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TECHNICAL NOTE

NOVEL PROTECTION AND GATE DRIVES FOR MOSFETs
USED IN BRIDGE-LEG CONFIGURATIONS

INTRODUCTION

The bridge-leg is an important building block for
many applications such as drives and switch-mode
power supplies. Simple gate drives with protection
for POWER MOSFETs need to be designed for the
“low-side” and the ’high-side’” switches in the
bridge-leg. The POWER MOSFET can conduct a
peak drain current, |y, which is more than three ti-
mes its continuous current rating. The POWER
MOSFET peak current capability and its linear ope-
rating mode are used to good effect in designing
device protection circuitry.

Bridge-leg configurations have a direct bearing on
the degree of protection that can be incorporated.
Consequently, bridge-leg configurations, protection
concepts and gate drives are created simultaneou-
sly to design optimised and reliable power electro-
nic circuits.

H-BRIDGE USING POWER MOSFETs

Three POWER MOSFET based bridge configura-
tions are illustrated in figure 1. Figure 1a illustra-
tes a bridge-leg which uses the internal parasitic
diode as a free-wheeling diode thus reducing cost.
However, since the reverse recovery of this para-
sitic diode is in the order of a microsecond, the turn-
on switching times of the POWER MOSFET have
to be increased in order to reduce the reverse re-
covery current. The turn-on time of the POWER
MOSFET is controlled such that pulse current ra-
ting of the internal diode is not exceeded. Hence
a compromise is made between maintaining the sa-
fe operating area of the MOSFET and reducing
turn-on switching losses. For example, an
SGSP477 MOSFET has a diode pulse current ra-
ting in excess or 80 A and a typical diode reverse
time of 300 ns. A rate of change of current at turn-
on, limited to 50A/us, is a realistic compromise bet-
ween reverse recovery current magnitude and turn-
on losses. Consequently switching speed is sacri-
ficed for cost. For switching frequencies up to
10kHz, when operating on a 400 V DC high volta-
ge rail, this configuration can be chosen as swit-
ching losses are limited, thus enabling a realistic
thermal design.

Fig. 1 - Bridge configurations
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The turn-off speed of the POWER MOSFET in this
configuration has no restrictions. Thus a fast turn-
off is desirable to reduce turn-off losses. As the rate
of change of current is limited, radio frequency in-
terference (RFI) and electromagnetic interference
(EMI) are reduced.

An asymmetrical bridge-leg, illustrated in figure 1b;
can be used to limit di/dt during a short-circuit con-
dition thus providing sufficient time to switch-off the
appropriate power devices. The inductors limit the
rate of rise of output current. They also limit the
free-wheeling current through the internal parasi-
tic diodes of the MOSFETSs. Adding external free-
wheel diodes and inductors increases reliability at
the cost of increased complexity. The inductors re-
duce RFI and EMI as the rate of change of current
is limited.

The configuration illustrated in figure 1c has Schott-
ky “‘blocking” diodes to prevent current going
through the MOSFET internal parasitic diodes.
Schottky diodes are often used since conduction
losses are kept to a minimum.

Bridge configurations shown in figure 1b and 1c
are considered for high frequency switching appli-
cations. The advantage of the asymmetrical bridge-
leg configuration over the bridge configurations in
figures 1a and 1c is that the bridge-leg is capable
of withstanding simuitaneous conduction of the two
devices in the bridge-leg since there are series in-
ductors which reduce the dl/dt under this condi-
tion. Hence the short-circuit detection loop time is
not so critical and the devices are not stressed with
high dl/dt and high pulse currents.

The choice of the bridge configuration depends on
the technical specification of the application. For
example, if the technical specification for a specific
application can be met by using the configuration
shown in figure 1a, then this configuration should
be used as costs are lower than with the other two
configurations shown in figures 1b and 1c.

GATE DRIVE CIRCUITS

The POWER MOSFET is a voltage controlled de-
vice, unlike the bipolar transistor which requires a
continuous base drive. An application of a positi-
ve voltage between the gate and the source results
in the device conducting a drain current. The gate
to source voltage sets up an electric field which mo-
dulates the drain to source resistance. The follo-
wing precautions should be considered when
designing the gate drive;
1 - Limit Vgg to = 20V maximum. A gate to sour-
ce voltage in excess of 16V has a marked ef-
fect on the lifetime of the device.
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2 - Gate drive parasitic inductance can cause oscil-
lations with the MOSFET input capacitance.
This problem becomes more pronounced when
connecting devices in parallel.

