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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 ieast 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 f£from an applicétion;
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 descrlbed, it
is understood that typical circuitry of the type descrlbed

may have a large number of stages associated with a single
integrated circuit device.



instant in time. In sone circuits of this type, both high and | ow side
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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 gquiescent current demands.

It is yet another object of the invention to proved a
circuit and method of the type described that may be shared
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with the acceepanyinEdiriamictddnand taptheededmphayiig drawidds/SandCgLdi ng
to a broad aspe%t oflthe invention, a circuit is presented for limting
out put curremede §18HPS Uit having at |east two output drivers for

produci ng first amtusecaredoadingf tphaseéredtipuakpedtr efit sheThavehtCom) &N-
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 proporticnal 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 aspéct 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
Jmrrqor 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-
necti on 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 ofgthe drivers, the first and second
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control transkigfrtgégéistor, 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 transistocr.
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 cutput 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 secqnd 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-



also connected in series, the series being connected in cur- rent mrror
_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 ugon a current in the replicating
driver transistor. According to still another broad aspect of the
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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



5 put drivers to limt current nmagnitudes of the first and second

out - of - phase out put currents. BRI EF DESCRI PTI ON OF THE DRAW NGS The
invention is illustrated in the acconmpanying draw ings, in which:

Figure 1 is an electrical schematic diagramof a typi- cal high side driver
circuit incorporating current limting circuitry in accordance with the
circuit and nethod of a preferred enbodi nent of the invention. Fi gure
2 is an electri caI schematic diagramoféa |ow side driver circuit that
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vention is Sh§@“§éé‘ﬁ§£¥ﬁé&é&t Engrgkrﬁgktt%gn51stgfsrgﬁland 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



6+for exanple, 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
di ode 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
del i vered on PORREENYS dirHe & Qe sehe eWcchyraddr Bnt Thier g@teNR tthensEMASr s
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) 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 transisto; 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 ouﬁput 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



driven out of phase so that only one or the other of the driver circuits 12
or 14 conducts at any instant in tine. The current flow through the
PMOS transi stors 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 confiection of the collector of PNP
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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-



transi stor 78 provi des a breakdown protection clanp to pre- vent the base
emtter junction of transistor 72 from break- ing down. Simlarly, the
| ow side driver circuit 64 includes a current flow path which includes a
Schottky di ode 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 clanp to prevent
the base emtter junction of transisto? 82 from breaki ng down.

circuit conprising an NPN transistor 100 and an, NMOS device 102 replicates
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replicating iffdigement 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.
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to the elenents of the driver circuits 62 and Al t hough 't he
i nventi on hasChe8Al@eSUFFeRYE ARd SPRdySmtput drl"ers 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.
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trated wth a certain degree of particularity, it is und hat the
present disclosure has been nade only by way of exanple and nummer ous
changes in the conbination and arrangenent of par “\‘\“‘ ﬁd to by
those skilled in the art wthout departing fromt m\m pe of the
i nvention, as hereinafter clained.

CLAIMS: 1. Acircuit for limting output currents in a circuit hav- |ng at
| east two output drivers for produci &g first and sec- ond out-of - phase

out put currenis, ACENPELSE NGor Limitirg/IdidutS@urGents in a Eifé&;@%é@-ﬂt
mrror having,a flrs]t_ side connected to sensg a curcgent rr%sald outg
rein

drivers and haB7ndt a 2ot % i WP AEEVEES t 6P K P U156 2R
a magni t ude obndaodt cof fEtidsd PWPUE eurpehtdy | yengseipriodiices a propor -

tional voltage at nnection be({ veen sa d_secon | de and said current
sour ce; fi rstga%% sec%nsaec%’n rGIlVFFakﬁgagfogtsgrSZach connected to

provide a control Cursenandoseoumdotomeapbctnansuaﬂqnﬂ respectiénéby ofosai d
drivers, saidpfpgsh s’a‘ﬂdséff%'dwfﬂm.iag {ﬂnﬁt S Osre%é?a%' 3&1989”@95391&9
ontro a CiTcuit

recei ve an |nput s gnal ass sai current;
for nodi fyi ngtPK8:control current to said first and second control

transistors accordingeb®i 88t fhd’ @21 POF 1 N ML 3HF 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;



2: The circuit of claim1l wherein each of said drivers com prises a

current mrror having one side connected to sens rent from

the driver and another side connected to mrror saij ‘to said
first side of said first current mrror. 3. The [ ﬂ 1

wherein said circuit for nodifying the control cur SfIFSt and
second control tran- sistors according to said proportlonal voltage

conprises an MOS transi stor having a tfate connected to said proportional
vol tage and havi ng €igendedtrcont paharédtbywessia siipEty and tsecagd andpagi d

first and seca)ﬁq, Cr%ntf(?zl i.‘[rﬁ‘ﬂﬁ%@} Oc[.@rret}t | aa% ittude% (ffpu%gic:]&ll El.lt.'%tfﬁpg" ting

output currents in a Circul WO ou ver

produci ng f|r%ﬂcqnﬂjQ§§c°fonhaaatowﬁbqﬂunn;ngotput currents, conprising:
first and second driver transistors; first and second control
transistors respectively con- nected in series with said first and second
driver transi%- Fhs glriver cireuptiehtdhadmr’i FRLtheENSPBR IS QYYD a

replicating con- tdilrd LABSESLOER SOIMBRCIR v sShLCSrodd ithe ¥hlied Qﬁang
con- nected ip current mrror relationship with said first and second

driver transi S1Hr SRF S5 8hARR SPUERRE EFREESNt r ol

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 secohd 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.

