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HICH VOLTAGE DRIVERS WHICH AVOID -V, FAILURE MODES

RELATED APPLICATIONS

This application claims the benefit of U.S,
Provisional Application Serial No. 60/004,981 filed on
Octobexr 10, 1995.

BACKGROUND QF THE INVENTION

The present invention relates to level shifted
high voltage MOSgate device drivers and, more
particularly, to MOSgated device drivers with improved
immunity to deleterious effects of commutating currents.

Level shifted high voltage Mosgategfdevice
drivers are well known for the drive of bridge connected
MOSgated devices, such az IGBTs and power MOSFETs. A
family of such devices are sold under the type numbers
IR21XX, which are high voltage integrated ecirduit (HVIC)
devices, which each drive tw¢o such MOSgated devices per
leg of a bridge. Figures 1 and 2 show typical
configurations for an IR21XX driver (for example, an
IR2155) for high side and low side IGBTs 10 and 11
respectively, which are associated with fast recovery
diodes 12 and 13, respectively. The H, and L, outputs at
pins 4 and 2, respectively, turn devices 10 and 11
sequentially on and off to control power flow to the
output circuit (not shown).

In operation, when the top dev1ce 10 is turned
off, the current I, commutates to the bottom diode 13, as
I3, as shown in Figure 3. The current I,; flows through
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the inherent inductances Ly and Ly in series with diode
13, causing the voltage at V, to go to ~V,. This
negative voltage can cause the driver IC 20 to

_ nalfunction or blow-up. This problem.is even more

5 intense under short circuit conditions.

PIT

SuM OF THE T N

Accordingly, it is an object of the present
invention to provide level shifted high voltage MOSgated
device drivers that are built to withstand the

10 deleterious effects of commutating currents.

The foregoing and other objects of tle
invention are realized by constructing the device such
that the internal inherent inductances L; and Lg have
lower values, which is attained by keeping shorter

15 conductor lengths and positioning the D, and common (COM)
connection in a manner which reduces the inductance path.
Furthermore, the device’s C, capacitance is increased in
order to reduce the voltage developing on this capacitor.
Purther expedients involve increasing the size of the

20 Gy capacitor to hold the Cy. voltage as stiff as
possible, to ensure that the internal IC diode Dy cannot
turn on earlier. Very approximately, the capacitance
Cvee Should have a value ten times the total of all G
capacitors in the system. .

25 The invention further attains its objectives by
reducing the resistance R, and the bootstrap path as much
as possible, to cause reduced current flow through the
substrate diode. Finally, the invention contemplates
providing a resistor Rgey to increase the resistance in

30 - the path of the substrate diode D; and to reduce the
charging of Cyce and the substrate current. .
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BACKGROUND OF THE | NVENTI ON The present invention relates-
to level shifted hirgh vol tage MOSgat e devi ce drivers and, nore
particularly, to MOSgated device drivers with inproved 10 imunity to
del eterious effects of comutating currents. Level shifted
hi gh vol t age MOSgat ed devi ce drivers are well known for the drive of
bri dge connected MOSgat ed devi ces, such as | GBTs and power MOSFETSs.
A famly of such devices are sc%d under the type nunbers 15
| R21XX, which are high voltage integrated circuit (HVIC devi ces,
whi-ch each drive two such MOSgat ed devi ces per | eg of a bridge.
Figures 1 and 2 show typi cal configurations for an | R21XX driver
(for exanple, an | R2155) for high side and |ow side | GBTs 10 and 11
: Other features and advantages of the present

invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

5 BRIEF DESCRIPTION OF T NGS

Fig. 1 is a schematic of a prior art circuit
showing a driver IC connected to drive a pair of high
veltage devices;

Fig. 2 is a circuit schematic illustrating the

10 operation of the circuit of Fig. 1;

Fig. 3 is a schematic showing the path of the
commutating current when the top transistor device is
turned off;

Fig. 4 illustrates an embodiment of the present

15 - invention;

Fig. 5 is a circuit showing ancther feature of
the present invention;

Fig. 6 is a plot of the capacitor voltage at
different capacitance values, to show the reduced peak

20 voltage on the capacitor at higher capacitance values.

