
2152779 Parallel MOSFET Power Switch Circuit. Technical Field This
invention relates  to a  high power elec- trical switching circuit using
parallel connected metal 5   oxide semiconductor field effect  transistors.
Background of the Invention Metal  oxide  semiconductor field effect tran-
sistors  (typically referred to as MOSFETs) are capable of  the high
switching speeds needed for  powering such 10   loads as  an electric motor
from a DC supply.  However, the current  rating of available MOSFETs is is
not ade- quate  to  carry the current required for many sizes of motors
Accordingly ,. it  is often desirable to operate two. or more power MOSFETs
in parallel in a switching 15   circuit. The forward resistance of the
drain-source circuit of power MOSFETs is  typically uniform from MOSFET to
MOSFET.  Accordingly, the MOSFETs may be con- nected in parallel  in a
switching circuit and the 20   switched currents will divide substantially
equally among the MOSFETs so that the current rating is not exceeded., A
power MOSFET has an inherent reverse diode junction between the source and
drain elements.  When 25   the MOSFET switch is used with  a. regenerative
load, the reverse current which occurs as the switch is opened or turned
off flows through the reverse diode junction.  The resistance of the
reverse junctions of 



MOSFETs may differ substantially  With a plurality of 30.  MOSFETs
connected in parallel, the reverse current from a regenerative load divides
in inverse relation to the    -2- reverse junction resistance.  The current
may exceed the reverse junction current rating, causing MOSFET failure.
Summary of the Invention 5             It is an object of this invention to
provide a parallel  MOSFET power switching circuit in which the reverse
current from a regenerative load is diverted from the reverse diode
junctions to avoid the problem outlined above.. 10             More
particularly, it is  a feature of the power switching circuit that a:diode
is connected in parallel with the source-drain circuits of.the MOSFETs and
poled to conduct the reverse current from the load. A second diode is
connected in series with the source- 15.   drain circuits of each of the
MOSFET switches and poled to block current flow through the reverse diode
junc- tions of the MOSFETs. Further features and advantages will be ap-
parent from the following description and from the 20    drawing which is a
schematic diagram of a power switch circuit incorporating the invention.
The switching circuit disclosed may be used 



in controlling the current from a DC supply to a re- generative load, as,
for example, a DC motor..  The 25    switching circuit may be turned on and
off, or the switch closed and opened, by pulses from a control signal
source..  The pulses are modulated to control the power to the load and the
load operation.  For example, with a DC motor, the motor speed is
controlled. 30              With particular reference to the drawing, a
plurality of MOSFETs 10, 11 have their source-drain circuits connected in
parallel from one terminal +V    of a DC supply to the regenerative load
12. The load circuit   is completed to the other terminal -V of the DC
supply. Each of the  MOSFETs 10, 11 has an inherent 5  or parasitic reverse
diode 10a, 11a- connected as in- dicated. by dashed lines.. in parallel
with the source- drain circuit. A control signal source 14  has an output
which is a series of pulses indicated by waveform 15. 10  The  switching
control signal. from source 15 is. con- nected through isolating resistors
16 with the gate elements of the, MOSFETs 10, 11.  The switching con- trol
pulses may be modulated, as by width modulation, to control the power
delivered to load 12. 15             The  forward  resistance of the
source-drain circuits  of the MOSFETs is substantially the  same. 



Accordingly,  the forward current from the DC supply to load 12 divides
substantially equally among the MOSFETs.  However, the resistance of  the
reverse  diode 20   junctions may differ substantially from MOSFET to
MOSFET so that the reverse currents divide  unequally and may exceed the
reverse current rating of one or more of the MOSFETs. In accordance with
the invention, a first 25  diode 18 is connected in parallel with the
MOSFETS between the rengeerative load 12 and the terminal +V of' the DC
supply.  Diode 18 is selected with a current rating sufficient to carry
the-entire  reverse  current from load 12. 30             In order to
prevent reverse current flow through the reverse diodes 10a, 11a of  the
MOSFETs, a second. diode 20 is connected in series between the DC supply
terminal +V and  the drain elements of the    -4- MOSFETs and poled to
block the reverse current.  Thus, all  of the reverse, current is forced to
flow  through the parallel connected-diode 18. Additional MOSFET switches
may be connected 5   in parallel with MOSFETs 10, 11 as indicated by the
dashed lines at. the right of the figure. A suitable power MOSFET is a type
IRF 450 of International Rectifier, rated to operate at 450 volts 



and to carry a forward current of 13 amperes.  The re- 10   verse diode
also has a current rating of 13 amperes. A power MOSFET has, a very high
speed switcn- ing action.  Typically the turn on delay time is of the order
of 35 x [err] seconds with a current rise time of 50 x [err]   seconds.
The turn off delay time 15   is 150 x [err]   seconds with a current decay
time  of 70 x 1.0  seconds.  The frequency of the. control signal 15 may be
of the order of 10 KHz with pulse width modulation to control the power to
the load.    -  5  - Claims Parallel MOSFET Power Switch Circuit 1.   A
power switching  circuit. for switching power from a DC supply to  a.
regenerative load, com- prising: a plurality of power MOSFETs  each having
5   source, drain and gate elements with  the source-drain circuits
parallel connected between the DC supply and the regenerative load, each of
said MOSFETs having an inherent reverse diode junction between the source
and drain elements; 10             a control  signal source having a
switching control. signal output connected with the gate element of each.
MOSFET, switching the MOSFET source-drain cir- cuits on and off at. a
selected rate; 



a first diode connected in parallel with the 15   source-drain circuit of
said power MOSFETs  and poled to conduct reverse current from the load; and
a second. diode connected in. series with the source:drain circuits of each
MOSFET and poled to block current flow through the reverse diode junction
of the 20   MOSFETs. 2.  The power switching circuit of claim 1 including
isolation resistors connected between the control signal source and the
gate element of each of said MOSFETs. 25             3.  The power
switchint circuit of claim 1 in which the DC supply has positive and
negative ter- minals and the load has two terminals, said second    -6-
diode being connected between  one of the terminals of the DC supply and
the source-drain circuits of said MOSFETs, one terminal, of said  load
being connected with the source-drain circuits, of said MOSFETs,, the other
5   terminal of said load being connected with the other terminal  of said
DC  supply and said first diode  being connected between said one terminal
of the load  and said one terminal of the DC supply.    


