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Date:- 10th Jan, 2019 
 
Data Sheet Issue:- 4 

 

 

Distributed Gate Thyristor 
Type R2619Z#18# to R2619Z#25# 

(Old Type Number: R600CH18-21) 
 
Absolute Maximum Ratings 

 

 VOLTAGE RATINGS MAXIMUM 
LIMITS UNITS 

VDRM Repetitive peak off-state voltage, (note 1) 1800-2500 V 

VDSM Non-repetitive peak off-state voltage, (note 1) 1800-2500 V 

VRRM Repetitive peak reverse voltage, (note 1) 1800-2100 V 

VRSM Non-repetitive peak reverse voltage, (note 1) 1900-2200 V 

 

 OTHER RATINGS MAXIMUM 
LIMITS UNITS 

IT(AV)M Maximum average on-state current, Tsink=55°C, (note 2) 2619 A 

IT(AV)M Maximum average on-state current. Tsink=85°C, (note 2) 1792 A 

IT(AV)M Maximum average on-state current. Tsink=85°C, (note 3) 1037 A 

IT(RMS) Nominal RMS on-state current, Tsink=25°C, (note 2) 5227 A 

IT(d.c.) D.C. on-state current, Tsink=25°C, (note 4) 4395 A 

ITSM Peak non-repetitive surge tp=10ms, Vrm=0.6VRRM, (note 5) 33.8 kA 

ITSM2 Peak non-repetitive surge tp=10ms, Vrm£10V, (note 5) 37.2 kA 

I2t I2t capacity for fusing tp=10ms, Vrm=0.6VRRM, (note 5) 5.71×106 A2s 

I2t I2t capacity for fusing tp=10ms, Vrm£10V, (note 5) 6.92×106 A2s 

(di/dt)cr 
Critical rate of rise of on-state current (repetitive), (Note 6) 1000 A/µs 

Critical rate of rise of on-state current (non-repetitive), (Note 6) 1500 A/µs 

VRGM Peak reverse gate voltage 5 V 

PG(AV) Mean forward gate power 5 W 

PGM Peak forward gate power 30 W 

Tj op Operating temperature range -40 to +125 °C 

Tstg Storage temperature range -40 to +150 °C 

 
Notes:- 
1)  De-rating factor of 0.13% per °C is applicable for Tj below 25°C. 
2)  Double side cooled, single phase; 50Hz, 180° half-sinewave. 
3)  Single side cooled, single phase; 50Hz, 180° half-sinewave. 
4)  Double side cooled. 
5)  Half-sinewave, 125°C Tj initial. 
6)  VD=67% VDRM, IFG=2A, tr£0.5µs, Tcase=125°C. 
7)  Rated VDRM. 
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Characteristics 

 

 PARAMETER MIN. TYP. MAX. TEST CONDITIONS (Note 1) UNITS 

VTM Maximum peak on-state voltage - - 2.0 ITM=4000A V 

VTM Maximum peak on-state voltage - - 2.65 ITM=7850A V 

VT0 Threshold voltage - - 1.308  V 

rT Slope resistance - - 0.173  mW 

(dv/dt)cr Critical rate of rise of off-state voltage 200 - - VD=80% VDRM, Linear ramp, Gate o/c V/µs 

IDRM Peak off-state current - - 300 Rated VDRM mA 

IRRM Peak reverse current - - 300 Rated VRRM mA 

VGT Gate trigger voltage - - 3.0 
Tj=25°C  VD=10V, IT=3A 

V 

IGT Gate trigger current - - 300 mA 

VGD Gate non-trigger voltage - - 0.25 Rated VDRM V 

IH Holding current - - 1000 Tj=25°C mA 

tgd Gate controlled turn-on delay time - 0.8 1.5 VD=67% VDRM, ITM=1500A, di/dt=60A/µs, 
IFG=2A, tr=0.5µs, Tj=25°C µs 

tgt Turn-on time - 1.5 3.0 

Qrr Recovered charge - 1850 - 

ITM=4000A, tp=1000µs, di/dt=60A/µs, 
Vr=50V 

µC 

Qra Recovered charge, 50% Chord - 1100 1460 µC 

Irm Reverse recovery current - 260 - A 

trr Reverse recovery time - 7.0 - µs 

tq Turn-off time (note 2) 
45 - 55 ITM=4000A, tp=1000µs, di/dt=60A/µs, 

Vr=50V, Vdr=33%VDRM, dVdr/dt=20V/µs µs 
50 - 65 ITM=4000A, tp=1000µs, di/dt=60A/µs, 

Vr=50V, Vdr=33%VDRM, dVdr/dt=200V/µs 

RthJK Thermal resistance, junction to heatsink 
- - 0.011 Double side cooled K/W 

- - 0.022 Single side cooled K/W 

F Mounting force 27 - 47  kN 

Wt Weight 
- 1.7 - Outline options ZC 

kg 
 1.2  Outline options ZD  

 
Notes:- 
1) Unless otherwise indicated Tj=125°C. 
2) The required tq (specified with dVdr/dt=200V/µs) is represented by a ‘#’ for the 10th character in the device part number. See 

ordering information for details of tq codes.  
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Notes on Ratings and Characteristics 

 

1.0 Voltage Grade Table 
 

Voltage Grade VDRM VDSM 
V 

VRRM 
V 

VRSM 
V 

VD 
DC V 

VR 
DC V 

18 1800 1800 1900 1150 1150 
20 2000 2000 2100 1250 1250 
21 2100 2100 2200 1300 1300 
25 2500 2100 2200 1500 1300 

 
2.0 Extension of Voltage Grades  
This report is applicable to other and higher voltage grades when supply has been agreed by 
Sales/Production. 
 
3.0 Extension of Turn-off Time  
This Report is applicable to other tq/re-applied dv/dt combinations when supply has been agreed by 
Sales/Production. 
 
4.0 Repetitive dv/dt 
Higher dv/dt selections are available up to 1000V/µs on request. 
 
5.0 De-rating Factor 
 
A blocking voltage de-rating factor of 0.13%/°C is applicable to this device for Tj below 25°C. 
 
6.0 Snubber Components 
 
When selecting snubber components, care must be taken not to use excessively large values of snubber 
capacitor or excessively small values of snubber resistor. Such excessive component values may lead to 
device damage due to the large resultant values of snubber discharge current. If required, please consult 
the factory for assistance. 
 
7.0 Rate of rise of on-state current 
 
The maximum un-primed rate of rise of on-state current must not exceed 1500A/µs at any time during turn-
on on a non-repetitive basis. For repetitive performance, the on-state rate of rise of current must not exceed 
1000A/µs at any time during turn-on. Note that these values of rate of rise of current apply to the total device 
current including that from any local snubber network. 
 
8.0 Gate Drive 
 
The nominal requirement for a typical gate drive is illustrated below. An open circuit voltage of at least 30V 
is assumed. This gate drive must be applied when using the full di/dt capability of the device. 

 
The magnitude of IGM should be between five and ten times IGT, which is shown on page 2. Its duration (tp1) 
should be 20µs or sufficient to allow the anode current to reach ten times IL, whichever is greater. Otherwise, 
an increase in pulse current could be needed to supply the necessary charge to trigger. The ‘back-porch’ 
current IG should remain flowing for the same duration as the anode current and have a magnitude in the 
order of 1.5 times IGT. 

IGM

IG

tp1

4A/µs
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9.0 Frequency Ratings 
 
The curves illustrated in figures 10 to 18 are for guidance only and are superseded by the maximum ratings 
shown on page 1. 
 
10.0 Square wave ratings 
 
These ratings are given for load component rate of rise of forward current of 100 and 500 A/µs. 
 
11.0 Duty cycle lines 
 
The 100% duty cycle is represented on all the ratings by a straight line.  Other duties can be included as 
parallel to the first. 
 
12.0 Maximum Operating Frequency 
 
The maximum operating frequency is set by the on-state duty, the time required for the thyristor to turn off 
(tq) and for the off-state voltage to reach full value (tv), i.e. 
 

 

 
13.0 On-State Energy per Pulse Characteristics  
 
These curves enable rapid estimation of device dissipation to be obtained for conditions not covered by the 
frequency ratings. 
 
 Let Ep be the Energy per pulse for a given current and pulse width, in joules 
 Let Rth(J-Hs) be the steady-state d.c. thermal resistance (junction to sink) 
 and TSINK be the heat sink temperature. 
 
