
Application Note 13
Issue 2 January 1996

AN13 - 3AN13- 2

4) If the drain-source terminals of an IGBT
are reverse biased, the drain-source diode
of the input MOSFET cannot conduct since
the base-emitter junction of the output
bipolar transistor is in series. In many
applications this can provide a  useful
reverse blocking capability.

5) Switching speed is dominated by the
characteristics of the bipolar transistor
which can be optimised for either speed
or saturation voltage. The ZCN0545A
and ZCP0545A are designed to be very
fast, switching on in less than 20ns, and
off in less than 300ns. This makes them
suitable for switching applications up to
100kHz.

6) Since their structure includes an SCR,
IGBTs have a drain current which if
exceeded will cause the device to latch
up. This latchup phenomena can lead to
device destruction in some applications.
Consequently, the Pulsed Drain Current
rating of the IGBT should not be
exceeded. This rating is temperature
sensi t ive,  fa l l ing  as temperature
increases. The data sheet specifications
for the ZCN0545A and ZCP0545A are
given for their maximum junction
temperature of 125°C and so do not
require further derating.

7) The equivalent RDS(on) of an IGBT does
not  change s ignif icant ly  with
temperature. In comparison, standard
MOSFET resistances double as Tj is
raised from ambient to their upper limit.

To summarise, IGBTs combine the
superior conduction characteristics
given by bipolar Darlingtons with the
ease of drive of MOSFETs. Though not
quite as fast as MOSFETs, the ZCN0545A
and ZCP0545A have been optimised to

give very respectable switching speeds.
In  appl icat ions where the dr ive
impedance is high, their low input
capacitance can actually make them
faster than equivalent current MOSFETs.

The output  characteristics  of the
ZCN0545A and ZCP0545A are illustrated
in Figures 3 and 4. 

They show typical ID versus VDS for a
logic level gate drive of 5V. To indicate
the improvement the IGBT structure
gives over standard MOSFETs, a graph
of the typical performance of an identical
chip size MOSFET has been plotted for
comparison. 

ZCN0545A for Off-Line
Fluorescent Lamp Ballast.

Figure 5 shows the circuit of an 11W
off-line fluorescent lamp ballast using
two ZCN0545A IGBTs. The efficiency of
the circuit is such that it allows the E-Line
IGBTs to replace the TO220 / TO126
bipolar  or  MOSFET trans is tors
commonly used in this application. This
both lowers component costs and gives
a reduction in circuit size - critical in
integral lamp/ballast designs.

The 300ns turn-off capability of the
ZCN0545A would allow operation at up
to 100kHz but the working frequency of
the design was set at 40kHz to minimise
losses  and HF interference.  By
controlling the phase of the current
f lowing in the IGBTs so that
cross-conduction does not occur,
switching losses have been virtually
eliminated. Also, the low effective RDS(on)

of the ZCN0545A keeps conduction
losses to around 60mW in each device.
Figure 6 shows the voltage and current
waveforms of the IGBTs. Figure 7 shows
an expanded view of the critical turn-off
behaviour of the ZCN0545A. Note in
particular that the drain current falls to
zero before the drain voltage rises
significantly, ensuring low switching
losses.

Figure 3
N-Type IGBT Vs N-Channel MOSFET
saturation comparison.

Figure 4
P-Type  IGBT Vs P-Channel MOSFET
saturation comparison.
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Figure 5
11W Off-line Compact Fluorescent Lamp (CFL) Ballast.
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