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Abstract 

A high voltage lateral MOS thyristor cascode switch ion SO1 

the carrier (hole) storage during switching transients 

Device Structure and Operation 
was proposed. It  consists of a high voltage MOS thyristor, 
a low voltage MOSFET and a pn diode. Excellent on-state 
and switching characteristics were numerically and 
experimentally obtained. The safe operating area (SOH) of 
SOI-Resurf devices were discussed. 

The cross-sectional view of the proposed device structure is 
shown in Fig. 1. The devices were fabricated using 2 pm 
design rule on SO1 of a 10 pm thick n-type silicon with the 
1.0 x 10” cm-’ impurity dose over 2 pm buried oxide. 
Figure 2 shows the equivalent circuit of the hybrid device. If 

Introduction the two MOS gaites are positively biased and the fonvard 

Lateral MOS-gated thyristors fabricated on SO1 are 
attractive devices for use in high voltage power ICs because 
they are expected to have lower on-state voltage drops than 
lateral IGBTs. The devices such as EST and MCT have 
been already studied by many researchers [1,2]. In this 
paper, we propose a high voltage lateral MOS thyristor 

voltage drop of the MOSFET becomes lower than the diode 
forward voltage, the MOS thyristor latches on. Regarding 
the turn-off, the nf emitter and p-base junction is reverse 
biased and the injection of electrons from the n- emitter is 
stopped by switching off the MOSFET. The hybrid device 
IS, thus, able to be turned off. 

cascode switch 131 on SOI, consisting of a high voltage MOS 
thyristor, a low voltage MOSFET and a pn diode. This 
kind of hybrid devices can be easily integrated in the same 
chip by trench isolation. 

Figure 3 shows the schematic layout of the hybrid de\ice. 
Each device is isolated by 1 p width trenches. The gate 
lengths of the MOS thyristor and the MOSFET are 3 pm and 
6 pm, respectively. The electrodes of the MOSFET have a 
comb like‘shape and the total gate width is typically 20 mm. 
The total device area includlng-the MOSFET and the pn 

of the LIGBT. 

The present paper also discusses Safe Operation Area of 
SO1 devices. Resent papers have shown that SO1 devices 

principle [4,5]. However, the dynarmc breakdown 
realize hgh  static breakdown voltage under the &surf diode is ” “, which is Only twice as large as that 

mechanism may reduce the device sustaining voltage due: to 
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Fig. 1 Cross sectional-view of a high voltage laten1 MOS thyristor cascode switch on SOL Fig. 2 Equivalent circuit of the hybrid deviice 
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Fig. 3 Schematic lavout of thc hybrid device 
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Electrical Characteristics 

A .  Device Breakdown Voltages 

Figure 4 shows the measured forward blocking curves for the 
hybrid device. The breakdown voltage was 340V, which 
was the same as that of the MOS thyristor. The breakdown 
voltage of the MOSFET was 18 V. 

B. On-State Characteristics 

Figure 5 compares the calculated current-voltage curves for 
the cascode device and the conventional LIGBT with on- 
resistance of the MOSFET as a parameter [4]. The 
MOSFET switch was treated as the external circuit in the 
calculations. The current density of the cascode device was 
predicted to be more than five or six times larger than that of 
LIGBTs whxh have the same device area as that of the MOS 
thyristor. 

Figure 6 shows the calculated anode, cathode and p-base 
currents as a hnction of the p-base potential or the &ode 
voltage drop. The anode current has maximum at the &ode 
voltage drop of 1.25 V in the case of the anode voltage of 
2.5V. 
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Fig, 4 Fonvard blocking curves for the hybrid device. 
of 340 v was obtained. 

The breakdoun voltage 
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Fig. 5 Calculated current-voltage curves for the hybnd device and 
conventional LIGBT with MOSFET Ron as a parameter. 

The experimentally obtained current-voltage curves ware 
shown in Fig. 7. The large anode current capability of 980 
mA (200 Ncm’) was obtained at the forward voltage drop of 
2.0 V in contrast to 160 mA for the LIGBT. 

