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MULTIPLE INDIVIDUAL KELVIN EMITTER CONNECTIONS
T0 REDUCE CURRENT FLOW THROUGH PARASITIC DIODE

BACKGROUND Of THE INVENTION

The present invention relates to an inverter
circuit for driving a load such as a motor and, more
particularly, to an improved inverter circuit which
reduces current flow through a parasitic diode.

Fig. 1 shows the layout of a portion of a
typical integrated circuit for a motor controller, in
which reference letters A, B, and C identify the drivers
that drive IGBT/MOSFET switching transistors Q,, Q,, Qs at
the bottom rail.

Since this type of integrated circuit
ordinarily has only one terminal or output pin to the
common point (the COM pin), the usual practice is to
connect all the emitters of the devices to a common point
and connect that point to the COM terminal. This causes
a problem, however, as described below.

When a switching transistor on the "top" rail
(e.g. Q3 in Fig. 1) turns off, it causes the output
current to be diverted to the diode coupled across the
corresponding LOW SIDE switching transistor, i.e. diode
bz.in Fig. 1. In practice, due to the finite trace



current to be diverted to the diode coupled across the corresponding LOV

SI DE swi.tching transistor, i.e. diode Derr] in Fig. 1. In practice, due to
the finite trace -2- lengths of the connection on the circuit board,
stray inductances are present, such as those identified by reference

| etters L[err], L[err], L[err], L[err], L[err], etc. in Fig. 1. These stray
I nduct ances are on the order of a few 10's of nanoHenries. These stray

i nduct ances, coupled with the high turn off di/dts (which are over
1000A/[err]s) caused by the switching of the | GBT/ MOSFETs, produces

vol tages at the V[err] pin that can be tens of volts of a -ve polarity with
respect to COM This causes a parasrtlc'dlode Derr] present between VB and
COM to becone forward biased, resulting in the flow of current through
parasitic diode Derr] fron1CCNIto V[err]. This current can flowin an

uncontrol | ed fashion
lengths of the connection on the circuit board, stray

inductances are present, such as those identified by
reference letters L,, L, Lg, Ly, L;s, etc. in Fig. 1.
These stray inductances are on the order of a few 10’s of
nanoHenries. These stray inductances, coupled with the
high turn off di/dts (which are over 1000A/us) caused by
the switching of the IGBT/MOSFETs, produces voltages at
the V5 pin that can be tens of volts of a -ve polarity
with respect to COM.

This causes a parasitic diode Dg; present
between Vg and COM to become forward biased, resulting in
the flow of current through parasitic diode Dg; from COM
to Vz. This current can flow in an uncontrolled fashion
and may cause malfunction of the logic of the integrated
circuit or even "latch up" of the integrated circuit chip
due to thyristor action. '

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present

invention to provide an improved driver circuit for
switching transistors which helps protect uncontrolled
current flow in the integrated circuit which would
destroy the switching transistors.

It is a further object of the invention to
provide a circuit of the above type which can be
fabricated in a simple manner.

The foregoing and other objects of the
invention are realized by an inverter circuit comprising
an integrated driver circuit and a plurality of switching
transistors which are laid out along a top rail and a



and npy cause mal function of the logic of the integrated circuit or even
"latch up" of the integrated circuit chip due to thyristor action. SUMVARY
OF 'THE | NVENTI ON Accordingly, it is an object of the present invention to
provide an inproved driver circuit for switching transistors which hel ps
protect uncontrolled current flowin the integrated circuit which would
destroy the switching transistors. It is a further object of the invention
to provide a circuit of the above type which can be fabricated in a sinple
manner. The foregoing and other objects of the invention are realized by an
inverter circuit conmprising an integrated driver circuit and a plurality of
swtching transistors which are laid out along a top rail and a 3

bottom rail. The bottom rail switching transistors are
provided with individual Kelvin emitter connections to
the common terminal of the integrated circuit to reduce
the parasitic inductances. Further, individual traces |
are provided on the printed circuit board from the COM
terminal to the Kelvin emitters. Still further, a small
resistance (a few ohms) is provided in series with each
Kelvin emitter connection.

- Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the circuit diagram of a portion
of a typical integrated circuit for a motor controller.
Fig. 2 shows the circuit diagram of the present
invention with multiple individual Kelvin emitter.
connections for the switching transistors at the bottom

rail.

bETAILED DESCRIPTION OF THE PREFERRED EMB(_)DIMENT

The problem described above, i.e. conduction of
current through the parasitic diode.Dg; of the integrated
circuit (IC) driver 12, can be reduced by utilizing the
following circuit and layout criteria:

1. The switching transistors Q,, Q, Q¢ at the
bottom rail are provided with individual Kelvin emitter
connections to the COM terminal of the integrated
circuit, as shown in Fig. 2. This reduces the parasitic
inductance L,, L;, Lg of the emitter leads to a large
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bottomrail. The bottomrail switching transistors are provided with

