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METHOD AND CIRCUIT FOR DRIVING POWER TRANSISTORS
IN A HALF BRIDGE CONFIGURATION FROM CONTROL
SIGNALS REFERENCED TO ANY POTENTIAL BETWEEN
THE LINE VOLTAGE AND THE LINE VOLTAGE RETURN
5 D _INTEGRATED CIRCUIT INCORPORATING THE CIRCUIT

BACKGROUND OF THE INVENTION

This invention relates to a method and. circuit
for driving power transistors in a half bridge
configuration from control signals referenced to any

10 potential between the line voltage and the line voltage
return. For example, the present invention is applicable
to power MOSFETS arranged in a half bridge configuration.
It is equally applicable to other types of transistors.
The invention also relates to an integrated circuit.

15 driver chip incorpofating the circuit.

There is a need for an interface circuit
between power transistors in a half bridge configuration
and the control signals for the power transistors. There
is especially a need for such an interface circuit which

20 . can couple the power transistors to control signals
referenced to any potential between the voltage supply
line for the power transistors and the return. There is
furthermore a need for such a circuit which can be
integrated in a single driver chip with other driver

25 functions. '

' | In the prior art, the most common cases are
where the control signals are referenced to the return,
to the line voltage or to a mid point between the line
voltage V; and the return -V;,. Figure 1 of this .

30 application shows an example where the control signals
are referenced to the mid point between the line V; and
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return. For exanpl e, the present_  invention is applicable  to power

MOSFETS arranged in a half bridge configurati on. I's equally
applicable to other types of transistors. The i nvem,isgnbeﬁiasgedhale ceb

to an integrated circuit 15 driver chip incorporating t

There is a need for an interface circuit . between pov umau‘&m!“ !He '
in a half. bridge configuration and the control signal

transi stors. There is especially a need for such an interface
circuit which 20 can couple the power~transistors to control signals
referenced to any potential between the voltage supply line for the
power transistors and the return. There is furthernore a need for
such a circuit mhich can be integrated in a single driver chip with
ot her driver fu tio n th rt . DSt
conmon cases a’i’eé" rU; &2‘ thds, Wolth:ﬂM§°aﬁ% B%?‘g"f efEP% rc:f’f'%

return, drmd tﬁ‘adrmel.y@magm ortY,a rMn the ntibewikent thibgl i he
vol tage VL andq,]éf]t%%a éjo‘%f r%*é{ié%;n al}llfé‘@%g Peflrifibda3fo gr@ﬁﬂh' 6t von shows

an exanpl e whe
It would be advantageous if a circuit could be

5 provided wherein the control signals could be referenced
to any potential between +V_, and -V,.

SUMMARY OF THE INVENTION

It is an object of the present invention to

provide a method and circuit for driving power

10 transistors in a half bridge configuration from control
signals referenced to any potential between the line
voltage and the line return.

It is furthermore an object of the present
invention to provide an integrated circuit driver chip

15 incorporating the driver circuit. ;

The above and other objects are achieved by a
method for driving power transistors in a half bridge
configuration from a control signal referenced to any
potential between the line voltage for the power

20 transistors and the line voltage return, comprising
providing a control signal referenced to ény potential
between the line voltage and the line voltage return to
an input circuit; providing said input circuit with two
voltage levels floating with respect to a common voltage

25 level; providing an output of said 1nput circuit to a
first level shifting circuit which shifts the level of
the output of the input circuit so that it is referenced
to the common voltage level; providing said output
referenced to the common voltage level to a low side

30 driver circuit for the power transistor in said half
bridge configuration which functions as a low side power
transistor; p;gviding said output referenced to said
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are refefence ' o the m d point between the |line VL and

-2- 3 rﬁéﬁch{iepl&}cPﬁ this case the md point bet ween the line

T

common voltage level also to a second level shifting
circuit which shifts the level of said output from said
first level shifting circuit to produce a signal
referenced to a second higher voltage level than said

5 common level; and providing said signal referenced.to
said second higher voltage level to a high side driver
circuit for driving the power transistor comprising the
high side power transistor in said half bridge
configuration.

10 The above and other objects of the invention
are also achieved by a circuit for driving power
transistors in a half bridge configuration from a control
signal referenced to any poﬁential between the line
voltage for the power transistors and the line voltage

15 return, comprising an ihput circuit receiving a control
signal referenced to any potential between the line
voltage and the line voltage return, said input circuit
being supplied with two voltage levels floating with
respect to a common voltage level; a first level shifting

20 circuit receiving an output of said input circuit which
shifts the .level of the output of the input circuit so
that it is referenced to the common voltage level; a low
side driver circuit for the power transistor in said half
bridge configuration which functions as the low side

25 power transistor, said low side driver circuit receiving
said output referenced to the common voltage level; a-
second level shifting circuit which shifts the level of
said output from said first level shifting circuit to
produce a signal referenced to a second higher voltage

30 level reference than said common level; and a driver
circuit receiving the signal referenced to said second
higher voltage level for driving the power transistor

B
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and return is

signal s nust be referenced to ground or V[err].

-V[err].

ground or V[err]. In the circuit of Fig 1,-

SUMVARY OF THE | NVENTI ON

be advantageous if a circuit could be 5 provi ded mhere|n qummi
signals could be referenced to any potential between + um

of the present invention to provi de a nethod and CIrCUIt for driving
power 10 transistors in a half bridge configuration fromcontro
signals referenced to any potential BDetwEen the |ine vol tage and the

i ne return.

I nvention to provide an integrated circuit driver chip 15

the driver cir
achi eved by a
configuration
bet ween the |i

10

15

It is furthernore an-object of the present

cuit. ~ The above and ot her objects are
ovmmr SSEUC TRy dh FUA, BRURE. SRR o ety 00
bridget agnfigurabhéopower

The above and other objects of the invention
are also achieved by a method of integrating on a single
integrated circuit chip a circuit for driving power
transistors in a half bridge configuration from a control
signal referenced to any potential between the line
voltage for the power transistors and the line voltage
return, comprising: providing a control signal referenced
to any potential between the line voltage and the line
voltage return to an input circuit; providing said input
circuit with two voltage levels floating with respect to
a common voltage level; providing an output of said input
circuit to a first level shifting circuit which shifts
the level of the output of the input circuit so that it
is referenced to the common voltage level; providiﬂ§ said
output referenced to the common voltage level to a low

" side driver circuit for the power transistor in said half

20

25

30
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bridge configuration which functions as a low side power
transistor; providing said output referenced to said
common voltage level also to a second level shifting
circuit which shifts the level of said output from said
first level shifting circuit to produce a signal
referenced to a second higher voltage level than said
common level; and providing the signal referenced to said
second higher voltage level to a high side driver circuit
for driving the power transistor comprising the high side
power transistor in said half bridge configuration.

The objects of the invention are furthermore
achieved by a circuit integrated on a single integrated
circuit chip for driving power transistors in a half
bridge configuration from a control signal referenced to
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20 transistors d the Iine vol tage return, conprising provi di ng

a control signal r epot ent i al between the |ine

vol t-age and the line | Im nto an input circuit; providing
said input circuit voltage | evel s floating wi th respect to
a common vol tage 25 | evel ; prOV|d|ng an output of said input circuit to
a first level shifting circuit which shifts the | evel of t he
out put of the input circuit so that itgis referenced to the common
vol tage | evel; providing said output referenced to the comon
voltage level to a | ow side 30 driver circuit for the power transistor
In said half bridge configuration which functions as a | ow side
power transi stor; providing said output referenced to said

any potential between the line voltage for the power

transistors and the line voltage return, comprising:
an input circuit receiving a control signal
referenced to any potential between the line voltage and
5 the line voltage return, said input circuit being
supplied with two voltage levels floating with respect to
a common voltage level;
a first level shifting circuit receiving an
output of said input circuit which shifts the level of
10 the output of the input circuit so that it is referenced
to the common voltage 1eVel;
a low side driver circuit for the power
transistor in said half bridge configuration which .
functions as the low side power transistor, said low side
15 driver circuit receiving said output referenced to the
common voltage level; :
' a second level shifting circuit which shifts
the level of said output from said first level shifting
circuit to produce a signal referenced to a second higher
20 voltage level than said common level; and
a driver circuit receiving the signal
referenced to said second higher voltage level for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in greater

detail in the following detailed description with
reference to the drawings in which:
Fig. 1 shows an example of the connection of an
30 interface circuit between control signals and two power
transistors arranged in a half bridge configuration;
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- 3- ’ common voltage |level also to a second |evel shifting
circuit which shifts the level of said output from said ThisShed: HisHeed RépRbed

shifting circuit to produce a signal referenced to a
voltage | evel than said 5 common | evel; and providing s j HIL
rver

referenced to sai d second higher voltage level to a
circuit for driving the power transistor conprising the hi gh si de
power transistor in said half bridge. g - configuration. :

Fig. 2 shows the circuit of the invention
providing the interface between the control signals and
the power transistors and which allows the power
transistors to be driven by control signals referenced to

S any potential between the line voltage and the return;

Fig. 3 shows a known driver circuit in which
the control signals are referenced to ground and which
can be modified in accordance with the invention; and

Fig. 4 shows how a portion of the circuit of

10 Fig. 2 can be implemented in an integrated circuit.

DETATLED DESCRIPTION
With reference now to the drawing figures, Fig.

