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RTP Operating Procedures 

 
 
 
 
1.0 Software startup 
 
Click on the Solaris icon on the desktop to start the software. 

 

 
 
 
The three icons that are available include: 
Start RTP Process: This icon will allow the user to create recipes, run the Solaris, troubleshoot 
problems and perform diagnostic checks. 
Help Information: Gives information on the software version, contact information and 
manuals. 
Exit Controller: Exits the SOLARIS program and returns the user to the desktop. 

Note: Boot up the computer and start the SOLARIS software prior to turning 
on the power to the Solaris oven. 
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1.2  RTP Controller Menu Page 
The RTP Controller Menu Page allows the user to create/edit recipes, run stored recipes 
and perform diagnostic tasks and system checks. The following options are described in 
detail. 

 

 
 
 
Recipe Management: Create and edit process recipes including temperature profiles, gas 
control, temperature measurement method, PID coefficients and calibration recipes. 
Run Process: Allows the user to run stored recipes and includes a graphical temperature 
profile and real time data collection. 
Exit: Returns the user to the SOLARIS start page. 
 
 
1.3  Creating and Editing Recipes 

 
This section identifies the various aspects of creating a recipe in the SOLARIS software. 
The SOLARIS software allows specific tailoring of recipes for error compensation and to 
reduce under and overshoots. 
The first step in creating a recipe is to give the recipe a name. The software will prompt 
the user to either create a new recipe or edit a current recipe. For a new recipe simply 
type the name of the recipe will appear in the current file box. 
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The numerous input boxes and pull down menus on the recipe page are used to create and 
optimize your recipe profiles. The user inputs are divided into three sections: Control 
Buttons, Data Entry and the Recipe Matrix. 

 
Current File: The name of the recipe being created or edited. Note: even though the 
recipe and calibration files end with .txt, the user does not enter the .txt designation at the 
end of the file. 

 
Save and Save As Recipe: Once a recipe has been created, use the Save Recipe button 
to save the file. 

 
Delete Last Line: Deletes the last step in the recipe. 

 
Delete All Lines: Clears the recipe matrix box. 

Step: Identifies the current recipe step 

Operation Type: This pull down box identifies which type of operation the current step 
is to perform, the choices are Purge, Ramp up, Hold, Ramp down and Finish. 

 
Control Device: The user chooses which temperature monitoring device to be used with 
the current recipe. This can be Tray TC control or K-Type Calibration Wafer control. 

 
Control Temperature: Identifies the steady state or setpoint temperature. 

 
Ramp Rate Box and Step Time: Identifies the time at steady state if the Hold operation 
is selected for the step or the purge time if the Purge operation is selected for the step. If 
the step operation is a Ramp Up or Ramp Down, this box sets the ramp rate in 
degrees/sec. 
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Local Lamp Power: the ability to control the lamp intensity in separate zones of the 
process chamber. The user is able to tailor the wafer uniformity by varying the upper 
lamps in two separate zones. The UFLP(upper front lamp power) designates the five 
upper lamps closest to the door. The URLP (upper rear lamp power) designates the five 
upper lamps closest to the back of the system. The LLP (Lower Lamp Power) controls 
the bottom 11 lamps. The intensity of the individual lamp zones can be controlled in 
increments of 1% from 0-100%. To adjust uniformity it is recommended to adjust one 
upper lamp zone at a time. 
In addition to adjusting uniformity, the Solaris software allows the user to run with 
either the top bank of lamps or the bottom bank. To run with only the top lamps, simply 
set the LLP to 0%. To run with only the bottom lamps, set the UFLP and the URLP to 
0%. Note, with one set of lamps heating, the ramp rates and maximum temperature of the 
unit will be reduced. 

 
REM/Intensity: This is a dual use box. For Ramp steps the parameter in the recipe is 
REM(Ramp Exit Modifier). For Steady State Hold steps the parameter is Percent Lamp 
Power. The REM setting identifies a point in the Ramp Up state in which the closed loop 
temperature control starts making a transition from the ramp up step into the steady state 
anneal. Generally the REM will be set at a level equivalent to the overshoot when the 
REM value is set to zero. For instance if an initial recipe is run and the overshoot is 20 
degrees, the REM should be set at 20. For high ramp rates a general rule is to set the 
REM to 1.5 times the overshoot. 