3 - There should be sufficient gate to source vol-
tage for the transistor to be fully conducting.

Fig. 2 - Gate drive circuits
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Bipolar. MOSFET, CMOS or open-collector TTL lo-
gic can be used in the design of simple high per-
formance gate drives. Totem-pole buffers, (figure
2a), are often effectively used to control the turn-
on and turn-off individually. Figure 2b illustrates a
total MOSFET based gate drive with which the swit-
ching speeds at turn-off can be individually con-
trolled. CMOS or open-collector TTL logic can be
used to drive MOSFETSs directly, provided an ui-
trafast switching speed (< 50ns) is not necessary.
In motor drive applications switching speeds of 100
to 200 nanoseconds are sufficient as switching fre-
quency is seldom in excess of 50kHz. Discrete buf-
fers are used to provide high current source and
sinking capability when improved switching speeds
are required or when MOSFETSs are connected in
parallel.

Short-circuit protection techniques similar to bipolar
transistors may be considered for MOSFETSs.
Vbs (on) Monitoring permits the detection of short-
circuit conditions which lead to device failure. The
device can be switched off before the drain cur-
rent reaches a value in excess of the peak pulse
current capability of the MOSFET. This form of pro-
tection is very effective with MOSFETSs as they can
sustain a pulse current in excess of three times the
nominal continuous current. Figure 2c illustrates
a gate drive which incorporates Vpg (o) monitoring
and linear operating mode detection for the MO-
SFET in the case of short-circuit conditions. When
the MOSFET is turned on the on-state voltage of
the device (Vpgon) is compared with a fixed refe-
rence voltage. At turn-on, Vpg ) Monitoring is in-
hibited for a period of approximately 400ns in order
to allow the MOSFET to turn-on fully. After this pe-
riod, if Vpg (o) becomes greater than the referen-
ce value, the device is latched-off until the control
signal is turned-off and turned-on again.

““HIGH-SIDE”’ SWITCH GATE DRIVES

The top transistor in a bridge-leg requires a ‘‘high-

side’ gate drive circuit with respect to the bridge

ground. Three possible gate drive concepts are

shown in figure 3:

a) The “bootstrap’ drive, requiring logic signal
isolation, but no auxiliary floating supply.

b) The level shifting drive.

c) The floating gate drive with optically coupled
isolators, pulse transformers or DC to DC chop-
per circuit with transformer isolation.

Fig. 3 - Gate drives for top transistor of inverter leg.
a) “Bootstrap’’ supply floating gate drive.
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Bootstrap supplies are particularly well suited fo
POWER MOSFET gate drives which require low
power consumption. Figure 4 illustrates two boot-
strap supply techniques. Bootstrap supplies limit
transistor duty cycle since they require a minimum
transistor off time during which they are refreshed.
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Supply efficiency and maximum duty-cycle are pa- Fig. 4 - Bootstrap supply techniques
rameters which govern the design of the bootstrap. a) Conventional bootstrap with additional capaci-

Figure 4aillustrates a conventional bootstrap with tor C1.

an additional capacitor, C1, which improves the ma- HVDLC.
ximum duty cycle as the supply is refreshed even D S—
during transistor on time by this capacitor. Figure

4b illustrates a high efficiency bootstrap supply 4

which uses a small MOSFET, Q1, for requlation.

In this design a low power bootstrap drives the gate

of Qf.