DETATLED DESCRIPTION OF THE INVENTION
To better describe the problem solved by the
instant invention, reference is made to Figure. 4 which
shows the relevant circuit components and the %ignificant
25 parasitic components. The circuit components include
‘bootstrap diode D, (22) and a capacitor Cy.. (26). Also
shown is the parasitic substrate diode Dy (24) of the IC
and the input Cy. capacitor (26). There are two modes
of failure when V, goes to ~V..
30 In the first, the bootstrap diode D, {22) of
Figure 4 starts to conduct and charges capacitor c, (28).
SPRC\63147 '
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20 respectively, which are associated with fast recovery di odes

12 and 13, respectively. The Herr] and L[err] outputs at ' pins 4 and
2, respectively, turn devices 10 and 11 sequentially on and off to
control power flow to the output circuit (not shown). 25

I n operation, when the top device 10 is turned of f, the current
I[err] comutates to the bottom di ode 13, as I[err], as shown in

Figure 3. The current I[err] flows ihrough

If the veltage on capacitor Q, (28) exceeds the avalanche
rating at the top driver (shown as a zener diode 30),
then it destroys the IC 20. In the second mode, the
bootstrap capacitor €, (28) can also charge up through

5 the parasitic IC substrate diode Dy (24). If significant.
current flows through diode Dy (24), the IC can
malfunction, be damaged or destroyed.

In the prior art, not enough attention has been

paid to the component layout which causes the Iy and Lg

10 inductors to increase. Moreover, the C, capacitor has
been sized to hold up the driver voltage for the maximum
pulse ON time and not for reducing the voltage buildup.

Prior art solutions to these problems have
included adding a current limiting resistance tao the

15 bhootstrap path and adding resistors, such as resistor 32
and high voltage diodes, such as diode 34 (Figure 5) to
limit the amount of -V;' This, however, causes a gate
voltage spikes and requires additional high voltage
diodes. _

20 . In accordance with the present invention:

(a) The values of inductance L; and Iy, are
reduced hy keeping short conductor lengths and by
- positioning the V, connection 38 and "com" connection 36
~ in Figure 4 to reduce the inductance path;

25 {b) The capacitor C, (28) value increased to
cause the capacitance voltage to rise to a reduced value,
as shown in Figure 6, For a size 3 IGBT die (available
from International Rectifiex Corporation of El Segundo,
CA), and laying out the part= on an IMS substrate, a

30 capacitance of 0.47 u¥ is preferably used;

(c) The size of the Cycc capacitor 26 is
increased to hold the V.. supply (Figure 4) as-"stiff" as
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di ode

t he i nherent inductances L[err] and L[err] in series with

13, causing the voltage at V[err] to go to -V[err]. This

negati ve vol tage can cause the driver I1C 20 to

10

15

24

SPEC163187

possible since, if there are dips in the V. voltage
during bootstrap charging, the internal IC diode Dby (24)
can turn on earlier. Preferably, capacitor Cye (26)
should have a value of ten times the total of all ¢
capacitors in the systenm;

(@) The resistance R, (40) in the bootstrap
path is reduced as much as possible. Resistor R, (40)
limits the charging of capacitor ¢, (28) which causes
increased current flow through the parasitic substrate

" diode, which can cause a malfunction. The recommended

resistor value is 0 ohms;

(e) A resistor R,y (42) can be added in line
41 in Pigure 4 to increase the resistance in the path of
substrate diode Dy (24). Resistor Ry (42) also reduces
the charging of capacitor ¢, (26) and the substrate
current. ) .

