Plasma etching test and dose testing
We did a plasma etching test and dose testing for the QPC experiments exp_QPC_1 and exp_QPC_2.
The plasma etching steps seemed to be necessary because after developing a test chip in 1:3 MIBK: IPA for 90sec which had been written with a dose of 450 μC/cm2 for the small features and 250 μC/cm2 for the large features, putting down 10 nm of Ti and 30 nm of Au onto the chip by metal evaporation and imaging it with the SEM, there seemed to be still resist trapped underneath the metal (see picture below): 
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The edges of the QPC look very rough and the white and grey dots in the metal show that there is still PMMA A3 resist trapped underneath the metal. 
By doing an plasma etch and a quick acid dip before the chip is installed in the evaporator it might be possible to remove a thin layer of organic materials like resist from the pit where the metal will be put down and therefore get a smoother metal surface.

To be able to judge at what etching rate the PMMA A3 resist is removed by the plasma at standard settings, I did a test of removed layer thickness versus etching time. The standard settings for the test are: incident power 50 Watt,   oxygen pressure 340 mtorr and etching times of 5 min, 10 min and 15 min respectively. 

Firstly we cleaved seven chips size 10 mm*10 mm out of an unoxidized silicon wafer. The chips were placed in acetone and cleaned in the sonic bath for 10 min. After this they were spin cleaned with acetone and IPA on the spinner and e-beam resist PMMA A3 was spun onto them. The spinning settings were: varying spin speeds for 60 sec with different ramp up speeds and a 10 sec pre-spin relax time. 

This was followed by an edge bead removal step with PDMS. Therefore a little piece of PDMS (size ~ 5 mm*4 mm) was cut out of a petri dish and placed on the center of the chip with the freshly spun resist on it. Then four quick jets of acetone were sprayed onto the center of the chip followed by for quick jets of IPA and then the chip was blow dried. In this process I removed the edge beads of the resist that accumulate in the corners of the chip when you spin it at a high speed. 
After this the chips were baked on a hotplate for 3 min at 180°C, and I used the Dektak to measure the profile height of the resist.

	
	Final spin speed [rpm]
	Ramp up speed [rpm/sec]
	Thickness
outer region [Å]
	Thickness
middle region [Å]
	Thickness
center [Å]

	Chip#1
	1000
	1000
	2644
	2633
	2590

	Chip#2
	3000
	1000
	1353
	1397
	1453

	Chip#3
	4000
	1000
	1173
	1200
	1175

	Chip#4
	5000
	1000
	1164
	1268
	1192

	Chip#5
	1000
	8500
	4009
	5088
	2495

	Chip#6
	3000
	8500
	1388
	1308
	1364

	Chip#7
	5000
	8500
	1060
	1056
	1058


We were looking for chips for which the thickness of the resist is almost constant across the chip so that the resist is smoothly and evenly distributed. This means that the measurement of the etch rate will not depend on the location on the chip.

We decided to use chip#1, chip#3 and chip#7 for the etching test. 

	
	Thickness before the etch [Å]
	Thickness after the etch [Å]
	Etching time [min]
	Height removed [Å]

	Chip#7
	~1050
	650 to 700
	5
	350 to 400

	Chip#3
	~1180
	450 to 500
	10
	680 to 730

	Chip#1
	~2600
	~1100
	15
	~1500


The relation between the etching time and the height removed should be linear.

When you fit a line to the data (taken the average value of the numbers in the last column: 375, 705, 1500) it turns out that the plasma roughly removes 110 Å per minute. We aim for the removal of a very thin layer of resist ~ 50 Å. From the test we concluded that we have to etch the chips for 30 sec to remove a layer of about 50 Å.
We continued by cleaving a larger chip out of scrap GaAs. The chip size was roughly 7 mm by 4 mm. The plan was to write some patterns using different doses onto the chip and repeat the same patterns and doses on the second half of the chip so that we can cleave it after development and put one part into the plasma asher and do an acid dip before putting both pieces into the evaporator to evaporate 10 nm Ti and 30 nm Au onto them. 
The chip was prepared in the usual way: cleaving, 5 min of sonic bath and then we spun PMMA A3 resist onto the whole chip with a ramp up of 8500 rpm/sec, a final spin speed of 5000 rpm, and a spinning time of 60 sec. The chip was baked on a hotplate for 3 min at 180°C. Then we placed a drop of colloidal Au at the edge of the edge bead towards the area smoothly covered with resist. 
We placed the large chip inside the SEM. For writing the pattern we chose 30 keV, spot size 2 beam settings. The current measured in the Faraday cup was 38.5 pA. 
I wrote the QPC pattern, in which I had changed the width of the QPC to 500 nm to allow 10 subbands to pass through the QPC. 
And Andrew wrote a new design pattern for the next quantum dot experiment. 
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QPC pattern I was using, with different dose settings for the small features (blue) and the large features (red). The width of the QPC is set to 500 nm. The width of the large feature is 40 μm at the top and the distance from top to bottom is 60 μm.
I wrote three identical patterns just with different dose settings:

	
	Dose for small features [μC/cm2]
	Dose for large features [μC/cm2]

	QPC_1
	400
	200

	QPC_2
	450
	225

	QPC_3
	500
	250


This writing procedure was repeated on the second half of the chip as well with exactly the same settings.

The chip was developed for 90 sec using 1:3 MIBK: IPA. After this the chip was cleaved in the middle so that we had two identical chips. One piece was put into the asher and plasma etched for 30 sec with the standard settings: incident power 50 Watt and oxygen pressure 340 mtorr. This piece was then taken out of the asher and dipped in 10% HCl for 10 sec to remove the oxide layer on top of the chip and then rinsed with DI water. The other half of the chip was not treated in this way but put straight into the evaporator together with the first half of the chip. 

10 nm Ti and 30 nm Au were evaporated onto the two chips.

After evaporation lift-off of the metal was done in NMP on the hotplate for two hours. The reason why we switched to NMP instead of acetone and IPA is that by SNF regulations it is forbidden to do acetone lift-off over night. 

But lift-off with hot NMP for just two hours is excellent. For the features of my QPC we had a clean and smooth lift-off, without any metal still sticking to the chip. For Andrew’s smaller quantum dot feature we have to increase the lift-off time and possibly the dose or line-spacing of the writing process because he got metal sticking between the smaller features of his dot.
Both chips were taken and put into the SEM for imaging to see if there are any differences between the ashed chip and the not ashed chip and to compare different doses for the patterns.

Results
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The picture above shows one QPC written with 400 μC/cm2 for the small features and 200 μC/cm2 for the large features. This chip has been etched for 30 sec.

As you can see the large features are slightly underdosed visible at the white and grey dots in the metal. The tips of the small feature are also slightly underdosed visible as well in the rough edges and white dots in the triangular part of the feature. A close-up of the small feature shows this in more detail:
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This has to be compared with the images taken of the QPC written with the same dose settings on the chip that was not plasma etched:
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As visible on the two pictures above the features look worse on the chip that was not ashed even though they have been written with the same dose and developed for the same time. The gap between the two triangular sections was set to be 500 nm in the NPGS file. 

As a first result it can be concluded that ashing is definitely efficient in cleaning the surface of the chip and removing last bits of unwanted resist in the metal pits.

When you compare the pictures taken of the other QPCs the outcome is the same. The QPCs on the ashed chip always look smoother regarding the metal surface and the metal edges than the QPCs on the chip that was not etched. 

The second result of this test is to get the right doses for writing the small and large features (only QPCs on the etched chip will be considered)
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This QPC was written with 450 μC/cm2 for the small features. Some white dots are still visible in the triangular features.
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This QPC was written with 500 μC/cm2 for the small features. In my opinion this is the dose I should be using for writing the small features because there is no residual resist left underneath the metal and even the metal edge look smooth.

Regarding the dose for the large features: 200 μC/cm2 is too low as can be seen on the first picture in the results section. 
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On the picture (pattern written with a dose of 225 μC/cm2 for the large features) above you can clearly see white and grey dots at the edge of the large feature. This probably means that we still have resist stuck in those places.
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For the higher dose of 250 μC/cm2 it is visible that the white and grey dots have disappeared. This dose might be slightly too much because the horizontal line of the large feature is not completely even and the corners are slightly rounded.
Conclusion

The ashing of the chip is effective in removing a thin layer of resist and thereby improving the quality of the resulting gate.
As dose for the small features 500 μC/cm2 should be used and for the large features 225 μC/cm2 or 250 μC/cm2 should be used.