1 shows a generalized circuit diagram for an interface
between control signals for driving power transistors and

15 power transistors arranged in a half bridge '
configuration; In the embodiment shown, the power
transistors operate, as known to those of skill in the
art, in complementary fashion, with the load connected to
the terminal OUT. The half bridge circuit includes a

20 high side power transistor 10 and a low side power
transistor 20. In the circuit shown, when the high side
power transistor is driven on, the low side power
transistor is off. Conversely, when the low side power
transistor is on, the high side transistor is off. Half

25 bridge circuits can also be configured to operate so that
the load is in series with both transistors, in which
case the two transistors may be driven on simultaneously.

The control signals, e.g. HIN and LIN, are

provided at inputs 30 to a control logic interface

30 circuit 40. Control logic circuits from the prior art
are known to those of skill in the art. For example,
such a control logic circuit may be a type IR 2110,

-
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10 " The above and ot her objects of the invention are al so
achi eved by a ci rﬂﬁ&ﬂhed‘tﬁasﬂieﬂwdpn@dpomer transistors in a half bridge

configuration fron1 signal referenced to any potenti al
bet ween the |ine r the power transistors and the |ine

vol tage 15 retu an input circuit receiving a control

signal referenced to any potentlal between the |ine vol tage and the
line voltage return, said input circuig _ bei ng supplied with two

vol tage | evel s floatlng with respect to a common voltage level; a
first level shifting 20 circuit receiving an output of said input
circuit which shifts the level of the output of the input circuit so
that it is referenced to the common voltage level; a | ow side driver

circuit for thevadilaislé rewsnm sIinternatiofdabaRéctifier korgge ¢bvef i guration

driver  of rout CaLeR of "bRLE%agaricabPRr | EREFE REY b e B R
vol t age | evel ;control inpwt®sn3l0} edependingi oy bowcthe wircmithiifsts t he
level of cont <?l éﬁPU%stRB%ﬁa’cQ ghﬁéé beVEk i'ii ‘E‘hi ReheCia i U 1P
produce a signal erence secon I gher vo
5 Flgure 1, two control inputs are shown.
The control logic interface circuit 40 provides
a high side gate drive 42 and a low side gate drive 44,
as known to those of skill in the art. Voltage sources
Vg, Vec and V,, are coupled to the control logic, as known
10 to those of skill in the art. Additionally, sources V_
and -V, are coupled to main terminals of the respective
power transistors 10 and 20. The power transistors have
a common point coupled to V, and to which the load is
connected. In the embodiment shown, ground is connected
15 to the voltage level v,,.
In the prior art; as shown in Fig. 1, the
control signal or signals 30 have been referenced to a
reference level, typically ground. Many inverter control
signals, however, need not be referenced to ground. It
20 is desirable to provide an interface circuit between the
control signals and the power transistors which allows
the control signals to be referenced to any potential
between the line and its return i.e., between +V; and
-V,.
25 " Fig. 3 shows details of the conventional device
of Fig. 1, in particular, an IR 2110 driver circuit, in
which the control input signals are referenced to V,
(ground) .
Figure 3 is a functional block diagram of the
30 circuit contained within the integrated circuit 40 of
Figure 1. Logic input pins 10, 11 and 12 are connected
through Schmitt triggers 50A, 50B and 50C to the RS
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30 _Iével reference than said common |level; and a dri ver— —ciTcuit
receiving the signal referenced to said second hlgheﬁhggh%ggnggﬁ

or ariing the pover ranai str ' "I

latches 50D and 50E and also to logic circuits 50F and
50G, as shown. The outputs of logic circuits 50F and 50G
are coupled, respectively, to level shift circuits 70 and
68. As will be seen, the outputs of the level shift

5 circuits 70 and 68 control the high side control output
and low side control output at pins 7 (HOUT) and 1
(LOUT), respectively.

The output from level shift circuit 68 in the

low voltage channel is applied through a delay circuit
10 72A and one input of gate circuit 72B. The output of
gate 72B is connected to the gate electrodes of output
~driver MOSFET transistors 74A and 74B. As will be later
described, these transistors will produce a gate voltage
at pin 1 when required by the logic input to pins 11 and
15 12.

Figures 3 also contains an under-voltage -
detection circuit 73 which disables the output from gate
72B when an under-voltage is detected at pin 3 to prevent
turn-on of the power MOSFET or IGBT operated from pin 1.

20 The level shift circuit 70 for the high voltage
- channel of the circuit has one input connected to a pulse
generator 76A. Under-voltage detection circuit 73 is
also connected to pulse generator 76A and will turn off
the high voltage output channel responsive to the
25 detection of an under-voltage condition at pin 3.

Pulse generator 76A has two outputs, a'seﬁ (S)
output connected to the gate of MOSFET 76B and a reset
output (R) connected to the gate of MOSFET 76C. The set
pulses are applied to MOSFET 76B and the reset pulses are

30 applied to MOSFET 76C.

The sources of MOSFETs 76B and 76C are
connected to a common connection rail and their drains
are connected to resistors 76D and 76F, respectively.

-
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conprising the hlgh S|de omer t Qplstor in said half ‘bridge

configuration. Tmsﬂma as ““ above and ot her objects of the invention
are al so achieved b ntegratlng on a single 5 i nt egrated
circuit chip acirc | power transistors in a half bridge
configuration froma control signal referenced to any potenti al
between the |ine vol tage for the power transistors and the |line

vol t age return, conprising: pravigding a control signal referenced 10
to any potential between the line voltage and the |ine vol tage return
to an input circuit; providing said input circuit with two vol tage

| evel s floating with respect to a common vol tage | evel; providing an
out put of said input circuit to a first level shifting circuit which

shifts 15 t he | evel oDurhngonbpmalobpbbaﬁﬂmuﬁ_tnewagplinatiun ot
I's referenced %ﬁlggg EB%BFF‘QE qﬁg Fl&elfﬁnprf%w dltth% %1%0% gen Veér)&gzput

referenced to € conmobn circuit
for the power ?6Anwnéioprpduga|gunnut voltageh pudges digatyang iorstwath

functions as agh@W,84d8 BE¥REen MOSFETs 76B and 76C and their
5 respective resistors 76D and 76E.

The pulses Vset and Vrst are then applied to a
pulse filter 76F. The output channels of filter 76F are -
connected to the R and S inputs of a latch 76G. A second
under-volta@e detection circuit 76H is provided as an

10 input to -the latch 76G to ensure that no signal is
applied at pin 7 if an under-voltage is detected at pin
6.

The output of the RS latch 76G is used to turn
MOSFETs 78A and 78B on and off. Thus, if a high signal
15 is applied to input R of the RS latch, the output at pin
7 is turned off. If a high signal is applied to the S
input of latch 94, the output at pin 7 will turn on.
In the circuit of Figure 3, the input control
signals HIN and LIN are referenced to ground (VSS). It
20 is desirable to provide a driver circuit like that of
Figure 3 in which the control signals can be referenced
to any level between +V; and -V,. The circuit according
to Fig. 2, which replaces the control logic interface
circuit 40 of Fig. 1, provides such an ability. With
25 reference to Fig. 2, the interface circuit includes an
input section 50 which receives the input control signals
and is coupled to voltage sources Vp; and V,. As shown,
the line V,, is not coupled to ground, as in Fig. 1. Vpp
and V,, are chosen so as to allow the input circuit 52 to
30 be responsive to a control signal having any reference
between +V; and -V,. The input signals are received by
the input logic circuit 52, which itself is of
conventional design, the output of which is coupled to a

-
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20 transi stor; providing said output referenced to sara““‘-7§ﬁﬁﬁwr——~

vol tage |l evel also to a second |evel shifting ci rcuﬁisﬁmetmssdahﬁﬁaced
the | evel of said output fromsaid first |evel shiftZ )

produce a signal referenced to a second higher volta W’ﬂ"l
said 25 common | evel; and providing the signal referenced to

second hi gher voltage level to a high side driver circuit for - -
driving the power transistor conprigqu t_he high side power
transistor in said half bridge configuration. The objects
of the invention are furthernore 30 achieved by a circuit integrated on
a single integrated circuit chip for driving power transistors in a
hal f bri dge configuration froma control signal referenced to

pulse generator 54, also of conventional design. As
known to those of skill in the art, pulse generator 54
provides "on" and "off" outputs on the two respective
output lines. An "on" pulse is provided at the leading
5 edge of the input control signal and an "off" pulse at
the trailing edge of the input control signal. Examples
of logic circuit 52 and pulse generator 54 are shown by
the boxed area 50 in Figure 3.
The outputs of the pulse generator are provided
10 to a first level shifting circuit 56, which comprises two
P channel FETS 55 and 57, each coupled to a respective
tie down resistor 58 or 60. An intrinsic or parasitic
diode 62 is coupled across the resistor-transistor series
circuits comprising the transistor 55 and resistor 58 and
15 transistor 57 and resistor 60. Transistor 55 and
| transistor 57 level shift the control signals down to
signals referenced to COM or -V,. Thus, these signals
provide the drive for the low side power device 20. This
level shift circuit should be contrasted to the level
20 shift circuits 70 and 68 of the prior art driver device
of Figure 3, which shift the level of the control signals
from reference levels VDD and VSS to levels referenced to
VCC and COM.
The outputs of each of transistors 55 and 57
25 are coupled to respective buffers 64 and 66. The outputs
of the buffers 64 and 66 are coupled to respective N
channel FETS 68 and 70 as well as to ‘an output logic
circuit 72 which is of conventional design, and is shown
at 72 in Figure 3. The output of the logic circuit 72 is
30 provided to a driver circuit 74, also of conventional
design (see Figure 3), which provides the low side output
drive signal to the low side power transistor.
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- 5- ) any potential between the line voltage for the power
transistors and t hgyd dhek HBebeRBlab@t Ur n, conpri si ng: an

i nput circuit recei\j si gnal referenced to any potentia
between the |ine VOWE
circuit being opall'

the line voltage return, said input

two voltage levels floating with respect
to a common vol tage | evel; a first level shifting
circuit receiving an . out put oﬂ_gfiq_input circuit which shifts the
| evel of ' :

