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1 Introduction  
Recent high voltage direct current (HVDC) ap-

plications, such as the grid connection of off-

shore wind farms, have exposed the limitations 

of traditional Line-Commutated Converters 

(LCCs), particularly their inability to operate 

effectively in weak AC systems. To address 

these issues, Voltage Source Converters 

(VSCs) have been adopted, as they can inde-

pendently control active and reactive power and 

connect to weak AC systems. However, the 

voltage and power capacity of a single VSC are 

limited. Consequently, the VSC-based Modular 

Multilevel Converter (MMCs) have been 

developed to leverage the benefits of VSCs 

while achieving higher power and voltage lev-

els. Despite the advantages of VSC-based 

MMCs, the use of IGBTs instead of thyristors 

increases the risk of cascaded failures due to 

over-current transients resulting from DC faults 

[1].  

In VSC-based MMCs, DC faults can cause a 

short circuit current to flow through the IGBT’s 

diode. The fault current can be several times the 

rated current, persist for multiple cycles, and 

potentially destroy the diode before an AC cir-

cuit breaker can clear the fault. A common so-

lution is to include a thyristor in parallel with 

the IGBT’s diode to divert the majority of the 

 

 

Abstract—In modular multi-level converters, a bypass thyristor may be connected across the 

antiparallel diode of the IGBT to conduct the DC fault current. In these converters, the antipar-

allel diode clamps the forward voltage of the thyristor to the diode's forward voltage, which is 

typically between 1 to 3V. In such applications, since a high forward blocking voltage rating is 

unnecessary, the thyristor can be optimised to provide lower conduction and switching losses 

while maintaining the same reverse blocking capability. This application note offers a brief in-

troduction to Dynex asymmetric thyristors and examines their advantages over standard thy-

ristors in bypass applications.  
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fault current away from the diode during such 

events [2]. 

The topology of a VSC-based MMC with by-

pass thyristor is presented in Figure 1. As 

shown, each sub-module features an IGBT that 

has its diode protected by a bypass thyristor, 

connected in parallel with the diode. During DC 

faults, the diode is exposed to a large fault cur-

rent, typically lasting up to hundreds of milli-

seconds. Once this fault is detected and the volt-

age across the thyristor is sufficient, the thyris-

tor is triggered, diverting a large proportion of 

the current until the fault is cleared. 

During normal operation, the thyristor remains 

off and only needs to block a smaller forward 

voltage, equivalent to the diode's forward re-

covery voltage. Therefore, while the thyristor 

still needs to block a high reverse voltage, it 

does not need to block a high forward voltage. 

If thyristors do not need symmetric high voltage 

blocking capability, they can be redesigned to 

have lower conduction and switching losses. In 

other words, asymmetric thyristors can be de-

veloped with lower forward voltage blocking 

capability due to a thinner depletion layer, re-

sulting in reduced conduction and switching 

losses.  

In the next section, Dynex asymmetric thyris-

tors are introduced. Section 3 shows the bene-

fits of the asymmetric thyristor compared to the 

standard symmetric thyristors for bypass appli-

cations. Finally, Section 4 provides a brief con-

clusion of this application note. 

 

 

Figure 1. Schematic of a VSC-based MMC 
with bypass thyristor 

2 Bypass Thyristors   
There are several performance requirements for 

bypass thyristors in VSC-based MMCs applica-

tions which are presented below [3]. 

a) Survivability: It is crucial that the thyristor 

withstands the fault current that it diverts 

and is able to block the reverse voltage ef-

fectively. 

b) Pickup voltage: This refers to the voltage 

between the anode and cathode at which the 

thyristor activates in response to a specific 

gate signal. This voltage arises from the on-

state voltage of the diode as the fault cur-

rent increases. Lowering the pickup voltage 

enables the thyristor to activate sooner, en-

hancing its responsiveness. 

c) On-state voltage: The on-state voltage of 

the thyristor, when fully activated, influ-

ences the total I²t endured by the IGBT di-

ode. 

d) Reliability: The reliability of these devices 

is impacted by cosmic ray-induced failures, 

particularly given their operational duty cy-

cles. As a result, such devices are often 

rated higher in voltage to mitigate these 

risks. 

