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(57) ABSTRACT 

An inductance in a path (R1) from a gate electrode (3G) of 
a GT0 (3) through a gate driver (4) and a node (13) to a 
cathode electrode (3K) is determined so that a turn-off gain 
may be not more than 1. At a turn-off, a main current (IA) is 
entirely commutated from the gate electrode (3G) toWards 
the node (13) through the gate driver (4) in a direction 
reverse to a turn-off control current (16) A peak voltage 
suppressing circuit (5) clamps an anode-cathode voltage 
(VA_K) Which rises on, to a prescribed voltage value for a 
prescribed time. This prevents losses caused by a snubber 
circuit. Commutation of a main current to the gate prevents 
locally concentrating in the cathode side of the semiconduc 
tor switching element, to thereby increase the turn off 
capability of the semiconductor switching element. Further, 
this prevents or reduces dissipation of large amount pro 
duced by a discharge of the electric charges from a snubber 
capacitor. Thus, reduction in dissipation and in siZe of the 
Whole apparatus can be achieved. 

18 Claims, 17 Drawing Sheets 
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SEMICONDUCTOR SWITCHING 
APPARATUS AND METHOD OF 

CONTROLLING A SEMICONDUCTOR 
SWITCHING ELEMENT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor switch 
ing apparatus used for e.g., a power converter, and to a 
method of controlling a semiconductor switching element. 

2. Description of the Background Art 
FIG. 16 is a diagram showing an example of a circuit 

con?guration of a prior-art semiconductor switching appa 
ratus. In FIG. 16, a semiconductor switching apparatus is 
given reference character 3P, which is herein a GTO (Gate 
Turn-off Thyristor). A gate driver 4P connected between the 
gate and cathode of GTO 3P produces a gate turn-on control 
current IGP and applies the current IGP to the gate of GTO 
3P to turn the GTO 3P on. Further, the driver 4P conducts a 
gate reverse current IGQP whose rate of rise of current 
(dIDQP/dt) is in a range of 20 to 50 A/ps from the gate to the 
cathode of GTO 3P. The gate reverse current Igqp is sepa 
rated from the anode current I A P. At this time, a turn-off gain 
ranges from 2 to 5, and the GTO 3P is turned off. 

To suppress the rate of rise of voltage (dVAKP/dt) and peak 
value of the anode-cathode voltage VAKP, a snubber circuit 
is generally used. The snubber circuit herein has a con?gu 
ration where a snubber capacitor C5 and a snubber diode D S 
are connected in parallel to the GTO 3P, and a snubber 
resistor R5 is connected in parallel to the snubber diode D S 
in order to discharge the electric charges accumulated in the 
snubber capacitor C5 at a turn-off. 

An inductance 1P suppresses the rate of rise of anode 
current (dIAP/dt) which ?ows when the GTO 3P is turned on 
to not more than 1000 A/ps, and a circulating diode 2P 
connected in parallel to the inductance 1P circulates energy 
generated in the inductance 1P when the GTO 3P is turned 
off. 

Furthermore, an inductance L5 is a total inductance of the 
snubber circuit. 

FIG. 17 shows observed waveforms in a turn-off test of 
the circuits in semiconductor switching apparatus. In FIG. 
17, the waveforms ClP, C2P and C3P represent the anode 
current IAP, the anode-cathode voltage VAKP and the gate 
reverse current IGQP, respectively, and the horizontal axis 
indicates time. 

In FIG. 17, at time tPl, the GTO 3P is in a turn-off state, 
and the gate reverse current IGQP is 0. At this time, the gate 
reverse current IGQP is increased, with the the rate of rise of 
the gate reverse current (dIGQP/dt) ranging from 20 to 50 
A/pts. When the gate reverse current reaches the peak value, 
the anode current IAP starts falling and the anode-cathode 
voltage VAKP of the GTO 3P starts rising. At the same time, 
a current I 5 starts ?owing towards the above-discussed 
snubber circuit side, and a voltage is developed by the rate 
of rise of the current Is and the inductance L5 in the snubber 
circuit (snubber inductance) and the capacitor’s charge 
voltage by the current IS, and is then superimposed on the 
anode-cathode voltage VAKP to generate a spike voltage 
VDSP at time tP3. The spike voltage VDSP is likely to cause 
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2 
a dissipation. For example, a current How of about 4000 A 
brings the dissipation of as much as several MW. Therefore, 
it is required to suppress the spike voltage VDSP to as low as 
possible and continued efforts to reduce the snubber induc 
tance LS have been made. 
The rate of rise of the anode-cathode voltage (dVAKP/dt) 

constantly changes after the spike voltage VDSP is generated. 
The anode current IAP continues to How after time dP3 and 
this is referred to as a “tail current”. The tail current reaches 
the maximum at time tP4. The tail current and the anode 
cathode voltage VAKP produce further power dissipation. 
The anode-cathode voltage VAKP reaches a peak voltage at 
time tP5. After that, the anode-cathode voltage VAKP reaches 
a power voltage (or main line voltage) VDD. 
To suppress the rate of rise of voltage (dVAKP/dt), the 

above-discussed snubber capacitor C S is required. The snub 
ber capacitor C5 has a capacitance value IAP/(dVAKP/dt) 
which is generally selected so as to satisfy the relation 
dVAKp/dtéf 1000 V/ps (the dVAKP/dt is calculated by the 
following equation: dVAKP/dtzIAP/CS). 