Transistors 68 and 70 provide a second level
shifting circﬁit, whereby the outputs of buffers 64 and
66 are level shifted to the higher voltage reference
necessary for the high side power transistor 10 drive
5 circuits 76 and 78, which are referenced to V; and Vs.
Transistors 68 and 70 shift the reference level of the
control signals at their gates from the COM reference
level to the V3 reference level necessary for the drive
of the high side power device 10. The output of the
10 logic circuit 76 is provided to a driver 78 of
conventional design (see Figure 3) which provides the
high side output signal to the power transistor 10.
As shown, each of transistors 68 and 70 is
coupled to a respective pull-up resistor 69 or 71 to
15 accomplish the level shifting.
Also coupled across the second level shifting
circuit is another intrinsic diode 63. The two N-channel
FETs, the two P-channel FETs and the two diodes must be
_ able to withstand at least a potential twice V. The two
20 diodes represent the fact that the circuit blocks 50 and
75 can both float above -V, by more than twice VvV
independent of each other.
_ The part of the circuit to the right of the
line denoted X-X is conventionally present in the IR type
25 2110 device. Accordingly, the entire circuit shown in
Fig. 2, including the first level shifting circuit 56,
preferably is integrated on a single integrated circuit
chip, i.e., a single silicon chip. For example, the
circuit of Fig. 2 represents an improvement to the IR
30 2110 device and can be incorporated on the single silicon
" chip of that device.
Fig. 4 shows how a portion of the circuit of
Fig. 2 can be implemented in an integrated circuit. When
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10 the output of the input circuit so that it is referenced to the

common vol tage |evel; - a low side driver circuit. for the
power t r anSiisShest HayBesmReplapad] f  br | dge configuration which

functions as the | transistor, said | ow side 15 driver
circuit receiving ferenced to the common vol tage | evel
a second level shifting circuit which shifts -the.level of said output
fromsaid first Ievel shifting _circuit to produce a signal referenced
to a second higher 20 vol tage | evel "Than said commn |evel; and

a driver circuit receiving the signal referenced to said second

hi gher vol tage | evel for driving the power transistor conprising the
hi gh si de power transistor in said half bridge configuration. 25

BRI EF DESCR'PThﬁﬂl@ﬁeﬁHEnERﬁﬁbNeﬁrcult of Fig. 2 id& idbmeidn Ghip) |tﬁ€

3ffﬁrlbed 'n gk and low vo&%agé %fQE%JEQ'g%ﬁ'%géﬁ%é&i§“&é§f§%é&“ rom
one another. Fig. 4 shows a portion of such a chip in
cross section, in particular, the circuit coupled between

5 Vg and V,, circuit 75 of Fig. 2. Thus, in Fig. 4, a

silicon chip 120 consists of a P(-) substrate 121 which
has an epitaxial layer 122 of N(-) silicon grown thereon.
The N(-)_rg&ion 122 is separated into high voltage and
low voltage regions by P+ sinkers 130, 131, and 132.

10 Thus, sinkers 130 and 131 define a high voltage device
region 140 in epitaxial layer 122, separated from low
voltage region 141. Regions 140 and 141 can have any
desired topology. Moreover, any desired isolation
technique can be used between regions 140 and 141.

15 Typically, the driver circuit 78 of Fig. 2
comprises P channel and N channel MOSFETS. This is
described in detail in copending application:éerial No.
08/274,012 filed July 12, 1994 (IR-1131), the disclosure
of which is incorporated by reference herein. Also

20 described therein, and known to those of skill in the
art, is the low voltage control circuit for the high
voltage circuit, which may comprise P channel and N
channel MOSFETS.

| The high voltage circuitry of these MOSFETs is

25 shown in Fig. 4 as formed within high voltage region 140.
The P+ contact regions 162 and 163, which are diffused in
layer 122, represent any of the source and drains of the
P-channel MOSFETs of the driver 78 of Fig. 2. The P
region 164 is diffused in layer 122 to form the P-type

30 well region. The N+ contact regions 160 and 161, which
are diffused in the P-type region 164, represent any of
the sources and drains of the N channel MOSFETs of the
driver 78 of Fig. 2.

-
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ref erence to'the drawi ngs in whi ch: Firg.” T shows am exanmpl e
of the connection of an 30 interface circuit betmeenTﬁpgk&@Esﬁégﬂ.]éapnd

two power transistors arranged in a half bridge co ,"ﬂ ,ln"m"" Ill

- 13 =

The low voltage control circuitry MOSFETs are
schematically shown as formed within area 141 in Fig. 4.
N+ contact region 125 is diffused in region 141 and
receives an electrode which is at the low voltage supply

5 . V.. The low voltage control region 124 would also
contain diffusions, not shown, identical to the
diffusions 160 to 164 in the high voltage region 140.
However, all the N+ and P+ diffusions in the low voltage
control region 124 would receive electrodes which are

10 between V., (15V) and OV and these would represent the
sources and drains of the MOSFETs of the low voltage
control circuit.

N+ contact regions 126 and 127 are diffused
into layer 122 and receive metallic electrodes which can

15 be at potentials between V; (615V) and V, (600v). The P+
sinkers 130, 131, and 132 receive electrodes which are at
zero or ground potential (COM). P(-) resurf regions 150
and 151 may encircle the high voltage region 40 to
provide isolation from low voltage region 141.

20 As is conventional, all devices within the
silicon surfaces are overcoated by a dielectric, for
example, a low temperature silicon dioxide (silox) layer
180 which may have a thickness of about 1.5 micrometers.
Contacts to all surface electrodes penetrate the

25 dielectric layer 180 and are taken to suitable external
pins, not shown.

The device of Fig. 4 is also conventionally
housed in a plastic housing 181 which overlies and
contacts the upper surface of the completed chip as.

30 schematically shown in Fig. 4. Plastics used for the
housing may be any suitable insulation material such as
those sold under the tradenames Nitto MP-150SG, Nitto
MP-180, and Hysol MG15-F.
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Fig. 2 shows the circuit of the invention providing the interface
bet ween the control signals and the power transistors and which
al | ows t he poviis Sheet Has Be %dors to be driven by control signals
referenced to 5 itaj between the Iine voltage and the return;
Fig. 3 shows a

jrcuit in which the control signals are
referenced to ground and which - can be nodified in accordance with the
i nvention; and Fig. _4,5hows how a portion of the circuit of
10 Fig. 2 can be irnplenmented in an“i'ntegrated circuit. DETAI LED
DESCRI PTI ON Wth reference now to the drawing figures, Fig.
1 shows a generalized circuit diagramfor an interface bet ween
control signals for driving power transistors and 15 power transistors

arranged in a half bridggthough GeHd | @iFALi€NcohplEfet8nhpdan@ny, s8own, the
pover shown in cross section in Fig. 4, a similar, separate
construction would be used for circuit coupled between
Vpp and Vgi. Basically, the same structure would be used
5 for the Vp, - Vi circuit, with the point marked V; in
Fig. 4. Coupled to VDD and the point marked V; in Fig. 4
coupled to V.
There has thus been provided a circuit for
driving power transistors in a half bridge configuration
i0 from control signals referenced to any potential between
the line voltage V, and its return -V,. Preferably, the
circuit is integrated on a singie chip as an integrated
circuit.
Although the present invention has been
15 described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art.
Therefore, the present invention should be limited not by
the specific disclosure herein, but only by the appended
20 claims.
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transistors operate, as known to those of skill in the art, in
conplenentary fashion, with the |oad connected to

The half bridge circuit includes a 20 hi gh side power tr ui ! "u ﬂ""
a | ow side power transistor 20. In the circuit shown,

si de power transistor is driven on, the |ow side power

transistor is off. Conversely, when the Iom/side power transistor is

on, the high side transistor is off._ f_25 bridge circuits can al'so be
configured to operate so that the Toad is in series Wi trhis Bt fHas Been Replaced
transi stors, in which case the two transistors may be dr

si mul t aneousl vy. The control signals, e.g. HN mmu’m HI II
provided at inputs 30 to a control logic interface 30 ci rcui .

Control |ogic whmgut@scmquﬁﬂuzgwior art are known to those of
f;bgllkhzagg,art' For exqpp eA.method éj é%f%qgéc%owegl gﬁéggkors ane a
a half bridge configuration from a control signal
referenced to any potential between the line voltage for
the power transistors and the line voltage return,
5 comprising: '
providing a control signal referenced to any
potential between the line voltage and the line voltage
return to an input circuit;
providing said input circuit with two voltage
10 levels floating with respect to a common voltage level;
providing an output of said input circuit to a
first level shifting circuit which shifts the level of
the output of the input circuit so that it is referenced
to the common voltage level;

15 providing said output referenced to the common
voltage level to a low side driver circuit for the power
transistor in said half bridge configuration which
functions as a low side power transistor;

-~ providing said output referenced to said common

20 voltage level also to a second level shifting circuit
which shifts the level of said output from said first
level shifting circuit to produce a signal referenced to

- a second higher voltage level than said common level; and
providing the signal referenced to said second

25 higher voltage level to a high side driver circuit for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

2. The method recited in claim 1, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the
line voltage and the return. |

~
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-7- " avartabtefromrtmternational Rectifier Corp., T

the ——mm
assignee of this R_d, | RON RediilEf € MYy be one or nore vmt ,’u lm’ :
30, dependi ng on-’Iﬁﬂ%Me s DO ?s controll ed, as know ﬂ jﬂ"u_ ﬂﬂ'”"ﬂ5
skill in the art. I“IH mmmw I‘e 1, two control inputs are shown. ‘Y * s &
The control logic | uit 40 provides .

