
CURRENT LIMITING CIRCUIT AND METHOD THAT          MAY BE SHARED AMONG
DIFFERENT CIRCUITRY BACKGROUND OF THE INVENTION 1. FIELD OF THE INVENTION
This invention relates to improvements in current lim- iting circuitry and
methods, and more particularly to im- provements in current limiting
circuits and methods that may be used in RS485 type circuits, or the like.
2. RELEVANT BACKGROUND      Many circuits are constructed with at least two
chan- nels or sections that do not conduct simultaneously. Al- though many
classes of such circuits exist, one class of such circuits are those that
are designed according to the so-called "RS485" standard. Circuits of this
type may have, for example, two or more drivers that source and/or sink
out-of-phase outputs.      Such drivers may include, for example, "high
side driver circuitry" in which two drivers are provided, only one of which
being on any instant in time to source current to another circuit or
application. In some circuits, "low side drivers" may also be included, in
which two driver stages are provided, to sink current from an application;
again however, only one stage is operated to conduct at any 



instant in time. In some circuits of this type, both high and low side
drivers are provided. In these cases, only one of the two high side drivers
is on, and only one of the two low side drivers is on at any instant.
Furthermore, although in an elemental sense, only a single stage is
described, it is understood that typical circuitry of the type described
may have a large number of stages associated with a single integrated
circuit device.                                      2      In many
applications involving circuits of this type, it is desirable to provide
for a current limiting function in the circuit. Typically to provide for
such current limit- ing function, a current limiting circuit is provided
for each driver in the circuit. Thus, four current limiting cir- cuits are
required in a circuit of the type described having two high side drivers
and two low side drivers. When the circuit is integrated onto a monolithic
integrated circuit chip, the current limiting function occupies a large
amount of the chip area that would otherwise be available for inte- grated
circuit components. Moreover, when such current lim- iting circuitry is
provided for each individual driver, the quiescent current demands may be
significant.      What is needed therefore,  is  method and circuit for
providing current limiting functions with minimized inte- grated circuit
chip area requirements for circuits of the type described in which a
plurality of current driver cir- 



cuits are provided, but which source and/or sink at least partially
out-of-phase output currents. SUMMARY OF THE INVENTION      In light of the
above, therefore, it is an object of the invention to provide a circuit and
method that reduces the amount of active circuitry needed to implement an
RS485 function, or the like.      It is another object of the invention to
provide a cir- cuit and method of the type described that enables the re-
quired size of large chips to be reduced.      It is still another object
of the invention to provide a circuit and method of the type described that
contributes to the reduction of quiescent current demands.      It is yet
another object of the invention to proved a circuit and method of the type
described that may be shared                                     3 between
low and high side driver circuits in applications such as those like RS485
driver circuits.     These and other objects, features and advantages of
the invention will be apparent to those skilled in the art from the
following detailed description of the invention, when read in conjunction
with the accompanying drawings and ap- pended claims.      Thus, according
to a broad aspect of the invention, a circuit is presented for limiting
output currents in a cir- cuit having at least two output drivers for
producing first and second out-of-phase output currents. The circuit in- 



cludes a current source and a first current mirror. The first current
mirror has a first side connected to sense a current in the output drivers
and has a second side con- nected to the current source. A magnitude of the
current in the output drivers produces a proportional voltage at a con-
nection between the second side and the current source. First and second
control transistors are each connected to provide a control current to
control respective output cur- rents of the drivers, the first and second
control transis- tors being connected to receive an input signal to pass
the control current. A circuit is provided for modifying the control
current to the first and second control transistors according to the
proportional voltage.      In one embodiment, each of the drivers includes
a cur-  rent mirror having one side connected to sense an output  current
from the driver and another side connected to mirror  the output current to
the first side of the first current  mirror.       According to another
broad aspect of the invention, a  circuit is presented for limiting output
currents in a cir-  cuit having at least two output drivers for producing
first  and second out-of-phase output currents. The circuit in-
4 cludes first and second driver transistors and first and second control
transistors respectively connected in series with the first and second
driver transistors. A replicating driver transistor and a replicating
control transistor are 



