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[bookmark: _Toc205804017]Do’s and Don’t

· NEVER touch quartz boat or wafers with your hands even if you are wearing gloves. Use ONLY the appropriate boat holder. Boat Holder must be clean.
· Use ONLY clean tweezers dedicated for the furnace. Clean these implements often using Ethanol, DI water.
· Use ONLYRCA cleaned wafer for oxidation.Wafers must be clean and dry.Never load a contaminated. wafer or boat into the tube as this will contaminate the tube as well.
· Wafers and boats coming out of the quartz tube are extremely hot and the initialtemperature can be as high as 300C. Do NOT set them on lint free cloth, vinyl gloves or anything else which will melt. Set hot items on clean stainless steel bench or on dedicated quartz carrier.	
· ALWAYS wear a face mask when loading and unloading your wafers into tube to minimize contamination.
· ALWAYS minimize the time that the boat and loader remains out of the furnace and makes sure the purge nitrogen is set to standard value or better to keep room air out of the tube.
· ALWAYS use dummy wafers in the tube during oxidation process.
· Do NOT flow H2below 800°C in furnace.
· Hydrogen is an inflammable gas and you are going to burn it in oxygen. The process should be carried out with extreme care. 
· As a general guideline the hydrogen flow rate during processing should be 1.8 times that of the oxygen flow rate. 
· A standard process recipe is given in appendix B of this document. New recipes should be developed only in consultation with the system owner. 
[bookmark: _Toc205804018]System Specifications

· Substrate: Silicon only.
· Substrate size: 2” only.
· Types of depositions: Thermal wet oxide(silicon dioxide) .
· Pressure range  : Atmospheric Pressure		
· Temperature range:  900ºC- 1150ºC
· Gases presently connected to system: H2, O2, N2

[bookmark: _Toc205804019]Operating Procedure

[bookmark: _Toc205804020]Activities to be completed before entering the clean room

1. Check for the N2 pressure (from N2 cylinder kept in micro 1 service corridor). Minimum 3 - 4 bar pressure is required for smooth operation.
2. Check for the H2 and O2 gases. 3 - 4 bar pressure is required for smooth operation.
3. Switch ON the Furnace exhaust. If not contact facility person.
4. Turn ON theWater supply for chiller corresponding to furnace(valve marked“Furnace IN”) 
5. Ensure that Micro 1Chiller is ON.
Note: Chiller is common for all Furnaces and 4 TEBE. It will be ON round the clock - ensure it.
6. Switch On the mains power of the furnace.
7. Ensure that the heater switches are in ON position.
8. Switch ON the solenoid switch, before switching on any of the gas line. 
9. Set the N2 gas flow to 0.8 division which is 937 cc/min
10. Ramp UP the temperature up to 500ºC with N2. Wait till the temperature stabilizes at 500ºC.


[bookmark: _Toc205804021]SWITCH ON Procedure after entering the clean room

11. Wear Bunny suit (according to tutorial taught during lab test)
12. Put Heat resistant gloves.
13. Open the Loading panel.
14. Load the wafers using clean standard quartz boat. Guidelines on wafer placement on the boat are given in appendix C.
15. Transfer the boat into the furnace using clean quartz transfer rodslowly. Push the boat using the glass rod till the Teflon band on the glass rod aligns with the mouth of the furnace. This would ensure that you place the wafer at center of quartz tube (Flat zone). The location of the flat zone is determined once in every 6 months. The information is given in appendix B of this document. If the date stamps on the flat zone data is older than 6 months, do not process your wafers and consult the system owner for recalibration.
16. Close the Loading panel. 

[bookmark: _Toc205804022]Running the Recipe

17. After coming out from the clean room ramp up the furnace at desired temperature while N2 flow is on. Please set the right hand side sensor at a higher temperature than the center and left hand side sensor. See the standard recipe. 
18. Wait till the set temperature is reached. 
19. Switch on the O2 flow while N2 flow is still on. 
20. Wait for 15 – 20 seconds. Turn off the N2 flow.
21. Start the H2 flow and start from a low value and very slowly increase it to the value required as per your recipe.
22. Observe an orange colored flame in the furnace. Do not leave the furnace area while H2flow is on.
23. Run the process for the time stated in your recipe. 
24.  Turn off the hydrogen flow.
25.  Wait for 15 – 20 seconds. 
26. Turn on the N2 flow and Set it to0.8 division which is 937 cc/min
27. Turn off the O2 flow.
28.  Set the temperature on the all the sensors to 300º C. Wait till the temperature stabilizes at 300º C.
29. Slowly pull the wafer boat out of the furnace using the glass rod provided for this purpose. Wait for 3 - 5minutes before the wafers are removed from the boat. Remove your wafers from the boat and place it in the appropriate box. 
30. Remove the dummy wafers from the boat and place them in the appropriate box.
31.  Place the boat back into the furnace using the procedure used in step 15.
32. Clean up the laminar flow bench: 
a. Place the glass rod in the tube provided for the purpose.
b. Gloves to be placed in the box provided for the purpose. 
c. The tweezers to be placed in it box. 