FIGS. 18 and 19 illustrate a con?guration of the 
background-art GTO 3P (consisting of a GTO element 
package and two stacked electrodes) used in the semicon 
ductor switching apparatus of FIG. 16, inclusive of the gate 
driver 4P. FIG. 18 is a side view of the GTP 3P viewed from 
the direction of the arrow DP2 of FIG. 19, and partly a 
sectional view. FIG. 19 is a plan view of the GTO 3P 
exclusive of a stacked electrode 27Pa viewed from the 
direction of the arrow DPl of FIG. 18. 

FIGS., 18 and 19 show a GTO element (or GTO device) 
20P, an internal inductance 4PL of the gate driver 4P, an 
external gate lead (gate drawing line) 21F and an external 
cathode lead (cathode drawing line) 22P both of which are 
formed of coaxial shield leads or twisted lead lines. A gate 
terminal 25P of the GTO element 20F and an end of the 
external gate lead 21P are joined to a metal joining member 
(or terminal) 23P by soldering to be ?xed with each other. 
Similarly, a cathode terminal 26P of the GTO element 20F 
and an end of the external cathode lead 22P are joined to a 
metal joining member 24P by soldering to be ?xed with each 
other. Thus, both the terminals 25F and 26P are connected to 
the gate driver 4P through the leads 21F and 22P, respec 
tively. 

Stacked electrodes 27Pa and 27Pb apply pressure onto the 
GTO element 20P. 

A semiconductor substrate (or wafer) 28P is provided with 
segments of the GTO, a gate electrode 29Pa made of Al 
(Aluminum) is formed on an outermost peripheral portion of 
an upper surface of the semiconductor substrate 28F, and a 
cathode electrode 29Pb is formed inside the gate electrode 
29Pa on the upper surface, correspondingly to the segment. 
A cathode strain relieving plate (or metal plate) 30F and a 
cathode post electrode 31P are stacked in this order on an 
upper surface of the cathode electrode 29Pb provided on the 
upper surface of the semiconductor substrate 28P. An anode 
strain relieving plate 32F and an anode post electrode 33P 
are stacked in this order on a surface of an anode electrode 

(not shown) provided on a bottom surface of the semicon 
ductor substrate 28P (opposite to the cathode electrode 
29Pb). 
A ring-shaped gate electrode 34P is in contact with an 

upper surface of the gate electrode 29Pa on the semicon 
ductor substrate 28F, and a belleville spring 35P pushes the 
ring-shaped gate electrode 34P against the gate electrode 
29Pa through an annular insulator 36P. An insulating sheet 
37P is provided to isolate the ring-shaped gate electrode 34P 
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from the cathode strain relieving plate 30F and the post 
electrode 31P. A gate lead 38F has one end Which is ?tted 
into the ring-shaped gate electrode 34P by braZing or Weld 
ing and the other end Which is electrically connected to the 
gate terrninal 25P. A ?rst ?ange 39F has one end Which is 
?tted into the cathode post electrode 31P and the other end 
Which serves as a cathode terrninal 26F, and a second ?ange 
40P has one end Which is ?tted into the anode post electrode 
33R An insulating tube (or ceramic) 41P has an opening 
Whose internal surface is provided With the gate terrninal 
25P, and a projection 42P. End portions 43Pa and 43Pb of the 
insulating tube 41P are protruded through its upper and 
loWer surfaces to be ?tted airtightly to the ?rst and second 
?anges 39F and 40P respectively, thereby ensuring a closed 
structure of the GTO elernent 20P. 

The above-discussed background-art serniconductor 
sWitching apparatus has the folloWing two problems. 

(1) As shoWn in FIG. 19, the external gate lead 21P Which 
draWs the gate reverse current is taken out from a localiZed 
portion inside the ring-shaped gate electrode 34P. 
Accordingly, only one-Way draWing of the gate reverse 
current is made. As a result, When the GTO is turned off, 
With nonuniform cathode current, the loss produced by the 
spike voltage and the tail current, i.e., dissipation, is locally 
concentrated on the cathode side surface inside the GTO, the 
GTO device is failed by a local rise of temperature, to fall 
into a conductive state. Thus, there arises a problem that 
failure of the turn-off occurs With high probability. 

