have to follow a slightly different path to complete the alignment.  The following dialogue will explain how to proceed.
	The concept is to focus on the mask markers, capture them with “Image Grab”, and then focus on the wafer marks so that the focused wafer markers can be matched with the focused mask markers in the grabbed image.
	Step 1.    Set up the aligner according to the “Manual Alignment” instructions and follow through until the alignment marker screen appears.
Step 2.  Find the markers on both left and right sides and focus on the mask markers.  If necessary, move the stage to clear out wafer patterns from the mask alignment marker region to make an image free from conflicting fuzzy underlying patterns before grabbing the image.
Step 3.  Capture the mask images with the “Grab” button while the software is in the “Mask View”.
Step 4.  Then find and focus on the wafer markers under the authority of [Stage XYQ] in the “Wafer View”.  If the mask marker pattern obstructs seeing the wafer, you can turn off the grabbed image and search the wafer with a clear screen. 
Step 5.  Click the button “Overlay” to restore the saved mask images.
Step 6. Using the [Stage XY ϴ] authority, adjust the stage position until you can match the wafer markers to the stored mask markers.
Step 7.  If you have checked the Alignment Check box in the recipe, then you can contact the mask with the wafer, check the quality of the alignment, and if necessary re-align to better the alignment.
Step 8.  Click on “Expose” and remove your wafer.

[bookmark: _Toc62204987]Top Side Small Sample Single Microscope Alignment

[bookmark: _Toc62204988]Concept

	For small samples, the Suiss Tech tool cannot set the two alignment microscopes close enough together to see alignment marks that are closer than ~1.5” apart.  Thus, the tool has a special method to use the left alignment microscope to see both the left and right side alignment markers by sending the right alignment microscope to safe haven all the way to the X-axis right side limit and allowing the left side microscope to encroach into the right side territory.  This means that the operator must move the left microscope back and forth while adjusting the x,y and theta marker locations to line up with the sample alignment marks.

[bookmark: _Toc62204989]Top Side Single Microscope Alignment Instructions

	Step 1.  Create a new Recipe from the small sample single microscope recipe (CR – Small Sample Soft Contact) in the cleanroom section of the recipe list without changing any parameters in the original recipe.  Save it with a new name in your recipe list.  This conveys all the proper parameters to the new recipe without you having to copy them.
	Step 2.  In your new recipe, check the box in the “Alignment” Tab labeled as “Single Alignment Microscope”.  Figure 12.  (Don’t forget to load the proper dose under the “Expose” tab.)
[image: D:\KarlSuss\Suss MicroTec2\Recipescale.jpg]
Figure 12.  Reference Alignment Tab into which you set the X-Location of two alignment markers on a small sample.  This demo window assumes that the alignment markers are on the X-axis at Y=0.
NOTE: The maximum and minimum x and y coordinates are listed in the table below:

		      Table of Left Top Microscope Travel limits
	Direction
	Coordinate Value (um)

	- X =
	-50,499   um

	+ X =
	9,999    um

	
	

	- Y =
	-26,030 um

	+Y =
	29,068 um



	Step 3.  Unless you already have the proper marker location coordinates in the recipe, change the number in both the “Left” and “Right” X-Position boxes under the “Align Positions” table to match the separation setting for the small sample alignment marks.  Now this is going to be somewhat of a “guess” starting point for searching for the overlay position on the small sample since you are manually setting the sample on the small sample chuck.   Ideally you would place the small sample at the exact center of the chuck at (x=0) and you would have ~identical + and – location numbers matching the separation distance between the sample markers.
	Step 4.  The next few steps follow the standard flow…	
a. Check exposure light intensity
b. Load mask
c. Load sample

[image: C:\Users\rar011300\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\1BI5Q3IJ\IMG_7656.jpg]
Figure 13.  New small sample holder for Suss MicroTec contact printer.  Note:  There are two “Screw Valves” in the lower rectangle with “OFF” and “ON” labels.  If you have a SMALL (1x1 cm) sample, you will twist the left screw valve to “ON” and the right screw valve to “OFF” in order to clamp the small sample and not lose vacuum through the outer vacuum holes.  If you small sample covers the entire area of the outer groove, then you can open both screw valves for extra clamping force.