[bookmark: _Toc205804023]Shutting Down the system

1. Turn OFF the Nitrogen Flow meter.
2. Then switch OFF the Temperature display, and then Furnace power.
3. Check whether others furnaces and 4TEBE are ON, If not you can Turn OFF cylinders from Micro 1 corridor. 
4. After that switch OFF the Solenoid switch.
5. Turn OFF the MAIN switch of FURNACE.
6. Switch OFF Exhaust of Furnace if other furnaces are also OFF. 
7. Do not Switch OFF of CHILLER of MICRO 1.

[bookmark: _Toc205804024]Check List before Leaving the System

1. Make entry in the log book.
2. Ensure that the cooling water is available to the system.

[bookmark: _Toc205804025]Emergency Response


· In Case of Power Failure
1. Turn OFF Hydrogen supply first and then other gases from flow meter as well as from Micro 1 Corridor.
2. Turn OFF Furnace temperature Display and Furnace Power.
3. Turn OFF the Solenoid Switch.
4. Turn OFF the Main Switch of Furnace.
[bookmark: _Toc205804026]Oxide Thickness Measurement

Thickness of the oxide should be measured on a number of wafers you have processed. The following inspections and metrology are recommended. 
· Visually inspect the shining surface of the wafer. If you see different colors in different regions of the wafer, the oxide thickness is not uniform. If this is the case, it should be reported to the SO.
· A quick confirmation of oxide thickness is possible by observing the color of the oxide thin film (50nm-1.5micron). Appendix shows the chart of oxide thickness and colors. 
· Ellipsometry is a non-destructive measurement method for thickness. The mean and range of thickness measured and the number of points measured should be entered in the logbook of the system. 

[bookmark: _Toc205804027]Training Procedure

1) Training request can be filed by sending a mail to SO with CC to your guide and the assistant lab manager with brief details of your project and purpose of use of tool.
2) Some basic knowledge of FURNACES and thermal oxidation procedure is necessary. You may refer to the slides of the course EE669, available on the INUP server/computer. 
3) Familiarize yourself with the materials safety data sheet of Hydrogen. 
4) In the first training session,system overview will be given by the system owner or AU.
5) In the second session, we will give some hardware knowledge, i.e. about temperature controllers, gas handling and loading of wafers.
6) In the third session2 Demo run will be given by SO or AU.
7) After training, 1 Hands On in presence of any authorized user. In Hands on whole process should be done by applicant.
8) After Demo run Authorization test will be held in presence of System Owner.
[bookmark: _Toc205804028]
Violation policy:

1. User should not violate any of the steps mentioned in SOP.
2. Do not leave the system while the process is running. 
3. Book your process slots well in advance using the online slot booking system. 
4. User should use the slot that he/she has booked.
5. For a fair distribution of slots, don’t over-book them.   
6. Don’t forget to make a log book entry for process.
7. Only RCA cleaned VLSI grade Silicon wafers are allowed in the furnace. Don’t try new materials and do not make any hardware changes in the system without System owner’s permission.
8.  Do NOT use the furnace during night time (6pm-9am).
9. Do NOT flow H2 below 800°C in furnace.

If it is found that user is not following the above rules and regulations, then his/her authorization may be cancelled or any other punishable measure can be taken after discussion with faculty in-charge of this tool.




[bookmark: _Toc205804029][bookmark: _Toc205804030]Appendix A: Allowed Temperature ranges and gas flow ratios

1. Minimum Temperature:  900ºC
2. Max. Temperature: 1100ºC
3. Min. ramp rate: 5ºC/ min
4. Max. ramp rate: 20ºC/min



Gas flow optimization

Hydrogen: Oxygen ratio is 2:1 for stoichiometric for safe operation it should be 1.8:1.It is kept 1.7:1 in Micro-1 wet oxidation furnace .


	Gas 
	Flow Meter Reading (division) 
	Actual Flow (mL/min) 

	Nitrogen 
	0.8 
	937 

	Oxygen 
	100 
	517 

	Hydrogen 
	70 
	882 

	Hydrogen: Oxygen
	
	882:517=1.7:1 






[bookmark: _Toc205804031][bookmark: _Toc205804032]Appendix B: Temperature profiling of wet oxidation furnace

Date of profiling: 
Profiling carried out by: 

Set temperature: 900°C
Right hand side sensor: 550°C
Center sensor: 900°C
Left hand side sensor: 775°C




Flat zone starts from 20 cm from the brick point of wet oxidation furnace and length of flat zone is about 40 cm, so we should put our quartz boat in this zone only.
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		Oxide Thickness
	COLOR
	COLOR CODE
	Color and Comments

	[Å]
	 
	 
	 

	500
	 
	D2B48C
	Tan

	750
	 
	A52A2A
	Brown

	1000
	 
	B32F79
	Dark Violet to red violet

	1250
	 
	2E73F3
	Royal blue

	1500
	 
	ADD8E6
	Light blue to metallic blue

	1750
	 
	D9ECB3
	Metallic to very light yellow-green

	2000
	 
	F9F9C8
	Light gold or yellow slightly metallic

	2250
	 
	DAA520
	Gold with slight yellow-orange

	2500
	 
	F6853D
	Orange to Melon

	2750
	 
	B32F79
	Red-Violet

	3000
	 
	5D3694
	Blue to violet-blue

	3100
	 
	0000FF
	Blue

	3250
	 
	0083AE
	Blue to blue-green

	3450
	 
	00FF00
	Light green

	3500
	 
	84D82E
	Green to yellow-green

	3650
	 
	84C82E
	Yellow-green

	3750
	 
	E2DE2B
	Green-yellow

	3900
	 
	FFFF00
	Yellow.