I ndi vidual Kelvin emtter connections to the common termnm nal of the
integrated circuit to reduce the parasitic inductances. Further, individual
traces are provided on the printed circuit board fromthe COMterm nal to
the Kelvin emtters. Still further, a small resistance (a few ohns) is
provided in series with each Kelvin emtter connection. Thus, the invention
provides a driving circuit for driving a load, conprising: a top rail and a

bottomrail; a plurality of switching transistors arranged al ong the top
rail and a plurality of switching teafiséstors arranged al ong the bottom
rail; an integrated circuit driver coupled to and serving for turning the

plurality of switching transistors at the top rail and bottomrail on and
off, wherein the integrated circuit driver has a COM pin and includes at

| east one parasitic diode; and wherein each of the plurality of swtching
transi stors @xtent potypheadly hassdp raneHenriwshect®d prachice, this

is achieved by a separate connection from the common
point or from the anode of the diode. Thus, the first
criteria refers to the connection to each of the three
IGBTs on the low side. Connecting the traces as close to
the device as possible reduces the parasitic inductance
as seen by the driver in the high current path. '

2. Individual traces 14, 16, 18 are provided
on the printed circuit board from the COM terminal 20 to
the Kelvin emitters, rather than a single, joined trace
as shown schematically in Fig. 1. The second criteria
refers to the location in which to join the three traces.
Keeping these traces separate on the printed circuit
board, right up to the driver IC separates the impedances
of each éate drive.

3. A small resistance (a few ohms, e.g., 1-10
) R, Ry, Rg is provided in series with each Kelvin
enitter connection. This adds increased resistance in
series with the parasitic diodes and hence reduces the
current flowing in the parasitic diodes, thereby
increasing the malfunction threshold.

Fig. 2 illustrates a top rail transistor Q; and
bottom rail transistors Q,, Q,, Q;,. Note that the
aforementioned attributes and benefits of the invention
-are applicable to a circuit in which only top rail and/or
bottom rail transistors are driven.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is



hottomrail by a trace and has associated therewith a respective parasitic
i nductance relating to the length of the trace; and wherein the plurality
of switching transistors at the bottomrail are each provided with an '
i ndi vidual Kelvin emtter connection fromthe COM pin of the integrated
circuit driver to the emtter of the transistor to reduce the parasitic
i nductance, as seen by the integrated circuit driver, which is associated
with each of the plurality of bottomrail switching transistors and which
relates to the length of the trace of the connection between the emtter

and the bottomrail. Oher features-agd-advantages of the present invention
w Il becone apparent fromthe foll ow ng description of the invention which
refers to the acconpanyi ng draw ngs. - 3a - BRI EF DESCRI PTION OF THE

DRAWNGS Fig. 1 shows the circuit diagramof a portion

preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.



of a.typical integrated circuit for a notor controller. Fig. 2 shows the
‘circuit diagramof the present invention with nultiple individual Kelvin
enttter connections for the switching transistors at the bottomrail.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The_probl em descri bed
above, i.e. conduction of current through the parasitic diode Dlerr] of the
integrated circuit (1C) driver 12, can be reduced by uFhis|Sheet Has BefreReplaced
following circuit and layout criteria: 1. The switchin

Qerr], Qerr], qerr] at the bottomrail are provided

Kelvin emtter connections to the COWterm nal of the integrate C|rcu
as shown in Fig. 2. This reduces the parasitic inductance L[err], L[err],
L[err] of the emtter leads to a | arge -4- extent (typically to sub
nanoHenries). In practice, this :

WHAT IS CLATMED IS:

1. A driving circuit for driving a 1load,
comprising: _

a top rail and a bottom rail and at least one
transistor arranged along the bottom rail;

an integrated circuit driver coupled to and
serving for turning the at least one switching transistor
at the bottom rail on and off, wherein the integrated
circuit driver comprises at least one parasitic diode and
is connected to the bottom rail bus;

and wherein each of the bottom rail at least
one switching transistor has associated therewith a
respective parasitic inductance; and

wherein the at least one switching transistor
at the bottom rail is provided with an individual Kelvin
emitter connection to reduce the parasitic inductances
associated with the at least one bottom rail switching
transistor.

2. The driving circuit of Claim 1, comprising
a plurality of switching transistors including the at
least one transistor arranged along the bottom rail and
including at least one transistor arranged along the top
rail.

3. The driving circuit of Claim 2, in which
the integrated circuit driver is also coupled to and
serve to turn the at least one'switching transistor
arranged at the top rail.

