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Date: Oct. 2007 
 

STS Advanced Silicon Etch DRIE HRM  System 
Trends 

 
 

A- INTRODUCTION 
 

The purpose of this document is to help for process development of the ASE DRIE.  This 
document provides general trends but the actual results depend to the wafer size, pattern 
and exposed area.   
 
 
1- STS ASE Process 
 

The STS Deep Reactive Ion Etch (DRIE) system uses SF6 for etching and C4F8 for 
passivation or deposition steps. It is designed to provide high aspect ratio etching using 
inductive coupled plasma (ICP). In the deposition step, a C4F8 layer is deposited while in 
the etching step, using ion assisted etching, the polymer is removed from the base of the 
features to be etched while still protecting the sidewalls, then the reactive species (SF6) 
etches the Silicon. Figure 1 shows the schematic of a STS ICP system. The system 
consists of a process chamber, a carousel load lock, a power distribution/electronics and 
M rack, chillers and a computer control station.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Schematic of the STS ICP system 
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Figure 2 illustrates the ASE process steps. 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 2: The ASE process. 
 
 
 
2- STS ASE Configuration 
 

Etch rate directly depends to the number of reactive species, so the plasma density needs 
to be increased in order to increase etch rate. This happens by increasing the coil power.  
The coil power increases the reactive species (F radicals), as well as the number of ions 
within the plasma.  Increasing the number of ions has a negative effect on the mask etch 
rate. This will affect C4F8 deposition breakdown as shown in figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: C4F8 deposition breakdown caused by increasing number of ions at high plasma coil 
powers.  
 
 
 

Mask 
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B- PROCESS PARAMETERS 
 
1- Switching Times 
 

The switching times have a large effect on the profile and etch rate.  If the etching to 
deposition ratio is too large, you will get reentrant profiles while if it is too small then this 
causes excess passivation on the base of the trench which is referred as grass.  Hence, if 
the deposition step is too much, this can cause to step etching. In general, the larger the 
cycle time for the etch step, the larger the scallops or increased roughness on the 
sidewall.  Therefore, the optimum etching to deposition ratio depends on applications, the 
etching to deposition cycle times are typically 4:2 seconds for smooth sidewall 
applications while for deep etches of large features cycle times of 12:3 seconds can been 
used.   
 
2- Gas Flows 
 

In order to increase the etch rate of the process, you need to increase the SF6 flow but 
this helps etching up to a point beyond which there is no benefit for etching any more. In 
fact for a particular flow of SF6, there is a point at which more power is needed to ionize 
the SF6 gas. If this power is not supplied, the additional gas will not be ionized into 
reactive species. 
In order to increase the deposition rate, you need to increase the C4F8 flow. There is a 
balance between the deposition and etch step. For example too small a flow of C4F8 can 
lead to insufficient deposition causing reentrant or isotropic profiles. 
 
 
3- RF Source Power 
 

The plasma is generated by main coil source power. As it mentioned, there is an 
unavoidable link between the gas flow and RF powers.  The RF source power plays an 
important role in etch rate. Increasing the etch power will increase the etch rate.  
Processes on the STS ASE HRM typically use a higher power during the etch step 
compared to the deposition step. For example 2000-3000W is used during etching and 
1500W is used during deposition.  Low RF source power can also be used. 
 
 
4- Process Pressure 
 

The other way to increase the etch rate is to increase the process pressure.   In fact 
increasing pressure will induce more reactive species.  It also helps to prevent deposition 
breakdown by decreasing the ion energy.  Typical process pressures for the etch step are 
20 to 50mT but it can be higher. There are two modes in the STS system which the 
pressure can be controlled by the APC (automatic pressure controller), fixed or pressure.  
In the pressure mode, the user can select the pressure value and the APC will keep the 
pressure to the set point.  In the fixed APC mode, the APC is fixed at particular % and the 
pressure achieved depends on the gas/power levels of each step.  Processes on the STS 
ASE are usually run in the fixed APC mode. 
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5- Electromagnet EM1 
 