Step 5.  The screen will then show the left alignment region from only the left microscope.
a.  Search for the left side alignment marker using the microscope movement Joystick.  When you find it, move the stage to align the marker with the matching overlay marker on the mask.
b. Then click the “Right Target” button on the screen to move the Left microscope to the guessed at location in the right side of the chip to search for the right side (mask) marker.
c. When you find it, move the stage to align the wafer marks to the mask.
[image: D:\KarlSuss\Suss MicroTec2\SussPg5.png]
Figure 14.  Alignment screen showing the single pane mask marker and the “Left” and “Right” Target buttons to allow quick switching from left to right and back again microscope movements.

Step 6.  Now switch the target to the left side and align the left marker, then switch the target to the right side and align the right marker to the mask marker.  Switch between the two markers and move the stage until both sides are aligned. The joystick on the right side of the keyboard will serve to position the wafer in x, y, and theta to complete the alignment.  See Figure 14.
NOTE:  (Optional) When the alignment is completed, click on the “SAVE” recipe button to record the actual alignment locations for the future.
Step 7.  Expose the aligned sample and remove it as in normal operation.

[bookmark: _Toc62204990]Backside Alignment

[bookmark: _Toc62204991]Full Wafer Concept

	The backside alignment purpose is to pattern the backside of a sample and align it with the pattern already on the front side.  The Suss MicroTec contact printer #2 has independent alignment microscopes for the top side and the bottom side of the substrate – meaning that you have to adjust each microscope to obtain alignment.
	The concept of the backside alignment procedure is to first load only the mask and the substrate holder (with holes in it to allow the bottom side microscopes to see the bottom of a sample or through the holes to see the mask).  Then align the backside microscopes to the alignment markers on the mask and capture a picture of the mask alignment markers.  The tool then locks the backside microscopes in place for the rest of the process.
Next, load the wafer onto the wafer holder with the wafer face down and with resist on the backside (now facing up).  The backside microscopes can now see the patterns previously exposed and developed on the top side of the wafer (now facing downwards).  Now, with the mask marker picture displayed on the screen showing the mask alignment markers overlaid over the image of the region of the wafer alignment markers, the alignment is consummated by moving the wafer stage until the mask image and the wafer markers are aligned.  Then, the wafer (backside facing up) is exposed and the backside pattern is developed in alignment with the topside pattern.

[bookmark: _Toc62204992]Full Wafer Backside Alignment Instructions

	Step 1.  Create or open a backside alignment recipe.  In the “Alignment” top tab, set the parameter “Alignment Side” to Bottom Side, and the parameter “Primary Illumination” to Bottom Coaxial.  The alignment “Mode” will be Manual.
Step 1a.  If you know where the alignment markers are with respect to the x,y = (0,0) location at the center of your pattern, fill in the “Align Positions” of the bottom side alignment microscopes.  Otherwise, you may spend lots of time searching for the markers.  [If you have already done a top side alignment, pick the stored alignment positions to fill in the backside locations.]
Step 2.  Switch to “Process” (Lower left corner side tab), and click on the “Change Tools” button to load your backside photomask. (pg. 8 – 10)
Step 3.  Perform “Initialization” if necessary.  Then execute the “Light Measurement” step to set exposure time.  (Record this source intensity number in the paper logbook.)
Step 4.  Click “Next” to return to “Process” start page.  Then click on “Start process”.  With no wafer or wafer holder installed, press “Next” and begin search for the alignment markers on the mask by:
a.  Focus left the BSA Microscope by clicking on the [Right BSA XY Focus] button (that shifts the title to [Left BSA XY Focus]) and twisting the barrel of the Joystick until image comes into focus.
b. Focus Right BSA Microscope by clicking on the [Left BSA XY Focus] button (that shifts the title to ([Right BSA XY Focus]) and again twisting the barrel of the joystick until the image comes into focus.
c. Center the alignment marks on the mask in each window by tilting the joystick for each microscope.  
Step 5.  When everything lines up, click on “Next” to store mask image.
Step 6.  Load wafer with pattern side down.  Make sure that the wafer-holder ref mark is centered and rotated to the 0-degree tab on the slide.  Figure 15.