- 16 -

3. A circuit for'driving power transistors.in
a half bridge configuration from a control signal
referenced to any potential between the line voltage for
the power transistors and the line voltage return,

5 comprising:

an input circuit receiving a control signal
referenced to any potential between the line voltage and
the line voltage return, said input circuit being
supplied with two voltage levels floating with respect to

10 a common voltage level;

' a first level shifting circuit receiving an
output of said input circuit which shifts the level of
the output of the input circuit so that it is referenced
to the common voltage level;

15 ' a low side driver circuit for the power
transistor in said half bridge configurationfﬁhich
functions as the low side power transistor, said low side
driver circuit receiving said output referenced to the
common voltage level;

20 a second level shifting circuit which shifts

' the level of said output from said first level shifting
circuit to produce a signal referenced to a second higher
voltage level than said common level; and |

a driver circuit receiving the signal

25 referenced to said second higher voltage level for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

4. The circuit recited in claim 3, further
comprising a reverse biased diode across said first level
shifting circuit and a reverse biased diode across said
second level shifting circuit, each of said diodes being

-
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a high side gate drive 42 and a | ow side gate drive 44,
those of skill in the art. Voltage sources V[err] V[errﬁﬂm mllﬂ"lﬂllll"l“l
are coupled to the control logic, as known 10 to those of skil{. *
art. Additionally, sources VL and -V[err] are coupled to main

termnals of the respective power transistors 10 and 20. The power

transi stors have a common point coupled to V[err] and t dhisSheetHdsBeen Replace
|l oad is connected. In the enfodizment shown, ground is conamw

to the voltage |level v[err]. In the prior art mul“m
Fig. 1, the control signal or signals 30 have been refere

reference level, typically ground. Many inverter control: signal s,
however, need not be referenced to ground. It 20 is desirable to

provi de smn i ntaIecto orithstandtateleadt a potentdalr of twdee thendimke

power tran5|stgrftmh|ch al | ows the control signals to be referenced

to any potentla € petween the ine and its return i.e. , between +VL

and -V[err]. 25 Fig. 3 shows details of the

conventi onal device 5.

The circuit recited in claim 3, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the

10 . 1line voltage and the return.

6. A method of integrating on a single
integrated circuit chip a circuit for driving power
transistors in a half bridge configuration from a control
signal referenced to any potential between the line

5 voltage for the power transistors and the line voltage
return, comprising:

providing a control signal referenced to any
potential between the line voltage and the line voltage
return to an input circuit; .

10 providing said input circuit with two voltage
levels floating with respect to a common voltage level;

providing an output of said input circuit to a
first level shifting circuit which shifts the level of
the output of the input circuit so that it is referenced

15 to the common voltage level;

' providing said output referenced to the common
voltage level to a low side driver circuit for the power
transistor in said half bridge configuration which
functions as a low side power transistor;

20 providing said output referenced to said common
voltage level also to a second level shifting circuit
which shifts the level of said output from said first
level shifting circuit to produce a signal referenced to
a second higher voltage level than said common level; and

25 providing the signal referenced to said second

-~
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of Fig. 1, in partre&#&p—4ﬂLJ£L2;;__drlver circuit, in mhl

control input signals e referenced to V[err] (grounduulllL ﬂu] "IIlI”I'l
Figure 3 is a funct %ﬂ%pu@uan1of t he 30 circuit *
within the int egrate l”'f Figure 1. Logic input pins 10

11 and 12 are conne ough Schmitt triggers 50A, 50B and 50C to
the RS

- 18 =-

higher voltage level to a high side driver circuit for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

7. The method recited in claim 6, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the
line voltage and the return.

8. A circuit integrated on a single
integrated circuit chip for driving power transistors in
a half bridge configuration from a control signal
referenced to any potential between the line voltage for

5 the power transistors and the line voltage return,
comprising:

an input circuit receiving a control signal
referenced to any potential between the 1inefﬁoltage and
the line voltage return, said input circuit being

10 supplied with two voltage levels floating with respect to
a common voltage level;

a first level shifting circuit receiving an
output of said input circuit which shifts the level of
the output of the input circuit so that it is referenced

15 to the common voltage level; _

a low side driver circuit for the power
transistor in said half bridge configuration which
functions as the low side power transistor, said low side
driver circuit receiving said output referenced to the

20 common voltage level;

a second level shifﬁing circuit which shifts
the level of said output from said first level shifting
circuit to produce a signal referenced to a second higher
voltage level than said common level; and

-
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- 8- ' | atches 50D and 50E and also to logic circuits

*‘ﬁﬁF;aﬂd~_~___~*___
50G, ras shown. The outputs of Ioglc circuits 50F and 50G - l ﬂ”
respectively, toThi €dits 70 and 68. As wi " m,ﬂ"ﬂ” m’,’
out puts of "the Iev circuits 70 and 68 control thé hfghts s«

control output e control output at pins 7 (HOUT) and 1

Qut) , respectlve y he output fromlevel shift circuit
68 in the | ow vol t age channel |i9 Eplied through a delay circuit 10
72A and one input of gate circuit 72B. e out put of gate 72B is
connected to the gate el ectrodes of out put driver MOSFET transistors
74A and 74B. As will be later described, these transistors wll
produce a gate voltage at pin 1 when required by the logic input to
pins 11nd 15 12.  a driver circuit receiving the signal

referenced to said second higher voltage level for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

9. The circuit recited in claim 8, further
comprising a reverse biased diode across said first level
shifting circuit and a reverse biased diode across said
second level shifting circuit, each of said diodes being

5 able to withstand at least a potential of twice the line
voltage.

10. .The circuit recited in claim 8, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the

10 line voltage and the return.

THIS SHEET HAS BEEN
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Figures 3 al so contains an under-vol t age ' detection circuit 73 which

di sabl es the output fromgate 72B when an under-voltage is detected
at pin 3 to prevent turn-on of the power MOSFET or .|T1BRFBhepHasReemReplaced
frompin 1. 20 The | evel shift circuit 70 for tf
channel of the circuit has one input connected to a pul se
76A. Under-vol tage detection circuit 73 is al so conne 0 pulse’
generator 76A and will turn off t he hi gh vol tage out put channel
responsive to the 25 detection of an under-voltage condition at pin 3.
Pul se generator 76A has two outputs, a set (S out put connected to
the gate of MOSFET 76B and a reset out put (R) connected to the gate
of MOSFET 76C. The set pul ses are applied to MOSFET 76B and t he
reset pulses are 30 appl i ed tq] T 76C. The sources
of MOSFETs 76B and 76C fre < onngcted to g codmon connection rail and
their drains are qqnnected to resistors 760} and 76F, respectively.
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5 respectlve resistors 76D and 76E. " The put SEb vaCL
and Vrst are then applied to a pulse filter 76F. The out FﬁHs

of filter 76F are connected to the R and S inputs of a |at Replacef
second under - vofgt age de:z eCti OngCi rcui tg 76H | s<pr ovi ded as 'l“"l
input to the latc .e...u: L00._si ppI|
i f an under-voltage ?’ 37, 36. ﬁ
out put of the RS Iat G FE'I]S 7§A and 788 on and
off. Thus, if ahllgh S|gn \ou] ppI ®y/to infut R of, the RS | atch,
the output at pin ne I i gh signal ‘I s applied to
the S i npuf of Iatch he utg: ;&n?vml tl’rn on.
In the circuit olelgure-, ® npu tr lgnals H N and LIN
are referenced to gr&qnxﬁ v It 2 rovide a driver
circuit like that[of ® » ' e nt r|o| s'l gnal s can be
ref erenced h:‘in el e [ bet ween +V[ qrjr ] Vierr], The circuit
accordi ng o Flg " ch repl aces |{t}h ont r ol Iogdc i nterface
circuit 40 of Figl 1, provi s%h an abi Y. W th
) N |
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25 reference to Fig. 2, the interface circuit includes an | nput

secti*on 50 which receives the input control signals and is coupl ed
to voltage sources V[err] and V[err]. As shown, t he-ThisiPhe n Replaced
not coupled to ground, as in Fig. 1. VDD and V[err] a F
to allowthe input circuit 52 to 30 be responsive to a c [
havi ng any reference between +V[err] and -V[err]. The I nput signals
are received by the input logic circuit 52, which itself is of
convent i onal desLgﬂk_Lhe_guﬁffiTQL_mthn i s cougkg&rto a
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- 10 - pul se generator 54, also of conventional design. As

knowt to those of skitiin the art, pul se generator 54 provi des "on"
and "of f" out put ¢ hggaﬁastmn@ﬁ@ectlve output lines. An "on" pul se
i's provided at the dge of the input control signal and an
"of f" pul se at Mum ﬂ“ edge of the input control signal.