FIGS. 20 and 21 are a plan vieW and a sectional vieW of 
the GTO elernent, respectively, Which schernatically illus 
trate the above problem in the background art. FIG. 21 is a 
part of the sectional vieW taken along the line CSA-CSB of 
FIG. 20. Speci?cally discussing, the gate reverse current of 
the GTO segrnent formed on a region in the vicinity of the 
ring-shaped gate electrode 34P, such as a region REO, is 
draWn earlier than that of the GTO segrnent formed in a 
region REI, further inside the region REO Within a cylin 
drical Wafer, and therefore the GTO segment in the region 
REO are turned off earlier. In contrast, the GTO segrnent 
formed in the region REC of the Wafer takes the longest 
turn-off time, and a cathode current IK ?oWs toWards the 
cathode electrodes of the GTO segments in the central 
region REC from the GTO segments in the regions around 
the region REC to cause a current croWding in a localiZed 
portion inside the Wafer of the GT0. 

(2) The second problem is caused by the snubber circuit, 
in particular, the snubber capacitor. Speci?cally discussing, 
the electric charges Which are charged up in the snubber 
capacitor C 5 (see FIG. 16) at a turn-off have to be completely 
discharged until the neXt turn-off, and therefore the charges 
of the snubber capacitor are discharged through the snubber 
resistor R5 When the GTO 3P is turned on, to thereby cause 
dissipation of large amount. At this time, the capacitance of 
power consumption in the snubber resistor R5 is expressed 
as PW=%><CS><f(VDD2+(VDM—VDD)2), Where VDD and VDM 
represent the poWer supply voltage and a voltage of the 
snubber capacitor C5 Which is charged up at the turn-off, 
respectively. For this reason, a cooling device is required for 
cooling the Whole apparatus. 

Thus, When the GTO 3P is connected to the snubber 
resistor Which has the above capacitance of power 
consumption, the poWer generated by the snubber resistor is 
out of the poWer to be transmitted as a loss to degrade the 
ef?ciency, and further the necessity for the cooling device 
arises. That is a hindrance to sirnpli?cation and siZe 
reduction of the Whole apparatus. 
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SUMMARY OF THE INVENTION 

The present invention is directed to a semiconductor 
sWitching apparatus. According to a ?rst aspect of the 
present invention, the semiconductor sWitching apparatus 
comprises: a semiconductor switching element having ?rst, 
second and third electrodes, for carrying a main current 
Which ?oWs into the ?rst electrode, from the ?rst electrode 
direct to the second electrode When brought into an on-state 
in response to a turn-on control current applied to the third 
electrode; and driving control means connected betWeen the 
third and second electrodes, for producing the turn-on con 
trol current and applying it to the third electrode, in Which 
the main current is entirely cornrnutated to the driving 
control means through the ?rst to third electrodes in a 
direction reverse to the turn-on control current at a turn-off. 

Preferably, a turn-off gain is determined not more than 1 
at the turn-off, Which is represented by the absolute value of 
the ratio of the main current to a current Which ?oWs in the 
direction reverse to the turn-on control current. 

Preferably, an inductance eXisting in a path from the third 
electrode through the driving control means and the second 
electrode to the third electrode is determined a value 
required to obtain the turn-off gain of not more than 1. 

In a second aspect of the present invention, a sernicon 
ductor sWitching apparatus comprises: a semiconductor 
switching element; and an interconnection path for trans 
rnitting a turn-on control current necessary to turn the 
semiconductor switching element on, in Which the intercon 
nection path is disposed so that a main current ?oWing into 
the semiconductor switching element in an on-state is 
entirely cornrnutated to the interconnection path at a turn-off. 
The present invention is also directed to a method of 

controlling a semiconductor switching element Which has 
?rst, second and third electrodes. According to a third aspect 
of the present invention, the method comprises steps of: 
providing a driving circuit for generating a turn-on control 
current for turning on the semiconductor switching element; 
applying said turn-on control current to the third electrode to 
bring the semiconductor switching element into an on-state; 
and cornrnutating a main current ?oWing into the ?rst 
electrode entirely toWards the second electrode through the 
driving circuit in a direction reverse to the turn-on control 
current to turn the semiconductor switching element off. 

The ?rst object of the present invention is to prevent the 
dissipation frorn locally concentrating on part of sernicon 
ductor sWitching elements within the semiconductor Wafer. 
That avoids the failure of the device, to thereby enhance the 
reliability of the apparatus. 
The second object of the present invention is to prevent or 

markedly suppress the dissipation caused by the snubber 
circuit in the background art. That ensures siZe-reduction, 
sirnpli?cation, cost-reduction and high ef?ciency of the 
apparatus. 
The third object of the present invention is to eliminate the 

necessity for a circuit to suppress a rise in the voltage 
betWeen the ?rst and second electrodes, such as a snubber 
circuit. That ensures siZe-reduction of the apparatus and high 
ef?ciency. 
The fourth object of the present invention is to propose a 

neW and practical turnoff method of the semiconductor 
switching element. 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
folloWing detailed description of the present invention When 
taken in conjunction With the accompanying draWings. 