also connected in series, the series being connected in cur- rent mirror
relationship with the first and second driver transistors and the first and
second control transistors. A current source is connected to establish a
current through the replicating driver transistor and the replicating con-
trol transistor, and a drive current providing transistor is connected to
provide drive current to the first and second driver transistors and the
replicating driver transistor, based upon a current in the replicating
driver transistor. According to still another broad aspect of the
invention, a driver circuit is presented which includes first and second
output drivers for producing first and second out-of-phase output currents,
and a first circuit shared by the first and second output drivers for
limiting current magnitudes of the first and second out-of-phase output
currents. The driver circuit may also include third and fourth output
drivers for producing third and fourth out-of-phase output currents, and a
second circuit shared by the third and fourth output driv- ers for limiting
current magnitudes of the third and fourth out-of-phase output currents.
The first and second output drivers may be high-side driver circuits and
the third and fourth output drivers may be low-side driver circuits.
According to still another broad aspect of the invention, a method is
presented for limiting output drive currents in a circuit having at least
two output drivers for producing first and second out-of-phase output
currents. The method includes the step of connecting a first circuit to the
first and second output drivers for biasing the at least two out-          



5 put drivers to limit current magnitudes of the first and second
out-of-phase output currents. BRIEF DESCRIPTION OF THE DRAWINGS      The
invention is illustrated in the accompanying draw- ings, in which:
Figure 1 is an electrical schematic diagram of a typi- cal high side driver
circuit incorporating current limiting circuitry in accordance with the
circuit and method of a preferred embodiment of the invention.      Figure
2 is an electrical schematic diagram of a low side driver circuit that
includes current limiting circuitry and techniques in accordance with a
preferred embodiment of the invention.      In the various figures of the
drawing, like reference numerals are used to denote like or similar parts.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS      The circuit and
technique of the invention has particu- lar application to circuits of the
type in which plural drivers are provided, but in which only one part of
the driver is on at any one time. An example of such driver cir- cuit to
which the invention is particularly well suited are the circuits known as
"RS485" circuits, although the princi- ples of the invention are equally
applicable to other cir- cuits of the type described. Since only one side
of the driver is on at any instant in time, the current limit cir- cuit of
the invention can be shared between both halves of the driver. This results
in a reduction of the needed chip size and reduced number of components
required to realize the invention.       An electrical schematic diagram of
a high side driver  circuit 10 that incorporates the current limiting
circuit  and technique according to a preferred embodiment of the in-
vention is shown in Figure 1. The circuit 10, which may be   



6 for example, a portion of a so-called "RS485 driver" cir- cuit, includes
two output circuits 12 and 14, each of which provides  output  current  on
respective  output  nodes 16 and 18. The output driver circuit 12 includes
two NPN tran- sistors 20 and 22, and the output driver 14 includes two NPN
transistors 24 and 26. The NPN transistors 20 and 24 of the respective
output drivers 12 and 14 provide output currents supplied through Schottky
diode 38. As will be apparent, the outputs on the respective output nodes
16 and 18 are config- ured to be out-of phase.      The output currents
delivered on nodes 16 and 18 are sensed by current mirror NPN transistors
22 and 26, respec- tively. Each of the sensing transistors 22 and 26 are
con- nected to a PNP transistor 30 on a first side of a current mirror 28.
On the other hand, a current source 34 is con- nected to a PNP transistor
32 on the second side of the cur- rent mirror 28.      The control of the
conduction of currents through the driver transistors 20 and 22 of the
driver 12 is controlled by a PMOS transistor 40. In a similar manner, the
control of the conduction of currents through the driver transistors 24 and
26 of the driver circuit 14 is controlled by a PMOS transistor 42. The gate
of the PMOS transistor 42 is con- nected directly to the input 46 of the
circuit, and the gate of the PMOS transistor 40 is connected to the output
of an inverter 44 that inverts the signal at the input 46 to the circuit
10. Therefore, the PMOS transistors 40 and 42 are 



