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Six Inch Thyristor for UHVDC transmission - ABB Group

For single voltage pulses we test the thyristor with half-sinewave pulses of 10 ms du- ration and 8.5 kV peak voltage. In order to simu- late the repetitive peaks ... 
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Abstract With the advent of rapidly growing needs for transmission of high amounts of electric power over large distances, as seen in China's fast developing society, more powerful thyristors have been asked for by the DC transmission industry. For this purpose, ABB has developed a six inch thyristor of 8.5 kV/4000 A capability. We have achieved good blocking properties, high dv/dt capability and yet the required latching sensitivity. Reliability investigations have shown that the thyristor very well withstands the stressful requirements of 5000 load cycles at 80 °C temperature difference and of 1000 hours of AC blocking at 90 °C with constant leakage current.



1.



Introduction



Transport of high amounts of electric energy over long distances has been known as a valuable technology for several decades. Whereas most of the electricity transported through the power grid is AC, for very long distances the use of DC voltages proves to be more economical [1]. Starting with the 1954 Gotland link in Sweden, DC power transmission became a viable solution for transporting significant amounts of energy over long distances. Following this first project, the distances and rated power of the HVDC connections have increased steadily. Nowadays, there are numerous HVDC links with rated power of 1 to 3 GW in operation with some even exceeding these values. These high powers are needed, for instance, in the case of the today’s booming economy of China. The industrial centers in the east and south are consuming electricity from remote locations rich in hydropower. An example of such a line is the so-called Ultra-High Voltage DC (UHVDC) transmission between Xiangjiaba and Shanghai, presently under construction, with a rated power of 6400 MW and a rated voltage of ±800 kV. This power rating is more than twice the rating of the former HVDC systems transmit-
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ting power from the Three Gorges area to the industrial centers on the Chinese coast. For operating an HVDC line, phase control thyristors (PCTs) are being used. For cost and power loss optimization reasons, the most economical solution for a thyristor performance increase is normally a simultaneous increase in blocking capability and current handling capability. For this reason, the widely used 7.2 kV/3000 A thyristor was therefore upgraded to the present rating of 8.5 kV/4000 A by an increase in wafer thickness and diameter[2].



Fig. 1. Six inc UHVDC thyristor and its wafer
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2.



Manufacturing The timing of the two pulses was chosen such that it emulates the worst case scenario. Despite the severe testing, the thyristor withstands the test successfully. Fig. 3 shows typical blocking characteristics. As can be seen, low leakage currents can well be realized on six inch silicon up to 8.5 kV. Also worth mentioning is the fact that the I=f(V) curve is very symmetrical, although in the forward bias direction the amplification factor contributes to the leakage current.
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Paramount to the development of such a large device was the progress in the Si manufacturability. With the neutron doped (NTD) float zone (FZ) technique, it is feasible today to grow six inch Si crystals essentially defect free, with a very homogeneous resistivity profile. Additional improvements were necessary in the clean room processing line. The process parameters like temperature, time, gas flows had to be recalibrated in order to ensure a homogenous atmosphere needed for different diffusion processes. Particularly challenging was controlling the gas distribution with a Si wafer that is only marginally smaller than the diffusion tube itself, without getting any gradients along the tube or the wafer itself. Improvements were applied also to junction termination and passivation.



3.



Electrical Characteristics



The 8.5 kV rating is needed in forward and reverse direction for single voltage pulses but as well for 50 Hz operation. In real world applications, the voltages applied to the thyristors are composed of sine waves with short peaks superimposed. These short peaks can be repetitive (i.e. caused by commutation overvoltages) or single peaks (i.e. caused by lightning or network transients). For single voltage pulses we test the thyristor with half-sinewave pulses of 10 ms duration and 8.5 kV peak voltage. In order to simulate the repetitive peaks that appear in application we devised a voltage waveform composed of a 50 Hz sine wave and a short pulse on top, as seen in Fig. 2[3].
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Fig. 3. Breakdown characteristics



The cathode short pattern was further optimized for the new six inch PCT. As a result, the thyristor is robust against self-firing at high dv/dt stress. In Fig. 4 we present a test with a dv/dt of more than 4000 V/µs at the full 8.5 kV blocking voltage.
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Fig. 2. Waveforms for repetitive blocking
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Fig. 4. dv/dt capability
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Despite the high dv/dt capability, the thyristor exhibits safe latching properties. Fig. 4 shows transients of gate current, anode voltage and anode current in a lab experiment on latching sensitivity. As we can see, the thyristor safely latches with as little as VAK = 50 ... 60 V and a gate pulse of IGp = 12 ... 14 A and tG ≤ 4 µs.
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4.



Reliability



For a UHVDC thyristor it is mandatory that it exhibits very high reliability. ABB's six inch thyristor has withstood all necessary tests to ensure this. One important test is the IOL (intermittent operation load) test, also called load-cycle test. Here our thyristor has successfully undergone 5000 cycles of heating by conduction power and cooling in a water-fed heat sink, resulting in a temperature difference of 80 °C between hot and cold. In order to follow possible degradation cased by temperature stress, we monitor the voltage drop during conduction (VT). VT is very sensitive to changes in the interface between the Al contact and the Si wafer. Fig. 7 shows that VT remains constant during this endurance test. For this experiment we chose two sets of wafers with different VT values.
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Fig. 5. Latching at 5 ... 90 °C
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A very stringent requirement in the application is also that the PCT should take large amounts of current in a very short time. This translates into high di/dt capability, like the one presented in the fig. 6. The current ramp in this measurement exceeds 3000 A/µs, which can be safely handled by the thyristor, at room temperature as well as at 90°C. This performance is achieved with a well designed, one-stage amplifying gate.
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Fig. 7. On-state voltage of two groups of wafers during IOL



The second very important reliability parameter is AC leakage current stability at high temperature. Due to our high-quality junction termination and passivation system, we have managed to obtain safe blocking stability when we expose the thyristors to continuous AC voltage up to 1000 hours, as can be seen in fig. 8.
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Fig. 6. di/dt capability



PCIM



Page 3 of 4



Nuremberg 2010



ABB Switzerland Ltd.



VD



ID [mA]



VD [kV]



ID



VR VR [kV]



IR [mA]



IR



0 0



200 200



400 400



600 600



800 800



1000 1000



Time [h]



Fig. 8. AC blocking at 90°C



5.



Conclusions



Based on the increased demand on economic high-power DC transmission, ABB has developed an 8.5 kV/4000 A phase control thyristor for UHVDC applications. The design has proven to fulfill all customer requirements and exhibits excellent performance, in particular in blocking, dv/dt, di/dt, latching and reliability. The thyristor is first used in the Xiangjiaba-Shanghai UHVDC project in China for a rated power of 6400 MW, transmitted over a distance of 2,071 km.
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