At Dynex, our standard thyristors are designed 

with symmetric blocking capabilities, meaning 

they can block both forward and reverse cur-

rents equally. However, we have developed 

specific thyristors designed for bypass applica-

tions, where high forward blocking capability is 

not necessary. These specialised thyristors are 

optimised to achieve lower on-state voltage, 

lower pick-up voltage and improved Failure In 

Time (FIT) ratings, although this comes at the 

cost of reduced forward blocking capability.  

Table 1 showcases Dynex's range of bypass 

thyristors alongside our Standard (S) thyristors 

with similar range. In our product range, we 

classify these devices as either Semi-Asymmet-

ric (SA) or Reverse Asymmetric (RA), both of 

which are presented briefly in this section.   

It should be mentioned that the voltage ranges 

for high voltage IGBT modules are 3.3 kV, 4.5 

kV, and 6.5 kV, whereas for standard thyristors, 

the ranges are 4.2 kV, 5.2 kV, and 6.5 kV. In 

bypass applications, a bypass thyristor must 

have a reverse voltage rating, VRRM, that is at 
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least equal to the forward voltage blocking rat-

ing of its corresponding IGBT module. There-

fore, Dynex designs its bypass thyristors to 

have a reverse voltage rating range as the for-

ward voltage rating of the IGBT modules. 

2.1 Semi-asymmetric thyristors   
Our semi-asymmetric thyristors, which are sim-

ilar in structure to the standard devices, are op-

timised to offer a lower on-state voltage, VT, 

pick up voltage, VPU, and FIT rating. These 

units are also designed to be thinner, which en-

hances their surge current, ITSM, capability.  

As indicated in Table 1, Dynex offers two 

semi-asymmetric thyristors, ACR3200VR33 

and ACR2900VR45, with voltage rating of 3.3 

kV and 4.5 kV, respectively. As shown, they 

both provide slightly better characteristics (see 

dV/dt, VPU, VT and ITSM) for bypass applications 

compared to their alternative standard thyristors 

(DCR3030V42 and DCR2720V52).  

Both ACR3200VR33 and ACR2900VR45 

have successfully passed all quality tests and 

are now available for production. Detailed 

datasheets for these devices can be accessed on 

the Dynex website.  

2.2 Reverse asymmetric thyris-
tors  

Dynex has developed new structures for bypass 

thyristors that offer significantly lower on-state 

voltage and FIT ratings, as well as a markedly 

higher surge current capacity. Therefore, re-

verse asymmetric thyristors may also achieve 

comparable performance characteristics in a 

smaller device, which may result in lower costs 

and reduced volume of the final set-up. How-

ever, as mentioned, this comes at the cost of 

lower forward blocking capability, VDRM.  

As shown in Table 1, Dynex offers two reverse 

asymmetric thyristors for the 3.3 kV voltage 

range, ACR3775VR33 and ACR2700CR33, 

and two for the 4.5 kV voltage range, 

ACR3350VR45 and ACR2400CR45. These re-

verse asymmetric thyristors, compared to those 

with the standard structures, offer significantly 

higher surge current capacity and lower on-state 

voltage within the same diameter, D. Moreover, 

as mentioned, the use of a reverse asymmetric 

structure allows for similar performance char-

acteristics to the standard thyristors but in a 

smaller diameter.  

The device numbers ACR3775VR33, 

ACR2700CR33, ACR3350VR45, and 

ACR2400CR45 are currently under develop-

ment. In the meantime, provisional datasheets 

can become available upon request. 

Additionally, Dynex has developed a reverse 

asymmetric thyristor for the 6.5 kV range, with 

the device number ACR4000WR65. According 

to Table 1, the ACR4000WR65 offers signifi-

cantly higher surge current capacity and lower 

on-state voltage compared to the standard 6.5 

kV thyristor, device DCR2950W65.  

The ACR4000WR65 has passed all quality tests 

and is now available for production; its 

datasheet is accessible on the Dynex website. 