Then the average dissipation will be: 
 

 

 
14.0 Reverse recovery ratings 
 
(i)  Qra is based on 50% Irm chord as shown in Fig. 1 Fig. 1 

 
(ii) Qrr is based on a 150µs integration time i.e. 
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(iii) 

 

15.0 Reverse Recovery Loss 
 

15.1 Determination by Measurement 
 
From waveforms of recovery current obtained from a high frequency shunt (see Note 1, Page 5) and reverse 
voltage present during recovery, an instantaneous reverse recovery loss waveform must be constructed. 
Let the area under this waveform be E joules per pulse. A new heat sink temperature can then be evaluated 
from the following: 
 

 

 
 Where k=0.227 (°C/W)/s 
 E = Area under reverse loss waveform per pulse in joules (W.s.) 
 f = rated frequency Hz at the original heat sink temperature. 
 Rth(J-Hs) = d.c. thermal resistance (°C/W). 

The total dissipation is now given by: 

 

 
15.2 Determination without Measurement 

 
In circumstances where it is not possible to measure voltage and current conditions, or for design purposes, 
the additional losses E in joules may be estimated as follows. 
 
Let E be the value of energy per reverse cycle in joules (curves in Figure 9). 
Let f be the operating frequency in Hz 

 

 
Where TSINK (new) is the required maximum heat sink temperature and 
TSINK (original) is the heat sink temperature given with the frequency ratings. 

 
A suitable R-C snubber network is connected across the thyristor to restrict the transient reverse voltage to 
a peak value (Vrm) of 67% of the maximum grade. If a different grade is being used or Vrm is other than 67% 
of Grade, the reverse loss may be approximated by a pro rata adjustment of the maximum value obtained 
from the curves. 
 

NOTE 1- Reverse Recovery Loss by Measurement 
 
This thyristor has a low reverse recovered charge and peak reverse recovery current. When measuring the 
charge, care must be taken to ensure that: 
 

(a) a.c. coupled devices such as current transformers are not affected by prior passage of high 
amplitude forward current. 

(b) A suitable, polarised, clipping circuit must be connected to the input of the measuring oscilloscope 
to avoid overloading the internal amplifiers by the relatively high amplitude forward current signal 

(c) Measurement of reverse recovery waveform should be carried out with an appropriate critically 
damped snubber, connected across diode anode to cathode. The formula used for the calculation 
of this snubber is shown below: 
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 Where: 
Vr 
CS 
R 

= 
= 
= 

Commutating source voltage 
Snubber capacitance 
Snubber resistance 

 
 
16.0 Computer Modelling Parameters 
 

16.1 Calculating VT using ABCD Coefficients 
 
The on-state characteristic IT vs VT, on page 7 is represented in two ways; 
(i) the well established VT0 and rT tangent used for rating purposes and 
(ii) a set of constants A, B, C, D, forming the coefficients of the representative equation for VT in terms 

of IT given below: 
 

 
 
The constants, derived by curve fitting software, are given in this report for hot and cold characteristics 
where possible. The resulting values for VT agree with the true device characteristic over a current range, 
which is limited to that plotted. 
 

125°C Coefficients 

A 0.476947 

B 0.1665134 

C 2.2281×10-4 

D -0.01178941 
 

16.2 D.C. Thermal Impedance Calculation 
 

 

 
Where p = 1 to n, n is the number of terms in the series. 
 

t = Duration of heating pulse in seconds. 
rt = Thermal resistance at time t. 
rp = Amplitude of pth term. 
tp = Time Constant of rth term. 

 
D.C. Single Side Cooled 

Term 1 2 3 4 5 6 
rp 1.42×10-2 2.34×10-3 3.39×10-3 8.87×10-4 6.00×10-4 4.66×10-4 
tp 9.25 2.07957 0.23675 0.07935 1.07×10-2 2.89×10-3 

 
D.C. Double Side Cooled 

Term 1 2 3 4 
rp 5.60×10-3 2.81×10-3 1.42×10-3 9.34×10-4 
tp 1.593884 0.28583 0.07721 4.84×10-3 

dt
di
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Curves 

 
Figure 1 - On-state characteristics of Limit device  Figure 2 - Transient thermal impedance 

 

 

 

Figure 3 - Gate characteristics - Trigger limits  Figure 4 - Gate characteristics - Power curves 
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Figure 5 - Total recovered charge, Qrr  Figure 6 - Recovered charge, Qra (50% chord) 

 

 

 

Figure 7 - Peak reverse recovery current, Irm  Figure 8 - Maximum recovery time, trr (50% chord) 
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Figure 9 - Reverse recovery energy per pulse  Figure 10 - Sine wave energy per pulse 

 

 

 

Figure 11 - Sine wave frequency ratings  Figure 12 - Sine wave frequency ratings 
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Figure 13 - Square wave frequency ratings  Figure 14 - Square wave frequency ratings 

 

 

 

Figure 15 - Square wave frequency ratings  Figure 16 - Square wave frequency ratings 
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Figure 17 - Square wave energy per pulse  Figure 18 - Square wave energy per pulse 

 

 

 

Figure 19 - Maximum surge and I2t Ratings 
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101A305 
 

101A281 

 ORDERING INFORMATION  (Please quote 10 digit code as below) 

R2619 Z# ¨ ¨ # 

Fixed 
Type Code 

Outline Code 
ZC=37.7mm clamp height 
ZD=26mm clamp height 

Fixed Voltage Code 
VDRM/100 
18 - 25 

tq Code 
J=50µs, K=60µs, L=65µs 

Typical order code: R2619ZC25K – 2500V VDRM, 2100V VRRM, 60µs tq, 37.7mm clamp height capsule. 

 

IXYS Semiconductor GmbH 

Edisonstraße 15 
D-68623 Lampertheim 
Tel: +1 408 457-9000 
Fax: +1 408 496-0670 
E-mail: marcom@ixys.de 
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IXYS Corporation 
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Tel: +1 (408) 982 0700 
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E-mail: sales@ixys.net 
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Objectives 
This document outlines the general functionality and characteristics of high-power thyristor devices in disc-shaped press-packs. 
Figure 1 depicts the typical appearance of such a disc device and the large-scale silicon die that forms the power semiconductor. 
 

 

Figure 1. High Power Thyristor Devices 

Disc devices, also referred to as capsule-types, are preferred components when it comes to handling high voltages and high currents. 

Applications 
• High-power motor drives, Medium-Voltage drives, Soft-starters 

• Welding, Induction Melting, and electro-chemical power supplies 

• STATCOMs and HVDC-based power transmission 

• Transportation in Rail, Marine and Mining 

• Renewable energies, Wind and Solar Power 

Target Audience 
This document is intended for all engineers that need to get familiar with high-power thyristors, their features, and capabilities. 

Contact Information 
For more information on the topic, contact the Littelfuse Power Semiconductor team of product and applications experts: 

• North America – NA_PowerSemi_Tech@Littelfuse.com 

• Central & South America – CSA_PowerSemi_Tech@Littelfuse.com 

• Europe. Middle East, & Africa – EMEA_PowerSemi_Tech@Littelfuse.com 

• Asia, Australia, & Pacific Islands – APAC_PowerSemi_Tech@Littelfuse.com  
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1. Introduction 
Thyristors, invented in the late 1950s, are semiconductors that can be turned on by applying a control current in a period of positive 
voltage across the device and turn off once the load current reverses. Thyristors are therefore widely used in applications that control 
alternating currents.  

The technology itself is well established and despite the development of high-power IGBTs and silicon carbide (SiC) MOSFETS will 
remain in the market for dedicated applications. Therefore, this document summarizes the basics of this technology as a reference for 
power-electronic engineers. 

2. Device Theory and Design Device Description 
The thyristor, also called silicon-controlled rectifier (SCR), is a three terminal, four-layer, regenerative device. Sketched in Figure 2 is 
the symbol, the physical representation in the four alternating P-N-layers, and the electrical representation as interconnected pair of 
transistors. 

 

Figure 2. Thyristor in Three Different Representations 

The thyristor has essentially three modes of operation: 

• Forward blocking with a voltage VF at the anode is positive with respect to the cathode 

• Reverse blocking with a voltage VF at the anode is negative with respect to the cathode 

• Forward conduction with current flow from anode to cathode 

It is important to note that sustained reverse conduction is not possible. 

These conditions are often called static conditions, the transitions between the various modes of operation are usually termed dynamic 
operation. 