	4120
	 
	FFB500
	Light orange

	4260
	 
	FA7FC1
	Carnation pink

	4430
	 
	E82362
	Violet-red

	4650
	 
	B32F79
	Red-violet

	4760
	 
	EE82EE
	Violet

	4800
	 
	5D3694
	Blue Violet

	4930
	 
	0000FF
	Blue

	5020
	 
	008080
	Blue-green

	5200
	 
	008846
	Green (Broad)

	5400
	 
	9ACD32
	Yellow-green

	5600
	 
	ADFF2F
	Green-yellow

	5740
	 
	 FFFFD2
	Yellow to Yellowish (not yellow but is in the position where yellow is to be expected. At times is appears to be light creamy gray or metallic)

	5850
	 
	FFDE93
	Light orange or yellow to pink borderline

	6000
	 
	FA7FC1
	Carnation pink

	6300
	 
	EE82EE
	Violet-red

	6800
	 
	AE82FF
	Bluish (Not blue but borderline between violet and blue-green. It appears more like a Mixture between violet-red and blue-green and over-all looks grayish)

	7200
	 
	00A080
	Blue-green to green (quite broad)

	7700
	 
	FFFF8C
	Yellowish

	8000
	 
	FFA500
	Orange (rather broad for orange)

	8200
	 
	FA8072
	Salmon

	8500
	 
	B32F79
	Dull, light red-violet

	8600
	 
	EE82EE
	Violet

	8700
	 
	5D3694
	Blue-violet

	8900
	 
	0000FF
	Blue

	9200
	 
	0083AE
	Blue-green

	9500
	 
	84C82E
	Dull yellow-green

	9700
	 
	FFFF00
	Yellow to Yellowish

	9900
	 
	F3770C
	Orange

	10000
	 
	FA7FC1
	Carnation Pink

	10200
	 
	E82362
	Violet-red

	10500
	 
	B32F79
	Red-violet

	10600
	 
	EE82EE
	Violet

	10700
	 
	5D3694
	Blue-violet

	11000
	 
	008846
	Green

	11100
	 
	84C82E
	Yellow-green

	11200
	 
	008846
	Green

	11800
	 
	EE82EE
	Violet

	11900
	 
	B32F79
	Red-violet

	12100
	 
	E82362
	Violet-red

	12400
	 
	FA7FA1
	Carnation Pink-Salmon

	12500
	 
	FFA500
	Orange

	12800
	 
	FFFF00
	Yellowish

	13200
	 
	47B0E3
	Sky blue to green-blue

	14000
	 
	FFA500
	Orange

	14500
	 
	EE82EE
	Violet

	14500
	 
	5D3694
	Blue-violet

	15000
	 
	0000FF
	Blue

	15100
	 
	84C82E
	Dull Yellow-green
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[bookmark: _Toc205804035]Appendix D: Standard recipe

Oxide thickness target: 
Process temperature: 1050(°C)

	Step
	RHS temperature(°C)
	Center temperature(°C)
	LHS temperature(°C)
	N2 flow (slm)
	O2 flow (slm)
	H2 flow (slm)
	Time (s)
	comments

	Ramp up to 500C
	495-500
	500
	500
	0.937
	0
	0
	
	

	Wafer loading
	495-500
	500
	500
	0.937
	0
	0
	
	

	Ramp upto process temperature
	1100
	1050
	1050
	0.937
	0
	0
	
	

	Introduction of Oxygen
	1100
	1050
	1050
	0.937
	0.517
	0
	
	

	Introduction of hydrogen
	1100
	1050
	1050
	0
	0.517
	0.882
	
	See the sequence mentioned in page 4

	Oxidation step
	1100
	1050
	1050
	0
	0.517
	0.882
	
	

	Stopping hydrogen
	1100
	1050
	1050
	0
	0.517
	0
	
	See the sequence mentioned in page 4

	Stopping oxygen
	1100
	1050
	1050
	0.937
	0
	0
	
	

	Ramp down to 300C
	
	
	
	0.937
	0
	0
	
	

	
	
	
	
	
	
	
	
	



	
	







Wafer placement on the boat: 

Flat zone starts from 20 cm from the brick point of wet oxidation furnace and length of flat zone is about 40 cm, so we should put our quartz boat in this zone only.
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Thickness data for the standard recipe:

Table is given below for thickness data for wet oxidation furnace,
Operating temperature= 1050°C


	TIME (min)
	THICKNESS(nm)

	15
	200

	26
	300

	56
	500

	85
	700

	180
	1000
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