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Recently, fully electronic telephone switching system using integrated high
voltage semiconductor crosspoint switches have been develégg } These switches
consist of thyristors and control circuits. The thyristor and the control
circuit are coupled electrically or opticallg? Optical coupling is superior to
electrical coupling, because the control circuit is not disturbed by accidental
electric surges in the speech path, neither is noise generated in the speech path
by the drive current.

On the other hand, the photo-coupled switch has a difficult problem ; that is
8 trade-off between a gate trigger power and an allowable dv/dt of the thyristor.
This problem becomes more difficult in highly integrated photo-coupled switches.
In this paper, new techniques are presented to solve this problem.

In the first place, a mounting structure suitable to highly efficient photo-
coupling has been developed. In order to increase the photo-coupling efficiency,
a highly radiant light source and an accurate positioning of elements are necessa-
ry, because the area of the light sensitive region is very small in highly
integrated circuit. Figure 1 shows a cross-sectional view of the newly developed
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the thyristor, because the light
emitted from this surface was more highly radiant than that emitted from the
surface parallel to the junction. For easy and accurate mounting, several thick
metal electrodes were fabricated on the surfaces parallel to the Jjunction of LED.

The LED was face-down- bonded on the lower solder pedestals by these electrodes.
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The silicon chip was also face-down-bonded on the upper solder pedestals by the
solder ball. Each solder pedestal was provided between glass dams which prevent
solder from flowing out during bonding. ZEven if the elements are placed on the
pedestals incorrectly, these are automatically and accurately aligned to the
correct position by the surface tention of the solder during bonding. Thus, high
photo-coupling efficiency was achieved.

A trade-off between the triggering sensitivity for light and the allowable
dv/dt of the thyristor was improved by the following method. Figure 2 shows a
unit eircuit of the device. Transistor

Q1 is driven by a current induced

through a change in the anode voltage

of the thyristor. Thus, the dv/dt Thyristex

capability of the thyristor increases.

The transistor Q2 is a photo-transistor 1
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and prevents Q1 from being driven by Q2

any stray light. When the triggering $ i o

gate current drives the LED, the light Figure 2 Gircuit of bhe photo-
emitted from the LED drives the thyristor coupled crosspoint switch.
and Q2 simultaneously. Thus, Q1 cannot

act, since the emitter junction of Q1 is shorted by Q2, and the triggering
sensitivity of the thyristor does not decrease.

Table 1 shows the electrical characteristics of the device which integrates
the four circuits shown in Figure 2. The isolation voltage between the speech
path and the control.circuit is high as compared with the current coupled cross-
point switch as shown in

that table. The trade—off Table 1 Electrical characteristics

between the gate trigger Paruneter Result

power end vhe allowable Blocking voltage £250~270 V (at 104A)
dv/dt has been improved Average current 200 mA
T mpmp— On-state voltage 1.10~1.15V (at 50 ma)

. ] Triggering gate current 15~30 mA (at Vak=10 V )
device is seen to be fit Triggering gate voltage 1.12~1.16V for 4 thyristors
Eeprectical. application Static dv/dt >1000 V/us (at Va=2200 v)
sufficiently. Isolation voltage >1000 V
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