In order to switch the thyristor from the forward blocking mode into the forward conduction mode, a relatively low gate-current pulse 
IG is required. This gating or trigger pulse must flow from the gate terminal to the cathode terminal. A typical gate pulse would be 1A 
from a 20V source, and a few tens of microseconds in length. Within a few microseconds of the initial application of the gate current, 
the thyristor will begin to switch on. Once the anode current has risen to a level beyond the latching current value, the gate pulse may 
be removed, and the thyristor will remain in conduction due to a regenerative action. The device will remain in conduction indefinitely, 
providing that the anode current is maintained above a minimum current, known as the holding current. It should be noted that, 
although conduction will begin within a few microseconds of the gate pulse, this conduction will first be localized around the thyristor’s 
internal gate structure. It may take up to two milliseconds for conduction to spread across the full area of the device and the on-state 
volt drop to settle within published parameters. This time is referred to as the spreading time. 
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As mentioned, a thyristor will remain in conduction mode until the anode current falls below the holding level. This assumes a very 
slow rate of decay of current. More typically, the current falls very rapidly through zero and starts to reverse. In this instance, 
depending primarily on the current change rate di/dt, the thyristor will remain on for a short period after current zero crossing, before 
starting to block reverse voltage. The stored charge, corresponding to this reverse current, is important in terms of device losses and 
snubber design. In addition, under these conditions, a minimum time must elapse before the thyristor is able to block forward voltage; 
this is known as circuit commutated turn off time. Maximum voltage and current ratings and their derivatives with respect to time, 
dv/dt and di/dt, impose further constraints on thyristor operation. 

2.1. Structure 
High voltage thyristors are manufactured from a mono-crystalline slice of very high purity silicon. The silicon slices are given an initial n-
doping by a neutron transmutation process, which yields very high uniformity for the bulk of the device. The thyristor structure is then 
manufactured vertically through the slice, using a combination of diffusion and photolithography processes resulting in the structure 
given in Figure 3. 

 

 

n + 

p 
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n - 
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Figure 3. Practical Device Structure, Cross-Section 

The principal factors governing high voltage thyristor designs are silicon thickness, primarily the n-base, and p-base doping 
concentration. 

The n-base thickness along with its doping concentration determines the voltage blocking capability of the device. The thicker the n-
base, the higher the voltage rating but the losses will be higher and dynamic response generally slower. The p-base doping affects the 
trigger sensitivity of the device but as such also influences the dv/dt capability and turn off time. 

When designing thyristors, Littelfuse optimizes these trade-offs according to the intended field of operation and application to be 
served. 
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2.2. Carrier Lifetime Control 
One important factor in optimizing thyristors is the so-called carrier lifetime, which is the average time required for an electron and hole 
to recombine with each other. After the manufacturing process, the carrier lifetime is quite high. This means that during conduction 
many carriers are available and as such the device’s conduction losses are low. However, a high carrier lifetime also means that the 
device is slow to turn off. High values of stored charge consequently increase the turn-off losses. In light of this, it is desirable to 
control the carrier lifetime of a given device. Carrier lifetime control can be performed by several means such as electron irradiation, 
heavy metal diffusion, and ion implantation, of which the most common method employed on large area devices is electron irradiation. 
Electron irradiation, with subsequent annealing, provides a means of accurately controlling carrier lifetime to provide the optimal trade-
offs for a given application. Carrier lifetime can be tailored to specific needs if required. For indicative purposes, Figure 4 summarizes 
the typical trade-off relationship obtainable. 

 

Figure 4. Impact of Irradiation Dose to the Device's Parameters 

2.3. Junction Edge Termination 
The bulk of the diffused silicon slice is designed to accommodate the required electric field within the n-base region. However, at the 
edge of the silicon slice, there is a high surface field concentration, which would lead to premature voltage breakdown. Several 
techniques are available to designers to control the electric fields at the edge of the junction, the most common of which is junction 
edge profiling. Referring to Figure 5, grooves are cut through the main blocking junctions; the geometry of these is designed to ensure 
that the maximum electric field at the surface of the device is no more than that in the bulk. After cutting, the grooves are etched, to 
restore the crystalline qualities of the silicon before a special passivation coat is applied directly to the junction’s edge. This passivation 
coat is designed to withstand the high electrical stress and equally important, the accumulation of surface charge. Finally, a silicone 
rubber ring is molded around the device to provide further control of electric field and protect against mechanical damage. The junction 
edge termination technology used by Littelfuse has been thoroughly evaluated for long-term reliability at high voltages. Extensive type 
tests have been conducted as demanded per IEC / JIS specifications. 

  
(a) Edge Termination up to 2.8 kV (b) Edge Termination 3.6 kV and up 

Figure 5. Detailed view to the Junction Terminations 
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2.4. Gate- and Cathode Structures 
Triggering a large area thyristor of the design given in Figure 5 would require a quite substantial gate pulse. To improve this situation, 
all large area thyristors incorporate an amplifying gate structure as detailed in Figure 6. 

 

Figure 6. Amplifying Gate Structure with Pilot- and Main-Thyristor 

The implementation of this is similar to the Darlington transistor concept. A smaller device is used to trigger the main device, the 
smaller device is often referred to as the pilot- or auxiliary thyristor. 

It can be seen from Figure 6, that the pilot thyristor’s cathode is contacted to the main thyristor’s gate. When the pilot thyristor is 
triggered, current flows from the common anode into the main cathode gate region, thus triggering the main cathode. In terms of the 
user, the device simply has three terminals and may be treated as a conventional thyristor. Another advantage of this design is that 
different device types have a similar gate requirement, hence standardization of gate driver units is possible. 

The current flowing in the pilot thyristor may be distributed to a greater or lesser extent to turn on the main cathode area. Figure 7 
holds a comparison of two different types of thyristor designs.  

  
(a) Phase Control Thyristor (b) Fast Switching Thyristor 

Figure 7. Auxiliary Cathode Pattern for different Requirements, dotted lines denote spreading fronts 

The amplifying gate pattern can be seen clearly as a series of arms radiating from the gate contact in the center of the device. A phase 
control thyristor (PCT) only has 4 to 6 gate arms and each is designed to be primarily active at its extremity. This technique is referred 
to as dissemination. In contrast, the fast switching thyristor (FST) has up to 24 gate arms and each one, being uniform in width, is 
designed to be active along most of its edge length.  
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When the thyristor is triggered, current initially flows through the pilot thyristor. Then, when a certain current is reached, the main 
thyristor will start to conduct and current will drop in the pilot thyristor. This commutation of current into the main thyristor occurs, 
initially, around the acting edges of the amplifying gate. The current subsequently spreads across the whole wafer as indicated by the 
dotted lines. The rate of transfer and spreading is highly influenced by, among other factors, current change rate di/dt. Obviously, 
different applications require different design considerations. For example, the phase control thyristor design ensures at least four, 
equidistant, discrete areas of the main cathode conduct plus the center area. An even simpler gate geometry, potentially reduced to 
just three arms, could not guarantee proper turn-on at the lower di/dt seen in phase control applications.  

Another area affecting amplifying gate design and indeed, the main cathode design, is shorting. If the gate structure were 
manufactured as shown in Figure 7, the resulting thyristor would be highly sensitive to voltage changes dv/dt forward direction and 
spurious gate signals. To counteract this, small shorts in the form of resistive connections are included in the design of the gate 
structure. These connections serve to channel capacitive displacement currents safely during transients, without compromising the 
overall performance.  

There is a similar effect with the main cathode. Here, gate shorts stabilize the pilot thyristor, but the main cathode could be triggered 
directly by capacitive currents. To prevent this, small shorts through the cathode’s n+ layer are included in the design. The design of 
these cathode shorts is of critical importance as they can potentially hinder spreading and hence reduce di/dt performance. However, 
the use of sophisticated computer models and many years of experience enable the design of devices with optimized dv/dt and di/dt 
performance for a given application. 
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2.5. Packaging 
The mechanical design of power thyristor housings can have a surprising influence on their electrical performance and long-term 
reliability. To achieve efficient cooling of the silicon slice, and hence ensure maximum power handling capability, it is important to bring 
the silicon slice as close as possible to the heat sink. However, it is also important to maintain the electrical insulation required for high 
voltages. 

To achieve this, all Littelfuse large area thyristors are encapsulated in press-pack type housings, which conform to international 
industry standards. All components used in the construction of the device are screened to ensure that exacting standards of quality 
and component tolerance are met. In contrast to the so-called alloy-free technology used until recently, current products are built using 
a low-temperature sintered construction and diffusion soldering processes. The silicon die is directly bonded to a molybdenum disc 
which leads to higher surge-current capabilities as well as improved thermal performance. As the complete silicon slice now is in, 
supported by a metal disc, thermal performance improves, and a more reliable edge-termination is achieved. Maintaining the same 
height of the device using thicker copper electrodes also increases thermal capacities while the thinner molybdenum plate in use 
reduces the thermal resistance. The two technologies are contrasted for comparison in Figure 8. 