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
preferred, therefore, that the present invention be

limited not by the specific disclosure herein, but only

by the appended claims,
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malfunction or blowup. This problemis even nore 5 I ntense under short

circuit conditions. SUMWARY OF THE INVENTICN

Accordingly, it is an object of the present inventionto—provide

| evel shifted high voltage MOSgat ed devi ce dr are built to
wi t hstand the 10 del eterious effects of cormutatirw;gl?em epm”d

The foregoi ng and ot her objects of the |nvent|

constructing the device such ~-tdat the internal tances
L[err] and L[err] have | ower val ues, which is attained by keeping
shorter 15 conductor | engths and positioning the Db and common (COM

WHAT IS CLATMED ISt

1. A driving circuit for high power devices,
the circuit comprising:: ,
a MOSgate driver and a power switching clrcuit,
the power switching circuit including a Ffirst Mosgate o
5 transistor and a second MOSgate transistor, the MOSgate
driver being connected to and serving to alternately turn
on the first and second MOSgate transistors;
the power switching circuit having a voltage
output node hetween the first MOSgate transistor and the
10 second MOSgate transistor, and the second MOSgate
transistor having associated therewith a recovery diocde
and inherent inductances L, and Lg;
the MOSgate driver comprising an integrated
aircuit and including an external capacitor C, connected
15 between a circuit node Vv, and a circuit node V; of the
MOSgate driver circuit, the MOSgate driver circuit
further including a common node and a series circuit
including a charging capacitor Cyge, a resistor R, and a
diode D, connected between the common node and the V,
20 ° mode; and .
the MoSgate driver circuit and the power
switching circuit being connected as close as possible to
one another to obtain short conductor lengths between the
nodes V; and V, and between the common node and another
25 comnon node of the power switching circuit, to thereby
reduce the values of the inductances I, and Lu.ﬁ

2., The circuit of claim 1, in which the

capacitor C, has an increased value, substantially in
excess of a capacitance needed to hold up a voﬂtage of
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connection in a manner- which reduces the inductance path.
Furthernore, the device's (Jerr] capacitance is increased in or der

to reduce the voltage devel oping on this capacttor———_ Further
expedi ents invol ve increasing the size of thel,h err] capacitor to

2 q
hold the CJerr] voltage as stiff as pos as SeendRqplaged t hat t he
internal | C diode D err] cannot turn o [I ﬂ approxi matel vy,
t he capacitance - Jerr] shoulQ_@azp a vadl the total of

all Cerr] capacitors in the system 25 The invention
further attains its objectives by reduci ng the resistance R err] and
the bootstrap path as much as possible, to cause reduced current
fl ow t hrough the substrate diode. Finally, the invention
contenpl ates the fiFsgyMafgate transishorRfor p meximuncbabse MYV rdgiest ance
In 5 said increased value beinyg determined by the inductances
Ly and Lg, and also by the size and type of said MOSgate
transistors. -

3. The circuit af claim 1, in which a
capacitance of the capacitor ¢, has a value greater than
about 0.47 pF, for IR size 3 "kY type IGBTs.

4. The circuit of claim 1, in which the
capacitor Cyec has a valpne of at least about ten times
the value of the capacitor ¢, in the circuit.

5. The circuit of claim 1, in which the value
of the resistor R, is reduced to as little as possible.

6. The circuit of claim 5, in which the value
of resistor R, is about 0 ohms.:

7. The circuit of claim 1, including a
- resistor Repy of about 1 to 20 ohms between the common
node of the MOSgate driver circuit and the common node of
the power switching circuit.
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the path of the substrate diode Dlerr] and to reduce the

30
‘charging of Cferr] and the substrate current.
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- 3- O her features and advant ages of the present

I nvention will becone apparent fromthe follow ng description of the
i nventionywhich refers to the acconpanyi ng draw ngs. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS - Fig. 1 is a schematic of a
prior_art_circuit .__ ..__ showing a driver IC connected to drive a pair of:
hi gh '

25y
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vol t age devi ces; Fig. 2 is acircuit schematic

illustrating the 10 operation of #he circuit of Fig. 1;

Fig. 3 is a schematic showi ng the path of the comut ati ng current
when the top transistor device is turned off; IR-1263 Fig.
4 illustrates an enbodi ment of the present 15 I nventi on;

Fig. 5is a circuit show ng another feature of t he present

i nventi on; Fig. 6is a pIot of the capaC|tor vol t age at
di fferent capacit arg IRITERS ¥ : < , :
t he capacitor at higher capaC|tance values

