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[57] ABSTRACT

An H-switch driver circuit includes two pairs of op-
posed drive transistors each pair being selectively ener-
gized to control the polarity of power applied to a load.
Each pair of transistors is energized by a power current
mirror that includes an NPN transistor that supplies
base drive current to the remaining transistors in the
power current mirror. The emitter of the NPN transis-
tor is coupled to the load. The NPN transistor is biased
off to inhibit base drive current to the circuit transistors
in the event of a short to plus fault at one of the load
terminals.

2 Claims, 1 Drawing Figure
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H-SWITCH HAVING SHORT TO PLUS
_PROTECTION

This invention relates .to a transistor switch circuit
having short to plus fault protection.

When an H-switch:is utilized to. control the polarlty
of power applied-toa load such as a DC motor to con-
trol the direction -of rotation of its output’ shaft, the
potential exists for permanent damage to ‘the driver
circuit if one of the output terminals is‘shorted to the
positive terminal of the power supply and one of the
lower transistors in the H-witch is turned on resulting
in a short through the transistor to the negatlve termma]
of the power supply.

It is the general object of‘this invention'to provide for
an improved driver circuit for an H-switch having short
to plus protection. _ .

It is another object of this invention to provide for an
H-switch and driver circuit therefor in which all of the
transistors are maintained nonconductive in response to
a short to plus to provide for protection of the H-switch
transistors.

The foregomg obJects of this mventlon may be best
understood by reference to the single figured. drawing
in which the H-switch and.driver circuit therefor hav-
ing short to plus protection is illustrated. . .

Referring to the drawing, an H-switch is. illustrated
that is basically comprised of ‘NPN load energizing
transistors 10 and 12 series coupled between a positive
terminal 14 of a DC power supply 15 and a negative
terminal 16 of the power supply 15 and NPN transistors
18 and 20 series connected between the positive and
negative terminals 14 and 16. The transistors-12 and 20
are illustrated as Darlington transistors in"the drawing.
A load impedance 22 is coupled between a-pair of cir-
cuit output terminals 23 and 24 provided at the junction
between the transistors 10 and 12 and the junction be-
tween the transistors 18 and 20 and may take the form,
for example, of the winding of a'DC ‘motor. The H-
switch functions to'couple the: voltage at the terminals
14 and 16 of the power supply:15 across the load impe-
dance 22 with the polarity of the voltage across the load
impedance bemg determined by seléctively turning on
the diagonal pairs of the transistors 10, 12, 18 and 20.
For example, the voltage at the terminals 14 and 16 may
be applied across the load unpedance 22 with one polar-
ity by energizing the transistor pair 10 ‘and 20 and the
voltage at the terminals 14 and 16 may be applied across
-the load impedance in an opposne polarlty by energlz-
ing the transistor pair 12 and 18.

Typically, the output terminals 23 and 24 and the load
impedance 22'is coupled to a point external from the
H-switch circuit by leads coupled to the _]unctlon be-
tween the transistors 10 and 12 and the ‘transistors 18
and 20. This exposes the output transistors 10, 12, 18 and
20 to possible electrical overstress. One such hazard isa
short to the positive terminal 14 of the power supply
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resulting in the potential at the collector electrode of 60

one of the lower transistors 12 or 20 being coupled
directly to the positive terminal 14. If that transistor
were subsequently energlzed a.direct short across the
terminals-14 and 16 is provided Wthh could damage the
conducting lower transistor. ‘

In accord with this invention, driver circuits are pro-
vided for selectively energizing the transistor pairs 10
and 20 or 12 and 18 which provide for short to plus
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protectionito prevent damage to the lower transistors 12
and 20 in the event of a short to plus fault.