 
(a) Alloy-free Assembly (b) Low-Temperature Sintered Construction 

Figure 8. Comparison of two different Assembly Technologies 

The reliability improvement offered by sintered technology is most apparent in applications where repeated thermal cycling of the 
device occurs, such as induction melting, energy transfer in high-voltage DC-transmission, and traction applications. All devices are 
evaluated for thermal cycling performance at the design stage. Tests performed show that these devices are easily capable of 
surviving more than 100,000 thermal cycles at a junction temperature swing of over 90°C, as outlined by the relevant international 
standards.  

Mounting of the device requires a force of 1 to 1.5 kN/cm² to be applied evenly along the axis of the pole faces. The exact value of 
mounting force depends upon individual thermal resistance and thermal cycling requirements. Littelfuse also offers a range of 
complementary clamping arrangements to suit individual requirements, ranging from single devices to complete subassemblies. 

Mounting disc devices in general is described in the Littelfuse Mounting and Handling Press-pack Semiconductor Devices Application 
Note. 

  

https://www.littelfuse.com/%7E/media/electronics/application_notes/littelfuse_mounting_and_handling_press-pack_semiconductor_devices_en_application_note.pdf.pdf
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3. A Guide to Thyristor Ratings and Characteristics 
The aim of this section is to guide the designer through the meaning and interpretation of thyristor ratings. Each parameter will be 
looked at in turn, in the order in which it appears in the data sheet. Not all parameters are given in all data sheets, the data sheets only 
contain parameters which are relevant in typical applications for a given device. In the case of non-standard parameters or tests being 
required, this can be achieved by customized measurements, denoted by the use of a dedicated suffix code. This is typically done 
where parallel or series matching of devices is required or where there is a need for testing at non-standard conditions; for example, 
forward voltage drop at a different test current or testing at conditions that reflect the application. 

Data sheets offer two main categories of information: 

• Maximum ratings, giving information on the absolute maximum capabilities of a given device. Exceeding these values may 

cause permanent damage or catastrophic failure. 

• Characteristics which provide information on how a given device will behave in the application. Where maximum or minimum 

limits are given, Littelfuse guarantees that a device will behave within these boundaries under normal operating conditions. 

Unless stated otherwise, all values are applicable over the temperature range -40°C to 125°C. 

3.1. Off state voltage ratings – VDRM, VRRM, VDSM, VRSM, VDC 
Off state voltages or blocking ratings fall into three main categories: 

• repetitive peak parameters VDRM / VRRM,  

• non-repetitive peak values VDSM / VRSM, and  

• continuous working voltages – VD or VDC / VR.  

These values are illustrated in Figure 9, which gives an overview in a typical waveform. 

 

Figure 9. Typical Voltage Waveforms 

Continuous ratings, VD and VR, are the maximum continuous or direct voltage values that may safely be applied to the thyristor. For 
phase control applications, this value would equate to the crest voltage of the supply under worst case conditions. For inverter 
applications, this value represents the highest dc link voltage that can be expected. 
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Repetitive ratings, VDRM and VRRM, refer to the absolute highest instantaneous value of any repetitive transient voltage applied to the 
thyristor. VRR is usually generated by commutation of the thyristor itself and is a function of the circuit. VDR is often impressed upon the 
thyristor by another device in the circuit commutating and again depends on the circuit design. Unless otherwise stated, these values 
are valid for sinusoidal pulses with a base width up to 10ms. Again, when designing for this parameter, it is important to take the 
worst-case scenario into consideration. 

The surge ratings, VDSM and VRSM, refer to the absolute instantaneous values of any non-repetitive transient voltage applied to the 
thyristor. These voltages are usually caused by an external effect, such as a supply disturbance. It is assumed that its effect has 
completely disappeared before the next transient arrives. Unless otherwise stated, these values are valid for sinusoidal pulses with a 
base width up to 10ms. 

A further blocking voltage parameter is the breakover voltage, VBO, which refers to the forward voltage at which the thyristor will be 
self-triggered into forward conduction due to excessive leakage current. This value is seldom quoted for high power thyristors, as the 
marginal triggering condition may result in device destruction. 

In the reverse direction, most thyristors exhibit some reverse avalanche capability, VR(AV). However, this capability should only be used 
with extreme caution.  

It should be noted that all blocking ratings assume the gate terminal to be floating open circuit or shorted to the cathode. Any current 
induced into the gate leads by electromagnetic interference may affect these values. 

It should also be noted that the blocking ratings are given for a temperature of 25°C. Below 25°C, a de-rating factor of 0.13% per 
Kelvin should be applied to published values. 

3.2. On state current ratings – IT(AV), IT(RMS), IDC 
The average and root-mean-square (RMS) current ratings are given in the data sheet as a guide to the 180° sinusoidal current handling 
capability of a given device. The values are calculated based on a fixed case temperature TCase, the maximum junction temperature 
Tj(max) and known thermal resistance Rth(jc) from the device’s junction to its case. These parameters are used to calculate the maximum 
power dissipation PAV(max) allowed, to achieve the maximum junction temperature.  

The on-state characteristic VF=f(IT) can be approximated by the linear function comprised of the XXXX-voltage V0, the thyristor’s 
differential resistance RT and forward current. It is then possible to calculate the average current permissible to achieve this power 
level. By multiplying the average value by the form factor π/2, the RMS value may also be obtained.  

Equations 1 to 3 describe the mathematical correlation. 

 PAV(max)=
Tj( max )-TCASE

Rth(jc)
 1 

 IT(AV)=2ẗ
Vo2+RTẗʌ2ẗPAV(MAX)-V0

RTẗʌ2  
2 

 IT(RMS)=IT(AV)ẗ
ʌ
2 3 

 

Various values of average, RMS, and dc-current are given in the data sheet for various case temperatures and cooling arrangements. It 
should be noted that these ratings are given, as by most manufacturers, for indicative purposes only. They are generally used only to 
compare the performance of similar devices under the same conditions. They do not include any turn on or commutation losses as 
encountered in practical circuits and as such do not necessarily imply real operational ratings. 
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3.3. Surge current ratings – ITSM, I²t 
Two principal surge or overload current ratings exist, ITSM and I²t. ITSM is the maximum peak value of a non-repetitive, half sinusoidal, 
surge current of specified base width. This usually refers to 8.3 or 10ms corresponding to 60 or 50Hz respectively. The rating assumes 
that the device has already been operating at maximum power and hence the junction temperature is at its rated maximum value. 
During the surge pulse, the device’s junction is heated to well beyond its rated maximum temperature. The junction can safely 
withstand average temperatures of up to 350°C for short periods without any irreversible damage. However, at this highly elevated 
temperature the device is no longer able to block its rated voltage. To enable designers to use these ratings more effectively, two 
cases are given in a data sheet. The first value, ITSM1 results in a condition whereby the device is able to block up to 60% of its rated 
reverse voltage immediately after the surge event. This indicates the maximum fault condition which the device can ‘ride through’ and 
maintain operation. 

The second value, ITSM2, defines a condition immediately after which the device can no longer block any appreciable voltage. This rating 
is aimed at applications whereby some means of clearing the fault is used, such as a crowbar, fuse link or circuit breaker. 

I²t is the surge current load limit integral given in Equation 4. 

 I2t= IT
2(t)¶dt=

tP

0

ITSM
2 ẗtP

2  4 

The explanatory text relating to ITSM, is equally applicable to I²t. The reason for including I²t ratings is to aid in the selection of a suitable 
semiconductor fuse. The I²t value of the fuse must be lower than that of the semiconductor device the fuse is meant to protect. Care 
must be taken to ensure that any additional energy stored, not limited by the fuse, is considered in calculations. 

It should be noted that although a single surge does not cause any permanent damage to the silicon slice, it should not occur too 
frequently. As per IEC specifications, all devices are expected to withstand at least 100 surge events. It should also be noted that the 
device may momentarily loose gate control after a surge event. 

For further information on surge capabilities of a given device, the data sheet contains a graph of ITSM and I²t versus pulse width / 
number of cycles. 

3.4. Critical rate of rise of on-state current – di/dt(crit) 
Due to the physics of the turn on process, the device begins to conduct in a relatively small region around the amplifying gate 
structure, before spreading to the remainder of the cathode area. If the current increases too rapidly, excessive current density and 
hence power dissipation in this region may cause the device to fail. For this reason, where appropriate, maximum di/dt ratings are 
included in the data sheets. 

Two ratings are given, one for repetitive and the other for non-repetitive operation. The ability of the device to withstand high di/dt is 
also influenced by gating conditions. Of particular importance are gate current rise time tr and peak gate current IFG. A fast-rising gate 
pulse ≥4A/µs with appropriately high amplitude will ensure that the auxiliary thyristor triggers rapidly with minimal transition losses and 
supplies a well-defined turn on signal to the distribution arms. If a weak gate pulse is used there is a danger that the auxiliary cathode 
will take longer in its transition to the on state, with increased losses and generation of local hot spots. The main cathode will, in turn, 
receive a less well-defined gate signal and have higher losses. Weak gate pulses lead to the risk that either an area of the main 
cathode will be destroyed, or that the load current will not transfer sufficiently fast from the pilot thyristor, resulting in its destruction. 