 
During the steady state hold step the Percent Lamp Power value corresponds to the 
lamp intensity where the temperature at steady state is optimized for a particular process. 
The Percent Lamp Power value is self-adjusting and is changed by the control software as 
particular recipe being created or edited. For initial recipes setup, use the following  
graph as a guide. 

Note: The last recipe process step will always be the Finish Step 
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Mass Flow Controller Box: Used to set the flow rates of the process gases for the 

 
 

 
 
 
 

PID Parameters: The PID parameters can be changed to either slow or speed up the 
closed-loop speed of response. The Proportional, Integrated and Derivative Gain 
parameters are used to optimize the steady state of the Solaris. These values are active in 
the Steady State Hold step. For most processes the PID values will be set to zero. 

 
The Proportional gain corrects for steady state gain errors. If the controller is too slow in 
reaching steady state from the ramp step the Proportional value can be increased. The 
values will be changed in levels of +/- 5. If a recipe is optimized with the REM and 
intensity levels set correctly, the Proportional value will be set at zero. 

 
The Integrated gain parameter should be used if there are oscillations of the temperature 
above and below the desired setpoint. Increasing the Integrated gain decreases the 
amplitude of the oscillations. Decreasing the Integrated gain will help reduce the 
oscillations such that the variation in steady state hold temperature will be reduced. The 
Integrated gain value is generally increased in values of +/- 20. 
. 

 
The Derivative gain value helps the controller change the correction factor if there are 
very rapid changes in temperature error around the setpoint. The values of Derivative 
gain will be values of +/-10. But again in general for most processes this value will be set 
to zero. 
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Process Time Limitations 
 

Temperature Maximum Time(min) 
1200 2.0 
1150 2.5 
1100 5.0 
1050 5.5 
1000 6.0 
950 6.5 
900 7.5 
850 8.5 
800 10 
750 12 
700 15 
650 20 
600 30 
550 45 
500 60 
450 76 
400 85 

 
 
Although the Solaris RTA system is usually used for fast ramp anneals for short 
periods, occasionally users would like to run processes for extended periods.  

 
 
 
Ramp Rate Optimization 

 
The Solaris software in relation to ramp rates is optimized for a 100mm silicon wafer. 
Although the s/w has a self-adjusting correction routine to in order to best keep the ramp 
rates accurate on average, the user is also able to optimize ramp rates by using the 
Proportional gain factor in the ramping step. If ramp rates are slow, for instance with a 
susceptor or a thick silicon wafer, the Proportional gain value can be increased in steps 
of 0.5 starting at a value of 1.0. Roughly a value of 1.0, will double the ramp rate. If ramp 
rates are too high, for example in processing 3” silicon of very thin substrates, the 
Proportional gain parameter can be lowered to fractional levels. Roughly, a Proportional 
gain value of 0.5 will decrease the ramp rate by ½. 
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1.4  Processing a Saved Recipe 
Once a recipe has been created, the next step is to optimize the recipe to obtain the best 
process performance. Several runs may be needed before a process is complete. The 
following page is a screen shot of the Solaris Process page. In this section the user can 
monitor the process parameters in real time with either the graphic display or by readout 
control boxes. 

 

 
 
 
 
To run a recipe use the Select Recipe Name pull down box to load the recipe parameters. 
By choosing a specific recipe, next, choose the Tray TC calibration file associated with 
the recipe from the pull down menu.. 