* [ L M s *



i_.s achi eved by a separate connection fromthe common point or fromthe
anode of. the diode. Thus, the first criteria refers to the connection to
each of the three 1GBTs on the |low side. Connecting the traces as close to
the device as possible reduces the parasitic inductance as seen by the
driver in the high current path. 2. Individual traces 14, 16, 18 are
provided on the printed circuit board fromthe COMtermnal 20 to the
Kelvin emtters, rather than a single, joined trace as shown schematically
in Fig. 1. The second criteria refers to the location in which to join the
three traces. Keeping these traces seﬁarate on the printed circuit board,
right up to the driver |C separates™he™i npedances of each gate drive. 3.

A small resistance (a few ohns, e.g., 1-10 [err]) Rerr], Rerr], Rerr] is
provided in series with each Kelvin emtter connection. This adds '

i ncreased resistance in series with the parasitic diodes and hence reduces

the current flowing in ghe pq&&§bEhgiqgogg§cugpe5§b&1ggﬁrggs%@géﬂg}

mal functi on threshol d. _
comprising a printed circuit board on which the
integrated circuit and the switching transistors are
mounted, the integrated circuit driver comprising a COM
terminal and including individual circuit board traces

from the COM terminal to the Kelvin emitter connection.

5. The driving circuit of Claim 1, further
comprising a respective small resistance of a few ohms
connected in series with each Kelvin emitter connection.

6. The driving circuit of Claim 4, further
comprising a respective small resistance of a few ohms
connected in series with each Kelvin emitter connection.

* € L M s *



Fig. 2 illustrates a top rail transistor (B and bottomrail transistors
Qerr], Qerr], Qerr]. Note that the aforenmentioned attributes and
‘benefits of the invention are applicable to a circuit in which only top
rail and/or bottomrail transistors are driven. Although the present
invention has been described in relation to particular enmbodi nents thereof,
'many ot her variations and nodifications and other uses wll become apparent
to those skilled in the art. It is 6 Clains 1. Adriving circuit for
driving a load, conprising: a top rail and a bottomrail; a plurality of
switching transistors arranged al ong tﬁestbp rail and a plurality of _
swtching transistors arranged along the bottomrail; an integrated circuit
driver coupled to and serving for

i MULTIPLE INDIVIDUAL KELVIN EMITTER CONNECTIONS
: TO REDUCE CURRENT FI.OW THROUGH PARASITIC DIODE

-+

ABSTRACT OF THE DISCLOSURE
In a motor controller circuit, an integrated

circuit driver drives a plurality of switching
transistors which are organized along a top rail and a
bottom rail. To reduce the conduction of current through
the parasitic diode D of the integrated circuit, the
switching transistors at the bottom rail are provided
with individual Kelvin emitter connections, which reduce
the parasitic internal inductances, which otherwise
produce highly negative voltages when the top rail
transistors are turned off. Further, individual traces
are provided on the printed circuit board from the COM
terminal to the Kelvin emitters. Finally, a small
.resistance is provided in series with each Kelvin emitter
connection which increases the resistance in series with
the parasitic diodes and hence reduces the current
flowing in the parasitic diodes.

Fig. 2



tunning the plurality of switching transistors at the top rail and bottom
rail on and off, wherein the integrdted circuit driver has a COM pi n and

i ncludes at | east one parasitic diode; and wherein each of the plurality of
switching transistors at the bottomrail has an emtter connected to the
bottomrail by a trace and has associated therewith a respective parasitic
i nductance relating to the length of thgsirace; and wherein the plurality
of switching transistors at.the. haottomyrail are each provided with an
individual Kelvin enitter conpettionyfrem ~2ERY PPYet A4 R yrnt egr at ed
circuit driver tg/2he emtter of the transistor to reduce the parasitic

i nduct ance, as seen)by the integrated circuit driver, which is associated
with each of t arality o offfomrail swifching transistors and which
relates to thejlen {+{Hi@$e onmecti on between the emtter

and the bottomjrail|l #_The driviing=ttFcuitSoh—¢laim 1, further conprising
a printed circyit boa whi ch theLintegra engircuit and the sw tching
transi stors are nount e intdgrafed circei jdriver conprising a COM
term nal and infcludi nglindividuall cifcuit boagd"traces fromthe COM

5
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3._,Tﬁe driving circuit of claiml1, furthe |5|ng a respectlve small
resi stance of a few ohns connected in se

.connection. 4. The driving circuit of cl sc:f;pﬁd;hep(
respective small resistance of a few oh [(Taf7 )ed 'ﬁl AO %d
g ng

Kelvin emtter connection. -6- WHAT IS
aﬁa bof? dagedi.. and at

icircuit for driving a | oad, conprising: a[]@mqy%t
:| east one transistor arranged al ong the botton1rall ntégpmﬁdd Cifcuit

driver coupled to and serving for turni
transi stor at the bottomrail on and off

driver conprises at |east one parasitic dlode and i s connect
bottomrail bus;

bottom rail. The bottom rail sw1tch1ng transistors are
provided with individual Kelvin emitter connections to
the common terminal of the integrated circuit to reduce
the parasitic inductances. Further, individual traces
are provided on the printed circuit board from the COM
terminal to the Kelvin emitters. Still further, a small
resistance (a few ohms) is provided in series with each
Kelvin emitter connection.