driven out of phase so that only one or the other of the driver circuits 12
or 14 conducts at any instant in time.      The current flow through the
PMOS transistors 40 and 42, which provides the base drive current for
driver transistors 20 and 22, and 24 and 26, respectively, is pro- vided by
a PMOS transistor 48, which is connected by a
7 Schottky diode 50 to the V[err] rail 36. The gate of the PMOS transistor
48 is connected to node 52 at the connection of the collector of PNP
transistor 32 to the current source 34.      In operation, it can be seen
that as the current that flows through whichever of the NPN transistors 20
or 24 is conducting tends to rise, the voltage at node 52 begins also to
rise towards V[err]. The rise in voltage at node 52 tends to turn off the
conduction through the PMOS transistor 48, which, in turn, decreases the
base drive current supplied by the selected PMOS transistor 40 or 42 to the
selected driver transistors 20 and 22 or 24 and 26.      An electrical
schematic diagram of a low side driver circuit which includes current
limiting circuitry and tech- niques according to a preferred embodiment of
the invention is shown in Figure 2. The circuit 60 includes two low side
drivers 62 and 64 that provide outputs on respective output nodes 66 and
68. The driver circuit 62 includes a current flow path provided by a
Schottky diode 70, an NPN transis- tor 72, and an NMOS transistor 74
connected in series be- tween the first output node 66 and a ground bus 76.
A PNP 



transistor 78 provides a breakdown protection clamp to pre- vent the base
emitter junction of transistor 72 from break- ing down.      Similarly, the
low side driver circuit 64 includes a current flow path which includes a
Schottky diode 80, an NPN transistor 82, and an NMOS transistor 84,
connected in se- ries between the second output node 68 and the ground bus
76. A PNP transistor 86 provides a breakdown protection clamp to prevent
the base emitter junction of transistor 82 from breaking down.      A
circuit comprising an NPN transistor 100 and an NMOS  device 102 replicates
the driver transistors 72 and 82 and  their respective control transistors
74 and 84. A current                                     8  source supplies
current to the replicating transistors 101 and 102. A voltage "ON" is
applied to the gate of the tran- sistor 102 on node 103 to insure that
transistor 102 is bi- ased on. The voltage "ON" is essentially the logic
voltage required to turn the transistors on.      A biasing transistor 88
is provided to supply base bias current to the drive transistors 72 and 82
and to the repli- cating transistor 100. The NPN transistor 88 is connected
between VDD and ground by a resistor 90, with its base con- nected to the
node 89 between the current source 101 and the replicating transistor 100;
thus, the current supplied to the drive transistors 72 and 82 and to the
replicating tran- 



sistor 100 via respective Schottky diodes 92, 94, and 108 is controlled by
the magnitude of the current flowing through the replicating transistors
100 and 102. Additionally, the bases of the NPN driver transistor 72 and 82
are connected to respective current sources 96 and 98, and the base of the
replicating transistor 100 is connected to current source 106.      The
input to the circuit on input terminal 110 is con- nected to the gate of
NMOS transistor 74 directly, and to the gate of NMOS transistor 84 by an
inverter 112. Thus, it can be seen that the driver circuits 62 and 64 are
driven essentially out of phase.      In operation, it can be seen that the
current, I, sup- plied by the current source 101 controls the magnitude of
the currents in the driver transistors 72 and 82. More par- ticularly, the
driver transistors 72 and 82 and their re- spective control transistors 74
and 84 are essentially con- nected as current mirrors to mirror the current
in the rep- licating circuit, which includes transistors 100 and 102.
It should be noted that the current sources 96 and 98 are substantially
identical and the current source 106 pref-
9 erably is also the same. However, the current source 106, NPN transistor
100 and NMOS transistor 102 may be sized to have a different, known ratio
to the elements of the driver circuits 62 and 64.      Although the
invention has been described and illus- 



trated with a certain degree of particularity, it is under- stood that the
present disclosure has been made only by way of example, and that numerous
changes in the combination and arrangement of parts can be resorted to by
those skilled in the art without departing from the spirit and scope of the
invention, as hereinafter claimed.                                    10
CLAIMS: 1. A circuit for limiting output currents in a circuit hav- ing at
least two output drivers for producing first and sec- ond out-of-phase
output currents, comprising:      a current source;      a first current
mirror having a first side connected to sense a current in said output
drivers and having a second side connected to said current source, wherein
a magnitude of said current in said output drivers produces a propor-
tional voltage at a connection between said second side and said current
source;      first and second control transistors, each connected to
provide a control current to control respective output cur- rents of said
drivers, said first and second control tran- sistors being connected to
receive an input signal to pass said control current; and      a circuit
for modifying the control current to said first and second control
transistors according to said pro- portional voltage.  