ABSTRACT OF THE DISCLOSURE
In a level shifted high voltage MoOSgate davice

driver which drives MOSgate devices such as ICGBTs and
power MOSFETs, effects af negative voltage swings caused
by currents commutating through Lg; and Lg inductances in
the power c¢ircuits are avoided due to several measures.
First, the values of the inductances I, and L, are
reduced by keeping short conductor lengths, by other
layout./wire bonding techniques to reduce the values of
the L; and Ly inductances. The external, charging
capacitor C, value is increased substantially to reduce
the voltage buildup on the internal circuitry. A typical
value is 0.47 uF, for a given circuit, IGBT iPd layout
combination. The size of the Cyc capacitor is selected
to keep the supply voltage as stiff as possible.
Preferably, Cy.: is at about ten times the value of the
sum of the C, capacitance in the circuit. The resistance
R, in the bootstrap path is reduced as much as possible,
preferably to zero., Finally, a resistor Reyy is
optionallf added between the common nodes of the driver
circuit and the power device circuit.

FIGURE 1
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5ETAI£ED DESCRIPTICN OF THE | NVENTI ON ' To better dedefsi-hers

t he .probl em sol ved by the I nstant invention, reference is nmade to
Figure 4 which shows the relevant circuit conponents and the
significant 25 parasitic-c € “~?§ﬁ§ i?' rt—ganmponent s i ncl ude
bootstrap diode Dierr] (22) anb ﬁqﬂq; % %1 Also shown
is the parasific substrate dio J é‘h'iﬁz qg ﬁ% and the input
Clerr] capacitor (26). There a e twﬂ”' des a“* v“ gu when V[ err]
goes to -V[err]. 30 ¥ A rinaged e H%%‘ﬁ dp di ode Db (22)
of Figure 4 starts to conﬁuebiaﬁd oﬁ&ggéé dapaerd 6r @ err] (28).

| DATH OF RECEIPT..2NM. ...

HIGH VOLTAGE DRIVERS WHICH AVOID -V, FATILURE MODES

RELATED APPLICATIONS

This appiication claims the benefit of U.S.
Provisional Application Serial No. 60/004,981 filed on

5 October 10, 1995.

BACKGROUND OF E _INVENTION

The present invention relates to level shifted
high voltage MOSgate device drivers and, more
particularly, to MOSgated device drivers with improved

10 immunity to deleterious effects of commutating currents.

Level shifted high voltage MOSgated device
drivers are well known for the drive of bridge connected
MOSgated devices, such as IGBTs and power MOSFETs. A
family of such devices are sold under the type numbers

15 IR21XX, which are high voltage integrated circuit (HVIC)
devices, which each drive two such MOSgated devices per

leg of a bridge. Figures 1 and 2 show typical
configurations for an IR21XX driver (for example, an
IR2155) for high side and low side IGBTs 10 and 11

20 reépectively, which are associated with fast recovery

diodes 12 and 13, respectively. The H, and L, outputs at

pins 4 and 2, respectively, turn devices 10 and 11
sequentially on and off to control power flow to the

output circuit (not shown).

25 In operation, when the top device 10 is turned
off, the current I,, commutates to the bottom diode 13, as

I,3, as shown in Figure 3. The current I,; flows through
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the inherent inductances Ly and Ly in series with diode
13, causing the voltage at V, to go to -V,. This
negative voltage can cause the driver IC 20 to
malfunction or blow-up. This problem is even more
intense under short circuit conditions.

SUMMARY OF THE INVENTION

' Accordingly, it is an object of the present
invention to provide level shifted high voltage MOSgated .
device drivers that are built to withstand the
deleterious effects of commutating currents.

The foregoing and other objects of the
invention are realized by constructing the device such
that the internal inherent inductances Ly and L; have
lower values, which is attained by keeping shorter
conductor lengths and positioning the D, and common (COM)
connection in a manner which reduces the inductance path.
Furthermore, the device’s C, cépacitance is increased in
order to reduce the voltage developing on this capacitor.
Further expedients involve increasing the size of the
Cvcc capacitor to hold the Cy,. voltage as stiff as
possible, to ensure that the internal IC diode Dg cannot
turn on earlier. Very approximately, the capacitance
Cycc should have a value ten times the total of all ¢,
capacitors in the systen.

