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General considerations

Parallel connection of IGBTs is used to increase total power of converter if the performance of
single element is insufficient. This starts at the microscopic level with several 100.000 individual
IGBT cells, then further in module by parallel connection of the chips and continues at circuit
level by parallel connection of modules and entire inverter units.

Parallel connection of single switches allows covering wide power range with minimum
nomenclature of power modules. Optimal utilization of parallel power switch units is achieved
only with ideal static (i.e. during conduction period) and dynamic (i.e. during switching cycle)
symmetry of currents in parallel nets. Main factors affecting the parallel use of IGBT is shown
in Table 1.

Table 1. Factors influencing symmetrical current sharing

Semiconductor Module Driver Driver circuit

voltage _|Transfer characteristics| Intemal gate | Stray inductance of| Jittar| Cycle time |Gate voltage (supply)|Stray inductance|Stray inductance | Gate resistors| Emitter coupling,
Voe T,] 1.=f(Vep T)ap resistors the commutation ie= FVee(e)) Gate Emitter i.= f(V_(t)) | with shared
e G ! (s i = fv_(8)) | circuit L © [ - - i c GE it
. Veagen) =Yg circuit L, L oip= f(Vepe)| Logie=FVp(®) emitter pa

Static x X

Dynamic X x X X X X x X X X

The following content will not discuss the circuit design: requirements for inverter with parallel
switches (symmetric design of power DC and AC buses and control circuits) - is the
responsibility of system designer. The Application Notes consider semiconductor parameters
only to explain the IGBT performance in parallel operation.

Static current distribution

We assume that when using the concept of a central driver [1], the main current imbalance is
determined by tolerance of static parameters: saturation voltage Vcesat), gate threshold voltage
VGE(th), diode forward voltage VF.

The use of separate precision gate resistors Rc on, Rc of minimizes the effect of Vee(h)
tolerance.

Due to the positive temperature coefficient (PTC) of Vcesat), the static balance of currents in
parallel IGBTs is provided automatically. However to minimize temperature difference between
parallel IGBT it is desirable that tolerance in parallel IGBTs does not exceed 5%. Due to this
we recommend to use in parallel IGBTs with the same data-code, produced under similar
production conditions.

The most effect on current unbalance in parallel IGBTs is exerted by diode forward voltage VF
having a negative temperature coefficient in the range of operating currents. In cases where
Ve deviation is critical for the application, IGBT modules should be selected according to VF
tolerance. Only selected modules with the same Vr group can be connected in parallel,
see recommendations below.
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Recommendations

For applications that require parallel connection of IGBT we give the following
solutions.

1. To reduce temperature gradient between parallel IGBTs we recommend to use IGBTs
with the same data-code. Position and format of the data-code is shown in Fig. 1. -
IGBT marking specification (p.3).

No

Example Content

1 Company Logo

2 Type designation

Datacode: 6 digits YYWWL

(YearYearWeekWeek 4 digits)

+XX (lot number in 2 digits)

4

Product serial number
in one sublot
(4digits)

5

OR

6

Circuit diagram

Fig. 1. IGBT marking specification

2. For IGBT modules with the same lot number we conduct VF monitoring and select
IGBTSs into different BIN groups to ensure Vr tolerance of one group within necessary
limits. BIN group will be marked on the outer packaging and module case as shown in
Fig. 2
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Fig. 2. IGBT C2 case with BIN A1 group marking
Sample: Vr tolerance of BIN groups of IGBT TE450GB12C5R7 is shown in Table 2.

No. Parameter Conditions Value BIN
Min Max Unit
1 VEeu | Upper FWD | Vee=0V, IF=450A 1,80 2,00 \Y 1
2 | VrL | Lower FWD | Vee=0V, Ir=450A 1,80 2,00 \Y 1
3 VEu | Upper FWD | Vee=0V, IF=450A 1,80 2,00 V 2
4 | VrL | Lower FWD | Vee=0V, Ir=450A 2,00 2,20 \Y 1
Summary

In order to minimize the influence of semiconductor properties on current distribution modules
with the same data-code and the same VFr group (BIN code) should be connected in parallel.
Possible current asymmetry must be taken into account for thermal calculations and definition
of nominal current derating factor.
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As a matter of fact, parallel use of power modules also needs to consider a lot of factors, first
of all, the design of the power stage which is responsibility of customer. This document aims

to tell customers how to use Technicon IGBTs in parallel to minimize current imbalance. Other
influencing factors are not discussed there.
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You can send your questions and suggestions to the e-mail: technicon@technicon.tech
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Terms and Conditions of Usage

The data contained in this product datasheet is exclusively intended for technically trained

staff. You and your technical departments will have to evaluate the suitability of the product
for the intended application and the completeness of the product data with respect to such

application.

This product data sheet is describing the characteristics of this product for which a warranty
is granted. Any such warranty is granted exclusively pursuant the terms and conditions of the
supply agreement. Therefore, products must be tested for the respective application in
advance. Application adjustments may be necessary.

The user of Technicon products is responsible for the safety of their applications embedding
Technicon products and must take adequate safety measures to prevent the applications
from causing a physical injury, fire or other problem if any of Technicon products become
faulty. The user is responsible to make sure that the application design is compliant with all
applicable laws, regulations, norms and standards.

Except as otherwise explicitly approved by Technicon in a written document signed by
authorized representatives of Technicon, Technicon products may not be used in any
applications where a failure of the product or any consequences of the use thereof can
reasonably be expected to result in personal injury.

No representation or warranty is given and no liability is assumed with respect to the
accuracy, completeness and/or use of any information herein, including without limitation,
warranties of non-infringement of intellectual property rights of any third party. Technicon
does not assume any liability arising out of the applications or use of any product; neither
does it convey any license under its patent rights, copyrights, trade secrets or other
intellectual property rights, nor the rights of others.

Technicon makes no representation or warranty of non-infringement or alleged non-
infringement of intellectual property rights of any third party which may arise from
applications. This document supersedes and replaces all information previously supplied and
may be superseded by updates. Technicon reserves the right to make changes.



