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Abstract. This paper deals with the pulse capabilities ofSI8 optically triggered thyristors. The
device structure and the fabrication process asgnted. The results of pulse characterizations are
shown. Two types of current pulses were used, a gpolse width of 10 ps) and a long (pulse
width of 650 ps). Peak current densities of 17 ki2@and 4 kA.crif were attained with short and
long pulses respectively. The failures and degradataused by these experiments are also shown
in this paper.

Introduction

To further improve the performance and to reducegghteand volume of switches developed for
future electromagnetic weapon and protection systemesearch laboratories like ARL or ISL

evaluate the pulsed power capability of SiC thgrs{1, 2]. In the field of pulse power electronics

the thyristor is best suited because of its higitkihg voltage and high current handling capability
due to the bipolar conduction.

We have lately demonstrated light triggering of Sigristors with a UV LED [3, 4]. The
advantages of the light triggered thyristor (LTTg dhe galvanic isolation of the driver and the
reduction of EMI interferences, which are intenegtior high voltage systems. A second run of LTT
has been designed and fabricated. This paper seporthe evaluation of these devices for pulse
power applications. First, the structure and thwication of the device are detailed. Then, pulse
experiments performed on the thyristors are detaged finally the results including degradation
phenomena induced by the current pulses are shogvexplained.

Device structure and fabrication

The material used for the fabrication of the thynis was purchased from Cree, Inc. It is an 8° off-
axis 4H-SIiC N+ substrate covered by 4 epi-layef®{R/P+) forming an asymmetrical thyristor
structure. The thickness of the P-type buffer anfl dyer are respectively 1 um and 60 um and
their doping concentration are respectively 4.2%tf7° and 16° cm®. The N-type gate layer is
3 um thick and is doped at Y@m?. The P-type anode layer has a thickness of 2 pdraaioping
concentration of 1§ cmi®. The active area of the thyristor is 1 Aend the total area is 2.35 fm
including the edge termination.

Three successive RIE (Reactive lon Etching) etchstgps were used to form the edge
termination, which is an etched guard rings assidE (Junction Termination Extension). No ion
implantation were employed to build the thyristavsavoid degradations of the material related to
this fabrication process.

A Ti/Ni metallization was deposited on the backsatel annealed at 950°C for 2 minutes to
form an ohmic cathode contact. Three metal layef§iMI annealed at 850°C for 2 minutes were



then used to obtain an ohmic contact to the P+altenger. Specific resistance of the anode contact
was estimated to 2-3 x T@.cn? with the TLM (transfer length method). A 1.5 umciTi/Ni/Au
overmetallization was deposited on the anode. Tivelute pattern of the anode metallization
allows anode and openings fingers to have the said#h on most part of the device. This
theoretically ensures a good turn on homogeneitigarthyristor.

The thyristors were then diced into die and attddieea PCB substrate using silver paste. The
anode contact was bonded with gold wires havinguaeter of 25 pum.

Static characterizations of these thyristors exlatbest blocking voltage of 6.3 kV and a specific
differential on-state resistance of &mnt.

Pulse char acterizations

Characterizations with a short (10 us width) andomag (650 pus width) current pulse were
performed on the thyristors with a homemade package
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156 A. This value corresponds to a current dertdity5.6 kA.cn in the active area. After this last
pulse, the device was not able to switch on agadhtie direct blocking characteristic of the device
was severely degraded (see Fig. 3). A possibleaeggibn is the bipolar degradation of the device
due to the high current density that occurred.

To further investigate this point, short pulse ecterizations were performed on a second
thyristor. The on-state characteristic was measaftt a series of five current pulses with equal
peak current, to see if the differential resistainceeases, revealing bipolar degradation. Serids w
a peak current of 60 A, 80 A, 100 A, 120 A, 130145 A, 160 A and 170 A were applied to the
thyristor under test. No particular drift in the-state differential resistance was observed between
these pulse series. The forward voltage drop atAL&® showed no significant change and was
between 3.7 V and 3.9 V. The device failed in taeme manner as the first one, showing also a
degradation of its blocking characteristic. The wavices tested with short current pulses failed at
approximately the same peak current density. Howaveee evidence of bipolar degradation in
these thyristors, longer stress tests with lowakprirrent may be necessary.

The maximum current density obtained with thesdagsvon short pulse is 17 kA.émvhich is
lower than 38 kA.cr, the best performance reported on SiC thyristdth similar pulse length
[5]. Nevertheless, the drift layer thickness of thiristors in [5] must be thinner since they aié/1
devices.

Long pulse. To carry out long pulse characterization, the disgh of the same capacitor in an
inductive load was studied. The schematic of tkigeeiment is shown in Fig. 4. Three diodes were
included in the circuit in order to avoid reversgrent to flow in the thyristor and to limit the
reverse voltage applied to the thyristor. The pols&ined with this circuit is depicted in Fig.ad

its width was 650 ps. With a capacitor chargingtage of 355V, a peak current of 40 A was
reached, corresponding to a current density of 4&. Eleven successive pulses, similar to the
one represented in Fig. 5, were generated by tilggehe thyristor. This experiment led to the
destruction of the metallization and of some ofilie bonding connections.
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Fig. 4. Schematic of the experiment for long pulsaracterization.
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Fig. 5. Voltage and current waveforms of the thgrstressed with a long current pulse.



A picture of the device after this test is show Melted bondings
after 11 pulses

in Fig. 6. Subsequently to the eighth pulse, tt
lower left anode bondings were melted. Thre
more shots were conducted before the tot
destruction of the device. After the eleventh puls
the upper left bondings were also melted. To rea
the left part of the device, the current must hay
flown from the right part of the thyristor to theft
through the narrow paths in the middle of th
device. The very high current density in th
metallization has led to the destruction of th
metallization and the device. To obtain bette :
performances with Iong pUIseS’ the packagir Melted bondings Destroy metallization
must be improved. after 8 pulses after 11 pulses

The result shown in this paper is close to th§y 6. Picture of the thyristor after the long
highest current density reported for similar pulsg,ise characterizatior

width with SiC thyristors, which is 4.2 kA.ctm
[1].

Summary

4H-SIC Silicon carbide light triggered thyristorem fabricated to investigate their performances in
terms of their pulse current capability. Two tygdscurrent pulses were used to test the devices.
With the short one (10 us width), a peak curremsitg of 17 kA.cn was attained before failure.
The device under test was not able to switch ormang and the blocking characteristic was
degraded. Another short pulse experiment was caeduo show evidence of bipolar degradation
but this test was not conclusive. Concerning timg pulse test (10 ps width), a peak current density
of 4 kA.cm? was reached, which is close to the state of theofelectrically triggered SiC
thyristors. After these tests, failures of the vibmnds and the metallization were clearly iderdifie
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