The level shifting gate drive, (figure 3b), requires

a high voltage p-channel MOSFET which drives the T

= G

n-channel power device. The p-channel MOSFET ESS;E\IRAP

is switched using a resistor divider network. No floa- N
ting supplies are required. A power supply of 12V, _L
referenced to the high voltage d.c., is used to pro-

vide positive gate source voltage for n-channel PO-

WER MOSFET. This circuit eliminates the need for ~ b) High efficiency bootstrap.
logic signal isolation and a floating supply. The di-

sadvantage of this circuit is the high cost of the p- AL
channel drive MOSFET. \_‘
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Figure 3c illustrates a floating gate drive with a floa- 04
ting supply. This drive is the most expensive out

of the three shown in figure 3. However, the floa- l‘1
ting supply need only have a low output power, sin- |
ce MOSFETSs are voltage controlled devices. The BOOTSTRAP t A
advantages of this drive are its high efficiency and SUPPLY T

unrestricted transistor duty-cycle. ©
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Fig 5 - Isolated CMOS drive with Vg control for short-circuit protection.
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Fig. 6 - Short-circuit conditions for an SGSP477
Vps & Ip
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t: 2us/DIV
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PROTECTION

Power electronic circuits such as bridge-legs are
often required to have protection against output to
output short-circuit, over-temperature, simulta-
neous conduction of devices in series in a bridge-
leg and output to high voltage supply or ground rail
short-circuit. These power stages are generally part
of an expensive system such as a machine-tool or
a robot motor drive. Thus the additional cost of pro-
tection circuitry is commercially acceptable. A com-

promise is generally reached between equipment
costs and the degree of protection required.
Short-circuit protection of a power MOSFET can
be achieved by either Vpg (o) monitoring or a cur-
rent image. In the previous section gate drives
using the Vpg (o) Monitoring technique were pre-
sented. Figure 6 illustrates the MOSFET drain to
source voltage, Vpg, and the drain current, Ip,
when short-circuits are experienced by the POWER
MOSFET, SGSP477, driven by the gate drive illu-
strated in figure 5.

The MOSFET is turned-off when the drain current
increases sufficiently and Vpg on monitoring is in-
hibited for a period of 400ns to allow the device to
turn-on fully.

An inductor is used in series with the device, as
illustrated in figure 1b. This inductor saturates when
a large short-circuit current flows. The rate of chan-
ge of the short-circuit current due to the saturation
of this inductor is illustrated in figure 6a and 6b.
Figure 6a illustrates the POWER MOSFET drain
to source voltage, Vpg, and the drain current, Ip,
when a bridge-leg output to high voltage supply rail
short-circuit occurs. Figure 6b illustrates an output
to output short-circuit of two bridge-legs.
Another protection technique uses the “‘current mir-
ror concept”, (1). An image of drain current is ob-
tained by having a small MOSFET, (integral or
discrete), in parallel with the main power MOSFET
as illustrated in figure 7.

Fig. 7: The current mirror.
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Figure 8 illustrates a floating gate drive which uti-
lizes a pulse transformer for transmitting simulta-
neously the MOSFET on-signal together and the
gate to source capacitance charging current. The
current mirror technique is used to provide short-
circuit and over-load current protection. The pul-
se transformer operates at an oscillating frequen-
cy of 1MHz when a turn-on control signal is present.
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The secondary is rectified to provide the gate sour-
ce capacitance charging voltage. The current mir-
ror provides a voltage ‘‘image” of the main
MOSFET drain current. This voltage is compared
with a fixed reference voltage in order that the ga-

te drive be latched-off when the drain current be-
comes in excess of a specificed value. Figure 9 il-
lustrates how the MOSFET, SGSP477, is
latched-off when the drain current exceeds 10A
with this gate drive circuit.

Figure 8: Pulse transformer gate drive with current mirror protection for an SGSP477.
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Fig. 9 -Overload current protection using current CONCLUSION

mirror concept with the gate drive of figu-
re 8 for an SGSP477.
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MOSFET based bridge-leg configurations requiring
protection and floating gate drives have been pre-
sented. Novel self-protecting gate drives for the
“high-side”” and “‘low-side’’ switching have been
discussed. These drives provide protection against
output to high voltage d.c., output to ground and
output short-circuit. For the high-side switch *‘boot-
strap’’ supply gate drive, level shifting gate drive
and floating supply isolated gate drives have been
compared.

Protection against short-circuit conditions has been
demonstrated using Vpg on) Monitoring and the cur-
rent mirror concept. Bothtechniques are well suited
for protection against short-circuit conditions. Ho-
wever, the current mirror concept also provides a suf-
ficiently linear image of the current for regulation.
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