It should be noted that the di/dt rating is for load component current rise only. When determining a di/dt rating, the discharge from any 
local snubber network is considered. As such the user can ignore this, assuming the snubber consists of a resistor larger than 47Ω and 
a capacitor below 0.47µF. 

The ratings given for di/dt are generally conservative values, applicable in typical applications. For intermittent operation, pulse 
applications, or applications using saturable reactors, individual values need to be determined. 
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3.5. Gate ratings, characteristics & application – PG(AV), PGM, VGD, IGD, VRGM, VGT, IGT 
Included in the data sheet is a diagram similar to the one in Figure 10, showing the production limits of the gate characteristics. 

 

Figure 10. Typical Gate Characteristic 

This diagram shows the gate voltage with respect to gate current. A device will have a gate characteristic anywhere between the 
upper and lower boundary lines. The ratings for PG(AV) and PG(dc) denote the maximum average and continuous power dissipation 
permissible in the gate region. A boundary line towards the right of the diagram indicates this condition. 

The instantaneous power dissipation may be much higher than the average value. However, the peak value of this, PGM, should not 
exceed the given value at any time. Here too, a boundary line towards the right of the diagram indicates this condition. 

The voltage VGD and the current IGD are defined as the maximum gate voltage and current permissible to avoid spurious triggering of 
the device. A point on the bottom left corner of the gate characteristic indicates these values. The values given are for worst case 
conditions in a typical application with 67% of VDRM across the device while the maximum junction temperature is applied. Invariably, 
large area devices are operated in an electrically noisy environment. It is of critical importance that any induced gate signals are 
suppressed below the gate non-trigger values, as this type of marginal triggering may be destructive to the device. Where appropriate, 
the use of a gate snubber or filter network is recommended, similar to the one drawn in Figure 11. 

 

Figure 11. Gate Snubber Network 
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Typical values are R=100Ω, C=10pF and D=1N4007. For maximum benefit, the circuit should be mounted close to the thyristor. The 
inclusion of a Zener diode also helps to protect against excessive reverse gate voltage, VRG. 

The value VRGM specifies the maximum instantaneous reverse gate voltage. This value is chosen to limit reverse gate power dissipation 
to an acceptable level and is considered when defining PG(AV). 

Gate trigger voltage VGT and current IGT are the minimum values of voltage and current required to safely trigger the device. Gate trigger 
voltage and current are highly influenced by temperature. Both, gate trigger voltage and current decrease with increasing temperature. 
For this reason, several vertical lines are included on the gate characteristic diagram in Figure 12, each one representing a minimum 
trigger condition at a given temperature. Additionally, gate trigger voltage and current decrease with increasing anode voltage. With 
this in mind, all trigger values are valid down to an anode voltage of 10V.  

It is important to keep in mind that a thyristor is a bi-polar device and as such is current driven. Gate trigger voltage is merely a function 
of gate current and the characteristic impedance of the gate structure. The value of gate trigger current is a minimum and not a 
recommended operating condition. For optimal performance it is recommended that a gate-current change rate of ≥4A/µs is reached 
and a high amplitude between 5 and 10 times IGT is applied to the device’s gate. The period of this pulse must allow the anode current 
to rise significantly above the latching level. Where appropriate a dc-coupled gate signal is recommended, this comprising of the initial 
pulse already described plus a 1.5 times IGT continuous bias, a so-called backporch. A suitable gate-current waveform can be seen in 
Figure 12. 

 

Figure 12. Gate-Current Waveform 

This type of gate pulse is particularly advantageous in applications where the anode current can fluctuate close to or below the holding 
current level. Another application to which this type of gate pulse is suited, is where the thyristor must pick up the current flowing 
from another device or phase and gate synchronization is difficult. If DC-coupling of the gate signal is not possible, similar benefits can 
be achieved by the use a train of pulses covering the desired conduction period. 

Under load conditions, it is usual to see some distortion of the gate signal as denoted by the dashed line in Figure 12. This is caused 
by feedback from the amplifying gate structure and tends to worsen at higher anode di/dt. Whilst distortion as depicted poses no real 
problem, if the gate current falls close to the trigger level or indeed goes negative, there is the potential for device failure due to 
inhomogeneous triggering. Studies have shown severe gate distortion to have a noteworthy effect on long term device reliability. To 
ensure that distortion is minimized, it is important that the gate current source is of sufficient voltage. The common range for thyristor 
gate-supplies is 20V to 50V depending upon di/dt requirements and device voltage rating. 

It should be noted that applying a forward gate current during reverse blocking should be avoided at all costs. This is because, due to a 
weak transistor action, the reverse leakage can increase substantially under these conditions. This leakage current flows in a region 
local to the pilot thyristor causing excessive power dissipation and ultimately, device failure. 
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3.6. Temperature Ratings 
There are two general temperature ratings 

•  the maximum junction operating temperature Tj(max) 

•  the maximum storage temperature, Tstg. 

The maximum junction temperature is primarily limited by the ability of the device to block its rated voltage. As the junction 
temperature increases above its maximum value, the forward and reverse leakage current increase dramatically and blocking 
instabilities are inevitable. When designing equipment, it is important to ensure that the junction temperature never exceeds its rated 
value for even a few milliseconds as it may take several seconds to recover. For design purposes, a safety margin is advisable with 
respect to maximum junction temperature. 

The maximum storage temperature is the maximum continuous isothermal temperature, which will not cause any irreversible damage 
to the device. 

3.7. On state characteristics – VT, IT, V0, RT  
The on-state characteristic gives information on the instantaneous voltage drop VT across the device at a given instantaneous current 
IT. The values given are for a worst-case device throughout the production spread, hence typical values may be lower. The values given 
are for a steady state condition and assume that the whole of the device is in conduction. During the initial turn-on phase, current may 
be restricted to a region around the amplifying gate and the resulting voltage VT may be higher than the value given in a datasheet. The 
time required for the on-state characteristic to settle to its steady state value depends largely on the turn-on conditions and the 
device’s structure. Typical values range from a few tens of microseconds for fast switching types, up to a millisecond or more for 
phase control types. The additional voltage and hence power loss due to this turn on process is discussed later in terms of turn on 
energy. 

A typical and a maximum value of VT are given in a data sheet at nominal current. Additionally, a diagram is given to display the 
characteristic over the nominal operating current range. An example of this is given in Figure 13, including the influence of 
temperature on forward voltage VT. 

 

Figure 13. On-state Characteristic 
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For the purposes of calculating steady state power loss and current ratings, a straight line approximation of the on-state characteristic 
is given. This takes the form of the threshold voltage V0, and the equivalent differential resistance RT. An approximate value for the on-
state volt drop may be found using Equation 5. 

 VT=ITẗRT+V0 5 

For most devices, an additional on-state model is quoted in the datasheet. This gives improved accuracy over the linear model and is 
particularly suitable for inclusion into computer models. Equation 6 details the form of the model, known as the ABCD model. 

 VT=A+Bẗ. ln ( IT)+Cẗ(IT)+Dẗ IT 6 

The constants are derived by using sophisticated curve fitting and are given for hot and cold characteristics, where appropriate. The 
resulting values from this model agree with the true device characteristics over a wide, application-relevant current range. 

3.8. Critical rate of rise of off state voltage - dv/dt(crit) 
When a voltage ramp is applied to a thyristor in the off state, a displacement current will flow due to the capacitance of the blocking 
junction. The higher the dv/dt, the higher the resulting current. If this current is of sufficient magnitude, the thyristor will turn on, but 
conduction is likely to be localized in a small region of the cathode. The resulting local current density and hence power dissipation may 
destroy the device. To improve the ability of a device to withstand high dv/dt, resistive shorts are constructed through the cathode 
emitter to bleed dv/dt associated currents away safely. 

The critical dv/dt-rating is conventionally given for a linear voltage ramp, rising to 67% of VDRM. If an exponential voltage ramp is seen in 
the application, the effective dv/dt may well be approximated by a straight line from 10% through 67% of the waveform. The 
correlations are visualized in Figure 14. 

 

Figure 14. Approximations for dv/dt(crit) 

3.9. Off state leakage currents – IDRM and IRRM 
The forward leakage current IDRM and the reverse leakage current IRRM given in a data sheet are the peak values of current that may 
flow when the device is blocking its rated voltage VDRM and VRRM respectively. Referring to the waveform given in Figure 15, it can be 
seen that at the voltage-peak, dV/dt, is inherently zero. In this instant, there is no capacitive component of current. 

