Bootstrap capacitor sizing

To size the bootstrap capacitor, the first step is to establish

the minimum voltage drop (ΔVBS) that we have to guarantee

when the high side IGBT is on. If VGEmin is the minimum gate

emitter voltage to maintain, the voltage drop must be:

ΔVBS ≤VCC −VF −VGEmin −VCEon

under the condition:

VGEmin > VBSUV−
where VCC is the IC voltage supply, VF is bootstrap diode

forward voltage, VCEon is emittercollector voltage of low side

IGBT and VBSUV- is the high-side supply undervoltage negative

going threshold.

Now we must consider the influencing factors contributing

VBS to decrease:

− IGBT turn on required Gate charge (QG);

− IGBT gate-source leakage current (ILK_GE);

− Floating section quiescent current (IQBS);

− Floating section leakage current (ILK)

− Bootstrap diode leakage current (ILK_DIODE);

− Desat diode bias when on (IDS- )

− Charge required by the internal level shifters (QLS);

− Bootstrap capacitor leakage current (ILK_CAP);

− High side on time (THON).

ILK_CAP is only relevant when using an electrolytic capacitor

and can be ignored if other types of capacitors are used. It

is strongly recommend using at least one low ESR ceramic
capacitor (paralleling electrolytic and low ESR ceramic may

result in an efficient solution).

Then we have:

QTOT = QG +QLS + (ILK _GE + IQBS + ILK + ILK _DIODE + ILK _CAP + IDS− ) ×THON

The minimum size of bootstrap capacitor is:
Cboot(min)= QTOT/ ΔVBS
An example follows:

a) using a 25A @ 125C IGBT (IRGP30B120KD) and a high voltage

half-bridge gate driver (IR2214):

• IQBS = 800 μA (Datasheet IR2214);

• ILK = 50 μA (Datasheet IR2214);

• QLS = 20 nC; QG = 160 nC (Datasheet IRGP30B120KD);

• ILK_GE = 100 nA (Datasheet IRGP30B120KD);

• ILK_DIODE = 100 μA (with reverse recovery time <100 ns);

• ILK_CAP = 0 (neglected for ceramic capacitor);

• IDS- = 150 μA (Datasheet IR2214);

• THON = 100 μs.

And:

• VCC = 15 V

• VF = 1 V

• VCEonmax = 3.1 V

• VGEmin = 10.5 V

the maximum voltage drop ΔVBS becomes

ΔVBS ≤VCC −VF −VGEmin −VCEon=15V −1V −10.5V −3.1V = 0.4V

And the bootstrap capacitor is:
Cboot >=290nC/0.4v = 725nF