- The driver circuits for energizing the diagonal tran-
sistor. pairs 10-20-and 12-18 each takes the form of a
power current mirror. The power current mirror for
driving the load energizing transistor pair 10 and 20
includes a PNP- transistor 25 whose emitter is coupled
to the positive terminal 14 and whose collector is cou-
pled: through a switch 26 to a current source 28 the
other side of ‘which is coupled to the negative terminal
16. The current mirror also includes a PNP transistor 30
having its emitter coupled to the positive terminal ‘14
and its collector coupled to the base of an NPN transis-
tor 32 and to the output terminal 23 through a resistor
34. The emitter of the transistor 32 is coupled to the
output terminal 23 and its collector is coupled to the
base electrode of the transistor 25 and the base elec-
trodes ‘of a pair of driver transistors 36 and 38. The base
and emitter electrodes of the transistors 36 and 38 are
parallel coupled with the base and emitter electrodes of
the transistor 25. The collector of the driver transistor
36 is coupled to-the base of the load energizing transis-
tor 20. The collector of the driver transistor 38 is cou-
pled to the load energizing transistor 10.

The transistor 25 of the current mirror establishes the
base-emitter voltage of the transistors 36 and 38. This
voltage is set by its collector current which equals the
constant reference current provided by the current
source 28 when the switch 26 is closed to energize the
load impedance 22 minus the small base current de-
manded by the transistor 30. The transistor 30 cannot
supply the current required to drive the transistors 36
and 38, Accordingly, the transistor 32 is provided as an
intermediate driver. Connecting the emitter of the tran-
sistor 30 to the positive terminal 14 as opposed to the
base of the transistor 25 provides for a low output satu-
ration voltage for the transistor 10.

_‘'When the switch 26 is closed, to energize the load 22,
the transistor 30 is biased conductive to supply base
drive current to the transistor 32 which is enabled to
conduct as a result of the leakage current through the
Darlington transistor 12. Conduction of the transistor
32 establishes the base currents of the transistors 25, 36
and 38 which are biased conductive. The transistors 36
and 38 in turn supply base drive currents to the load
energizing transistors 10 and 20 which are biased on to
apply the voltage of the voltage source 15 across the
load impedance 22. If the leakage current through the
Darlington transistor 12 is inadequate for biasing the
transistors 32, 25, 36 and 38 conductive when the switch
26 is initially closed, a _high impedance current source
may be provided between the emitter of the transistor
32 and the negative termmal 16 to provide adequate
drive current..

The transistors 10 and 18 normally isolate the output
terminals 23 and 24 from the positive terminal 14 when
the load impedance is deenergized. However, if a short
to plus fault condition exists at the load terminals 23 or
24, this isolation. does not exist and the voltage at the
emitter of the transistor 32 is the voltage of the positive
terminal 14. When this condition exists, the transistor 32
cannot be biased conductive when the switch 26 is
closed. Since the transistor 32 is the sole means by
which base drive currents are supplied to the transistors
25, 36 and 38, all of the transistors are maintained non-
conductive during the period of the short to plus fault
condition to provide overload protection for the transis-
tor 20.
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Similarly, a power current mirror 40 functions to bias
the load energizing transistors 12 and 18 conductive to
apply the voltage at the terminals 14 and 16 across the
load impedance 22 with an opposite polarity in response
to the closure of a switch 42 during fault-free condi-
tions. However, in the event that one of the outpiit
terminals is shorted to the positive terminal 14, the
power current mirror 40 is inhibited from energizing
the transistors 12 and 18 to provide short to plus protec-
tion in the same manner as described with respect to th
transistors 10 and 20. ‘

In summary, all of the transistors will get base drive
current only in the event a ground path is provided for
the emitter current of the transistor 32 and the corre-
sponding transistor in the current mirror 40. When this
ground path is removed by a short of one of the load
terminals 23 and 24 to the positive voltage terminal 14,
all of the transistors are inhibited from conduction to
provide for the short circuit protection.