Exanpl es 2 and pul se generator 54 are shown by

t he boxed area 50 |n Figure 3. The out puts of the pul se
generator are provided 10 to a first level shifting circuit 56, which
conprises two P channel FETS 55 and 57, each coupled to a respectiVe
tie down resistor 58 or 60. An intrinsic or parasitic di ode 62 is

coupl ed across the resistor-transi stor series

ETHOD AND CTIRCUIT FOR DRIVING POWER TRANSISTORS
IN LF_BRIDGE CONFIGURATION FROM CONTRO
SIGNALS REFERENCED TO ANY POTENTIAL BETWEEN
THE _LINE VOLTAGE AND THE LINE VOLTAGE RETURN

AND INTEGRATED CIRCUIT INCORPORATING THE CIRCUIT

ABSTRACT QF THE DISCLOSURE
A circuit for driving power transistors in a
half bridge configuration from a control signal
referenced to any potential between the line voltage for
. the'power transistors and the line voltage return. The
circuit includes an input circuit receiving a control
signal referenced to any potential between the line
voltage and the line voltage return, the input circuit
being supplied with two voltage levels floating with
respect to a common voltage level, a first 1evel.shifting
circuit receiving an output of the input circuit which
shifts the level of the output of the input'&ircuit so
that it is referenced to the common voltage level, a low
side driver circuit for the power transistor in the half
bridge configuration which functions as the low side
power transistor, the low side driver circuit receiving
the output referenced to the common voltage level, a
second level shifting circuit which shifts the level of
the output from the first level shifting circuit to
produce a signal referenced to a second higher voltage
level than said common level, and a driver circuit
receiving the signal referenced to the second higher
voltage level for driving the power transistor comprising
the high side power transistor in the half bridge
configuration. The carcult can be 1ncorporated in an
integrated circuit ccmprlslnq a 51ngle chlp, i.e., a

&,

silicon chlp. e

-
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cifauits conprising the transistor 55 and resistor 58 and 15 transi stor

57 and resistor 60. Transistor 55 and transi st or 57”§euel shift the -
control signals down to signals referenced to COM or ~d§$d%ﬂl& s
t hese signals - provide the drive for the | ow side power E Y E L§HE-T
Thi s | evel shift circuit should_bg contrasted to the Ie%f ’
shift circuits 70 and 68 of the prior art driver device df JANngQé :
which shift the level of the control signals from rfeflerence level s
VDD and VSS to |evels referenced to VCC and COM —Fhe
out puts of each of transistors 55 and 57 25 are coupl e pective
buffers 64 and 66. The outputs of the buffers 64 and 66 are coup+e
to respective N _ channel FETS 68 and 70 as mell as to an output logic
circuit 72 which i's of conMEEHCBN3 NTEGRATED CIRGUIT, FOR at 72 in
Figure 3. The output of the | oBRé RANSISTORSy ovi ded to a driver
circuit 74, ammmmmmes'gn (see Fi gure 3), which

provides the | ow side oyLRYt jnventid “f@ié?éﬁ“ﬂot()ﬁék oé”%éﬁ éi}éﬁfﬁ'

transi stor.
for driving power transistors in a half bridge

" configuration from control signals referenced to any
10, potential between the line voltage and the line voltage
return. For example, the present invention is applicable
to power MOSFETS arranged in a half bridge configuration.
It is equally applicable to other types of transistors.
The invention also relates to an integrated circuit
15 driver chip incorporating the circuit.

There is a need for an interface circuit
between power transistors in a half bridge configuration
and the control signals for the power transistors. There
is espec1ally a need for such an interface circuit which

20 can couple the power translstors to control signals
referenced to any potential between the voltage supply
line for the power transistors and the return. There is
furthermore a need for such a circuit which can be
integrated in a single driver chip with other driver

25 functions. _ |

In the prior art, the most common cases are
where the control signals are referenced to the return,
to the line voltage or to a mid point between the line
voltage V, and the return -V,. Figure 1 of this

30 application shows an example where the control signals
are referenced to the mid point between the line V¥, and

&\

3



C 1.

Transi stors 68 and 70 provide a second | evel

shifting circuit, whereby the outputs of buffers 64 and 66 are | evel

shifted to the higher voltage reference

10

15

20

25

30
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return ~V,. In this case the mid point between the line
and return is ground or V,. In the circuit of Fig. 1,
all control signals must be referenced to ground or V,,.

It would be advantageous if a circuit could be
provided wherein the control signals could be referenced
to any potential between +V; and -V,.

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a method and circuit for driving power
transistors in a half bridge configuration from control
signals referenced to any potential between the line

voltage and the line return.

It is furthermore an object of the present
invention to provide an integrated circuit driver chip
incorporating the driver circuit.

The above and other objects are achieved by a
method for driving power transistors in a half bridge
configuration from a control signal referenced to any
potential between the line voltage for the power
transistors and the line voltage return, comprising
providing a control signal referenced to any potential
between the line voltage and the line voltage return to
an input circuit; providing said input circuit with two
voltage levels flbating with respect to a common voltage
level; providing an output of said input circuit to a
first level shifting circuit which shifts the level of
the output of the input circuit so that it is referenced
to the common voltage level; providing said output
referenced to the common voltage level to a low side
driver circuit for the power transistor in said half
bridge configuration which functions as a low side power
transistor; providing said output referenced to said



necéssary for the high side power transistor 10 drive 5 circuits 76 and

¥8, which are referenced to V[err] and V[err]. Transi stors 68 and 70
shift the reference | evel of the control signals at

t he COM reference level to the V[err] reference |eve] eNT {SHEET
the drive of the high side power device 10. The out put}] of the 10
logic circuit 76 is provided to a driver 78 of conv ntiqpquﬂﬂsﬁgp
(see Figure 3) which provides the hi gh si de out put iSnaI to The
power transistor 10. As shown, each of tra -

70 is coupled to a respective_pyll-up resistor 69 @ _71 to 15
acconplish the level shifting. " Also coupl ed across Tne
second |l evel shifting - circuit is another intrinsic diode 63. The two
N- channel FETs, the two P-channel FETs and the two di odes nust be
able to withstand at |east a potential twice V[err]. The tw 20 di odes

represent the dagior haslttdyge Clevel tabsocks &0saddnd level7Shdftilat h f oat
sbove VIHT] ke P (A EE Lo 1opel PSEPSRTA bbb ok Ul
first level shifting circuit to produce a signal o
referenced to a second higher voltage level than said
5 common level; and providing said signal referenced to
said second higher voltage level to a high side driver
circuit for driving the power transistor comprising the -
high side power transistor in said half bridge
configuration.

10 The above and other objects of the invention
are also achieved by a circuit for driving power
transistors in a half bridge configuration from a control
signal referenced to any potential between the line
voltage for the power transistors and the line voltage

15 return, comprising an input circuit receiving a control
signal referenced to any potential between the line
voltage and the line voltage return, said input circuit
being supplied with two voltage levels floating with

_ respect to a common voltage level; a first level shifting

20 circuit receiving an output of said input circuit which
shifts the level of the output of the input circuit so
that it is referenced to the common voltage level; a low
side driver circuit for the power transistor in said half
bridge configuration which functions as the low side

25 power transistor, said low side driver circuit receiving
said output referenced to the common'voltage level; a
second level shifting circuit which shifts the level of
said output from said first level shifting circuit to
produce a signal referenced to a second higher voltage

30 level reference than said common level; and a driver
dircuit receiving the signal referenced to said second
higher voltage level for driving the power transistor



line denoted X-X is conventionally present in the IR type 25 2110

devi ce.

Accordingly, the entire circuit shown in Fig. 2, including
t he rirst | evel shifting circuit 56, preferably is integrated on a
single integrated circuit chip, i.e., a single sill A
exanpl e, circuit of Fig. 2 represents an inpr @4ﬂﬂﬂ@fN1§5H vT
30 2110 device and can be incorporated on the single sjljcon Hi g
of that device. Fig. 4 shows how a portipn} o} th}AM:TQ&?wt
of Fig. 2 can be inplenmented in an integrated circpif. Wen

- 4 -
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30

comprising the high side power transistor in said half
bridge configuration.

The above and other objects of the invention
are also achieved by a method of integrating on a single
integrated circuit chip a circuit for driving power
transistors in a half bridge configuration from a control
signal referenced to any potential between the line
voltage for the power transistors and the line voltage
return, comprising: providing a control signal referenced
to any potential between the line voltage and the line
voltage return to an input circuit; providing said input
circuit with two voltage levels floating with respect to
a common voltage level; providing an output of said input
circuit to a first level shifting circuit which shifts
the level of the output of the input circuit so that it
is referenced to the common voltage level; providing said
output referenced to the common voltage level to a low
side driver circuit for the power transistor in said half
bridge configuration which functions as a low side power
transistor; providing said output referenced to said
common voltage level also to a second level shifting
circuit which shifts the level of said output from said
first level shifting circuit to produce a signal
referenced to a second higher voltage level than said
common level; and providing the signal referenced to said
second higher voltage level to a high side driver circuit
for driving the power transistor comprising the high side
power transistor in said half bridge configuration.