The invention further attains its objectives by
reducing the resistance R, and the bootstrap path as much
as possible, to cause reduced current flow through the
substrate diode. Finally, the invention contemplates
providing a resistor Rcyy to increase the resistance in
the path of the substrate diode Dy and to reduce the
charging of Cy,c and the substrate current.

This is the replacement sheet
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I'f the voltage on capacitor Cb (28) exceeds the aval anche rating at
the top driver (shown as a zener di ode 30), then it destroys the IC
20. In the second node, the boot strap capacitor Cerr] (28) can al so
charge up through 5 the parasitic I C substrate diode Dierr] (24). |If
significant current flows through diode Dierr] (24), the IC can

mal f uncti on, “be danaged or destroyed. In the prior art,
not enough attention has been paid to the conponent |ayout which
causes the L[err] and L[err] 10 indyctors to increase. Moreover, the
Cb capacitor has been sized to hold up the driver voltage for the
maxi mum ~ pulse ONtinme and not for reducing the voltage buil dup.
Prior art solutions to these problens have

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

5 I ESCRIPTION O WINGS

Fig. 1 is a schematic of a prior art circuit
Showing a driver IC connected to drive a pair of high
voltage devices; '

Fig. 2 is a circuit schematic illustrating the

10 operation of the circuit of Fig. 1;

Fig. 3 is a schematic showing the path of the
commutating current when the top transistor device is
turned off;

Fig. 4 illustrates an embodiment of the present

15 invention; _

Fig. 5 is a circuit showing another feature of
the present invention;

Fig. 6 is a plot of the capacitor voltage at
different capacitance values, to show the reduced peak

20 voltage on the capacitor at higher capacitance values.

DETAILED DESCRIPTION OF THE INVENTION
To better describe the problem solved by the
instant invention, reference is made to Figure 4 which
shows the relevant circuit components and the significant
25 parasitic components. The circuit components include
bootstrap diode D, (22) and a capacitor Cycc.(26). -Also
shown is the parasitic substrate diode Dg (24) of the IC
and the input Cy.. capacitor (26). There are two modes
of failure when Vo-goes to -V..
30 : In the first, the bootstrap diode D, (22) of

Figure 4 starts to conduct and charges capacitor -C, (28).
This is the replacement sheet
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i'ncl uded adding a current limting resistance to the 15 bootstrap path

and addi ng resistors, such as resistor 32 and hi gh vol tage di odes,
such as diode 34 (Figure 5) to limt the amount of -V[err]. This,
however, causes a gate vol t age spi kes and requires additional high
vol t age di odes. 20 I n accordance with the present

I nvention: - (a) The val ues of inductance L[err] and L[err]
are reduced by keeping short conductor |engths and by ,
positioning the V[err] connection 38 and "con" connection 36 in
Figure 4 to reduce the inductancé pafh? 25 (b) The capacitor
Cerr] (28) value increased to . cause the capacitance voltage to rise
to a reduced val ue, as shown in Figure 6. For a size 3 IGBT die

(avail abl e

If the voltage on capacitor C% (28) exceeds the avalanche
rating at the top driver (shown as a zener diode 30),
then it destroys the IC 20. In the second mode, the
bootstrap capacitor C, (28) can also charge up through

5 the parasitic IC substrate diode Dy (24). If significant
current flows through diode Dg (24), the IC can
malfunction, be damaged or destroyed.

In the prior art, not enough attention has been
paid to the component layout which causes the L; and Ly

10 inductors to increase. Moreover, the C, capacitor has
been sized to hold up the driver voltage for the maximum
pulse ON time and not for reducing the voltage buildup.

Prior art solutions to these problems have
included adding a current limiting resistance to the

15 bootstrap path and adding resistors, such as resistor 32
and high voltage diodes, such as diode 34 (Figure 5) to
limit the amount of ~-V,. This, however, causes a gate
voltage spikes and requires additional high volfage
diodes.