VTN



transi stors;
said replicating
transi stor;

said replicating

a current source connected to establish a current through
driver transistor and said repli-—eating control

M sdid

and a drive current providing transi R “& dto
provide drive current to said first and second drﬂ%ﬂ“‘iﬁ“‘ﬂn (i s and
nie |

driver transistor, based upon a

replicating driver transistor. 5. The circuit of claim4 wherein said
first and second driver transistors and said replicating driver transistor
are bipol ar 1BrarBiestdriver eirqhet cpfcuileinf clwhersSimheakd nfsasd andst and

second con- JJ@h

MOS transi stors.

dt egeagfetgm@f@ Sad ConfRlcikeal i A%af0MRE M54 raN%§Or are

out put drivers for producing first and second out-of-phase out put

currents;

said first

_ ~ 14. A method for limiting output dk2ve curfehtd Sin @ IGQYchighared
by said first and second output drivers for limting current magnitudes of

DR 196 Gifd JARS o fEHSh AR (SHREVaST iR% Producing £irst 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 ©f 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

river circuit, conprising: first and second



8. ‘The driver circuit of claim7 further conpri siml'f‘ ourth
output drivers for producing third and fourth out-of= ase&‘\‘\m nrents;

a second circuit shared by said third and fourth out m\ |
limting current magni tudes of said third and fourt‘&\m "Hphase out put
ai‘d

currents. 9. The driver circuit of claim8 wherei irst and sec-
ond output drivers are high-side driver,circuits and said third and fourth
output drivers are lowside driver cir="cuits. 10. The circuit of claim?7

wher ei n each CYfT8aFd Hadrsiittudng secoRdidr ifiegss canthr seesnd outreftphddd or
havi ng one si@igpgennected to sense an output current fromthe driver and
an- other side connected to produce a driver mrror current that mrrors
said output current. 11. The circuit of claim7 wherein said first
circuit shared by said first and second output drivers for limting current
magni tudes of said first and second out-of -phase output cur- rents
conprises a current mrror having one side connected to receive the driver
mrror current and another side to a transistor to nodify drive currents to
said first and second drivers. 12. The circuit of claim1l wherein said
transistor to nod- ify drive currents to said first and second drivers com
prises an MOS transistor.



13*13. The driver circuit of claim7 wherein said first and second out put
_drivers are connected in an "RS485" circuit. 14. A nmethod for limting
"output drive currents in a circuit having at |east two output drivers for
produci ng first and second out-of - phase out put currents, conprising the
step of: connecting a first circuit to said first and second out put
drivers for biasing said at |east two output drivers to limt current

magni t udes of said first and second outs of - phase output currents. 15.
The met hod of 3
(e

im 14 further mrr id fir and
second out - of - J@@Ngut[ﬂmltr 36?%6?5&“% EP%EnS’%!e?S:nﬁﬂ or ed
currents; usi ng said firghoddpfEFEReNT cIREGETRYEI rents as a ba- sis
to limt current magnitudes of said first and second out-of - phase out put
currents. driLv, clreu f.claim15 wherein said step of con-
necting a fi T 2 ;ﬂﬁégéﬁ-and second out put drivers for biasing
said at |east twoAociponitdri(lersand méthmd(ﬁnneﬂﬁminﬂnﬁtqnﬂﬂmtotuxabdtéirst
and second o f rr S [ tr stor
o sai d i rotrmaaciEOaes BB flals (RRTDULREE GEPRER 00 A0 BIEL 2 4
at | east twoonppgs dibvéBs po wWhith Eirstemnd second out-of-phase out-

put currents are produced includes a current source (34) and .

N~

a first current mirror (28). The first current mirror (28)
has a first side (30) connected to sense a current in the
output drivers and has a second side (32) connected to the
current source (34). A magnitude of the current in the out-
put drivers (12,14) produces a proportional voltage at a
connection (52) between the second side (32) and the current
source (34). First and second contreol transistors (40,42)
are each connected to provide a control current to control
respective output currents of the drivers (12,14), the first
and second control transistors (40,42) being connected to
receive an input signal (46) to pass the control current. A
circuit (48) is provided for modifying the control current
to the first and second control transistors (40,42) accord-
ing to the proportional voltage.

Figure 1



nagni tudes of said first and second out- of - phase out put. 17. The driver
circuit of claim 16 wherein said step using said first and second mrrored
currents as a basis to limt current magnitudes of said first and second
out - of - phase output currents conprises mrroring the first and second
mrrored currents to control said transistor to provide a bias current to
said at |east two output drivers to limt

14 current nagnitudes of said first and second out-of - phase output.
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