EM1 is necessary for preventing excess ions reaching the wafer.  Increasing EM1 level 
will reduce the number of ions reaching the wafer.  In other words, EM1 acts like a filter. 
When EM1 is turned on, ions are blocked from reaching the wafer.  The range of EM1 is 
typically between 1 to 3.5 amp for the etching step.  During the deposition step EM1 is 
generally off for the whole cycle. 
There are also other parameters such as T(on) and T(off) of EM1 which user can change.  
During the T(off) time the ions are free to pass through the solenoid and remove the 
passivation layer from the base of the feature.  During the T(on) time the number of ions 
passing through the solenoid is reduced, while still allowing the reactive etching species 
to reach the wafer.  T(off) times are usually ~3s while T(on) can vary depending on the 
length of the cycle time. EM1 and the associated on and off times are linked to the platen 
power as well. User can also set a time delay (Toff). 
 
 

 
 

Fig. 4: Schematic of typical timing settings. 
 
 
 
6- RF Platen Power 
 

Deposition C4F8 can be removed from the base of the trench mainly by the platen power 
as a result of ion assisted bombardment during the etching.  The platen power is usually 
between 35 to 50W during the etching. Platen power during the deposition step can also 
help to increase the etch rate of large feature sizes. 
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The level of EM1, T(off), T(on) and platen powers are all linked to each other. Therefore, 
they are vital in the removal of the passivation or deposition layer from the base of 
features.  If the number of ions reaching the base is too small, this will give rise to rough 
bases and grass. 
The platen power can also affect the profile angle.  If you reduce the platen power, the 
profile angle will tend towards 90°. 
 
 
7- Platen Temperature 
 

The deposition step is strongly dependent on platen temperature.  As the temperature is 
reduced the deposition rate will increase.  Higher source powers can elevate wafer 
temperatures during processing.  The set platen temperature can be between 0 and 20° C 
depending upon the application. 
 
8- Helium back side cooling pressure 
 

The Helium back-cooling pressure strongly affects the cooling efficiency of the wafer.  
The default setting is 10T, however for some applications such as etching to membranes 
or thinned wafers, the He pressure needs to be set lower (4T).  If the He back-cooling 
pressure is set lower than 10T then you need to decrease platen temperature to prevent 
the wafer becoming too hot during processing. 
 
 
 
C- PROCESS TRENDS FOR SOME OF APPLICATIONS 
 
1) Smooth sidewall for general MEMS 
 

Typically, short switching times in the range of 2 to 7s will be selected for these types of 
applications, so for having smooth sidewalls a good starting point is:  
 
SF6 flow= 450sccm (3+0s) 
C4F8 flow= 100sccm (2+0s) 
APC fixed to give a pressure swing of 41mT during etch and 11mT during deposition 
Coil power= 3kWe/1kWd 
Platen power= 50We 
Platen temp.=  0 °C 
EM1 is off during deposition, 3s on @ 1amp etch 
 
Using a 4” wafer with exposed area of ~10-15%, this recipe gives the etch rate of 
~6um/min on 100um wide trenches with depths of 200um and selectivity of ~100:1 for 
Si:PR and scallops (sidewall roughness due to switching )<50nm.  This recipe will give 
you the etch rate of ~3.3um/min on 3um wide trenches with depths of 32um and 
selectivity of ~35:1 for Si:PR and scallops <50nm. 
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The etch rate can be increased by increasing the etch cycle time by ~1s.  In order to 
reduce reentrance, reduce the platen power by several Watts.  If the profile is positive 
then it can be straightened by increasing the etch cycle time and/or the platen power. 
 