Table 1. Comparison of characteristics for various Dynex thyristors. 

Device number Range D (mm)  VDRM (V) VRRM (V) VPU (V) VT (V) at 5 kA ITSM (A) dV/dt (kV/µs) 

DCR3030V42 S 73 4200 4200 3 2.01 40600 1.5 

ACR3200VR33 SA 73 1000 3300 2 1.80 43000 10 

ACR3775VR33 RA 73 1000 3300 2 1.50 50000 10 

ACR2700CR33 RA 63 1000 3300 2 1.75 36300 10 

DCR2720V52 S 73 5200 5200 3 2.35 36700 1.5 

ACR2900VR45 SA 73 1000 4500 2 2.10 39000 10 

ACR3350VR45 RA 73 1000 4500 2 1.75 45000 10 

ACR2400CR45 RA 63 1000 4500 2 2.05 32300 10 

DCR2950W65 S 85 6500 6500 3 2.47 38900 1.5 

ACR4000WR65 RA 85 1000 6500 2 1.80 54000 10 
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Figure 2. Simulated circuit. 

 

Figure 3. An exemplar DC side short circuit 
current.  

3 Simulation Comparison  
Table 1 shows that both semi-asymmetric and 

reverse asymmetric thyristors have lower on-

state voltages than standard thyristors. Conse-

quently, these thyristors are likely to conduct a 

greater proportion of the fault current. This 

means that, when asymmetric thyristors are 

used, the IGBT’s diode will carry a smaller 

fraction of the fault current compared to using 

standard thyristors.  

A simplified model of a VSC sub cell is simu-

lated in PLECS, as presented in Figure 2, with 

the fault current shown in Figure 3. Although 

this simulation is comparative and the circuit is 

generalised, the objective is to closely represent 

an actual VSC-based MMCs under a fault con-

dition. 

The simulation employs thyristors from Table 

1 as bypass thyristors paired with IGBT diodes 

under specific configurations. Devices rated at 

3.3kV were simulated with a 3300V, 1500A 

Dynex IGBT module (DIM1500ESM33-

TL000), 4.5kV devices with a 4500V, 1200A 

Dynex IGBT module (DIM1200ASM45-

TL000), and 6.5kV devices with a 6500V, 

750A Dynex IGBT module (DIM750ASM65-

TL000). A temperature of 125°C was main-

tained to simulate typical operating conditions. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 4. Comparison of diode current, thy-
ristor current, and fault current using (a) a 
standard thyristor and (b) a reverse asym-
metric thyristor, and (c) diode current com-
parison using either a standard or reverse 
asymmetric thyristor. 

 

Figure 5. I²t through IGBT’s diode with 
standard thyristor and reverse asymmetric 
thyristors. 

For a 6.5 kV application, Figure 4(a)-(c) show 

the fault current, thyristor current and the diode 

current when standard (DCR2950W65) and re-

verse asymmetric (ACR4000WR65) thyristors 

are used as the bypass thyristor. As shown in 

Figure 4, while both thyristors can divert a con-

siderable proportion of the fault current, the di-

ode (DIM750ASM65-TL000) peak current is 

significantly lower when a reverse asymmetric 

thyristor is used.  
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Figure 6. I²t through the IGBT's diode with 
standard and bypass thyristors for a 4.5 kV 
application, as presented in Table 1. 

 

Figure 7. I²t through the IGBT's diode with 
standard and bypass thyristors for a 3.3 kV 
application, as presented in Table 1. 

Figure 5 also shows the average I²t through the 

IGBT’s diode usi g standard (DCR2950W65) 

and reverse asymmetric (ACR4000WR65) thy-

ristors. As shown, there is a substantial reduc-

tion in current stress of the diode when using 

the reverse asymmetric thyristor. 

Figure 6 and Figure 7 show the average I²t 

through the IGBT’s diode usi g thyristors listed 

in Table 1 for 4.5 kV and 3.3 kV applications, 

respectively. These figures show that reverse 

asymmetric thyristors (ACR3775VR33 and 

ACR3350VR45) substantially reduce the cur-

rent stress on the IGBT diode compared to both 

semi-asymmetric (ACR3200VR33 and 

ACR2900VR45) and standard thyristors 

(DCR3030V42 and DCR2720V52).  