[image: C:\Users\rar011300\Documents\CleanRoomGeneral\Equipment\KarlSussAligner 2\Pictures\WaferHolder.jpg]  [image: C:\Users\rar011300\Documents\CleanRoomGeneral\Equipment\KarlSussAligner 2\Pictures\WaferHolder.jpg]
Figure 15.  Wafer Holder Alignment: Holder line matched to tray line.
a. Click “Next” to switch on wafer clamp vacuum.
b. Push tray in and click on “Next” to clamp tray.
Step 7.  The system will automatically position the stage, display the saved alignment mark image of the mask, and overlay the images from both bottom side microscopes.
a.  If the wafer alignment marks are not in the window, you will have to find them by moving the wafer stage with the Joystick in x, y, and Theta.
b. Note:  If the overlay image occludes the wafer images, you can remove the mask image by clicking the “Overlay” button to make marker hunting a bit easier.
c. After you find the wafer markers, click the “Overlay” button to reclaim the mask marker overlay image.
d. Precisely match the wafer alignment marks to the mask marks using the Joystick.
Step 8.  Click on “Expose” button.
Step 9.  Unload the wafer and mask holder. (Remember to return the mask holder to its nest inside the glass door and snap the vacuum tube to its green clamp.)
	NOTE: During this process, the numerical positions of the backside microscope alignments have been temporarily saved in a temporary recipe memory.  This allows you to run multiple special wafers through this recipe without having to search for the alignment markers.  If this is a permanent alignment location, click on the “Save” button on the lower right corner of the first page of the Process recipe.  However, if this is only a one time exposure, click on the “Discard” button on the same page.  This will return the original alignment data to the process recipe.



[bookmark: _Toc62204993]Backside Small Sample Single Microscope Alignment

[bookmark: _Toc62204994]Concept

	This technique is not listed in the official manual for the Suss MicroTec tool.  However, we have some users that actually need to do this type of alignment.  So we worked out a method of accomplishing the task using only the left backside microscope.
	The technique uses a resist coated sample that is “glued” upside down onto the top of a transparent 4” wafer in a position that allows the sample alignment markers to be seen by the left backside microscope through the left side hole in the 4” sample holder.
	The concept of achieving this alignment is ruffled with several limitations.  First, the total distance that the stage can drive is 10,000 microns in x or y, so the alignment markers need to be within this distance.   Rotation positioning of the sample on the carrier wafer must be aligned to within about +/- 5 degrees of the x-axis on the wafer holder.  Otherwise, the backside microscope will not be able to see both alignment markers and rotating the stage will not be able to land the wafer markers within the limits of the holder alignment hole.

[bookmark: _Toc62204995]Single Microscope Backside Alignment Procedure
[bookmark: _Toc62204996]
Sample Prep Guidance

	If you have a single chip that needs backside alignment with a mask intended to pattern the backside in alignment with the front side, then you can attach the sample, pattern side down onto a transparent full sized wafer and use a tiny amount of “glue” to hold it there.  The substrate will need to be attached in the space above the sample holder see-through hole (Left side) so the backside microscope can see it.  This location is offset from the center of the sample holder, so you will have to add two more sample dummies to create a normal parallel contact between the samples and the mask.  See Fig 16.
    Placing the chip upside down on the wafer with a pattern required to be accurately parallel to the wafer flat is rather tricky, especially if the pattern is not parallel to the sample edges.  In addition, gluing the sample down requires detachable high viscosity glue that will not spread all over the contact surface, and will not protrude above the thickness of the sample.
   Suggestion:  Make pattern parallel to edges of sample.  Use SU8-50 high viscosity resist and apply with a pointy tip swab and a tiny amount of resist at the corners of the chip, bake at 65 C for 60 sec, remove with Acetone after exposure.

