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THE MAJOR RESEARCH ACHIEVEMENTS (within two pages)
My research is mainly related to superconductivity devices. My technical work incudes the fabrication of SIS mixers for SMART telescopes and the development of new fabricating process. I have developed the fabrication process of SIS mixers with quantum noise limit performance for the frequency range 150GHz-850GHz. I managed the operation of the clean room at NTHU from 2003 to 2013 and am managing the ASIAA mixer chip lab from 2014 to present.
Many kinds of processes can be done in our laboratory and lead to the development of novel devices for research groups in Taiwan and worldwide. The Korean VLBI network (KVN) and Chinese Purple Mountain Observatory (PMO) have been our major collaborators. Since 2010 we have helped KVN to develop the 129GHz receiver. The SIS mixer is made from our mixer chip lab. We continue to collaborate with KVN, and have been developing their next general receiver since 2016.
At the PMO, we work closely with Dr. Sheng-Cai Shi’s group. In recent years, Dr. Shi would like to develop the fabrication process of SIS junction for his project at Antarctic. We have had many discussions on the requirement and design of facilities and process equipment. I have also visited PMO several times to help on equipment setup and manpower training. At the end of 2017, the lab of PMO was contracture well. And we visited them about one month to provide our knowledge for clean room facility. Now the clean room is running smoothly. In the future, we will do more cooperation for SIS mixer.
Since May 2015, we have started to develop a new mixer structure Nb/Al/AlOx/Al/Nb, we found that it can get better good quality, high Jc and easy Jc control than old structure. We changed the top Al layer thickness and reduced the oxidiation level to get a 24KA/cm2 Jc and over 10 quality factor (lot no.: SAO240-1-7). It broke the Jc record in this lab. 
The M1-sputter is the main chamber we made the Nb/Al/AlOx/Nb process. However, the chamber was built 20 years ago. For the process to be stable and smooth, we need the 2nd chamber, M2-sputter, to make the Trilayer process. Since 2016, we start to do the calibration for Nb, Al thickness and modify the RF clean procedure. SMANTHU-1-26 is the first run we made the whole mixer chip process in M2-sputter. We got the high Jc (over 10 KA/cm2), but the quality factor is about 6, much lower than 10. We will continue to improve the quality factor this year.

Since 2017, we have started the upgrade program of the Sub-millimeter Array (SMA). The first new device is orthogonal mode transducer (OMT). The process difficulty is that the wafer patter needs to be thinned down from 300um to 8um on Si wafer. We made successfully did it by lapping and dry etching, but the patter is distorted due to the internal stress of Si. Edward is working on the modified design to overcome the chip distortion issue. The new SIS mixer chip for 240Ghz was finished, and it is design by Edward. We finished the chip fabrication. The quality is good, the quality factor is higher than 20, the performance of Trx, receiver noise temperature, is better than before, it is lower 10 to 30k from 200Ghz to 260Ghz. 
list of intellectual properties 
1. Method of fabricating ridge waveguide semiconductor light-emitting device.  Patent number: 6174747(publication date 16 Jan 2001)
1. Gallium nitride based II-V group compound semiconductor device.  Application number: 20020036286 (publication date 28 Mar 2002)
 SIGNIFICANT CONTRIBUTIONS TO THE INSTITUTE (within 2 pages)
1) Mixer fabrication for the SMA

