GENERAL OPERATING PROCEDURES OF

THE HEIDELBERG DWL66

Purpose of this document:

The Heidelberg DWL66 system is a direct write laser lithography system.  It takes a layout drawing and directly writes it to a photoresist covered wafer with a laser.  
The drawing is done separately in Cadence, or CAD software.  The output file (.gds, .cif) is then put on a floppy disk and brought to the computer connected to the Heidelberg.  *The Heidelberg’s computer does not have an internet connection due to safety issues – it’s already been hacked once!  The files are uploaded to the computer and converted to .lic files in Linux – the file type readable by the Heidelberg.  Also in Linux the .lic files are then transferred to the Heidelberg machine itself.  The rest of the interaction with the machine is done in Windows.

In Windows the Heidelberg is prepared for and performs the actual writing.  A wafer is loaded into the Heidelberg, which has been previously prepared with photoresist spun on it.  The files that were previously loaded onto the Heidelberg are then directly written to the wafer.  This occurs by the laser exposing the photoresist.  Finally, the wafer is developed and the photoresist holds the desired pattern.

· Basic Overview stuff

· The Laser.

· It takes 20 min. to warm up, so turn it on before doing anything else.

· MAKE SURE YOU SHUT OFF THE LASER WHEN YOU FINISH

· The Vacuum.  The Heidelberg vacuum is tied to the Wentworth Probe Station vacuum.  You must check that no one is using the Wentworth before using the vacuum for the Heidelberg.  
*put a sign on the Wentworth saying if you are using the vacuum!
· ALWAYS USE GLOVES when touching anything inside the Heidelberg.  This pertains especially to loading/unloading samples and filters.
· When using the Heidelberg software always Save before doing anything, i.e. Convert or Exit 
· In Linux, to get a terminal press icon: [image: image29.jpg]



· In Linux, to exit press: [image: image2.bmp]
· (Make signs regarding:
· The vacuum
· Using gloves
· Orientation axis of DWL (x-y)
LINUX PART

· Log into LINUX 

· login: convert, password: dont_drink_az4620
· Put your file into the proper directory according to the extension name (e.g. if .gds then put in the gdsii folder)

· If you are loading a disk to load your software, open a command window and type  “mount /media/floppy/” or “mount /media/cdrom”
· Once you remove the floppy type in a command window 
“umount /media/floppy/”

· Convert my file to a Heidelberg file, .lic

· Open terminal, prompt should be: convert@litho:~> 

· Type ‘menu’.  Opens the DWL66 main menu.

· Select source file, format

· Select the proper lens you want to use from the “write lens” pull down menu - top right 

	4mm
	0.8um spot size

	10mm
	1.7um spot size – we’ve only been using this one so for.

	10mmHQ
	HQ=High Quality – much slower
Note: 10mmHQ is a different write mode in the software than the 10mm but you still use the 10mm write head.




· Set your magnification factor and proper rotation orientation

· From configuration -> gdsii -> create merge configuration, select the layer you want to convert (Can XOR, AND, OR, etc. several layers in this menu)

· Select Layers Clean this part up.

· On Taskbar select Configuration
· Select the appropriate file type

· Select layers

· Click the Preview button to view your design

· Possible Errors:

	****border: no structures found 
  Solution:   You need to select layers.


· This opens up the HIMT Viewer    

	Alt
	?

	Fill
	Fills the rectangles – what is dark will be written with the laser

	Mode   
	Inverts the exposure – display only; inversion for writing is chosen on the main DWL66 menu

	XY   
	Measures distance.  Left click – sets axis.  Middle click – aborts.


· Save saves current settings 

· Convert from your file type to Heidelberg file (.lic).