3.10. Holding current and latching current – IH and IL 
The holding current IH relates to the value of on state current required to maintain the regenerative action within a device. It is 
measured by triggering the device into conduction and then reducing the anode current at negligible di/dt until the device turns off and 
begins to block forward voltage. It should be noted that if the anode current falls at a significant di/dt, the holding current might be 
higher.  

The maximum holding current is defined as the value of on-state current that will guarantee that any thyristor within the production 
spread will remain in conduction. Conversely, the minimum holding current, where given, is defined as the value of on-state current 
which will guarantee that any thyristor within the production spread will turn off. 
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In order to initiate a regenerative condition within a device, it is necessary to achieve a value of on-state current that is slightly higher 
than the holding current, known as the latching current IL. The correlation between holding and latching current are pictured in Figure 
15. 

 

Figure 15. Correlation between Holding Current and Latching Current 

3.11. Turn on parameters – tgd, tr, tgt, tspread, Eon 
Figure 16 illustrates current and voltage developments during a thyristor’s turn-on to explain the timing correlations. 

 

Figure 16. Timing Correlation during Turn-on 

The delay time tgd is defined as the delay between the gate current reaching 10% of its targeted value to the point where the forward 
voltage dropped to 90%. As mentioned previously, a fast-rising gate pulse is important to ensure that the delay time and hence the 
variation between devices is minimized. This is of particular importance in applications requiring series connection of devices and to a 
lesser extent parallel connection of devices. In series connection, if one device starts to turn on early, the remaining devices must 
support an additional voltage and subsequent turn on loss. In parallel connection, if one device switches early, the remaining devices 
may not be able not turn on correctly, due to low anode voltage. The rise time tr is defined as the time between the point where the 
forward voltage dropped from 90% close to its on-state value, typically 10%. 

Within the circuit di/dt must be limited to avoid device damage. To evaluate this, the negative slope of the voltage drop is measured as 
one parameter – despite the negative slope, historical convention is to call it rise time. The gate-controlled turn-on time tgt is the sum of 
delay time and rise time.  
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When the device turns on, current starts to flow around the amplifying gate and spreads towards the edge of the silicon. The time 
taken for this process is known as the spreading time tspread. During spreading, the on-state voltage drop is higher than the steady state 
value. This is due to an increased current density and leads to an associated increased localized power dissipation. It should be kept in 
mind that this increased power dissipation is not uniformly distributed across the device area. The integral over the power 
PV(t)=VD(t)¶IT(t) represents the turn on energy EON which can be seen in the hatched area in Figure 17. 

 

Figure 17. Turn-on Energy 

As this occurs once in every switching cycle, switching losses may become a significant proportion of the total device losses in high 
frequency applications. Equation 7 details the turn on energy and its associated power loss. 

 EON= (VT(spread)-
tspread

t|10%IFG

VT(steady))ẗIT dt    and   PON=EONẗf 7 

It should be noted that turn on times and turn on energy are highly influenced by gate drive conditions, load-current change-rate di/dt 
and snubber conditions. For this reason, it is advised to measure the losses in a given design to verify simulation results and achieve 
the thermal conditions needed. 

3.12. Turn off parameters – Irr, trr, Qrr, Qra, K-factor, tq and Err 
During conduction, the bulk of the silicon is flooded with charge carriers. If the device is switched off, or commutated, at a rate that is 
significant when compared to the carrier lifetime, the device cannot immediately block a voltage applied in either direction.  

In a typical application, the device is reverse biased in order to turn it off, this being accomplished by either the AC-supply or forced 
commutation circuits. When this happens, a current flows in the reverse direction until the remaining charge in the device is either 
removed or recombines. Only then, the device is able to block the reverse voltage. The peak value of this current is known as the 
reverse recovery current Irr. The duration this current flows is the reverse recovery time trr. The integral of this current with respect to 
time is known as the reverse recovery charge Qrr. 

  



  Application Note 
 Compendium on Large Area Thyristors 

 19 Littelfuse.com 
  © 2022 Littelfuse, Inc. 

Rev 22.05a 

Figure 18 summarizes the basic reverse recovery parameters. 

 

Figure 18. Reverse Recovery Characteristics 

The reverse recovery charge is often approximated by calculation. This is done by assuming a triangular characteristic of reverse 
recovery current constructed using a chord through 50% Irr. This is referred to as Qra to differentiate it from the real value. In many 
applications, the shape of the reverse recovery current is of critical importance. At the peak of the reverse recovery current, the device 
starts to block reverse voltage and the recovery current can fall very rapidly. This reacts with any in-circuit inductance to produce a 
voltage spike VRM. The faster the current falls, the higher the resulting voltage gets. A device in which the current falls very rapidly, 
referred to a snappy device, is therefore undesirable.  

In order to quantify this, the ratio of di/dt during recovery to reverse di/dt is calculated as the K-factor. Referring to Figure 18, K equals 
t1 divided by t2. In practice, an RC snubber circuit is used to limit the effects of reverse recovery. 

When commutated, a period of time is required before the device is able to block a reapplied forward voltage VDR. This time is referred 
to as the circuit commutated turn off time tq. The delay between commutation and reapplication of voltage is known as the hold off 
time, thold. In case thold<tq the device will turn back on. In many cases, this turn on will be in a localized area and may result in device 
destruction. Figure 19 depicts the main parameters involved in this process. 

 

Figure 19. Circuit Commutated Turn-off Time 
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The circuit commutation time tq given in the datasheet is influenced by three parameters that need to be considered to estimate the 
value later achieved in the individual application. Figure 20 gives an insight into how the junction temperature influences tq. 

 

Figure 20. Dependency of tq on Junction Temperature Tvj, normalized to 125°C 

The influence on tq resulting from the voltage change rate is given in Figure 21. 

 

Figure 21. Dependency of tq on Voltage Change Rate dv/dt, normalized to 20V/µs 
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Finally, the current change rate di/dt also has an influence on the tq-value as can be seen in Figure 22. 

 

Figure 22. Dependency of tq on Current Change Rate di/dt, normalized to 10A/µs 

These normalized curves act as a fundament to estimate the time tq for an individual application or setup by correlating the different 
factors to the values given in a specific data sheet. 

It can be seen from Figure 18 and Figure 19 that during recovery, there is a period when the device is carrying a significant reverse 
current while supporting evenly significant reverse voltage. This leads to an instance of high power dissipation within the device. In 
large area devices, the peak value of this may be up to a few megawatts. The integral of this power is known as the reverse recovery 
energy Err. As this energy occurs once in every switching cycle, in high frequency applications, it may become a significant proportion 
of the total device losses. Equation 8 details the turn off energy and its associated power loss. 

 Err= IrẗVR

Irrᴼπ

0
 dt    and    Prr=Errẗf 8 

Reverse recovery is affected by numerous device and circuit parameters. These include temperature, commutation rate, on-state 
current, reverse voltage, and snubber design. Additionally, the circuit commutated turn-off time tq is affected by the voltage change 
rate dVDR/dt and to a lesser extent the magnitude of VDR. Curves are included in data sheets, where appropriate, to allow the user to 
predict how a device will behave in the circuit under the specified conditions. In addition to these curves, the coefficients of a 
polynomial expression are included for computer modelling and simulation of the device’s behavior. The mathematical form of 
recovery model is given in Equation 9. 

In Equation 9, n represents the number of terms in the series, p the individual number, y is the recovery parameter an kp a coefficient 
given in the data sheet. 

Due to the large number of variables affecting reverse recovery characteristics, it is not practical to include, in a data sheet, information 
covering every eventuality; indeed, it may be preferable to make measurements in circuit to determine recovery losses. 

 y= kp(dir/dt)p

p=n-1

p=0

 9 
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3.13. Thermal Parameters - Rth and Z(th)t 
Values of the steady state thermal resistance Rth are given for anode-, cathode- and double-side cooling where appropriate. These 
values assume the device is mounted within the specified range of force and that the force is evenly distributed. The values include 
mounting effects and assume that the mounting surfaces are of a quality similar to that of the device. 

Detail on mounting large-area disc devices can be found in the Littelfuse Mounting and Handling Press-pack Semiconductor Devices 
Application Note. 

The masses of the silicon and associated components within the housing have a significant thermal capacity. This results in the device 
having transient thermal impedance Z(th)t. The Z(th)t-value for periods of time measured in seconds is lower than the Rth-value for the 
steady state. A data sheet includes a graph showing the relationship between transient thermal impedance and time. Figure 23 gives 
a typical example of this. 