20 In accordance with the present invention:

(a) The values of inductance L; and Ly are
reduced by keeping short conductor lengths and by
positioning the V, connection 38 and "com" connection 36
in Figure 4 to reduce the inductance path;

25 (b) The capacitor C, (28) value increased to
cause the capacitance voltage to rise to a reduced value,
as shown in Figure 6. For a size 3 IGBT die (available
from International Rectifier Corporation of El1l Segundo,
CA), and laying out the parts on an IMS substrate, a

30 capacitance of 0.47 pF is preferably used;

' (c) The size of the C,.. capacitor 26 is
increased to hold the V.. supply (Figure 4) as "stiff" as

This is the replacement sheet
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from I'nternational Rectifier Cor poration of E1 Segundo, CA), and
| aying out the parts on an | MS substrate, a 30 capaci tance of 0.47
[err]F is preferably used; (c) The size of. the (err]

capacitor 26 is

"stiff" as

10

15

20

increased to hold the V[err] supply (Figure 4) as

possible since, if there are dips in the V. voltage
during bootstrap charging, the internal IC diode Dg (24)
can turn on earlier. Preferably, capacitor Cy.. (26)
should have a value of ten times the total of all ¢
capacitors in the system; ' -

(d) The resistance R, (40) in the bootstrap
path is reduced as much as possible. Resistor R, (40)
limits the charging of capacitor C, (28) which causes
increased current flow through the parasitic substrate
diode, which can cause a malfunction. The recommended
resistor value is 0 ohms; _

(e) A resistor Ry (42) can be added in line
41 in Figure 4 to increase the resistance in the path of
substrate diode Dy (24). Resistor Ry, (42) also reduces
the charging of capacitof C, (26) and the substrate
current. ,

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
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.
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15 possi ble since, if there are dips in theMerr] valfage
during bootstrap charging, the internal-1C diode Dlerr]_(24) can
turn on earlier. Preferably, capacitor Cerr] (26) Tms thmmMMﬂhd
value of ten tines the total of all Cb 5 capaC|tors 1" ﬁF

(d) The resistance Rerr] (40) in the bootstrap

-6 THIS SHEET HAS BEEN
REPLACED
WHAT IS CLAIMED IS:
1. A driving circuit for high power devices,

the circuit comprising:
a MOSgate driver and a power switching circuit,
the power switching circuit including a first MOSgate '
5 transistor and a second MOSgate transistor, the MOSgate
driver being connected to and serving to alternately turn
on the first and second MOSgaté transistors;
the power switching circuit having a voltage
output node between the first MOSgate transistor and the
10 second MOSgate transistor, and the second MOSgate
transistor having associated therewith a recovery diode
and inherent inductances 1y and Lg;
the MOSgate driver comprising an integrated
circuit and including an external capacitor C, connected
15 between a circuit node V, and a circuit node Vg of the
MOSgate driver circuit, the MOSgate driver circuit
further including a common node and a series circuit
including a charging capacitor Cycc, a resistorf&,and a
diode D, connected between the common node and the V,
20 mode; and
the MOSgate driver circuit and the power
switching circuit being connected as close as possible to
one another to obtain short conductor lengths between the
. nodes Vg and V, and between the common node and another
25 common node of the power switching circuit, to thereby
reduce the values of the inductances LQ and Lg. .

2. The circuit of claim 1, in which the
capacitor C, has an increased value, substantially in
excess of a capacitance needed to hold up a voltage of

W) O V00 This s the replacement sheet
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path is reduced as much as possible. Resistor R err] (40) limts the

charging of capacitor Cb (28) which causes I ncreased current flow
through the parasitic substrate 10 di ode, which can cause a

mal function. The reconnended resistor value is 0 ohns;

(e) A\re5|stfms§$aﬁ h@dn be added in Iine 41 |n Flgure 4 to

I ncr ease the he pat h of . subst r gt-e—ci-ede Ae.. 324) .
Resi st or R[er duces 15 t he charging'BﬂOdﬁﬁﬁg Qﬁ@rr]
(26) and the current, o Al FiRBLALED: he

pr esent inventlon has been " descriibed in relatiomto particarar
enbodi ment s t hereof, ' many ot her variations and nodifications and

ot her uses 20 wi || becone apparent to those skilled in the art. It is

the first MOSgate transistor for a maximum pulse ON time,

5 said increased value being determined by the inductances
Ls; and Ly and also by the size and type of said MOSgate
transistors.