· Send the Heidelberg .lic files to the Heidelberg machine from the computer

· Type cd lic – go into lic directory

· Type ls – view files in directory.  
Files for Heidelberg: config files: .cfg, lic files: 0.lic, 1.lic, 2.lic…

· Type ftp 128.2.133.73 –to open connection to the machine

· name: dwl password: dwl –the new prompt should be: ftp> 

· Type cd /h1 – go into the h1 directory

· Type mkdir mydirectory  make a dir for your design

· Type cd mydirectory  go into the directory

· Type asc go into ASCII mode

· Type mput *.cfg this places all .cfg files in the folder
prompted with: mput cksum.cfg [anpqy?]? type: a
response should be: Prompting off for duration of mput.

· Type mput convert.* get all the convert files, 
type ‘a’ again when prompted

· Type bin change into binary mode This is necessary because the .lic files probably contain a binary pixel map.
· Type mput *.lic places all .lic files into the folder
· Type bye to exit ftp
· Type exit -- Exit from the Convert software

· Logout from Linux

WINDOWS PART

Exposing the Design
· Before you enter the Chem lab see if the Wentworth Probe station vacuum is in use.  Make sure it’s off and leave a note saying that you will be using the Heidelberg vacuum.  Both machines cannot use the vacuum simultaneously.
· Enter the Chem lab 

· Turn on the Laser – it takes 20 minutes to warm up, so do this first.
· Log into windows (login dwl, password dwl)

· Click on the happy face icon [image: image3.jpg]


 
a screen with info comes up – is any of the info important?

· UNI directional button has settings, make sure this has the right settings you used to convert your files, the UNI directional quality is better than bidirectional quality but it takes longer how do I do this?
	
[image: image4.emf] 



	Figure 1.  Main Menu of the Heidelberg.
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· Note:  When you mouse-over any of the buttons, an explanation of the button appears in the bottom left corner of the box.
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	Figure 2.  Control Panel of the Heidelberg.  This window is toggled open/close by the control panel icon on the Main Menu [image: image7.jpg]DWL66 - Heidelberg Instruments
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· On the Control Panel, Click INIT button [image: image8.jpg]D WL Control Panel | x|
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· This initializes the x and y positions if you look at the stage make sure that it is moving – the stage might not move if it’s already there.

· After the initialization make sure that the x and y positions do not differ by a significant factor (what does this mean?)

· Click the Load button [image: image9.jpg]D WL Control Panel | x|
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· MAKE SURE YOU PUT ON GLOVES BEFORE TOUCHING DEALING WITH ANYTHING INSDE THE HEIDELBERG!

· Go to the machine open the glass door by turning the black switch on the right of the machine and load your wafer – you better have your gloves on.

· To the right of the Heidelberg is a lever that opens the vacuum to the machine.   Previously, you should have ensured that the Wentworth vacuum is not and will not be used while the Heidelberg vacuum is on.  (see first step in Windows Part)
· If you haven’t done it already, turn the laser on to let it warm up for about 20 minutes.  Do this by turning the key on the small black box next to the huge machine a green light will come on. (second step in Windows Part)
· Hit the INIT button again once the sample is loaded

· Note:  Commands will be now issued from both the Main Menu of the Heidelberg and the Control menu!  

· In the Main Menu Click Setup pull down, click new 
· Click Create map 

· Enter in the name and press ok 

· This creates:

	/name
	a folder called name

	
	name.fa
	within /name a ‘field alignment’ file, .fa 

	
	name.map
	within /name a ‘map’ file, .map

	
	name.wa
	within /name a ‘?’ file, .wa


· Open the folder you just created, /name, by double clicking on it 

· Double click on name.map

· Click on Set Environment to name   

·  Exit
· Click Setup -> exposure map
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	Figure 3.  The Exposure Map Design window opens.  The values in this window are directly writeable.  The Field Width and Field Height determine the height of each individual field.  The Alignment Site determines where on the wafer’s x-y axis the origin of the exposure will start (?).  The Fields Per Row determine how many fields are in each row.  The Fields Start at X= determines any offset for the row from the x-axis.  Field Zero determines which field is the origin.  It is unclear which part of the field is the zero – a corner, the center… ?  The layout for the values shown here is displayed in Figure 4.


