
Paper presented at Pulse Power Conference PPC2003 in Dallas TX 

 
SOLID STATE SWITCHES IN BIPOLAR (Thyristor) AND BIMOS (IGBT) 

TECHNOLOGY FOR REPETITIVE PULSE APPLICATIONS 
 

A. Welleman, W. Fleischmann 
ABB Switzerland Ltd, Semiconductors,  Fabrikstrasse 3 

CH-5600 Lenzburg / Switzerland 
 

 
Abstract 
 
 In this paper solid state switches for repetitive pulse 
power applications are presented. This includes the 
design, semiconductor components, clamping, driving, 
cooling and test results.  Designs using Bipolar 
(Thyristor) technology and BIMOS (IGBT) technology is 
shown with the advantages and disadvantages of both 
technologies.  The switch assemblies are using 
components with blocking capability of up to 4.5 kV and 
are stacked in series connection to reach higher voltages 
of up to 40 kVdc. Pulse current capabilities can be in the 
range from 100A till over 60 kA, depending on 
application parameters like pulse repetition frequency and 
silicon area.  A comparison will show the limitations of 
the bipolar switch-off technology for pulse application 
above frequencies in kHz range, whereas the press pack 
IGBT devices can reach over 5 kHz.  The switches and 
tests presented were done on existing and available 
products and based on volume production technology. 
 
 

I.  INTRODUCTION 
 
    New system designs and replacement of thyratrons 
have increased the demand for solid state switches in 
repetitive pulse applications.  Solid state high di/dt 
switches for single pulse applications and capacitor 
discharge switches are already very common and 
successfully in use since longer time. The demand for 
higher repetition rates and switch-off capability can partly 
be fulfilled with GTO and IGBT solutions but most of 
these devices are not optimized for high voltage series 
connection and are not specific designed for low inductive 
systems which are used with short pulses in µs range.  In 
this paper solutions for pulsed power switch assemblies 
with series connections of IGCT (Integrated Gate 
Commutated Thyristor) and IGBT (Insulated Gate 
Bipolar Transistor) are presented.   
   

II. SWITCH TECHNOLOGIES 
 
A. Turn-On Switches 
 
At ABB there are several devices which are used in 
pulsed power switches.  The most simple discharge 
switches are the ones using series connection of standard 

thyristors.  This is only possible if the di/dt is below 600 - 
700 A/µs, the pulses are not very short (> 10 µs) and no 
switch-off capability is needed. Series connection of 
thyristors with an inductive trigger-board is possible and 
common used.  Fig 1 is showing a capacitor discharge  
 
 
 
 
 
 
 
 
            
           Fig 1.  Thyristor Switch with 
             6 devices in series connection  
             and optical triggered inductive  
             trigger pulse generator 
           
switch for single pulse applications using standard hockey 
puck thyristors.  The trigger pulse generator is also 
generating a holding current to avoid that the switch will 
turn-off uncontrolled.  For higher di/dt (up to 30 – 40 
kA/µs) and high current applications there is a special 
high di/dt, high current thyristor is used with a highly 
interdigitated gate structure like a GTO.  These discharge 
devices have, like the standard thyristors, no turn-off 
capability and are only optimized for turn-on. Most 
devices have blocking voltages of 4.5 kV and wafer sizes 
of 51, 68 and 91 mm are standard.  The very good turn-on 
capability is possible by using the GTO structure, a very 
low inductive gate-path housing and an integrated driver 
unit with is placed around the device like an IGCT.  These 
switches are in use as alternative for, or to replace  
 
 
 
 
 
 
 
 
        Fig 3. 5SPR 26L4506 with 91 mm 

       symmetric and reverse conducting 
       wafer (right) 

     
 
    Fig 2.  Discharge Switch Assembly 
                Vdc=20 kV / I-pulse=13kA 
    PRF=300 Hz, 8 x 5SPR 26L4506 



thyratrons and ignitrons because of superior life time, 
maintenance, performance and flexibility. Fig 2 is 
showing a high di/dt (20 kA/µs) reverse conducting 
water-cooled discharge switch using a series connection 
of eight 91 mm devices. Fig 3 is showing the 
semiconductor component and the corresponding wafer.  
This type of switches, which have no switch-off 
capability, is able to handle pulses in µs range and are 
able to work with pulse repetition rates of up to 1500Hz.  
This area opens the field for medium voltage medium 
power switches used in radar power supplies or medical 
systems. Fig. 4 shows an air-cooled switch which is used 
in a discharge system with a PRF of 1300 Hz. 