3. The circuit of claim 1,'in which a
capacitance of the capacitor C, has a value greater than
about 0.47 uF, for IR size 3 "k" type IGBTSs.

4. The circuit of claim 1, in which the
capacitor Cy,c has a value of at least about ten times
the value of the capacitor C, in the circuit.

5. The circuit of claim 1, in which the wvalue
of the resistor R, is reduced to as little as possible.

6. The circuit of claim 5, in which the wvalue
of resistor R, is about 0 ohms. '

7. The circuit of claim 1, including a
resistor Reoy Of about 1 to 20 ohms between the common
node of the MOSgate driver circuit and the common node of
the power switching circuit.

TR OB 0 VL
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preferred, therefore, that the present invention be limted not by

the specific disclosure herein, but,only - . by the appended cl ai ns.
-6- S
8

HIGH VOLTAGE DRIVERS WHICH AVOID -V, FAILURE MODES

ABSTRACT OF THE DISCLOSURE

In a level shifted high voltage MOSgate device
driver which drives MOSgate devices such as IGBTs and
power MOSFETs, effects of negative voltage swings caused
by currents commutating through Lg and Lg inductances in
the power circuits are avoided due to several measures.
First, the values of the inductances L and Ly, are
reduced by keeping short conductor lengths, by other
layout/wire bonding techniques to reduce the values of
.the Lg and Lg inductances. The external, charging
capacitor C, value is increased substantially to reduce
the voltage buildup on the internal circuitry. A typical
value is 0.47 uF, for a given circuit, IGBT and layout
combination. The size of the Cy, capacitor is selected
to keep the supply voltage as stiff as possible.
Preferably, Cycc is.at about ten times the value of the
sum of the C, capacitance in the circuit. The resistance
R, in the bootstrap path is reduced as much as possible,
preferably to zero. Finally, a resistor Ryy is
optionally added between the common nodes of the driver
circuit and the power device circuit.

Figure 1
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WHAT |'S CLAIMED I S: 1. A dr|V|ng circuit for high power
devi.ces, the circuit conpri sing: %« " ra-MdSgate driver and a power
switching circuit, the power switching circuit including a first MOSgate
transi stor and a second MOSgat e transistor, the MOSgate driver being
connected to and serving to alternately, turn on the first and second
MOSgat e transi stors; t he pOWEL—&MAtChIng circuit having a voltage
out put node between the first MOSgate transi stor and the second MOSgat e
transistor, and the second M3XSgate transistor having associated therewith a
recovery dlode

N S -
O 1 &a\é% Te!
™ R
\\: NN N | _(_.?_
¥ DL
\ X
X oW RN L, Q Q
YO R N Ea X
L e
— R G
Q \§ -1 §Q$ o
°K,§Jm NT N m O
SE:! \? N '.&Q ~ []::
TR SR YR
N W
X S
Q X

This is ths replacement sheet

Dme: 29 JANWH



o

and inherent inductances L[err] and L[err]; the MOSgate driver
conprising an integrated circuit and including an external capacitor Cb
connected between a circuit node Vb and a circuit node V[err] of the
MOSgate driver circuit, in which the capacitor Cb has an increased val ue,
substantially in excess of a capacitancg needed to hold up a voltage of the
first MOSgate transistor for a maxi numpse ON tine, said increased val ue
bei ng determ ned by the inductances L[err] and L[err] and al so by the size
and type of i d NCSgate transistors, the NCSgate driver circuit further

I ncl udi ng oo alldra SETrTEY CrTCuUTty e Uty a“chargl ng capacitor
Clerr], a resigtor :k di ofle connect gd thmewn t }¢ common node and
the Vb node; and '
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the MOSgate driver circuit and the, pomeY smntchlng circuit bei ngepgernaat ed
as close as possi ble to one anot hef td" obtaiin’short conductor |engths

bet ween't he nodes V[err] and V[err] and between the common node and anot her
common node of the power switching circuit, to thereby reduce the val ues of

the inductances L[err] and L[err]. 2.
I n which a capaC|tance of the capaC|t06-C[err] has!ia

FH c.I&d; HAg BEFQ size 3 "k" type | GBTs.