 [image: C:\Users\rar011300\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\1BI5Q3IJ\IMG_7570.jpg]  
Figure 16.  Sample and same-thickness support chips placed in a triangular fashion
 to allow complete intimate contact between 
the mask and the sample chip.
[bookmark: _Toc62204997]
Small Sample Backside Alignment Procedure	

These are step-by-step instructions on using a single backside microscope to align small samples that cover only one cut-out in the wafer holder for the backside microscope to see.
	Step 1.  Activate the CR-4 inch Backside Alignment Recipe
	Step 2.  Open the Process program and load the mask.
	Step 3.  Measure the light intensity by clicking the appropriate button.
	Step 4.  Return to start page and start program
	Step 5.  Close wafer drawer with no sample on it
	Step 6.  Adjust the Left screen BSA microscope to show the mask alignment markers on the left side of the mask where substrate would have markers available. Center and focus the marker at the left side of the pattern in the middle of the left window, and record the location in x,y,ϴ. 
	Step 9.  Capture the left mask alignment mark with the “Next” button
	Step 8.  Move the stage in –x to find the right side alignment marker in the left cutout alignment hole with the left BSA microscope.  Focus on this marker, record the BSA camera location, and move the BSA camera back to the left side marker.
	Step 10.  Open slide and set sample with pattern side down on the left side of the holder.  Sample markers should be manually set parallel to x-stage axis!!  Align the wafer-holder rotation alignment line with the frame alignment tab.
	Step 11.  Hit the Next button to switch on the Wafer Transport Vacuum
	Step 12.  Close the slide and hit “Next” again to clamp the wafer slide.
	Step 13.  The wafer markers as seen by the left backside microscope should be near the mask markers – it is now time to search for them by moving the stage – good Luck!  (This may take several attempts to position the substrate to find them.)
	Step 14.  Align the left side wafer markers to the saved image of the mask markers. (Record the stage x,y ϴ location)
	Step 15.  Then drive the stage in the -x direction to find the right side markers in the left screen.  (Record the stage x,y,ϴ location)
	Step 16.  Align the rotation of the stage to the mask marker so that the wafer marker positions have the same y position and the x positions of the wafer marks land on the mask marks.
	Step 17.  When you get both side markers aligned to the saved image, drive back to the left side alignment mark and then hit the “Expose” button to transfer the image.
	Step 18.  After exposure, the system will automatically drop the stage for removal of the substrate.
	Step 19.  Open the slide and remove the wafer sample.
	Step 20.  Lift front door and click on Mask Clamp button to release mask.  
	Step 21.  Return the mask holder to its home
	Step 22.  Sign out of the paper logbook
	 

[bookmark: _Toc62204998]Flood Exposure

For simple flood exposure, where the entire substrate is to be exposed, choose a recipe that fits your sample and click on the Recipe tab at the bottom left corner of the screen. 
Step 1.  Check the box labeled “Flood Exposure” on the “General” tab on your recipe.
Step 2.  Check the dose in the chosen recipe and set it to the value required by your sample.
Step 3.  Open the Process page and load your sample.  (No mask is necessary and the mask holder can be in place or not.)
Step 4.  Click “Expose” 
Step 5.  Pull out the sample slide and fetch your exposed sample. (The vacuum clamp for the wafer will be relaxed.)
Step 6.  If you have borrowed a recipe that is set for something else, then go back to the recipe, uncheck the “Flood Exposure” box, and reset the original dose.
Done…
NOTE:  I have set up a numbered Recipe at the top of the recipe list that can be used as a “universal” Flood Exposure recipe you can use.  You just have to set the desired dose and proceed as in the above step routine.  

[bookmark: _Toc62204999]Sector Exposure (Dose Determination)

	Determining the correct dose for a pattern requires the exposure and development of a substrate using a set of doses and a measurement of linewidths or lines and spaces of varying sizes that show proper exposure vs feature design.  If each exposure requires a new substrate, then the procedure can become rather lengthy.  Therefore, the Suss Microtech Company has made a sector tool (Fig. 17) that can provide a set of exposures with different doses on the same substrate so you will not have to have an exposure sample for each dose.
	To expose multiple doses on the same wafer Suss has provided a device called the Test Exposure Disk that can be manually adjusted to expose 6 sectors on the wafer substrate with different doses.  This disc has two levels where one has all six sectors open and the rotating top one has only one open sector that can be rotated over the open bottom sectors and allow multiple doses on one wafer at one event.  

