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Outline

= Blanking time
= Gate and base driver circuits
= Analysis of full-bridge switching (Lab 2 prep)
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Blanking time effects [

= Avoid cross-conduction
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Figure 8-31 Effect of blanking time .
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Blanking time effects 2

Switching point given by
PWM voltage reference

2015-12-01 4

Switching point given by
PWM voltage reference

e Switching points :s
. i e
defined by the  ° [ —a /
PWM reference L == ]
. <——> | 0.9us blanking |« >
and trlaﬂgl_”ar 05 05 1 15 time 3 35 4 45 5
carrier crossin g Actual VO'tTQe change Actual voltTge change X 10
1
N\
 Actual voltage 0 X j<
’/ — UV \\
change delayed . y —un \
by blanklng tlme 0 0.5 1 15 2 25 e 3 35 4 45 5
x 10
15
o.: / — T “\‘/
%% 05 1 15 2 25 3 35 4 45 5
s,




TSTE19/Tomas Jonsson 2015-12-01 5

Blanking time effect on Vo

= Current polarity dictates
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Blanking effect on sinusoidal output
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Gate and base driving circuits

Minimize turn-on and turn-off times
*  Avoid spending time in active region with large V and |

« Controllable switches have often low current or voltage amplification
factors
* Binrange of 5-10 for power BJTs

*  Must supply enough energy to keep switch on

« Protect from overvoltage and/or overcurrent conditions
 Electric insulation from control logic
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Driver circuit design

= Driver circuit topologies
= Unipolar vs bipolar output signal to gate

1 Tnipnlm‘

-t

= ACor DC coupled

= Shunt or series with power switch
: 0 f \ >t
Gate current magnitude e’ \__

= Large Iy, shorten turn-on time but lengthen turn

= Large |y shorten turn-off time but lengthen turn-on time

Overcurrents, blanking time in bridge configurations

Waveshaping for better switch performance
= di/dt for diode turn-off

= dv/dt

= Speedup capacitors
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Electrical 1solation of drive circuit

= V,—potential
varies with input
v(t) relative to
safety ground

= Signal isolation
to base drive
circuit necessary
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Isolation methods for gate drive

Light- Vpps © Isolated
= Optical isolation of i : | SREmER
ContrOI Slgnals :_Ig:_lal i J_ L~ Input to remainder of
= Opto-coupler contbrc gy isolated drive circuit
" Optical fiber o9 i I f | o Power switch
Control logic o reference node
ground Photo-transistor
= Transformer o Vgpg
- . +
Isolation 1
A T~
* Isolated dc power supply  power m L o—
for drive circuits > ‘& ==
A 7 T
© Vgg-

= Independent supply

= Supply derived from
voltage or current locally
at the switch
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Optocoupler isolated MOSFET

signal Opto-coupler
from control I '
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Independent gate drive supply

« Independent gate drive
supply for high isolation
voltage requirements

— Supply derived from
voltage across Q.

« Control signals optically

Isolated using opto fiber
g Slgnal OptO fibel’

from control l I

electronics g
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Thyristor gate drive circuit

=g

= (Gate pulses through

Line

pulse isolation Voltees oo
transformers
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HVDC Valve Layout

Opto fibers for
control

DC Grading
Resis

Thyristor
Co I

¥

14

Saturable Reactor
Module

> Thyristor Module

= 6 thyristor
positions

TCU Derivative
Feeding Capacitor

__ Independent

gate drive
supply

Damping
Resistors

Damping
Capacitors

TCU Derivative
Feeding Resistor
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Drive circuit waveshaping

= Drive turn-on harder,

then reduce base current at end of pulse
= Increase turn-on speed, without increasing turn-off time

Back porch i L
Vag, current ES:?;S?SE
Front \  Front
H|31 lpnn:h e
CAITERE current Back
Control sorch
current
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Bootstraping -
5: Bootstrap discharge

Vin prevented by diode

3: Boot strap

charge 4: Q1 switching

can start IH}) . *DS

.
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[ X
! % S
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¥

2: Boot strap circuit
connected to ground

1: Q2 turn-on ve @@ g
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MOSFET turn-on/t: wg;d_nff aniinalant

O D
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=<— tdealization
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Actual

S UDS
UGS =Ups 200

e MOSEFEET equivalent circuit valid for off-
state (cutoff) and active region operation.
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MOSFET (IGBT) turn-on wave forms
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MOSFET (IGBT) turn-on wave forms

GG+

T =Ra(Gan V.

¢ Equivalent circuit
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MOSFET (IGBT) turn-on wave forms
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Unipolar DC-coupled driver MOSFET examples

m Slmple MOSFET gate drive Vag o v
Gate have large @
parasitic capacitance Comparator g

= R, large due to Vg/R, Veortion T 2 B Qs
flowing when switch off —[;
= Ry limit turn-on time Visteraiiog =
vV V
= npn-pnp totem-pole stack GG ¢ d
= Rg can be small, only used &
to charge/discharge Comparator g R 2
parasitic capacitance y —{
in switch bl oy 3 "E“_H‘E Qsw
b G
= |ntegrated circuits available o] _(L _l; T
with same function Vreference =
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Bipolar DC-coupled Driver MOSFET example

= Tg, and Ty help charge/discharge
gate capacitance of Qg

= R;can be small

. . . V
= |ntegrated circuits also available GG+o d
Comparator 5 s
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T e
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MOSFET (IGBT) turn-off wave forms
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MOSFET (IGBT) turn-off wave forms
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Gate resistance control

us

« Separate R, and S
Rgoff DW}E é:@ D 1§H
° Red uced Rgoff to j HCPL 3020000 V-
prevent paracitic

turn-on at high
dv/dt W, we Jom
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Rg:100 ohm both for turn-on and turn-off

Rgzloo ohm for turn-on and
10 ohm for turn-off
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Gate resistance control 2

Transient
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Full-bridge inverter

« Output voltage:
Vload =V _op—V_on

 Load: Resistance and
iInductance

vin 0 jg

Vsl ;&
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V g4
D_g
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Unipolar switching, full 20ms cycle

Transient
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Zoom in 1: Q2 off — Q1 on — Q1 off — Q2 on
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Zoom in 2: Q2 off — Q1 on
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Zoom in 3: Q2 on
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Zoom in 4: Q2 on
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