 
Fig 4. Reverse Conducting     Fig 5.  Circuit diagram 
Discharge Switch  for 8 kVdc     Discharge switch assembly 
Ip=1.5kA / tp= 1.7 µs  
di/dt=6kA/µs / PRF=1300 Hz 

 
B. On / Off Switches  (IGCT and IGBT) 
 
   For high power, the on-off type of switches is mostly 
using GTO, IGCT or IGBT devices.  Because GTO’s 
have a gate-lead with a separate driver unit, it is relatively 
difficult to reach a low inductance in the system.  
Therefore the IGCT seems to be the ideal component for 
pulsed applications because the semiconductor is 
surrounded by the driver unit and between driver and gate 
contact there are multiple connections through the 
ceramic housing. [1] Several IGCT switches used for 
pulsed power are in the field today and a very positive 
experience is the result.  Fig. 6) shows an IGCT Switch 
assembly  which is used to drive a Klystron Modulator at 
the Tesla Test Facility (TTF) at DESY in Hamburg [2]    
[3]. The same design is also in use for several other pulse 
applications. The design was made in 1999 using IGCT’s 
with 91 mm silicon wafers and 7 devices in series 
connection which includes redundancy.  Each IGCT has a 
rated blocking voltage of 4.5 kV.  The IGCT switch used 
for this paper is built up with symmetric blocking IGCT 
devices 5SHB 35L4502. The total blocking voltage of the 
switch is 31 kV, operating  voltage 20 kVdc.  The devices 
have a very low inductance housing with integrated driver 
unit. This specific device has an 91 mm switching wafer 
and a 91 mm diode wafer in series connection mounted in 
the same housing, therefore the power losses in the device  

 
 
 
 
 
 
                Fig 7.  91 mm IGCT Device 
                   4500V / 4 kA 
 
 
 
 
 
 
 
 
Fig 6.  IGCT Switch assembly with RCD  
snubber and Press Pack MOV protection 

 
Fig 8. Circuit diagram 7-Level Reverse Blocking Switch 
 
are relatively high compared to asymmetric devices. This 
is also the reason that the Ni-plated Alu blocks between 
the devices are water cooled to avoid concentration of 
heat at the top level of the stack which than can result in 
different switching times for the components. For safety 
reasons a large RCD snubber is mounted over every level, 
and to eliminate spikes which may occur during Klystron 
arcing also press pack MOV devices are attached.  In Fig. 
9 the overvoltage spike of over 20 kV during Klystron 
arcing and IGCT switch-off (at 3.2 kA) is visible. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 9. Voltage and Current Waveform during “arcing” switch off 
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Each IGCT driver unit need a separate power supply (PS-
80) which has to be isolated from the mains because the 
driver units are on cathode potential. The switch is 
designed to be used at a pulse repetition rate of 10 – 15 
Hz at nominal Ip= 2.5 kA, tp=1600 µs and has a max. 
switch-off capability of 4.0 kA.   The higher switch-off 
current is required in case of arcing in the Klystron tube. 
The integrated driver unit of each IGCT is simultaneous 
triggered by an optical signal from a light distribution 
box.  The light distribution box is also programmed with 
min. turn-on and min. turn-off settings to avoid that 
devices will be uncontrolled switched due to short trigger 
pulses  picked up by noice or other outer influences.  The 
IGCT technology combines the advantages of GTO’s and 
IGBT’s, but unlike an IGBT at turn-off the IGCT gate is 
reverse biased to absorb the maximum anode current.  
This is also one of the reasons that higher pulse repetition 
frequencies will create higher losses in the driver unit.  
Specific parameters for the reverse blocking IGCT given 
in Fig. 10: 
 

IGCT Device Parameters Value Units 
Blocking   

Forward peak off-state 4500 V 
Reverse peak off-state 4500 V 

On-State   
On-state voltage across device < 7.75 V 
Max. on-state current 4000 A 
Turn-on trigger energy < 1.5 J 
Turn-on delay < 3 µs 
Surge Current (1 ms) 40  kA 

Off-state   
Max. controlled turn-off current 4000 A 
Turn-off trigger energy 19.5 J 
Turn-off delay < 6 µs 

   Fig 10.  IGCT device parameters 
 
It is not practical to use the IGCT as switch-off device if 
the pulse repetition frequency is high because the power 
losses in the driver unit and gate-area will increase 
strongly.  It has shown that up to about 300 – 400 Hz the 
IGCT is a very robust component with a high surge 
current capability, and because the free floating wafer is 
pressed between the contact pads the thermal cycling 
capabilities are very high, and there is also no risk of 
explosion if the device should fail.   
 