The most important topic of my work is to fabricate the device with correct parameters as designed by our colleagues. The all-Nb SIS mixer fabrication is stable in our laboratory. We had provided good mixer chips for the SMA project with frequency bands of 200-, 300-, and 400- GHz at early stage. To achieve dual polarization observation, receiver of 400 GHz frequency band was developed. The two receivers from ASIAA, using our SIS mixer chips, demonstrated excellent performance. Our capability on SIS mixer fabrication was recognized by our partner, Smithsonian Astronomical Observatory (SAO). Then, we started the collaboration with SAO (Dr. Edward Tong) on developing wide intermediate-frequency (IF) bandwidth mixer for future SMA upgrade. We had delivered 200GHz mixers with doubled IF bandwidth for all SMA receivers. These receivers have even better receiver noise temperature performance. Fig. 1 gives the equivalent circuit diagram of this series-distributed mixer design (top) and a photo of the mixer layout (bottom). The noise temperatures remain close to 30 K for IF below 10GHz and for LO frequencies ranging from 208 to 232 GHz. We are developing 300GHz wide IF bandwidth mixer chips. Some chips demonstrated a receiver noise temperature around 60K.  In addition to the wide IF bandwidth mixer, we also fabricate new mixers with integrated dual polarization transducer, so called integrated dual polarization (IPD) mixer, which is designed by our group members, Dr. Chao-Te Li and Mr. Kuan-Yu Liu. Our fabricating team is in charge of the fabrication of device at front side. Mr. Liu executed the back side process for membrane structure. Several batches of mixers had been fabricated. 
[image: image1.emf][image: image2.emf]
Fig. 1. Equivalent circuit of our series distributed mixer (top) and photo of the

RF circuit of a completed device (bottom) 
2)  Developing new trilayer structure Nb/Al-AlOx-Al/Nb:

We found that the degradation of junction quality is mainly due to interaction between top Nb and grown AlOx layers. Beside reducing the deposition power for top Nb layer, additional cap Al layer on AlOx before Nb deposition, i.e. the Nb/Al-AlOx-Al/Nb structure, can prevent the interaction between Nb and oxygen in AlOx layer. The junction quality using new structure is improved significantly, especially for high critical current density junctions. Furthermore, the SIS junction with Nb/Al-AlOx-Al/Nb structure is much robust than the regular Nb/Al-AlOx/Nb structure against thermal process. By controlling the thickness of top Al layer, we can easily control the Jc of junction, as shown in the figure below. In addition, by further adjusting the deposition power, we can tune the Jc of SIS junction in a very wide range, 1 KA/cm2 to 20 KA/cm2, with good junction quality. This process is very useful for ultrahigh Jc (remaining high quality) and ultralow Jc (reducing the process time) fabrication.
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Conclusion:
1. Keep the clean room in good shape and maintain the fabrication process stable: There are many facilities in our clean room, including three sputter systems, one E-gun system, two dry etching system, one thermal coater, one ion-miller, and two mask aligners. I will schedule the annual maintenance and ensure the machines function well. Besides, I will also monitor the stocks of materials for device fabrication carefully. 

2. Fabricate the devices related to wSMA receiver: The construction of wSMA receiver will be finished in three years. We will fabricate mixers for Low-band and High-band receivers. In addition, we will fabricate the IF filter and maybe also the OMT in the near future.  

3. Develop fabrication process for the microlamp used in the calibration source of SAFARI project: Our institute would like to join SPICA project in the future. Our lab will develop the calibration source for SAFARI which is one of instruments of SPICA in FIR (Far infrared) wavelength. The microlamp needs four suspended legs using membrane technique. We have tested some processes for membrane fabrication and will continue the technology development in coming years. Besides the microlamp application, suspended legs using membrane technology is also the key for fabricating TES (transition edge sensor) device which is widely used for large format and sensitive camera in IR and FIR wavelength. 

4. Help the users from University or other institutions: Prof. Hsu from NTHU will use one of chamber to fabricate their Al-AlOx/Al junction for his research on quantum computing which becomes a very hot topic recently. We will help them deposit some metal layers. In addition, Dr. I. S. Huang in Institute of Physics, Academia Sinica, would like to construct a very coherent electron source by using superconducting tip. He asked our help for depositing superconducting Nb film on W-tip. We will work with him on this project in the future. To be a center on superconducting device fabrication is one of important goals of our laboratory. I will help potential users from outside of our institute to promote the related researches in Taiwan. Optimized fabricating processes of junction for high and low Jc devices are proposed based on SS’IS”S (Nb/Al-AlOx-Al/Nb) structure.       