 
The Learn Mode Icon can be set to on or off. If a new recipe is being optimized the 
Adaptive Learn box should be set to ON. The Adaptive Learn algorithm in the process 
controller is a fuzzy logic routine in which data from the initial run is used to adjust the 
steady state intensity control independent of wafer type and size. You will notice that 
once the first wafer has been processed the Steady State Intensity value of the recipe 
will be changed to a new value. The SOLARIS controller will continue to adapt as more 
wafers are processed without the Adaptive Learn icon being toggled to ON. 
If the tool has not been run in the past 30 minutes, it is advisable to run a warm up wafer. 
This allows the chamber and quartz to be stabilized prior to processing a production 
wafer. The so called ‘First Wafer Effect’ which describes a slight process difference in 
wafer results from a cool chamber run versus a warm chamber will be eliminated. 
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The recipe step, time in process, temperature and gas flow will automatically be 
monitored in their respective display boxes. The temperature will be displayed in both the 
display box and the time/temperature graph in real time. 
For extended process times or temperatures use the Time Scale and Temperature Scale 
toggles to change the display for better viewing. 
To abort a recipe the user can depress the stop button or hit any key on the keyboard to 
stop the recipe. 

 

 
 
Once a process has been completed the software will prompt the user to save the process 
run conditions. By answering Yes, the process data will be stored to a user defined data 
log. The data log file is a two-dimensional matrix of time versus measured temperature. 
By answering Next Wafer, the process data is permanently deleted. 
Within the SOLARIS software the user can choose to flow N2 through the chamber 
during wafer transfer. This is accomplished by using the Purge MFC command. Set the 
flowrate to a desired value by toggling the up/down arrows. The gas will flow until the 
command is set at zero regardless of whether the software is running or not. Caution: 
When running the chamber purge gas will flow until the user shuts off the flow. 

 
RUN PAGE SAFETY FEATURES 
The Solaris software has several safety features that prevent the system from being 
damaged due to a temperature measurement or thermocouple error. The safety features 
are displayed in the upper left hand corner of the Run page. These features include an 
OverTemp Setpoint and Power Limit. 

 
The OverTemp Setpoint is used to set the maximum temperature the tool will reach 
before it will abort. This command is used to set a software interlock in order to not 
damage the wafer being processed or the thermocouple. The Solaris has hard wired 
temperature interlocks on the oven to prevent oven damage in case of unexpected thermal 
runaway from an incoming power spike or drop-off. 

 

 
 

 
 
 
 
 
The Power Limit Setpoint is used in conjunction with the Time Limit Setpoint. These 
settings allow the user to set an upper limit on the Lamp power levels during a process 

Note: Depressing any key on the keyboard will abort the Process 

Note: The maximum safe temperature for the Solaris should be 
set for 1200oC 

Note: The maximum combined flow rate of all MFCs cannot 
exceed 10 SLM. Damage to the Quartz tube may occur 
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for a specified time. For instance if the Power Limit is set to 80% and the Time Limit is 
set for 3 seconds, the software will monitor the power levels and if the power level 
exceeds 80% for three seconds, the process will abort. The user can monitor the power 
level in the graph portion of the Run Page to determine where the Power Limit should be 
set.  Note, it is advisable to set the Power Level at least 10% higher than the maximum 
power seen during a process step. 

 
 
 
 
1.5   Optimizing a Recipe 
The Solaris software controller has been optimized for most process steps the user will 
encounter. The controller has to process a multitude of data in order to actively control 
within a specific range. In most cases, recipe tuning can be accomplished by adjusting the 
REM value in the Ramp step and Intensity in the Hold step. These are considered to be 
global controls and generally have the largest effect on tuning a recipe. The PID controls 
can help fine-tune a recipe beyond what the REM and Intensity controls can accomplish. 

 
For Overshoot conditions: 

If the ramp rate is high, increase REM in the Ramp step by a factor of 1.0 times the 
amount of overshoot when REM is set to zero. 

Increase the Proportional Gain in the Hold step to a higher value. In increments of 5 
Increase the Integrative factor in increments of 20. 

 
For Undershoot Conditions: 
 Run several test wafers to ensure the oven is warm 
 Decrease the REM value. For very slow ramp rates REM may require a zero value. 

