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Date:- 23rd Sept 2014 
 
Data Sheet Issue:- 3 

 

Phase Control Thyristor 
Types N0416SC040 to N0416SC080 

 
Absolute Maximum Ratings 
 

 VOLTAGE RATINGS MAXIMUM 
LIMITS UNITS 

VDRM Repetitive peak off-state voltage, (note 1) 400-800 V 

VDSM Non-repetitive peak off-state voltage, (note 1) 400-800 V 

VRRM Repetitive peak reverse voltage, (note 1) 400-800 V 

VRSM Non-repetitive peak reverse voltage, (note 1) 500-900 V 

 

 OTHER RATINGS MAXIMUM 
LIMITS UNITS 

IT(AV) Mean on-state current, Tsink=55°C, (note 2) 416 A 

IT(AV) Mean on-state current. Tsink=85°C, (note 2) 274 A 

IT(RMS) Nominal RMS on-state current, Tsink=25°C, (note 2) 840 A 

IT(d.c.) D.C. on-state current, Tsink=25°C, (note 4) 685 A 

ITSM Peak non-repetitive surge tp=10ms, VRM=0.6VRRM, (note 5) 6000 A 

ITSM2 Peak non-repetitive surge tp=10ms, VRM£10V, (note 5) 6600 A 

I2t I2t capacity for fusing tp=10ms, VRM=0.6VRRM, (note 5) 180×103 A2s 

I2t I2t capacity for fusing tp=10ms, VRM£10V, (note 5) 218×103 A2s 

(di/dt)cr 
Maximum rate of rise of on-state current (repetitive), (Note 6) 500 A/µs 

Maximum rate of rise of on-state current (non-repetitive), (Note 6) 1000 A/µs 

VFGM Peak forward gate voltage 18 V 

VRGM Peak reverse gate voltage 5 V 

PG(AV) Mean forward gate power 2 W 

PGM Peak forward gate power 100 W 

VGD Non-trigger gate voltage, (Note 7) 0.25 V 

THS 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 - - 1.22 ITM=690A V 

VT0 Threshold voltage - - 0.85  V 

rT Slope resistance - - 0.535  mW 

(dv/dt)cr Critical rate of rise of off-state voltage 200 - - VD=80% VDRM V/µs 

IDRM Peak off-state current - - 20 Rated VDRM mA 

IRRM Peak reverse current - - 20 Rated VRRM mA 

VGT Gate trigger voltage - - 3.0 Tj=25°C V 

IGT Gate trigger current - - 150 Tj=25°C  VD=10V, IT=3A mA 

IH Holding current - - 400 Tj=25°C mA 

RthJK Thermal resistance, junction to heatsink - - 0.12 Double side cooled K/W 

F Mounting torque 24.5 - 27  kN 

Wt Weight - 280 -  g 

 
Notes:- 
1) Unless otherwise indicated Tj=125°C. 
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Notes on Ratings and Characteristics 
 
1.0 Voltage Grade Table 
 

Voltage Grade VDRM VDSM VRRM 
V 

VRSM 
V 

VD  VR 
DC V 

04 400 500 260 
08 800 900 560 

 
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 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. 
 
7.0 Square wave ratings 
 
These ratings are given for load component rate of rise of forward current of 100 and 500 A/µs. 
 
8.0 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. 
 
9.0 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. 
 

 
vqpulse ttt

f
++

= 1
max
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10.0 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: 
 

 
 
 
11.0 Reverse Recovery Loss 
 

11.1 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: 
 

 
 
 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). 

( )( )HsJthAVSINKPAV RWT and fEW -×-=×= 125.)(max

( )( )HsJthoriginalSINKnewSINK RfkETT -×+×-= )()(
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The total dissipation is now given by: 

 

11.2 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. 
 

11.3 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: 

 

  

 
Where: Vr = Commutating source voltage 
 CS = Snubber capacitance 
 R = Snubber resistance 
 
12.0 Gate Drive 
 
The recommended pulse gate drive is 30V, 15W with a short-circuit current rise time of not more than 
0.5µs. This gate drive must be applied when using the full di/dt capability of the device. 
 
The duration of pulse may need to be configured with respect to the application but should be no shorter 
than 20µs, otherwise an increase in pulse current could be needed to supply the resulting increase in 
charge to trigger. 
 

fEWW (original)(TOT) ×+=

( ) ( ) ( )fRETT thoriginalSINKnewSINK ××-=
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Curves 
 
Figure 1 - On-state characteristics of Limit device  Figure 2 – Gate characteristics - Trigger limits 

   

Figure 3 - Gate characteristics - Power curves 
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Figure 4 – Power dissipation and case temperature Vs. current – Square wave 
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Figure 5 – Power dissipation and case temperature Vs. current – Sine wave 
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Figure 6 – thermal resistance – Junction to case 

 

 
 

 

Figure 7 - Maximum surge and I2t Ratings at initial TJ – 125°C 

  
 

N0416SC040-080 
Issue 2 

N0416SC040-080 
Issue 2 

Pulse width (ms) 

Fr
eq

ue
nc

y 
(k

H
z)

 



 Fast Turn-Off Thyristor N0416SC040-N0416SC080 
 

Data Sheet. Types N0416SC040-080 Issue 2 Page 10 of 10 September 2014 

 
Outline Drawing & Ordering Information 
 

 
101A225 

 ORDERING INFORMATION  (Please quote 10 digit code as below) 

N0416 SC ♦♦ 0 
Fixed 

Type Code 
Fixed 

Outline Code 

Off-state Voltage Code 
VDRM/100 

04-08 
Fixed Code 

Typical order code: N0416SC040 – 400V VDRM ¾” stud with lead 
 
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 
Tel: +1 (408) 457 9000 
Fax: +1 (408) 496 0670 
E-mail: sales@ixys.net 

 
www.ixysuk.com 

 
www.ixys.com 

 
IXYS Long Beach 

IXYS Long Beach, Inc 
2500 Mira Mar Ave, Long Beach  

CA 90815 
Tel: +1 (562) 296 6584 

Fax: +1 (562) 296 6585 
E-mail: service@ixyslongbeach.com 

 
 
The information contained herein is confidential and is protected by Copyright. The information may not be used 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 Ltd reserves the right to change specifications at any time 
without prior notice. 
 
Devices with a suffix code (2-letter or letter/digit/letter combination) added to their generic code are not necessarily subject 
to the conditions and limits contained in this report. 
 

 
© IXYS UK Westcode Ltd. 

 



Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently 
evaluate the suitability of and test each product selected for their own applications. Littelfuse products are not designed for, 
and may not be used in, all applications. Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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Date:- 14th September, 2018 

 

Issue: 1 

 

 

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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Date: 1st August 2017 

 

Issue: 3 

 

 

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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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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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. 
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