For larger feature sizes with larger scallops, the following process can be used:  
 
SF6 flow= 500sccm (14+0s) 
C4F8 flow= 200sccm (3+0s) 
APC fixed to give a pressure swing of 33mT during etch and 12mT during deposition 
Coil power= 2kWe/1.5kWd 
Platen power=30We/20Wd 
Platen temp.=  0 °C 
EM1 is off during deposition; 3s off, 11s on @ 3amp etch 
 
For a 4” wafer with exposed area of ~10-15%, this gives the etch rate of ~10um/min on 
80um trenches with depths of 100um with a profile of ~92 degrees and a selectivity 
of~125:1 for Si:PR.  If there is passivation breakdown problem, the etch cycle time 
should be reduce to ~10 or 11s.  It may also help to increase EM1 to 3.5amp.  The etch 
rate can be increased by increasing the etch power as well. 
 
 
2) Large features etched to depths of 300-500um 
 

A good starting point for etching of large features is detailed below:- 
 
SF6 flow= 450sccm (10+0s) 
C4F8 flow= 200sccm (3+0s) 
APC fixed to give a pressure swing of 33mT during etch and 12mT during deposition 
Coil power= 2.2kWe/1.6kWd 
Platen power= 40We/10Wd 
Platen temp.= 10° C 
EM2 is off, EM1 off deposition; 3s off, 7s on @ 2.5amp etch 
 
For a 6” wafer with exposed area of ~30%, an etch rate of ~8um/min was obtained on 
wide features e.g 200-300um, similar results can also be achieved on large squares or vias 
(~1mm wide).  
 
The etch cycle time can be increased by ~2s without breakdown and this will increase the 
etch rate to ~9um/min as long as the deposition is sufficient to stop breakdown.  A good 
method for increasing the deposition is to increase the deposition source power.  
 
 
3) Vias 
 

A good starting point for via holes is:  
 

SF6 flow= 200sccm (4.5+0s) 
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C4F8 flow= 100sccm (3+0s) 
APC fixed to give a pressure swing of 25mT during etch and 20mT during deposition 
Coil power= 2kWe/1.8kWd 
Platen power= 50We/20Wd 
Platen temp.= 10 °C  
EM1 is off during deposition; 1s off, 5s on @ 2.5amp etch 
 
For a 4” wafer with exposed area of <10%, this gives the etch rate of ~2.2um/min on 
30um via to depths of 300um with a profile of ~89.5° and a selectivity of ~50:1 for 
Si:PR. When etching high aspect ratio features, as the aspect ratio increase the features 
begin to close up.  This happens due to transport effects of the reactive species.  In order 
to solve this, the processing pressure and etch component needs to be reduced as the 
feature is etched deeper.  This can be done using of parameter ramping or by using a two 
or three step process.  In the 2nd step the pressure should be decreased by ~5mT 
accompanied by an increase in the etch cycle time and/or platen power.  This method is 
also suitable for etching of high aspect ratio trenches. 
 
 
D: GENERAL PROCESS TRENDS 
 
Process parameters are dependent on many things such as wafer pattern, exposed Silicon 
area, etch depth, aspect ratio and so on.  The trends below are general however a 
combination of process parameters will generally be required in order to find the best 
results. 
 
Etch rate 
 

The main controlling factors for increasing the etch rate are: 
 
• Increasing SF6 flow 
• Increasing Etch Power 
• Increasing Platen Power 
• Increasing Process pressure 
• Increasing Etch cycle time 
• Decreasing EM1 current 
• Increasing EM1delay 
 
Increasing of flow, power, etch cycle time and pressure all help to increase the number of 
reactive species. A longer delay of EM1 will deliver more ions to the surface. Although it 
is not directly increase the etch rate but helping to remove the polymer form the base of 
the trench quicker, hence exposing the Silicon to be etched.  This is also true for the EM1 
current (lower current increases the number of ions reaching the surface wafer) as well as 
the platen power. 
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Unfortunately, parameters which have a strong effect on the etch rate will increase 
reentrance (negative profiles) and sidewall roughness.  In worst cases, this might lead to 
passivation breakdown on the sidewalls. 
 