 
For Steady State Oscillations: 
 Decrease the Proportional Gain in the Hold step to a lower value. In increments of 5. 
 Decrease the Derivative Gain in increments of 5. 
 Increase the Integrative factor in increments of 10. 
 Clear all PID values and Re-run a process with the Adaptive Learn set to ON 

 
1.6  General Starting Values For Recipe Tuning 
Because the cooling characteristics of a wafer are different at high temperatures versus 
low temperatures, the PID controls for recipe optimization will be different. At lower 
temperatures, the wafer cooling is dominated by heat conduction as opposed to high 
temperature processes in which the cooling mechanism is dominated by radiation. For 
S/w Version 3.0 with zone control the following general parameters provide a helpful 
starting point in recipe optimization. 

 
 
 
 
Low Temps <600 
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REM value is 1.5 x Ramp Rate, P=20-40 
 

Mid Temps 650-900 
REM value is 1.0 x Ramp Rate, P=0-15 

 
High Temps 950-1200 
REM value is 0.5-1.0 x Ramp Rate P=0-5 

 
 
 
 

1.7 Using the Learn Mode 
 

The Solaris Learn mode will optimize a recipe within one or two runs. With the Learn 
mode turned on the Solaris S/W analyzes the process run and feeds back the REM and 
Power Percentage values that best suits the particular recipe. These values are 
automatically inputted into the recipe. In general after the first process run, the recipe is 
optimized, in some cases a second Learn run will be needed. Note: the Learn mode 
should not be used if the process run has an undershoot condition. In other words once a 
recipe has been optimized the Learn mode should be turned off. The calculation within 
the Solaris S/W adds the overshoot value of the process run to the REM value that 
currently is in the recipe. If an undershoot condition exists, the undershoot will be 
compounded by using the Learn mode. 

 
1.8  Examples of the Learn Mode 
 
In this example we will show how the learn mode is used to optimize a 500 degree 
anneal. The starting recipe is as follows: 

 
Step Operation Control Temp Ramp Rate/Step 

Time 
REM/Intensity 

1 Purge 0 30 0 
2 Ramp Up 500 50 10 
3 Steady State 500 30 17 
4 Ramp Down 400 200 0 
5 Finish 400 0 0 

 
 

In this recipe the Solaris Ramps to 500 oC at 50 oC/sec. With the Ramp Exit Modifier set 
at 10 degrees, the Solaris will exit the ramp at 490oC and proceed into the steady state 
hold step. The substrate will be annealed for 30 sec and finally ramp down to 400 oC. 
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The first run profile is shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Initial Process Run 
 

The overshoot of the initial recipe is around 40 degrees. With the learn mode turned on, 
the Solaris will feedback this value to the recipe and add it to the current REM value of 
10 degrees. In addition the power percent level at steady state is set too low in the initial 
recipe. The Solaris S/W will readjust this value from a current percentage of 17% to a 
new value that corresponds to the correct power at 500 degrees. 

 
 

The new recipe with the Learn mode on is as follows: 
 
 
 
 

Step Operation Control Temp Ramp Rate/Step 
Time 

REM/Intensity 

1 Purge 0 30 0 
2 Ramp Up 500 50 52 
3 Steady State 500 30 18 
4 Ramp Down 400 200 0 
5 Finish 400 0 0 
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Surface Science Integration 

 

As seen in the above table, the 42 degree overshoot of the initial run was added to the 
initial REM value of the Ramp Up step. In addition the Intensity percentage in the hold 
step was adjusted for a slightly higher value of 18%. The optimized recipe as displayed 
below is much more stable and consistent. 

 

 
Optimized Process Run 

 
 
 
 
 
1.9 Run Page Graphs 

 
The Solaris S/W allows multiple signals to appear on the Run Page graph. Various 
combinations of output signals will appear once the Start Button is pressed. The different 
graphing signals include TrayTC Temp, Thermocouple2 Temp, Lamp Power Level and 
MFC Total Flow. Attention must be paid to the Y axis values for the Lamp Power and 
MFC Total Flow. For the Lamp power, 0-1000 degrees, represents 0-100%. For MFC 
Flow, 0-1000 degrees represents 0-10 SLM. 
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