2. The circuit of claim 1 wherein each of said drivers com- prises a
current mirror having one side connected to sense an output current from
the driver and another side connected to mirror said output current to said
first side of said first current mirror.   3. The circuit of claim 1
wherein said circuit for modifying the control current to said first and
second control tran- sistors according to said proportional voltage
comprises an MOS transistor having a gate connected to said proportional
voltage and having a conduction path between a supply volt- age and said
first and second control transistors.             4. A circuit for limiting
output currents in a circuit hav- ing at least two output drivers for
producing first and sec- ond out-of-phase output currents, comprising:
first and second driver transistors;      first and second control
transistors respectively con- nected in series with said first and second
driver transis- tors;      a replicating driver transistor and a
replicating con- trol transistor, connected in series, said series being
con- nected in current mirror relationship with said first and second
driver transistors and said first and second control 



transistors;      a current source connected to establish a current through
said replicating driver transistor and said repli- cating control
transistor;      and a drive current providing transistor connected to
provide drive current to said first and second driver tran- sistors and
said replicating driver transistor, based upon a current in said
replicating driver transistor.   5. The circuit of claim 4 wherein said
first and second driver transistors and said replicating driver transistor
are bipolar transistors.   6. The circuit of claim 5 wherein said first and
second con- trol transistors and said replicating control transistor are
MOS transistors.   7. A  driver circuit, comprising:       first and second
output drivers for producing first and  second out-of-phase output
currents;                                   12      a first circuit shared
by said first and second output drivers for limiting current magnitudes of
said first and second out-of-phase output currents. 



8. The driver circuit of claim 7 further comprising:      third and fourth
output drivers for producing third and fourth out-of-phase output currents;
a second circuit shared by said third and fourth output drivers for
limiting current magnitudes of said third and fourth out-of-phase output
currents.   9. The driver circuit of claim 8 wherein said first and sec-
ond output drivers are high-side driver circuits and said third and fourth
output drivers are low-side driver cir- cuits.   10. The circuit of claim 7
wherein each of said first and second drivers comprises a current mirror
having one side connected to sense an output current from the driver and
an- other side connected to produce a driver mirror current that mirrors
said output current.   11. The circuit of claim 7 wherein said first
circuit shared by said first and second output drivers for limiting current
magnitudes of said first and second out-of-phase output cur- rents
comprises a current mirror having one side connected to receive the driver
mirror current and another side to a transistor to modify drive currents to
said first and second drivers.   12. The circuit of claim 11 wherein said
transistor to mod- ify drive currents to said first and second drivers com-
prises an MOS transistor.   



13 13. The driver circuit of claim 7 wherein said first and second output
drivers are connected in an "RS485" circuit.   14. A method for limiting
output drive currents in a circuit having at least two output drivers for
producing first and second out-of-phase output currents, comprising the
step of:      connecting a first circuit to said first and second output
drivers for biasing said at least two output drivers to limit current
magnitudes of said first and second out-of- phase output currents.   15.
The method of claim 14 further comprising:      mirroring said first and
second out-of-phase output currents to produce first and second mirrored
currents;      using said first and second mirrored currents as a ba- sis
to limit current magnitudes of said first and second out-of-phase output
currents.   16. The driver circuit of claim 15 wherein said step of con-
necting a first circuit to said first and second output drivers for biasing
said at least two output drivers to limit current magnitudes of said first
and second out-of- phase output currents comprises connecting a transistor
to said first and second output drivers to provide a bias cur- rent to said
at least two output drivers to limit current 



magnitudes of said first and second out-of-phase output.   17. The driver
circuit of claim 16 wherein said step using said first and second mirrored
currents as a basis to limit current magnitudes of said first and second
out-of-phase output currents comprises mirroring the first and second
mirrored currents to control said transistor to provide a bias current to
said at least two output drivers to limit
14 current magnitudes of said first and second out-of-phase output.    