The objects of the invention are furthermore
achieved by a circuit integrated on a single integrated
circuit chip for driving power transistors in a half
bridge configuration from a control signal referenced to



.12- - I mpl enenting the circuit of Fig. 2 in a conmon chip, the
khi gh and | ow voltage circuits are laterally isol ated from
another. Fig. 4 shows a portion of such a chip in

particular, the circuit coupled between 5 Vlerr] and

of Fig. 2. Thus, in Fig. 4, a silicon chip 120 cbn§ists of ‘
substrate 121 which has an epitaxial layer 122 of {N{-)3 §i BA ﬂﬁﬁ gr¢

t her eon. The N(-) region 122 is separated into high\voltage _ane

| ow vol t age regi ons by P+ sinkers 130, 131, and 132. 10

130 and 131 define a high voltage devi 6e- region 14

| ayer 122, separated from | ow vol tage region 141. --glons 140 and 141

can have any

any potential between the line voltage for the power
transistors and the line voltage return, comprising:

an input circuit receiving a control signal
referenced to any potential between the line voltage and

5 the line voltage return, said input circuit being
supplied with two voltage levels floating with respect to
a common voltage level;

a first level shifting circuit receiving an

output of said input circuit which shifts the level of
10 the output of the input circuit so that it is referenced
to the common voltage level;

a low side driver circuit for the power
transistor in said half bridge configuration which
functions as the low side power transistor, said low side

15 driver circuit receiving said output referenced to the
common voltage level;

a second level shifting circuit which shifts
the level of said output from said first level shifting
circuit to produce a signal referenced to a second higher

20 voltage level than said common level; and
| a driver circuit receiving the signal
referenced to said second higher voltage level for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be aescribed in greater
detail in the following detailed description with
reference to the drawings in-which:
Fig. 1 shows an example of the connection of an
30 interface circuit between control signals and two power
transistors arranged in a half bridge configuration;



desired topol ogy. Moreover, any desired isol ation t echni que can be
used between regions 140 and 141. 15 Typi cal | pfprtho—drivel
circuit 78 of Fig. 2 conprises P channel and N charjREPLRCEMERNS. SHEES
S described in detail in copending application Ser}i gr—No=—""-"" -
08/ 274,012 filed July 12, 1994 (I R-1131), the disclosure a 40f wh*gznis
I ncorporated by reference herein. Also 20 descri bed t hg ini1a36 kﬁ

to those of skill in the art, is the |ow voltage cqntl | |
t he high voltage circuit, which nmay conprise P charjnel and N

channel MOSFETS. The éigh vol tage circui ths—of—t-trese
MOSFETs is 25 shown in Fig. 4 as formed within high voltage regi on 140.
The P+ contact regions 162 and 163, which are diffused in | ayer 122,
represent any of the source and drains of the P- channel MOSFETs of
the driver 78 of Fig. 2. .The region 164 i | ffused in |ayer 122
to formthe P-type 30 FﬁﬂﬂIgﬁﬁﬂﬁ%ﬁmthﬂ?ﬁ?%ﬁ”b%n?gcgh?enggghiga and 161,
whi ch proviidifnes erthe ninther fade foetwepmnti€4contpodsengnasy end

the sources ang Aring Yrdfles NSAWNEE MBEETS1 Pwhhe power

transistors to be driven by control signals referenced to
5 any potential between the line voltage and the return;
Fig. 3 shows a known driver circuit in which
the control signals are referenced to ground and which
can be modified in accordance with the invention; and
Fig. 4 shows how a portion of the circuit of
10 Fig. 2 can be implemented in an integrated circuit.

DETAILED DESCRIPTION
With reference now to the drawing figures, Fig.
1 shows a generalized circuit diagram for an interface
between control signals for driving power transistors and
15 power transistors arranged in a half bridge
configuration. In the embodiment shown, the power
transistors operate, as known to those of skill in the
art, in complementary fashion, with the load connected to
the terminal OUT. The half bridge circuit includes a
20 high side power transistor 10 and a low side power
transistor 20. In the circuit shown, when the high side
power transistor is driven on, the low side power
transistor is off. Conversely, when the low side power
transistor is on, the high side transistor is off. Half
25 bridge circuits can alsoc be configured to operate so that
the load is in series with both transistors, in which '
case the two transistors may be driven on simultaneously.
The control signals, e.g. HIN and LIN, are
\ provided at inputs 30 to a control logic interface
\ 30 circuit 40. cControl logic circuits from the prior art
_.i are known to those of skill in the art. For example,
. such a control logic circuit may be a type IR 2110,
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available from International Rectifier Corp., the
assignee of this application. There may be one or more
control inputs 30, depending on how the circuit is
controlled, as known to those of skill in the art. 1In
Figure 1, two control inputs are shown.

The control logic interface circuit 40 provides
a high side gate drive 42 and a low side gate drive 44,
as known to those of skill in the art. Voltage sources
Va, Vec and Vp, are coupled to the control logic, as known
to those of skill in the art. Additionally, sources V,
and -V, are coupled to main terminalé of the respective
power transistors 10 and 20. The power transistors have
a common point coupled to V, and to which the load is
connected. In the embodiment shown, ground is connected
to the voltage level v,.

In the prior art, as shown in Fig. 1, the
control signal or signals 30 have been referenced to a
reference level, typically ground. Many inverter control
signals, however, need not be referenced to ground. It
is desirable to provide an interface circuit between the
control signals and the power transistors which allows
the control signals to be referenced to any potential
between the line and its return i.e., between +V, and
-v,.

Fig. 3 shows details of the conventional device
of Fig. 1, in particular, an IR 2110 driver circuit, in
which the control input signals are referenced to V,
(ground) .

Figure 3 is a functional block diagram of the
circuit contained within the integrated circuit 40 of
Fighre 1. Logic input pins 10, 11 and 12 are connected
thrpugh Schmitt triggers S0A, 50B and 50C to the RS
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region 125 is diffused in region 141 and recei ves an el ectrode lL,ch
is at the | ow voltage supply 5 Vlerr]. The Iom/voItzﬂﬁﬁﬁﬁﬁﬁ@Eﬂ“ﬂng%F
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the ' léégnéé%gfégMﬁ;égSZé¥T¥éf§?egobfeveflgkgg£r01rcu1ts 70 and
68. As will be seen, the outputs of the level shift
5 circuits 70 and 68 control the high side control output
| and low side control output at pins 7 (HOUT) and 1
(LOUT), respectively.

The output from level shift circuit 68 in the

low voltage channel is applied through a delay circuit
10 72A and one input of gate circuit 72B. The output of

gate 72B is connected to the gate electrodes of output

driver MOSFET transistors 74A and 74B. As will be later

described, these transistors will produce a gate voltage

at pin 1 when required by the logic input to pins 11 and
15 12. _

Figures 3 also contains an under-voltage
detection circuit 73 which disables the output from gate
72B when an under-voltage is detected at pin 3 to prevent
turn-on of the power MOSFET or IGBT operated from pin 1.

20 . The level shift circuit 70 for the high voltage
. channel of the circuit has one input connected to a pulse
generator 76A. Under-voltage detection circuit 73 is
also connected to pulse generator 76A and will turn off
the high voltage output channel responsive to the
25 detection of an under-voltage condition at pin 3.

Pulse generator 76A has two outputs, a set (S)
output connected to the gate of MOSFET 76B and a reset
output (R) connected to the gate of MOSFET 76C. The set
pulses are applied to MOSFET 76B and the reset pulses are

30 applied to MOSFET 76C.

The sources of MOSFETs 76B and 76C are
connected to a common connectlon rail and their drains
are connected to resistors 76D and 76F, respectlvgly.
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During normal operation, the application of
pulses to MOSFETs 76B and 76D from the pulse generator
76A will produce output voltage pulses Vset and Vrst at
the nodes between MOSFETs 76B and 76C and their
respective resistors 76D and 76E.

The pulses Vset and Vrst are then applied to a
pulse filter 76F. The output channels of filter 76F are
connected to the R and S inputs of a latch 76G.. A second
under-voltage detection circuit 76H is provided as an
input to the latch 76G to ensure that no signal is
applied at pin 7 if an under-voltage is detected at pin
6. .

The output of the RS latch 76G is used to turn
MOSFETs 78A and 78B on and off. Thus, if a high signal
is applied to input R of the RS latch, the output at pin
7 is turned off. If a high signal is applied to the S
input of latch 94, the output at pin 7 will turn on.

In the circuit of Figure 3, the input control
signals HIN and LIN are referenced to ground (vss). It
is desirable to provide a driver circuit like that of
Figure 3 in which the control signals can be referenced
to any level between +V, and -V,. The circuit according
to Fig. 2, which replaces the control logic interface
circuit 40 of Fig. 1, provides such an ability. With
reference to Fig. 2, the interface circuit includes an
input section 50 which receives the input control signals
and is coupled to voltage sources Vp, and V,. As shown,
the line V, is not coupled to ground, as in Fig. 1. Vp,
and V,, are chosen so as to allow the input circuit 52 to
be responsive to a control signal having any reference
between +V; and -V,. The input signals are received by
the input logic circuit 52, which itself is of
conventional design, the output of which is coupled to a
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S shown in cross sectionin Fig. 4, a simlar parate
construction would be used for circuit coupled betvveeE{EPL

V[err]. Basically, the same structure would be used 5

V[err] circuit, with the point marked V[er] in
V[err] and the point nmarked V[err] in Fig. 4 cjo :
There has thus been provided a circuit for drifvi power trangi g

in a half bridge configuration 10 from control signars ref erenced

any potenti al
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pulse generator 54, also of conventional design. As
known to those of skill in the art, pulse generator 54
provides "on" and "off" outputs on the two respective
output lines. An "on" pulse is provided at the leading
edge of the input control signal and an "off" pulse at
the trailing edge of the input control signal. Examples
of logic circuit 52 and pulse generator 54 are shown by
the boxed area 50 in Figure 3.