 

Figure 23. Transient Thermal Impedance Z(th)t 

In addition to this graph, a representative function is included for the purposes of device simulation and modelling. This function is 
given by the polygonal expression in Equation 10. 

 rt= rp (1-e
-t
ʐp)

p=n

p=1

 10 

The equation result is a thermal resistance ► at a time t. The constants Ⱳ▬ and ►▬are given in the device data sheet. 

The transient thermal impedance may be used for applications where the power dissipation varies with time. 

In applications like rectifiers operating at 50Hz, the effective thermal impedance is higher than the steady state value of the thermal 
resistance. Where appropriate, values of thermal impedance for common applications are given. 

  

https://www.littelfuse.com/%7E/media/electronics/application_notes/littelfuse_mounting_and_handling_press-pack_semiconductor_devices_en_application_note.pdf.pdf
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3.14. Mechanical characteristics – F, Wt 
The range of recommended mounting force F is that which guarantees correct operation of the device within the specifications 
outlined in the data sheet. Higher mounting forces may offer some improvement in conduction losses and power dissipation. 
However, this may be at the expense of thermal load cycling performance. Littelfuse also offers a range of complimentary clamping 
arrangements to suit individual requirements, ranging from single devices to complete subassemblies. 

The weight or mass Wt of the complete device along with the mounting force F is given in the datasheet similar to the example in 
Figure 24. 

 

Figure 24. Excerpt of the datasheet showing Mounting Force and Device Weight 

An outline drawing is also included as seen in Figure 25. 

 

Figure 25. Typical Outline Drawing of a Capsule-type Thyristor 
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An application note on wearout failure 

mechanisms 
 
In general, the overall reliability of power semiconductor devices is represented by the “bathtub” 
curve shown in figure 1. The wearout phase of a device is linked to the general accumulation of 
physical damage under the operating load conditions in the application. The main changes in 
the properties of the device are linked to mechanical wear out due to the differences in the 
thermal expansion coefficients of the components in the housing. The surface of the die can 
show significant “scrubbing” due to expansion and contraction of the components. The 
scrubbing may lead to the formation of intermetallic compounds at these component interfaces 
as shown in figures 2-4. The build-up can then lead to changes in the on-state, VT or forward 
voltage, VF characteristic and in addition changes in the junction leakage current over long 
periods of time. 
 
It is difficult to provide actual quantitative values to the X axis as this will depend very much on 
the conditions in the application. However, for many applications it is prudent to consider a 
refurbishment program after around thirty years’ service. 
 
Generally, it is not good practice to remove a device from an assembly and then re-mount that 
device back into the same assembly using the same components. The device is unlikely to be 
re-located in exactly the same orientation in the clamp assembly, so the contact of the 
components is likely to be compromised due to the extended time in service. 
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Figure 1: Typical “bathtub” curve 

 

 
Figure 2: Initial evidence of thermal cycling 

scrubbing at the edge on the cathode 
contact area 

 

 
Figure 3: Initial evidence of thermal cycling 

scrubbing on the anode molybdenum contact 
 

 
Figure 4: More extensive evidence of 

thermal cycling scrubbing at the edge on 
the cathode contact area 
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Application note for the use of a rectifier 

diode above Tj(max) with a short term 

overload
 
 

Introduction 
 
In many applications, semiconductor converters are subject to infrequent short-term overload 
periods. In order to make efficient use of the semiconductor device it is possible to consider a 
short term increase in junction temperature above Tj(max) but at a reduced voltage. 
 
 

Rectifier diode operation at an elevated temperature 
 

Silicon rectifier diode characteristics are temperature dependant to some degree. For a modest 
increase in junction temperature many of these characteristics are of little consequence in line 
frequency converters. 
 
Above the rated maximum junction temperature, Tj(max) the reverse leakage current, IRRM will 
approximately double for every 10°C rise above Tj(max) as shown in figure 1. As the leakage 
current increases the power dissipation within the diode will increase and the potential for hot 
spots to form in the silicon could increase significantly. This mechanism could ultimately lead to 
component failure. 
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Figure 1: Normalised IRRM vs Tj 
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In the majority of applications however there is a significant margin between the device rating 
and the applied working voltage. This is required to allow for transients induced by commutation 
and network disturbances. 
 
It can be seen in figure 2 that the leakage current typically halves for a 20% drop in the applied 
voltage. 
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Figure 2: Normalised IRRM vs % applied voltage 

 
It is therefore reasonable to assume that in such applications it may be permissible to operate 
at an elevated junction temperature for a short period of time. 
 
Designs in which the junction temperature of up to 15°C beyond the maximum rated value of Tj 
for transient operation with a maximum working peak voltage of 60% of the device rating have 
been successfully implemented. The transient overload period is limited by the thermal stability 
of the blocking junction and will vary according to cooling conditions and individual device 
geometry. Typically overloads up to 60 seconds are acceptable for all IXYS UK Westcode line 
frequency rectifiers. 
 
It should be noted that during an overload period it may be appropriate to use the transient 
thermal impedance curve to calculate the increase in junction temperature. To demonstrate a 
graph of forward current and junction temperature vs time is shown in figure 3. The diode is 
conducting 5000A DC and the junction temperature is calculated at Tj(max) using the steady state 
thermal resistance value. During this time a series of overload events takes place and the 
temperature increase is reflected using the transient thermal impedance curve. Information 
relating to the transient thermal impedances can be found in the data sheets. 
 
For very short overload periods a much higher junction temperature is possible. Under typical 
limit surge conditions the device junction temperature may exceed 350°C. Please refer to the 
individual device data sheets for more information relating to surge events. 
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Figure 3: Forward current, junction temperature vs time under overload conditions 

 
 

Precautions 
 

Other device characteristics will be affected by increasing the Tj beyond that specified in the 
datasheet, in particular: 
 

1. Increased recovered charge of typically 10% of Qrr per 15°C. This increase must be 
factored into any snubber design. 

2. A shift in the on state characteristics, specifically a small reduction in VT0 and a small 
increase in RT. This shift could be as much as 5% per 15°C. 

 
Other characteristics such a forward recovery voltage, VFR could be affected but these 
parameters are less likely to be significant in typical rectifier applications. 
 
One final point to consider is that of thermal cycling load. Operation of a diode with a large 
temperature deviation (ΔT) is likely to accelerate the mechanical wear out of the internal 
components and could lead to a reduction in the useful life of the diode. Again it is unlikely that 
this will present as an issue, but it may warrant investigation. 
 
 

Summary 
 

The application of rectifier diodes with a junction temperature of 15°C beyond the maximum 
rated value for transient operation of with an upper limit working peak voltage of 60% of rating 
has been successfully achieved. The transient overload period is limited by the thermal stability 
of the blocking junction and will vary according to cooling conditions and individual device 
geometry. Typically overloads up to 60 seconds are acceptable for all IXYS UK Westcode line 
frequency rectifiers. 
 
The effects of the increased temperature on the various parameters have been briefly outlined. 
 
It should be noted that the customer must be satisfied as to the suitability of this approach in 
the specific application. 
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Disclaimer 
 

The guidance given herein is provided for information only and IXYS UK Westcode in no way 
implies any warranty for devices operated outside of the maximum ratings as specified in the 
datasheet. 
 

Any application of devices beyond maximum ratings should be thoroughly qualified and 
validated on an individual basis. 
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Date: 1st October 2015 

 

Issue: 2 

 

An application note for stocking and 

handling requirements of press pack 

devices and pressure contacted 

modules 
 
 

Stocking and handling requirements 

 
IXYS UK Westcode recommends that devices and assemblies be stocked in their original 
packaging if possible. The devices and assemblies should be stored within the temperature 
range specified in the data sheet. Storage in conditions of very high humidity of greater than 
95%RH for long periods should be avoided. The primary pack boxes should not be stacked 
more than five boxes high. 
 
Press pack devices, assemblies and pressure contacted modules can be stored indefinitely as 
long as the storage conditions are within the limits specified in the datasheet. Pressure contact 
devices do not deteriorate with time. 
 
Care should be taken in handing the devices and assemblies; in particular damage to the 
following should be avoided: 
 

 Scratches and dents to the external anode and cathode contact faces of the device may 
result in reduced thermal and electrical performance. 

 Mechanical damage to the device flanges, which may result in loss of hermetic sealing and 
a possible reduction in the useful life of the device. 

 Cracking or chipping of the alumina ceramic which may result in loss of hermetic sealing or 
a reduction in tracking performance between the anode and cathode. 

 Distortion to the end plates, bus bars and coolers of an assembly, which may result in water 
leaks, poor thermal performance or the inability to mount the stack to the assembly fixtures. 

 Scratches or fingerprints on the assembly components that could damage the surface 
passivation and result and increase in localised oxidation or corrosion. 