The description of the preferred embodiment for the
purpose of illustrating the invention is not to be consid-
ered as limiting or restricting the invention, since many
modifications may be made by the exercise of skill in the
art without departing from the scope of the invention.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A switching circuit having short circuit protection
comprising:

a power supply having positive and negative voltage

terminals;

a load impedance;

a first load energizing transistor having emitter and
collector electrodes coupled between one side of
the load impedance and the negative voltage termi-
nal of the power supply and having a base elec-
trode; i

a second load energizing transistor having emitter
and collector electrodes coupled between the other
side of the load impedance and the positive voltage
terminal of the power supply and having a base
electrode, the second load energizing transistor
providing isolation between the load impedance
and the positive voltage terminal of the power
supply when biased nonconductive;

a first driver transistor having an output electrode
coupled with the base electrode of the first load
energizing transistor and having a base electrode
effective when supplied with turn-on bias current
to bias the first load energizing transistor conduc-
tive to couple the negative voltage terminal of the
power supply to the load impedance;

a second driver transistor having an output electrode
coupled with the base electrode of the second load
energizing transistor and having a base electrode
effective when supplied with turn-on bias current
to bias the second load enegizing transistor conduc-
tive to couple the positive voltage terminal of the
power supply to the load impedance; and

means effective to selectively energize the load impe-
dance, said last-mentioned means including an
NPN transistor having a collector coupled with the
base electrodes of the first and second driver tran-
sistors, an emitter electrode coupled to the load
impedance and a base electrode, and means effec-
tive to selectively supply current from the positive
voltage terminal of the power supply to the base
electrode of the NPN transistor to selectively ener-
gize the load impedance, whereby when the first
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and second load energizing transistors are deener-
gized and the load impedance is normally isolated
from the positive voltage terminal by the second
load energizing transistor, a short between the load
impedance and the positive voltage terminal of the
voltage supply is effective to short the base and
emitter electrodes of the NPN transistor to inhibit
conduction of all of the transistors and provide
short circuit protection for the first load energizing
transistor.

2. An H-switch having short to plus protection com-

prising, in combination:

a power supply having a positive and negative volt-
age terminals;

first and second output terminals;

a load impedance coupled between the first and sec-
ond output terminals;

a first load energizing transistor coupled between the
positive voltage terminal and the first output termi-
nal;

a second load enegizing transistor coupled between
the positive voltage terminal and the second output
terminal;

a third load energizing transistor coupled between
the negative voltage terminal and the first output
terminal;

a fourth load energizing transistor coupled between
the negative voltage terminal and the second out-
put terminal;

a first driver circuit selectively operable to bias the
first and fourth load energizing transistors conduc-
tive to energize the load impedance with a first
polarity; and

a second driver circuit selectively operable to bias the
second and third load energizing transistor conduc-
tive to energize the load impedance with an oppo-
site polarity, each of the first and second driver
circuits including a first driver transistor having an
output electrode coupled with the base electrode of
the load energizing transistor coupled to the nega-
tive voltage terminal and having a base electrode
effective when supplied with turn-on bias current
to bias the load energizing transistor coupled there-
with conductive to couple the negative voltage
terminal of the power supply to the load impe-
dance, a second driver transistor having an output
electrode coupled with the base electrode of the
load energizing transistor coupled to the positive
voltage terminal and having a base electrode effec-
tive when supplied with turn-on bias current to bias
the load energizing transistor coupled therewith
conductive to couple the positive voltage terminal
of the power supply to the load impedance, an
NPN transistor having a collector coupled with the
base electrodes of the first and second driver tran-
sistors, an emitter electrode coupled to one of the
output terminals and a base electrode, and means
effective to selectively supply current from the
positive voltage terminal of the power supply to
the base electrode of the NPN transistor to selec-
tively energize the load impedance, whereby when
the load energizing transistors are de-energized a
short between the load impedance and the positive
voltage terminal of the voltage supply is effective
to short the base and emitter electrodes of the NPN
transistor to inhibit conduction of all of the transis-
tors and provide short circuit protection for the

load energizing transistors.
* * * * *