The outputs of the pulse generator are provided
to a first level shifting circuit 56, which comprises two
P channel FETS 55 and 57, each coupled to a respective
tie down resistor 58 or 60. An intrinsic or parasitic
diode 62 is coupled across the resistor-transistor series
circuits comprising the transistor 55 and resistor 58 and
transistor 57 and resistor 60. Transistor 55 and

" transistor 57 level shift the control signals down to

20

25

30

signals referenced to COM or -V,. Thus, these signals
provide the drive for the low side power device 20. This
level shift circuit should be contrasted to the level
shift circuits 70 and 68 of the prior art driver device
of Figure 3, which shift the level of the control signals
from reference levels VDD and VSS to levels referenced to
VCC and COM.

The outputs of each of transistors 55 and 57
are coupled to respective buffers 64 and 66. The outputs
of the buffers 64 and 66 are coupled to respective N
channel FETS 68 and 70 as well as to an output logic
circuit 72 which is of conventional design, and is shown
at 72 in Figure 3. The output of the logic circuit 72 is
provided to a driver circuit 74, also of conventional

design (see Figure 3), which provides the low side output

drive signal to the low side power transistor.
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Transistors 68 and 70 provide a second level
shifting circuit, whereby the outputs of buffers 64 and
66 are level shifted to the higher voltage reference
necessary for the high side power transistor 10 drive
5 circuits 76 and 78, which are referenced to V3 and V;.
Transistors 68 and 70 shift the reference level of the
control signals at their gates from the COM reference
level to the V; reference level necessary for the drive
of the high side power device 10. The output of the
10 logic circuit 76 is provided to a driver 78 of
conventional design (see Figure 3) which provides the
high side output signal to the power transistor 10.
As shown, each of transistors 68 and 70 is
coupled to a respective pull-up resistor 69 or 71 to
15 accomplish the level shifting.
Also coupled across the second level shifting
circuit is another intrinsic diode 63. The two N-channel
FETs, the two P-channel FETs and the two diodes must be
able to withstand at least a potential twice V,. The two
20 diodes represent the fact that the circuit blocks 50 and
75 can both float above -V, by more than twice V_
independent of each other.
The part of the circuit to the right of the
line denoted X-X is conventionally present in the IR type
25 2110 device. Accordingly, the entire circuit shown in
Fig. 2, including the first level shifting circuit 56,
preferably is integrated on a single integrated circuit
chip, i.e., a single silicon chip. For example, the
circuit of Fig. 2 represents an improvement to the IR
30 2110 device and can be incorporated on the single silicon
chip of that device.
Fig. 4 shows how a portion of the circuit of
Fig. 2 can be implemented in an integrated circuit. When
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driving power transistors in a half bridge configuration froma
control signal referenced to any potenti al betﬂnﬁu £ € age
for the power transistors and the |ine voltage|REP GEME“ SHgtﬂ :
conpri si ng: provi ding a control signgl erenced tofany
potential between the line voltage and the |ine volt4g 1 JAN eﬂB?n td an
i nput circuit; providing said input dirjcdit wth two

vol tage 10 | evel s floating with respect to a co wel-tage—Tevel ;

provi di ng an output of said input citck@t—-to a

implementing the circuit of Fig. 2 in a common chip, the
.high and low voltage circuits are.laterally isolated from

one another. Fig. 4 shows a portion of such a chip in-
cross section, in particular, the circuit coupled between

5 Vs and V,, circuit 75 of Fig. 2. Thus, in Fig. 4, a
silicon chip 120 consists of a P(-) substrate 121 which.
has an epitaxial layer 122 of N(-) silicon grown thereon.
The N(-) region 122 is separated into high voltage and
low voltage regions by P+ sinkers 130, 131, and 132.

10 Thus, sinkers 130 and 131 define a high voltage device
region 140 in epitaxial layer 122, separated from low
voltage region 141. Regions 140 and 141 can have any
desired topology. Moreover, any desired isolation
technique can be used between regions 140 and 141.

15 Typically, the driver circuit 78 of Fig. 2
comprises P channel and N channel MOSFETS. This is

" described in detail in copending application Serial No.
08/274,012 filed July 12, 1994 (IR-1131), the disclosure
of which is incorporated by reference herein. Also

20 described therein, and known to those of skill in the
art, is the low voltage control circuit for the high
voltage circuit, which may comprise P channel and N
channel MOSFETS. '

The high voltage circuitry of these MOSFETs is

25 shown in Fig. 4 as formed within high voltage region 140.
The P+ contact regions 162 and 163, which are diffused in
layer 122, represent any of the source and drains of the
P-channel MOSFETs of the driver 78 of Fig. 2. The P
region 164 is diffused in layer 122 to form the P-type

30 well region. The N+ contact regions 160 and 161, which
are diffused in.the P-type region 164, represent any of
the sources and drains of the N channel MOSFETs of the
driver 78 of Fig. 2. o



first-|evel shifting circuit which shifts the |evel of t he out put of

the input circuit so that it is referenced tol /e ' v <]

| evel ; 15 provi di ng sai d out put refere1aagL$QHHEﬂTr rﬁ’n
voltage level to a low side driver circuit for the poyer trangi gt or
in said half bridge configuration which funct {ops3a$ $ANJEDEI fe power
transi stor; provi ding said output r¢férenced to sai i fonmon
20 voltage | evel also to a second level shifting|citcurt whi £h
shifts the level of said output fromsaid first | evel shifting
circuit to produce a signal refereneeddtoe a second hi gher voltage

| evel than said conmon | evel; and provi di ng the signa
referenced to said second 25 hi gher voltage level to a high side driver
circuit for driving the power transistor conprising the high side

power transistor in said half bridge configuration.
The method recited in clHieh kovWFelbpge controdyrdrepdtyy MQSEETS, are

floating wth sesenrstical By CEWBWA as formed within area 141 in Fig. 4.
N+ contact region 125 is diffused in region 141 and
receives an electrode which is at the low voltage supply

5 . V.. The low voltage control region 124 would also
contain diffusions, not shown, identical to the
diffusions 160 to 164 in the high voltage region 140.
However, all the N+ and P+ diffusions in the low voltage
control region 124 would receive electrodes which are

10 between V., (15V) and OV and these would represent the
sources and drains of the MOSFETs of the low voltage
control circuit. _

N+ contact regions 126 and 127 are diffused
into layer 122 and receive metallic electrodes which can

15 be at potentials between V; (615V) and V, (600v). The P+
sinkers 130, 131, and 132 receive electrodes which are at
zero or ground potential (COM). P(-) resurf regions 150
and 151 may encircle the high voltage region 40 to
provide isolation from low voltage region 141.

20 As is conventional, all devices within the
silicon surfaces are overcoated by a dielectric, for
example, a low temperature silicon dioxide (silox) layer
180 which may have a thickness of about 1.5 micrometers.
Contacts to all surface electrodes penetrate the

25 dielectric layer 180 and are taken to suitable external

~ pins, not shown.

The device of Fig. 4 is also conventionally
housed in a plastic housing 181 which overlies and
contacts the upper surface of the completed chip as

30 schematically shown in Fig. 4. Plastics used for the
housing may be any suitable insulation material such as
those sold under the tradenames Nitto MP-150SG, Nitto
MP-180, and Hysol MG15-F.
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Although the circuit coupled to Vi and V, is
shown in'crpss section in Fig. 4, a similar, separate
construction would be used for circuit coupléd between
Vpp and V. Basically, the same structure would be used
for the Vpp - Vg circuit, with the point marked Vy in
Fig. 4. Coupled to VDD and the point marked Vs in Fig. 4
coupled to V.

There has thus been provided a circuit for
driving power transistors in a half bridge configuration
from control signals referenced to any potential between
the line voltage V. and its return -~V,. Preferably, the
circuit is integrated on a single chip as an integrated
circuit. '

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.
Therefore, the present invention should be limited not by
the specific disclosure herein, but only by the appended
claims.
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si gna ti

configuration froma control al
between the |ine voltage for the pomer transi stors and the line

voltage return, 5 conprising: - an i W i ng
a control signal referenced to any potential bet 'Itage
and the line voltage return, said input circuit lbgi ng ijed

with two voltage levels floating with respect to 10 a dindAN/ 18 ace

| evel ; a first level shifting circuit Jreceiving an
out put of said input circuit which shifibs=the | evel of t he out put jof
the input circuit so that it is referenced to the_conmmn voltage—.
l evel ; 15 a low side driver circuit for the power
transistor in said half bridge configuration which functions as the
| ow si de power transistor, said |ow side driver circuit recei ving
sai d out put r eFBARdS-CGLRIMED IS:  opmpn vol tage | eve

1. A method for driving power transistors in

a half bridge configuration from a control signal
referenced to any potential between the line voltage for
the power transistors and the line voltage return,
5 comprising:
providing a control signal referenced to any
potential between the line voltage and the line voltage
return to an iﬁput circuit;
providing said input circuit with two voltage
10 levels floating with respect to a common voltage level;
providing an output of said input circuit to a
first level shifting circuit which shifts the level of
the output of the input circuit so that it is referenced
to the common voltage level;

15 providing said output referenced to the common
voltage level to a low side driver circuit for the power
transistor in said half bridge configuration which
functions as a low side power transistor;

providing said output referenced to said common

20 voltage level also to a second level shifting circuit
which shifts the level of said output from said first
level shifting circuit to produce a signal referenced to

~ a second higher voltage level than said common level; and
providing the signal referenced to said second

25 higher voltage level to a high side driver circuit for

" driving the power transistor comprising the high side
power transistor in said half bridge configuration.