	
[image: image11]

	Figure 4.  The map depicting the layout of the field for the values given in Figure 3.  The number of fields (1,2,3,4) in each row was determined by Fields Per Row.  The x-axis offset was determined by Fields Start at X.  Field number 4 has an ‘x’ in it to indicate that it is the cell used as the origin which was determined by Field Zero.  The Map window is toggled open/closed by the [image: image12.jpg]Fle b Setup Measre Took Service Hep
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 button on the Main Menu toolbar.


· You can change the number of fields per row depending on the number of designs you have

· Change the field width and height [microns] to what you need.

· Click on Draw to view the updated changes you make in the map

· Click on the center field, put the X in the center field

· Adjust the field layout until you’re happy.

· On the Main Menu click Job -> make job
· This opens a window:
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	Figure 5.  The Edit Job window.


· Note:  Ctrl-D will automatically fill all the values a column with the top value.
How to use it:
(1) Enter the value in the top most cell of a column
(2) Click on the column title (in grey) to select the column.
(3) Press Ctrl-D, or select it from the Edit drop-down menu

· In the Edit Job window:
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 column enter in -1 beside all the field numbers you want to be exposed.  
What other numbers can be entered? What is their effect? 

· Next you select which design you want in each exposed field.  Click on a row value in the [image: image15.jpg]Edit Job - WILFORD, x
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 column.  Then, in the Main Menu for the Heidelberg select File->designs.  Select the desired design, which in Figure 5 is /h1/brimley.  The click To Job to write this design to the Edit Job window.
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 values change based on the write head that is used.  A file on the desktop expose_conf.txt lists the proper values.  Also, a third value is listed for Filters.  The filters must be adjusted manually.  When changing the filters ALWAYS WEAR GLOVES!
Focus and Alignment still confusing – this section has not been revised.

· Final steps to run Job->Run Job *first need focus and alignment! 
· After the wafer has been written to:

· TURN OFF THE LASER and Vacuum.

· Click the Load button  [image: image18.jpg]D WL Control Panel | x|
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· Turn off the vacuum

· USE GLOVES! Unload the wafer from the Heidelberg

· Double check that the laser and vacuum are off.

· Tada, you’re done.  Now go develop that wafer (
Focus and Alignment

· In the control panel hit focus, focus should be ~ -1000 (value obtained from the calibration)

· To disable the focus

·  click the tera term terminal button under the menu buttons of the program

· > hw afix +  (this disables the auto focus, usually used for smaller chips)

· To manually focus

· >hw movz-1000 to move the objective by -1000 microns (focus on the wafer is ~-3000 but should incremental move to this position)

· > hw afix –   (this enables the auto focus)

· To Globally Align 

· Click on Align icon on the main panel (3rd button from the left)

· Choose to align either on the x-axis or the y-axis

· In the control panel window move to the corner that you want to align on, click on camera to zoom in 

· From the white box with a small point in it move the point to the first alignment position then point to 2nd spot, continue to do this until your angle, theta, is close to 0

· Set x=0, y=0 and select the center of the frame 

· To check whether you have aligned correctly open up the map go to commands->jump position to check wither the alignment goes to the center of the next frame by viewing the camera

- Alignment – making a template


- Setup ->define template


- Point to the position on the camera viewer 

· Click on Save Template in IPC
· Click on Show Template in IPC – this shows you the image saved in different resolutions

· Click on Save Template on File and you save your template in a certain file name so that you can retrieve this later.
· Use the micro camera so press the camera button in the control panel window to toggle between the two cameras
· Setup ->Field Alignment Method
· Clear the lines that were previously in the screen

· From the dropdown menu can select “Camera” which saves the current position of the camera
· Click the Next between every selection
· Can select “Focus” from the Drop down menu to save the current focus value

· Can select “Template (…, 1)” from the drop down menu.  When you select this enter in the name of the template file that you saved previously.

· Click on  Execute Sight  to execute and match all of the points you loaded to the particular sight you are currently on. 
· Once you are ready to expose click expose and once the exposure is finished, click unload if the Auto unload option is not selected.