C. Switching Characteristics 

Figure 8 shows the calculated turn-off waveforms for the 
caScOde devices. Both the Gate 1 and 2 were turned off 
simultaneously. The calculations are under resistive load 
and the applied voltage of (a) 100 V and (b) 200 V. In the 
case of lOOV, the turn-off time of the cascode switch is about 
0.1 ps and edremely faster than that of the conventional 
LIGBT. This is because the initfil current density is much 
larger than that of the LIGBT. In the case of 200 V, after 
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Fig. 7 Measured current-voltage cuwvcs. 

MOSFET gate voltage is reduced to zero, the anode voltage 
increase and the current initially decrease rapidly. However. 
the waveform oscillates above the 120 V anode voltage due 
to impact ionization, and the device was not tumed off. 

Figure 9 indicates the measured turn-off wavefonns for the 
cascode devices. The tum-off time is about I p s .  The 
waveform for the applied voltage of 200V had the same 
terrace shape tail current as that for the LIGBT because of 
the induced p-channel on the buried oxide [SI. Hovvever, 
the terrace current was lower than that for the LIGBT. The 
measured maximum turn-off current reached up to 2A and 
did not depend much on the structures of the cathode side. 

Figure 10 shows a turn-off waveforms for a specific: case 
where the MOS thyristor gate voltage(Gate 1 in Fig. 2) was 
reduced to zero with 20 ps delay time after MOSFE1' gate 
voltage (Gate 2) was r e d u d  to zero in advance. As the 
Gate 2 was turned off with keeping the positive Gate 1 
voltage above the threshold, the n' emitter electrode 
potential rose to 5V and the stable anode ament of 100 mA 
was observed during the Gate 1 is on. This current increases 
as the applied source voItage increases and it is identified as 
the current supplied by the avalanche muItiplication in the 
junction of the n+ emitter and the p-base [?I. The 
maximum current can be increased by using the pircpsed 
delayed turn-off of the thyristor gate. 

Safe Operating Area of SOI-Resurf Devices 

In this section, we propose a new model, limiting the safe 
operating area of SO1 devices. 

As is shown in the Fig. Sb, the maximum anode cunrent is 
limited by the avalanche multiplication. These phenomena 
generally happens in all the SO1 devices such as IGBlrs and 
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Fig. 8 Calculated turn-off waveforms under the source voltage of (a) lOOV 
and @) 200V. 
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Fig 9 Measured tunw~ff waveform. 

ESTs, which switches current by so called emitter-open 
mode. Thus, the results obtained in this section are 
applicable for :all such SO1 devices. 

In order to explain the oscillation of the waveform (or SOA 
limit) in Fig. 8b, the total positive charge concentration 
ND+p and the carrier generation distributions in the 
depletion region near the MOS-gate of the thyristor were 
illustrated in Fag. l l a  and l lb,  respectively. The total 
positive charge increases in the depletion layer due to the 
large hole current flow because the all of the current is 
carried by holes after the electron injection from n+ emitter is 

103 



stopped. Figure 12 shows the current flow lines in the 
MOS thyristor portion. The hole current dose not flow 
homogeneously under the MOS gate. The net positive 
charge increases in the depletion layer finally ex& the 
optimum charge determined by Resurf principle. This 
results in the reduction in the SO1 device breakdown voltage 
during the turn-off period. Figure 13 schematically shows 
the SOA for SO1 devices. The dynamic breakdown voltage 
depends on the current for the unit device width. The SOA 
curve is identical to the static breakdown voltage curve when 
the current is zero. 

Our experimental results under the short-circuit operation 
indicate that the breakdown voltage of the SO1 devices which 
have the static breakdown voltages of 340V was dynamically 
reduced by about 40% for the current density of 800 Afcm?. 
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Fi g. 11 (a) Total charge amcentration and (b) carria generation distributions 
near the MOS-gate of the thyristor. 

Fig. 13 SOA for SO1 devices. 
width and v, is the saturation velocity. 

Here, I is the current for the lcm device 
F i g  12 Current flow lines in the MOS thyristor portion. 
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