   
  [image: C:\Users\rar011300\Documents\CleanRoomGeneral\Equipment\KarlSussAligner 2\Pictures\SectorMask_Bottom.jpg]    [image: C:\Users\rar011300\Documents\CleanRoomGeneral\Equipment\KarlSussAligner 2\Pictures\SectorMask_Top.jpg]
Top side up					Bottom side up
Figure 17.  Sector Exposure Test Dial – shields light from the substrate except where the pie shaped hole is set.  The top disk with the single hole can be rotated to the next bottom level hole for each exposure of different doses on the same substrate.

[bookmark: _Toc62205000]Dose Test: Exposure Instructions
	Step 1.  Select the “7 Six Sector Dose Test” Recipe from the top numbered recipes and choose a series of 6 doses that range from too little to too much exposure dose for the proper exposure.  Install the first dose into the recipe “Exposure” window for the first exposure.
[image: cid:50A30275-E513-4D5C-B287-C1FEA4D1B2CA]
Figure 18.  Click on the Sector Exposure square.
[image: cid:8EDE1F9C-766B-40BC-AA13-D522998C1C2F]
Figure 19.  Enter the number of sectors you need.

	Step 2.  Switch to the “Process” screen and start the process recipe.
a. Load an appropriate mask with patterns that can define the proper dosage.
b. Set the Test Dial on top of the mask holder with one sector open.  Center this tool as best you can on top of the mask holder.
[image: cid:A0C25845-80C2-408B-B564-5BCC3CB22212]
Figure 20.  “Second sector position” for second exposure.

c. Load a wafer coated with the resist required by your sample and “Start Process”.
d. Press the “Exposure button at the lower right of the screen.  This brings up a new window “Start Exposure” having your dose for the current sector listed.
e. Expose the substrate using the first dose value you entered in the “Exposure Dose” box. (Fig. 21  Left image)
f. Open the mask door and turn the top level of the Sector Exposure mask to the next open position (close the mask door).
g. Look in the upper right corner of the screen and find the “Exposure Dose” value box.    Change the dose to the next value in the series.
[image: cid:2633A361-97B7-498E-8F27-3F21ED6E8C6F]   [image: cid:F09BF49C-ECDD-44E7-B334-59BC9998E600]
Figure 21.  New location for entering the next dose value.

h. Expose the second sector. (Fig. 21, right image)
i. Repeat this until all exposures have been executed.  Then click “Next”. (Fig. 22)

[image: cid:F09BF49C-ECDD-44E7-B334-59BC9998E600]
Figure 22.  Click “Next” to unload the wafer.
Step 3.  Remove the substrate, and remove the sector “Test Dial” mask, and then remove the mask.
Step 4.  Develop the substrate and evaluate the exposures under the microscope so you can determine the proper dose for that pattern with the chosen photoresist.
Step 5.  Click on the “Recipe” tab in the lower left corner of the screen and then click on the upper tab “Exposure”.  Enter the dose value you determined as proper for this recipe.  (Fig. 16)
Step 6.  Click on “Save” to install the new dose.

[bookmark: _Toc62205001]Special Exposures
[bookmark: _Toc62205002]        Single Wavelength Exposures
	i-line:
	The recipe “1.75 Pure iLine Soft Contact” contains an option to expose a sample with a single wavelength of i-Line energy.  The special single wavelength exposure setup is contained under the “Exposure” segment on the home process screen of the “1.75 Pure i-Line Soft Contact” standard process.  
[image: D:\Roger\Dose window.PNG]
	Figure 23.  Home process screen of the “1.75 Pure i-Line Soft Contact showing the Exposure Configuration.  Clicking on the down arrow will allow you to choose “Pure i-Line”.
	To use this special configuration you need to click on the down arrow at the right hand side of the “Exposure” tooling setup.  This dropdown list will show multiple special exposure setups.  Click on the bottom one entitled “Pure iLine”.  This will install the single wavelength parameters for all programs.  So when you finish your exposures, please return the Exposure tooling setup back to “1000006249 HR-A-IFP (12x18 mm), No Filter” so that all the other programs will operate properly.
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