about 0.
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WHAT IS CLAIMED IS:

1. A driving c1rcu1t for hlgh power devices,
the circuit comprising: _

a MOSgate driver and a power switching circuit,
the power switching circuit including a first MOSgate~
transistor and a second MOSgate transistor, the MOSgate
driver being connected to and serving to alternately turn
on the first and second MOSgate transistors;

the power switching circuit having a voltage
output node between the first MOSgate transistor and the.
second MOSgate fransistor, and the second MOSgate
transistor having associated therewith a recovery diode
and inherent inductances Ly and Lg;

the MOSgate driver comprising an integrated
circuit and including an external capacitor C, connected
between a circuit node V, and a circuit node Vg of the
MOSgate driver circuit, the MOSgate driver circuit
further including a common node and a series circuit
ineluding a charging capacitor Cycc, a resistor R, and a
diode D, connected between the common node and the vy
node; and

the MOSgate driver circuit and the power
switching circuit being connected as close as possible to
one another to obtain short conductor lengths between the

‘nodes Vg and V, and between the common node and another

common node of the power switching-circuit, to thereby
reduce the values of the inductances Lg and L.

2. The circuit of claim 1, in which the
capacitor C, has an increased value, substantially in

excess of a capacitance needed to hold up a voltage of
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has a value of at |east. about ten tin€s the val ug of REPEAS
the circuit.

.MOSgate transistor for a maximum pulse ON time,

FUESHq RS

3. The circuit of claim1, in which the capacitor C[err]

4. The circurt of cla ““-g- ﬂ
| niﬂjhpsh@p Y S J;!"’Q . 50 paged ...
e Claim(s)  :paged 4., 1o paged 1.,
i1 .s.nuWIﬂQ(S, paged ... to paged ...
.. 1 Abstract ‘paged.... to paged ....
WHAT IS CLAIMED IS: -
DATE OF RECEIPT .. 430k
1. A driving circuit for high power devices,

the circuit comprising:

a MOSgate driver and a power switching circuit,
the power switching circuit including a first MOSgate
transistor and a second MOSgate transistor, the MOSgate
driver being connected to and serving to alternately turn
on the first and second MOSgate transistors;

the power switching circuit having a voltage-
output node between the first MOSgate transistor and the
second MOSgate transistor, and the second MOSgate
transistor having associated therewith a recovery diode
and inherent inductances Lg and Lg,;

the MOSgate driver comprising an integrated
circuit and including an external capacitor C, connected
between a circuit node V, and a circuit node V, of the

MOSgate driver circuit, in which the capacitor C, has

an increased value, substantially in excess of a

capacitance needed to hold up a voltage of the first

said

increased value being determined by the inductances Lg,

and Lg, and also by the gize and type of said

MOSgate transistors, the MOSgate driver circuit further

including a common node and a series circuit including
a charging capacitor Cy,, a resistor R, and a diode
D, connected between the common node and the V, node; and
the MOSgate driver circuit and the power
switching circuit being connected as close as possible to
one another to obtain short conductor lengths between the
nodes V, and V, and between the common node and another
common node of the power switching circuit, to thereby
reduce the values of the inductances Lg and Lg,.
2. The circuit of claim 1, in which a
capacitance of the capacitor C, has a value greater than
about 0.47 uF, for IR size 3 "k" type IGBTs.
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of the resistor Rb is reduced to as little as possible. 5.
The circuit of claim4, in which the value of resistor Rb is about 0 ohns.
6. The circuit of claiml, including a‘resistor R err] of about 1 to 20
ohnms between the common node of the MOSgate driver circuit and the conmon
node of the power switching circuit. -7 -

:1; tHe circuit of claim 1; in which the
capacitor Cye. has a value of at least about ten times
the value of the capacitor C, in the circuit. '

The circuit of c¢laim 1, in which the wvalue

4.

of the resistor R, is reduced to as little as possible.
5. The circuit of ¢laim 4, in which the value

of resistor R, is about 0 ohms.

6. The circuit of claim 1, including a
resistor Re,y of about 1 to 20 ohms between the common
node of the MOSgate driver circuit and the common node of

the power switching circuit.
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