Above a PRF of 1 kHz it is recommended to use a switch 
with Press Pack IGBT’s.  ABB has developped in 1998 
Press Pack IGBT modules which are used in power 
distribution for High Voltage DC Transmission systems 
(HVDC). Since more than one year this product is partly 
used as alternative to the IGCT switch solutions. The 
Press Pack IGBT (Fig.11) offers mainly at higher 
frequencies an advantage to the IGCT and compared to 
standard IGBT modules with wire-bonding which are 
basicly designed for motor drive applications, the 
StakPak is superior in almost all parameters which have 
to do with series connection of devices for pulsed 
applications. In the modules the dynamic current sharing 
is almost perfect and in case of failure the module will  

 
Fig 11.  StakPak IGBT Module     Fig 12.  Sub Module with  
Vces 2500V / Ic 2000A / Icm 4000A     6 IGBT and 3 Diode dies 
View on Collector side      View on Emitter side 
 
become a short circuit and not an open circuit.  This will 
enable the switch to operate further if redundant devices 
are mounted in series.  In case of a failure no bonding 
wires will be evaporated and therefore limits the risk of 
explosion to a minimum.  The strong glassfiber epoxy 
housing will not be destructed.  The housing, which is 
made of one piece of material, is designed to withstand 
the high clamping forces of more than 70 kN. Because the 
IGBT Die and also the gate connection is a pressure 
contact, the thermal cycling capability is very high. Fig 13 
shows a 10 kVdc IGBT switch assembly which is built-up 
with Press Pack IGBT’s (StakPak).  The switch is built-
up with 8 devices each having a blocking voltage of 2.5 
kV which is state of the art today and produced in 
volume.  Higher blocking voltages up to 4.5 kV per 
module will be made available by the end of 2003, 
resulting than in the same voltage level as used by IGCT 
components.  The StakPak IGBT’s offer the possibility 
to combine IGBT dies and Diode dies in such quantities 
as the application requires.  In the presented case the 
IGBT modules have 6 sub-modules (fig. 12) each 
containing 6 IGBT dies and 3 Diode dies of 12 x 12 mm.  
The modules are sandwiched between water cooled 
heatsinks which also accommodate the driver unit with 
snubbers and sharing resistors.  One 25kHz / 4A current 
source power supply feeds all the driver units through a 
closed loop HV cable.  The switch is built-up in a glass 
fiber epoxy clamping system with bellville springs and a 
clamping force of 60 – 70 kN, which is required to get the 
right clamping force on all the 54 chips per module,  
 
 
 
                   
     
       
 
 
 
 
  
         
        Fig 13.  StakPak IGBT Switch 
         Blocking Voltage: 20 kV 
         Charge voltage: 12 kVdc 
                      I-pulse:  2 kA @ 60 µs 
         Icmax:  4 kA @ 1ms, Tj=75°C 
         Pulse Rep. Rate: 500 Hz 



 
which is equal to about 81 cm2 silicon. In the switch the 
driver units are all simultaneous optical triggered by a 
separate light distribution box which is programmable for 
min. on and min. off settings.  Tests have shown that the 
switch is able to generate a 12 kA pulse for at least 5 µs in 
single pulse mode.[4]  The switch-on and –off times are 
910 ns and 700 ns respectively.  If peak currents are 
exceeding the 12 kA level the IGBT is reaching the 
desaturation level and the driver unit will detect this and 
turn-off can be initiated by the trigger logic. In this case 
the overvoltage is limited by the active clamp circuit of 
the driver units. To gain long-term experience with Press 
Pack IGBT technology in pulsed power applications ABB 
has some switches in the field since the year 2001, which 
are still successfully in operation.  The devices used for 
HVDC systems have a record of more than 4 years in 
quantities of several ten thousand pieces.   
 

III. SUMMARY 
 
 We have described different technologies for different 
applications with solid state pulsed power switches. All of 
those are available from ABB and designed for the 
specific application but produced with standard 
manufacturing processes.  Therefore these products 
benefit from high availability, reproducibility and 
reliability. The presentation has shown that not only the 
semiconductor devices are important but also the 
interaction between the end-user and the manufacturer of 
the semiconductor switch onbehalve of driver-unit, 
cooling, power supply, device clamping, trigger interface 
and finally not to forget, the application oriented testing. 
For the StakPak IGBT switches we are gaining very 
successfully field experience since 2001 for pulsed power 
applications.  
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