Moreover, reverse asymmetric thyristors 

ACR2700CR33 and ACR2400CR45 offer the 

same performance as their semi-asymmetric 

counterparts (which is better than that of stand-

ard thyristors) but in a more compact form. This 

shows that by employing a reverse asymmetric 

structure, it is possible to achieve comparable 

performance in a smaller thyristor, which also 

results in reduced costs. 

4 Final Remarks   
In this application note, we explored the use of 

bypass thyristors and their applications. We 

also introduced some of Dynex's recent devel-

opments in thyristors designed for bypass appli-

cations.  

The use of Dynex asymmetric thyristors, spe-

cifically designed for bypass applications, has 

been demonstrated to significantly reduce the 

stress o  the IGBT’s diode u der    fault co -

ditions. This offers substantial benefits for sys-

tem designers dealing with fault currents of 

higher magnitudes and in higher voltage sys-

tems that require thyristors with increased cur-

rent and voltage ratings. Furthermore, it has 

been shown that using smaller thyristors with 

equivalent surge current and voltage ratings is 

feasible, potentially leading to cost and size re-

ductions in the final set-up. 

Dynex asymmetric thyristors offer a compre-

hensive range suitable for a wide array of appli-

cations. Should you require any specific adjust-

ments to meet unique requirements, please con-

tact us. We are equipped to develop customised 

products tailored to your needs.  
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IMPORTANT INFORMATION: 

This publication is provided for information only and not for resale. 
 
The products and information in this publication are intended for use by appropriately trained technical personnel. 
 
Due to the diversity of product applications, the information contained herein is provided as a general guide only and does not 
constitute any guarantee of suitability for use in a specific application. The user must evaluate the suitability of the product and 
the completeness of the product data for the application. The user is responsible for product selection and ensuring all safety and 
any warning requirements are met. Should additional product information be needed please contact Customer Service. 
 
Although we have endeavoured to carefully compile the information in this publication it may contain inaccuracies or typographical 
errors. The information is provided without any warranty or guarantee of any kind. 
 
This publication is an uncontrolled document and is subject to change without notice. When referring to it please ensure that it is 
the most up to date version and has not been superseded. 
 
The products are not intended for use in applications where a failure or malfunction may cause loss of life, injury or damage to 
property. The user must ensure that appropriate safety precautions are taken to prevent or mitigate the consequences of a 
product failure or malfunction. 
 
The products must not be touched when operating because there is a danger of electrocution or severe burning. Always use 
protective safety equipment such as appropriate shields for the product and wear safety glasses. Even when disconnected any 
electric charge remaining in the product must be discharged and allowed to cool before safe handling using protective gloves. 
 
Extended exposure to conditions outside the product ratings may affect reliability leading to premature product failure. Use outside 
the product ratings is likely to cause permanent damage to the product. In extreme conditions, as with all semiconductors, this 
may include potentially hazardous rupture, a large current to flow or high voltage arcing, resulting in fire or explosion. Appropriate 
application design and safety precautions should always be followed to protect persons and property. 
 
Product Status & Product Ordering: 

We annotate datasheets in the top right-hand corner of the front page, to indicate product status if it is not yet fully approved for 
production. The annotations are as follows: - 
 
Target Information:  This is the most tentative form of information and represents a very preliminary specifi-

cation. No actual design work on the product has been started. 
Preliminary Information:  The product design is complete and final characterisation for volume production is in 

progress. The datasheet represents the product as it is now understood but details may 
change. 

No Annotation:  The product has been approved for production and unless otherwise notified by Dynex 
any product ordered will be supplied to the current version of the data sheet prevail-
ing at the time of our order acknowledgement. 

 

All products and materials are sold, and services provided subject to Dynex’s conditions of sale, which are available on request. 

 

Any brand names and product names used in this publication are trademarks, registered trademarks, or trade names of their 

respective owners. 
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