Profile 
 

The main parameters in order to help straighten the profile (from a reentrant profile) are: 
 
• Decreasing etch cycle time or increasing deposition cycle time 
• Decreasing platen power 
• Decreasing EM1 delay 
 
The profile and etch rate are related to each other. In some instances breakdown may 
occur at the top of the feature in which case the overall etch component should be 
reduced.  One of the easiest ways to do this is to increase the deposition source power 
and/or reduce the etch cycle time.  If grass is present the opposite trends are true, in 
addition it can also help to increase the SF6 flow. 
 
Sidewall roughness/undercut 
 

In order to reduce sidewall roughness, scallops, you need to: 
 
• Keep etch and deposition cycle times to minimum (2s typical) 
• Reduce process pressure 
• Reduce etch gas flow 
• Increase deposition component (time/power/flow) 
 
Typically those parameters which reduce the etch component or increase the deposition 
component help to minimize the sidewall roughness.  Sometimes the addition of C4F8 
(e.g 20-30sccm) to the etch step can help maintain good CD control.  Another way to 
help maintain a good CD and etch rate is to use parameter ramping.  This method will 
enable to add C4F8 to the etch gas and gradually ramp out over time (e.g –5sccm/min) as 
it appears to be the first few cycles of the process which give rise to the greater sidewall 
roughness and undercut. 
 
Selectivity 
 

Main parameters in order to increase selectivity are: 
 

• Reducing the platen temperature which helps to increase the deposition of the process 
• Increasing the pressure 
• Reducing platen power 
• Reducing EM1 delay 
• Increasing EM1 value 
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Those parameters which control the ion bombardment of the mask are the key role for 
increasing selectivity. 
 
Uniformity 
 

Uniformity is one of the hardest parameters to influence, however the process parameters 
to change are as follows: 
 
• Reduce pressure 
• Change processing height 
 
The uniformity across the wafer is dependent on exposed Silicon area and wafer size. In 
general, the smaller the exposed area, the better the uniformity.  Larger exposed areas 
make worse uniformities by causing depletion of F in some areas, this can be solved by 
equalizing the spread of reactive species across the chamber, e.g. changing the pressure, 
or increasing the number of species (increasing the etch power/flow).  For large exposed 
areas, the processing height, Z height, is critical.  If the wafer is moved closer to the 
source, the etch rate at the center will increase. 
 
 
Table 1 shows a summary of the general trends.  The trends indicated in table 1 will be 
accurate in most cases but not all due to the dependency on wafer pattern, exposed area 
and application. 
 
 

Table 1: Summary of process trends. 
 

Trends for 
Controlling 

process 
results 

Etch 
rate 

Profile 
(↑↑↑↑ negative) 
(↓↓↓↓ positive) 

Selectivity Grass Breakdown Sidewall 
Roughness 

Etch gas 
increase 

↑↑ ↑↑ ↑ ↓ ↑ ↑ 

Deposition 
gas increase 

↓↔ ↔ ↑ ↑ ↓↔ ↓ 

Etch:Dep 
time ratio 
increase 

↑ ↑ ↑↔ ↓ ↑↔ ↑ 

Pressure 
increase 

↑↑ ↑ ↑ ↓↔ ↑ ↑ 

Deposition 
Coil Power 

increase 

↓↔ ↓↔ ↑↔ ↑ ↓↔ ↓ 

Etch Coil 
Power 

increase 

↑ ↑ ↑ ↓ ↑ ↑ 
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Platen 
Power 

increase 

↑↔ ↑↔ ↓ ↓ ↔ ↔ 

EM1 value 
(e) increase 

↓↔ ↓↔ ↑ ↑↔ ↓↔ ↔ 

EM1 delay 
(e) increase 

↑↔ ↑↔ ↓ ↓↔ ↑↔ ↔ 

 
E=etch 
↔ no effect or negligible effect 
↑ increase 
↓ decrease 
 
 

 
 
 

 
Reference: STS documents @ http://www.stsystems.com/ 
 
• Please contact Geoff Gardner (geoff@purdue.edu) Bill Sheldon (bills@purdue.edu) if 
you have any questions. 

 

500um Silicon Etch 
Using STS ASE 

(8um/min etch rate) 
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This document is for STS ASE users only!! 