- Exposure Settings: for a 10mmHQ mode and a 10% filter


Defocus values are 5nm/step with 2047 as the center of focus

Defocus
Energy
· 2um thickness

2347

80%

· Develop: Used a AZ400K developer solution ratio of 1:4 (20 mL developer: 80 mL DI water) and the development time was 65 seconds then transferred the wafer to a DI beaker for ~15 seconds then rinsed with wafer with DI water.

· Chrome plated masks with AZ 1518 (5300 Angstroms thickness)

X-Y Orientation
- If you are facing the DWL the following is true



--------( y(positive)



|



|



|


         x(positive towards you)

- Example Exposure map (each block denotes a field/pattern)

[image: image19.png]



· The green color indicates that the fields has been written without errors (if it is red then the field was not written properly, if this occurs you should check your exposure map design and make sure that there is no overlap of designs in neighboring fields)

· The yellow indicates that this field is currently being exposed

· The blue indicates that this field needs to be exposed

· Field #1 begins at the top left corner and increasing field numbers proceed from left to right then to the next row.

· Left to right in this field map is the positive x direction(coming towards you if you are facing the DWL) and top to bottom in the field map is the NEGATIVE y direction (i.e. proceeding from right to left if you are facing the DWL)

WAFER PREP RECIPIE

· AZ4K series on Si wafer surface

· Recipe:

- Dehydrate: placed wafer in 120 C (the 200 C oven in the cleanroom is a better choice. A very hot hotplate would also probably work as well) oven for 30 minutes

- Spin: spin HMDS on wafer surface until rainbow pattern disappears on wafer, AZ4210 (2 m thickness) spread at 600 rpm for 6 seconds spin at 4krpm for 30 seconds

- Softbake:  90 seconds on a 90 C hotplate.
Add section on how to find center of wafer before starting the exposure.

ADDITIONAL INFO – not for standard use.

To Calibrate the Defoc and Energy values

· To calibrate DEFOC and Energy (should be done approximately once every three months)

· Click INIT in the control panel to initialize the x-y positions of the stage

· Setup > ? to choose the job go to the “init test” folder and select INT_TEST.MAP

· Once this initialization procedure is selected, Job-> Run job

· Hit expose, a prompt will show up to overwrite ?  click yes to overwrite

· Hit break when you want it to stop

· Take sample out (hit load in control panel ?) and develop and look under microscope to see which DEFOC and Energy combination was the best, use these as the subsequent DEFOC and Energy values

Temperature Controller Unit:

· If the power happens to go out one must turn the power button on the temperature controller box.  This unit keeps the temperature at 21 C.  

[image: image20]
· If the air conditioner goes off one should turn off all of the machines in the room so the DWL equipment does not get too hot.
The DWL Computer:

· The DWL runs on an OS9 operating system.

[image: image21]
· EMU – processor that unpacks lic files
· BAB740 – main computer

· PMCE – frame grabber for inputs from the 4 cameras

· ECU – exposure control unit, takes information from the interferometer and sends it to the AOM – acoustical optical modulator

· DETC4 – detector controller

· SMDR – stepper motor for focusing the lens

· Autofocus – controls the inner ring of the write head for finer movements for focusing
Changing the Write Head:

· DO NOT CHANGE THE WRITE HEAD YOURSELF.  THE SUPERUSER WILL DO THIS.
· One will need a hex wrench to do this.  First, the write head should be up as far away from the stage as possible in the z direction.  

· Detach the two cables (red cable and 10 pin connector) connected the write head.
· [image: image22.jpg]write head
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Write Head: Cables Attached


Write Head Cables Detached

· Unscrew the three screws shown below.  While unscrewing this one must make sure to hold the write head in place while doing this so that the write head does not crash into the stage.

[image: image24]
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Holding the write head to keep from crashing into stage
· Store the write head with the brass nozel facing up so that the brass nozel does not touch the surface it is resting on.
TroubleShooting:

· if the camera image is not showing up on the screen open a mini terminal from the main menu

· Type ipc live  brings the live image back into view
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