 Damage to assemblies resulting from multiple stacking. 

 

It is recommended that latex, vinyl or nitrile gloves be worn when handing devices or 

assemblies. 
 
Assemblies utilising oil filled capacitors should be orientated to prevent oil leaking from the 
capacitor. 
 
The recommended manual handling procedures should be adopted when handling a number of 
devices or an assembly to avoid potential personal injuries. For an assembly, a crane or other 
suitable handing equipment is recommended. 
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An application note for soldering leads 
to thyristors, GTO’s and IGBT’s

 
 
 

Figure 1 
 

All device types - Set up 
 

Ensure that the temperature 
controller for the soldering iron is set 

high enough to melt the solder. 

 

Figure 2 
 

Cathode tag and gate pin solder 
process 

 
Use a pair of pliers to attach the 

cathode tag to the cathode terminal. 
 

Note that this solder process also 
applies to GTO’s. 

 

Figure 3 
 

Cathode tag and gate pin solder 
process 

 
Use a pair of pliers to attach the gate 
terminal to the gate pin. The pin will 
click into position when it is correctly 

seated. 
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Figure 4 
 

Cathode tag and gate pin solder 
process 

 
Wipe the soldering iron tip with a 
sponge moistened with water and 

apply a small amount of solder to the 
tip of the soldering iron. This will 

assist the wetting process. 

 

 

Figure 5 
 

Cathode tag and gate pin solder 
process 

 
Place the soldering iron in contact 
with the cathode tag as shown and 

allow the solder to wet the joint. 
 

Pull the device away from the 
soldering iron and allow to joint to 

cool.  

Figure 6 
 

Cathode tag and gate pin solder 
process 

 
Place the gate terminal and pin into 
contact with the soldering iron and 

apply solder to the joint. Ensure that 
the solder wets the joint. Pull the 

device away from the soldering iron 
and allow to joint to cool. 

 

 

Figure 7 
 

 Solder inspection - Cathode tag 
 

Some evidence of flux can be seen 
on the weld flange area but the solder 
must not have flow beyond the weld 

area. 
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Figure 8 
 

Solder inspection - Gate pin 
 

Inspect the cathode tag soldered 
joint. Ensure that the solder has fully 

wet the joint. 

 

Figure 9 
 

Solder inspection - Gate pin 
 

Check that the solder has flowed 
correctly onto the gate pin. 

 
The picture shows EXCESSIVE 
SOLDER shorting the gate to the 

cathode. This solder must be 
removed, cleaned and re-soldered. 

 

 

 

Figure 10 
 

Shrink sleeving 
 

Place the sleeving (if required) over 
the soldered leads and push  

up to the gate and cathode tag 
terminals. 

 

 

Figure 11 
 

Shrink sleeving 
 

Shrink the sleeving using a hot air 
gun. Inspect the sleeving to ensure it 

has shrunk evenly around the 
terminals and that no exposed copper 

wire is showing between the end of 
the terminal and the lead insulation. 
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Figure 12 
 

Cleaning process 
 

Spray a small amount of flux 
removing solvent onto a tissue and 
remove the flux from the top face of 

the cathode return flange. 
Note that if clear sleeving is used the 

flux removal should be carried out 
before the sleeving process is 

complete.  

Figure 13 
 

Cleaning process 
 

Gently remove the flux from the 
underside of the cathode flange. 

 

Figure 14 
 

Cleaning process 
 

Apply a small amount of flux 
removing solvent to a short bristled 

brush. 

 

Figure 15 
 

Cleaning process 
 

Remove the flux underneath the 
cathode tag using the brush. 
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Figure 16 
 

Cleaning process 
 
Remove the excess flux close to the 

gate pin using the tweezers. 

 

Figure 17 
 

Cleaning process 
 

Clean the anode poleface with a 
tissue soaked in flux removing 

solvent. 

 

Figure 18 
 

Cleaning process 
 

Clean the cathode poleface with a 
tissue soaked in flux removing 

solvent. 

 

 

Figure 19 
 

IGBT solder instructions 
 

Take ESD precautions when 
soldering IGBT devices. 
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Figure 20 
 

IGBT solder instructions 
 

Tighten the ESD wrist strap onto the 
appropriate wrist. 

 

Figure 21 
 

IGBT solder instructions 
 

Place the heatshrink onto the lead 
terminations as shown. 

 

Figure 22 
 

IGBT solder instructions 
 

Remove the shorting clip from the 
emitter and gate connectors. 

 

Figure 23 
 

IGBT solder instructions 
 
Gently push on the connectors to the 

termination. 
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Figure 24 
 

IGBT solder instructions 
 

Solder using the same process as 
shown for thyristors. 

 
Follow the thyristor instructions for 

the heatshrink process. 

 

Figure 25 
 

Ensure that the gate lead terminals 
are shorted before removing the ESD 

protection shown in figures 19 and 
20. 

 

 
 
 

 
IXYS Semiconductor GmbH 
Edisonstraße 15 
D-68623 Lampertheim 
Tel: +49 6206 503-0 
Fax: +49 6206 503-627 
E-mail: marcom@ixys.de
  

 
IXYS UK Westcode Ltd 

Langley Park Way, Langley Park, 
Chippenham, Wiltshire, SN15 1GE. 

Tel: +44 (0) 1249 444524 
Fax: +44 (0) 1249 659448 
E-mail: sales@ixysuk,com

IXYS Corporation 
1590 Buckeye Drive 
Milpitas CA 95035-7418 USA 
Tel: +1 (408) 457 9000 
Fax: +1 (408) 496 0670 
E-mail: sales@ixys.net
 

 
www.ixysuk.com

 
www.ixys.com  

IXYS Long Beach 
2500 Mira Mar Avenue 

Long Beach CA 90815 USA 
Tel: +1 (562) 296 6584 
Fax: +1 (562) 296 6585 

E-mail: service@ixyslongbeach.com
 

 
The information contained herein is protected by Copyright. And may not be used, copied, stored or disclosed 
except with the written permission of and in the manner permitted by the proprietors IXYS UK Westcode Ltd. 
 
In the interest of product improvement, IXYS UK Westcode reserves the right to change specifications or 
application notes at any time without prior notice. 
 
 

 
© IXYS UK Westcode Ltd. 

 

2013AN02 Page 7 of 7 November, 2013 



Important Notice:

This document is provided by Littelfuse, Inc. (“Littelfuse”) for informational and guideline purposes only.  Littelfuse assumes no liability for errors 
or omissions in this document or for any of the information contained herein.  Information is provided on an “as is” and “with all faults” basis for 
evaluation purposes only.  Applications described are for illustrative purposes only and Littelfuse makes no representation that such applications will be 
suitable for the customer’s specific use without further testing or modification.  Littelfuse expressly disclaims all warranties, whether express, implied 
or statutory, including but not limited to the implied warranties of merchantability and fitness for a particular purpose, and non-infringement.  It is the 
customer’s sole responsibility to determine suitability for a particular system or use based on their own performance criteria, conditions, specific 
application, compatibility with other components, and environmental conditions.  Customers must independently provide appropriate design and 
operating safeguards to minimize any risks associated with their applications and products. 

LITTELFUSE PRODUCTS ARE NOT DESIGNED FOR, AND SHALL NOT BE USED FOR, ANY PURPOSE (INCLUDING, WITHOUT LIMITATION, 
AUTOMOTIVE, MILITARY, AEROSPACE, MEDICAL, LIFE-SAVING, LIFE-SUSTAINING OR NUCLEAR FACILITY APPLICATIONS, DEVICES INTENDED 
FOR SURGICAL IMPLANT INTO THE BODY, OR ANY OTHER APPLICATION IN WHICH THE FAILURE OR LACK OF DESIRED OPERATION OF THE 
PRODUCT MAY RESULT IN PERSONAL INJURY, DEATH, OR PROPERTY DAMAGE) OTHER THAN THOSE EXPRESSLY SET FORTH IN APPLICABLE 
LITTELFUSE PRODUCT DOCUMENTATION.  WARRANTIES GRANTED BY LITTELFUSE SHALL BE DEEMED VOID FOR PRODUCTS USED FOR ANY 
PURPOSE NOT EXPRESSLY SET FORTH IN APPLICABLE LITTELFUSE DOCUMENTATION.  LITTELFUSE SHALL NOT BE LIABLE FOR ANY CLAIMS 
OR DAMAGES ARISING OUT OF PRODUCTS USED IN APPLICATIONS NOT EXPRESSLY INTENDED BY LITTELFUSE AS SET FORTH IN 
APPLICABLE LITTELFUSE DOCUMENTATION.  

Littelfuse.com 
© 2019 Littelfuse, Inc.

Application Note