2. The method recited in claim 1, wherein
said two voltage levels floating with respect to a common
voltage level are selected dependlng on the level of the
line voltage and the return.



20 | a second level shifting circuit which shifts t he

llevel of said output fromsaid fig Wale circuit to
produce a signal referenced to a ﬂﬂ E ﬂﬂﬂj"“iﬁ vol tage | evel than
- cui

said common | evel; and CUIt rece|V|ng t he

signal 25 referenced to said second hlgher vol t age peve

driving the power transistor conprising the high side REPLACEEHmH}SHEET
transistor in said half bridge configuration. . The
circuit recited in claim3, further conprisinglaijr r b e

di ode across said first |evel ~-stef4ing circuit fand %yq 23 rgg?bﬁased
di ode across said second | evel shifting circuitj, “ach ef—sate—di gdes
bei ng

3. A circuit for driving power transistors.in
a half bridge configuration from a control signal
referenced to any potential between the line voltage for
the power transistors and the line voltage return,

5 comprising:

an input circuit receiving a control signal
referenced to any potential between the line voltage and
the line voltage return, said input circuit being
supplied with two voltage levels floating with respect to

10 a common voltage level;

a first level shifting circuit receiving an
output of said input circuit which shifts the level of
the output of the input circuit so that it is referenced
to the common voltage level;

15 a low side driver circuit for the power
transistor in said half bridge configuration:which
functions as the low side power transistor, said low side
driver circuit receiving said output referenced to the
common voltage level;

20 a second level shifting circuit which shifts
the level of said output from said first level shifting
circuit to produce a signal referenced to a second higher
voltage level than said common level; and

a driver circuit receiving the signal

25 referenced to said second higher voltage level for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

4. The circuit recited in claim 3, further
comprising a reverse biased diode across said first level
shifting circuit and a reverse biased diode across said

second level shifting circuit, each of said diodes being
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5 able to withstand at least a potential of twice the line
voltage.

5. The circuit recited in claim 3, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the

10 line voltage and the return. '

6. A method of integrating on a single
integrated circuit chip a circuit for driving power
transistors in a half bridge configuration from a control
éignal referenced to any potential between the line

5 voltage for the power transistors and the line voltage
return, comprising:

prov1d1ng a control signal referenced to any
potential between the line voltage and the line voltage
return to an input circuit; -

10 providing said input circuit with two voltage
levels floating with respect to a common voltage level;

providing an output of said input circuit to a
first level shifting circuit which shifts the level of
the output of the input circuit so that it is referenced

15 to the common voltage level;

providing said output referenced to the common
voltage level to a low side driver circuit for the power
transistor in said half bridge configuration which
functions as a low side power transistor;

20 providing said output referenced to said common
voltage level also to a second level shifting circuit
which shifts the level of said output from said first
level shifting circuit to produce a signal referenced to
a second higher voltage level than said common level; and

25 providing the signal referenced to said second



6. ‘A nmet hod of integrating on a S|n ' |nte grated circuit chip a
circuit for driving power ﬁﬂ' Im"ju!m" f Ibr |bd1g:ge conI |hgu|rat i on5
ial between the |ine

froma control si gnal refere

vol tage for the power transistors and the'lihe voll age -’ return

conpri si ng: providing a control signal r

potential between the |line voltage and the |ine voltage ﬂ,,,?@ﬁﬂﬁﬂﬂ'ﬁymﬁx
input circuit; 10 providing said input circ 't‘mnth L0, ..

vol t age | evel s floating with respect to a common vplg a@dl}&&ﬁ97
provi di ng an output of said input ci+caBt-to a firptylevel shiftin:
circuit which shifts the |evel of the output of the MAPUT circuit so
that it is referenced 15 to the common vol tage |evel;

provi di ng said output referenced to the conmon: voltage Ievel to a | ow
side driver circuit for the power transistor in said half, bridge

configuration higher voltage level to a high side driver circuit for
driving the power transistor comprising the high side
power transistor in said half bridge configuration.

7. The method recited in claim 6, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the
line voltage and the return.

8. A circuit integrated on a single
integrated circuit chip for driving power transistors in
a half bridge configuration from a control signal
referenced to any potential between the line voltage for

5 the power transistors and the line voltage return,
comprising:

an input circuit receiving a control signal
referenced to any potential between the linexﬁoltage and

. the line voltage return, said input circuit being
10 supplied with two voltage levels floating with respect to
a common voltage level; .

a first level shifting circuit receiving an
output of said input circuit which shifts the level of
the output of the input circuit so that it is referenced

15 to the common voltage level;

' a low side driver circuit for the power
transistor in said half bridge configuration which
functions as the low side power transistor, said low side
driver circuit receiving said output referenced to the

20 . common voltage level}

' a second level shifﬁing circuit which shifts
the level of said output from said first level shifting
circuit to produce a signal referenced to a second higher
voltage level than said common level; and



functlons as a | ow side power_transistor; provi ding said
out put referenced to said conmm,

level also to a second
| evel shifting circuit Ii“ mum mevel of said output from
said first | evel shiftin uce a '-ﬁa+”réfer”“”“—7to

a second hi gher voltage |evel than said common 1 evel ; REPDS
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. a driver circuit receiving the signal
referenced to said second higher voltage level for
driving the power transistor comprising the hiQh side
power transistor in said half bridge configuration.

9. The circuit recited in claim 8, further
comprising a reverse biased diode across said first level
shifting circuit and a reverse biased diode across said
second level shifting circuit, each of said diodes being

able to withstand at least a potential of twice the line
voltage.

10. The circuit recited in claim 8, wherein
said two voltage levels floating with respect to a common
voltage level are selected depending on the level of the
line voltage and the return.
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driving the power transistor conprising the high side HEET :
transistor in said half bridge configuration. REPERMEmENT S
method recited in claim®6, wherein said two voltag¢ | evels A&a@ﬂ7n;:
with respect to a conmon vol tage hLgvel are sel ect e A he

| evel of the | ine vol tage and t ke—+et-urn. .
circuit integrated on a single integrated circuit dhip for dr|V|ng
power transistors in a half Pridge configuration fricm-a—eent+ot

si gnal referenced to any potential between the |line voltage for

‘METHOD ANﬁ%EﬁﬂEéﬁATED CIRCUIT FOR
- ﬁTRANSISTORS

ABSTRACT OF THE DISCLOSURE

A circuit for dr1v1ng power transistors in a
half bridge conflguratlon from a control signal
referenced to any potential between the line voltage for
the power transistors and the line voltage return. The
circuit includes an input circuit receiving a control
signal referenced to any potential between the line
voltage and the line voltage return, the input circuit
being supplied with two voltage levels floating with
respect to a common voltage level, a first level shifting
circuit receiving an output of the input circuit which
shifts the level of the output of the input circuit so
that it is referenced to the common voltage level, a low
side driver circuit for the power transistor in the half
bridge configuration which functions as the low side
power transistor, the low side driver circuit receiving
the output referenced to the common voltage level, a
second level shifting circuit which shifts the level of
the output from the first level shifting circuit to
produce a signal referenced to a second higher voltage
level than said common level, and a driver circuit
receiving the signal referenced to the second higher
voltage level for driving the power transistor comprising
the high side power transistor in the half bridge
configuration. The circuit can be'indorporated in an
integrated circuit comprising a single chip, i.e., a
silicon chip.

Figure 2
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an input circuit receiving a control signal referenced to any
potential between the line. voltage and the |ine voltage return—sai{l
input circuit being 10 supplied with two voltage IeveIREPLA@ENmﬂTmSHEET
respect to a common vol tage |level;q - H-st—tevet
shifting circuit receiving an owtput—of said input {cijr Kﬂ ﬁ@z
shifts the |evel of the output of the input circuit 4o J t
referenced 15 to the common vol tage |evel; a_lowside
driver circuit for the power transistor in said half bridge
configuration which functions as the | ow si de power—t+aast+st-or—sard
| ow si de driver circuit receiving said output referenced to the 20
common vol tage | evel ; a second level shifting circuit which
shifts the I evel of said output fromsaid first level shifting
circuit to produce a signal referenced to a second higher vol t age

| evel than said common | evel; and
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a driver circuit receiving the signa

referenced to said second hi gher voltage |evel for

25

- 19 -

, v.T_“ llllllllll ]
Tou_vl.._| w_ 29 Wﬁ "
29 o Y
_ _ _ .
7L fu“ ". y344ng _ ¢ 9l
1n0 A_UIW 21907 _“ “
I [
B L e R
: .a&xﬂ__ "“ 7 ! ﬁl
99\ [ — %9 L I —{] ss,
VAL AY4 [
$Z X z9 | H
_ N39
"|| - lu.lll_ £7 _“ \m.\“__c “_T.T_ﬁ 35nd wﬁﬁ —{ N1
O TR AT % %
| | | | I
(LnOH 21907 | : i |
_ H3AING _ |-—————= = B P
| rd _w % | 24 bs
I an[] - b _
e g ! dNnAlg



driving the power transistor conprising the high side
transistor in said half bridge configuration.
circuit recited in claim@8, further

power

9. The

conprising a reverse biased di

D

across said first |evel shifting circuit and a rev
across said second |l evel shifting gitcuit, each of
5 able to withstand at | east a poteat+at of twi ce the
vol t age. 10. The circuit recited in cl3
- said two voltage levels floating with respect to a conmor
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