Thus, the invention provides
_ a driving circuit for driving a load, comprising:

a top rail and a bottom rail;

a plurality of switching transistors arranged along the
top rail and a plurality of switching transistors arranged along
the bottom rail;

an integrated circuit driver coupled to and serving for
turning the plurality of switching transistors at the top rail
'and bottom rail on and off, wherein the integrated circuit driver
has a COM pin and includes at least one parasitic diode;

and wherein each of the plurality of switching
transistors at the bottom rail has an emitter connected to the
bottom rail by a trace and has associated therewith a respective
parasitic inductance relating to the length of the trace; and

wherein the plurality of switching transistors at the
bottom rail are each provided with an individual Kelvin emitter
connection from the COM pin of the integrated circuit driver to
the emitter of the transistor to reduce the parasitic inductance,
as seen by the integrated circuit driver, which is associated
with each of the plurality of bottom rail switching trgnsistors
and which relates to the length of the trace of the connection
between the emitter and the bottom rail.

Other features and advantages of the present
invention will become apparent from the following

description of the invention which refers to the
accompanying drawings.



and wherein each of the bottomrail at |east one switching transistor has
as'soci ated therewith a respective parasitic inductance; and wherein the at

| east one switching transistor at the bottomrail is provided with an
i ndi vidual Kelvin emtter connection to reduce the parasitic inductances _
associated with the at | east one bottomrail switching transistor. 2. The

driving circuit of Caiml, conprising a plurality of swtching transistors

including the at | east one transistor arranged along the bottomrail and
including at |east one transistor arranged along the top rail. 3. The
driving circuit of daim2, in which the integrated circuit driver is also
coupl ed to and serve to turn the at™ 1¥ast one swi tching transistor arranged

at the top rai brTEF DESCRIPTION OF THE DRAWINGS

"Fig. 1 shows the circuit diagram of a portion
of a typical integrated circuit for a motor controller.

Fig. 2 shows the circuit diagram of the present
invention with multiple individual Kelvin enmnitter
connections for the switching transistors at the bottom
rail.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The problem described above, i.e. conduction of
current through the parasitic diode Dg; of the integrated
circuit (IC) driver 12, can be reduced by utilizing the
following circuit and layout criteria:
| 1. The switching transistors Q,, Q,, Q¢ at the
bottom rail are provided with individual Kelvin emitter
connections to the COM terminal of the integrated
circuit, as shown in Fig. 2. .This reduces the parasitic
inductance L,, Lg, Ls of the emitter leads to a large




-72 4. The driving circuit of Claim3, further conprising a printed
circuit.board on which the integrated circuit and the switching transistors
‘are nounted, the integrated circuit driver conprising a COMterm nal and

i ncluding individual circuit board traces fromthe COMtermnal to the
Kelvin emtter connection. 5. The driving circuit of daimdi1, further
iconprising a respective snmall resistance of a few ohns connected in series
with each Kelvin emtter connection. 6. The driving circuit of Caim4,
further conprising a respective small resistance of a few ohnms connected in
series wwth each Kelvin emtter connectioné

Claims

1. A driving circuit for driving a load, comprising:

a top rail and a bottom rail;

a plurality of switching transistors arranged along the
top rail and a plurality of switching transistors arranged along
the bottom rail;

_ an integrated circuit driver coupled to and serving for
turning the plurality of switching transistors at the top rail
and bottom rail on and off, wherein the integrated circuit driver
has a COM pin and includes at least one parasitic diode;

' and wherein each of the plurality of switching
transistors at the bottom rail has an emitter connected to the
bottom rail by a trace and has associated therewith a respective
parasitic inductance relating to the length of the trace; and

wherein the plurality of switching transistors at the
bottom rail are each provided with an individual Kelvin emitter
connection from the COM pin of the integrated circuit driver to
the emitter of the transistor to reduce the parasitic inductance,
as seen by the integrated circuit driver, which is associated
with each of the plurality of bottom fail switching trqnsistors
and which relates to .the length of the trace of the connection
between the emitter and the bottom rail.

2. The driving circuit of claim 1, further comprising
a printed circuit board on which the integrated circuit and the
switching transistors are mounted, the integrated circuit driver
comprising a COM terminal and including individual circuit board
" traces from the COM terminal to the Kelvin emitter connection.

3. The driving circuit of claim 1, further comprising
a respective small resistance of a few ohms connected in series
- with each Kelvin emitter connection.

4. The driving circuit of claim 2, further comprising
a respective small resistance of a few ohms connected in series
with each Kelvin emitter connection. '
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