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The present invention relates to high voltage half—bﬁdge circuits where
one end of a load is driven from an output terminal at a junction between lowér and
upper alternately conducting power transistors that are connected in series across a high
voltage DC supply. In its particular aspects, the present invention relates to circuitry for

5 charging a bootstrap cépacitor which provides to an upper drive circuit that'. controls the

state of the upper transistor, a bootstrap power supply voltage ﬂoatmg on the voltage at
the output terminal.

10 Applications of high voltage half-bridge circuits include electronic ballasts
for gas discharge lamps, switched mode power supplies, motor drives, ahd DCt AC
converters. ' |

A half-bridge driver circuit of the type mentioned, most of which is
~ accommodated in a high voltage integi'ated circuit (HVIC), is known from U.S. Patent

15 No. 4,989,127, granted January 29, 1991. This patent is assigned to the same assignee

as the present application and is herein incorporated by reference. It discloses the
- general architecture of the driver circuit as including lower and upper drives for

controlling the lower and upper power transistors, respectively. The upper drive

comprises CMOS circuitry located in a floating well within the HVIC. Adequate

20 breakdown voltage between this floating CMOS circuitry and the balance of the HVIC
is achieved because the design of the well periphery is equivalent to that used to form
Lateral Diffused Metal Oxide Semiconductor (LDMOS) transistors. The upper drive is
powered by a bootstrap capacitor.

| European Patent Application 0 318 110, which corresponds to U.S. Patent

25 No. 4,908,551, discloses a half-bridge circuit, where, as is now conventional, a
bootstrap capacitor powering the upper drive is charged via a diode from a low voltage
power supply voltage. The latter lbw voltage is formed across an off-chip high voltage
diode.
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These discrete components are costly and not as reliable as they would be
10 if incorporated i_n the HVIC. |

It is an object of the present invention to provide a high voltage integrated

circuit half-bridge driver circuit which includes on-chip circuitry emulating a diode of
15 adequate breakdown voltage and current capacity via which the bootstrap capacit'or is
charged. _

Briefly, the aforementioned and other objects of the present invention are
satisfied by a driver circuit, comprised in a monolithic integrated circuit chip, for —
driving a half-bridge formed by lower and upper power transistors connected between

20 an output terminal and respective lower and upper rails of a high vbltage DC supply,
and for charging a bootstrap capacitor, provided off-chip, which powers an on-chip _
upper drive module that controls the upper power transistor. The bobtstrap capacitor has
one end connected to the output terminal of the half-bridge. In accordance with the
present invention, a bootstrap diode emulator means is provided on-chip for charging

25 the bootstrap capacitor to a bootstrap voltage. The bootstrap diode emulator means
comprises a further transistor having a high current first electrode connected to a
relatively low voltage power supply oufput provided on-chip, a high current second
elecuaée adapted to be connected to the other end of the bootstrap capacitor and a
control third electrode coupled to a further control signal, derived on-éhip from a lower

30 drive command signal, for driving the further transistor to a conducting state when the
lower power transistor is driven to a conducting state. _

The upper drive module is accommodated in an insulated well formed in

the monolithic integrated circuit chip, and the further transistor comprisés an elongated
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5 capacity to be obtained by choosing a sufficient length of the LDMOS along the well

periphery. The breakdown voltage of the LDMOS transistor is governed by the
properties of the insulation of the well periphery because the floating well is formed at
its periphery by structure equivalent to that used in forming an LDMOS.
In order to actively place the LDMOS transistor into a conductive state
10 only when the lower power transistor is driven into a conductive state, the further
control signal is derived by a buffer fed by the lower drive command signal to produce
a buffer output signal having a voltage range between the lower rail and the relatively
low supply voltage. Means are provided for translating the voltage range of the buffer
output signal to a range of voltage difference between a point coupled to the gate
15 electrode of the LDMOS transistor and its source electrode.

_ In accordance with another feature of the present invention; which is
useful for preventing spﬁrious driving of the LDMOS transistor into a conducting state
in response to a voltage spike produced when the lower power transistor turns off,

* another transistor is provided for clamping the gate electrode to the source electrode of
20 the LDMOS transistor in response to a voltage developed across a resistor in series with
the gate electrode which is due to leakage current flowing in a Miller capacitance of the
LDMOS transistor coupled between its drain and gate electrodes.

25 Other objects, features and advantages of the present invention will
become apparent upon perusal of the following detailed description when taken in
conjunction with the appended drawing, wherein: _

Figure 1 is a schematic diagram of the driver circuﬁ of the present invention in
| which components comprised in an integrated circuit chip are enclosed in a dashed box

30 labelled IC; and

Figure 2 is a schematic plan view of the integrated circuit chip

| _corresponding to the dashed box IC in Figure 1, including an elongated area in which a
high voltage LDMOS T; is formed.
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capalji tance val ue of capacitor, in excess of 50 nf, is too

to be feasibly produced on chip, and the br eakdown voltage and peak
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5 " connected for driving an external half-bridge formed by power MOSFET’s T, and T,
connected in series across a high voltage (up to about 500 Volts) DC supply. The
general circuit architecture of the half-bridge and driver is the same as shown and
described in the aforementioned U.S. Patent No. 4,989,127, with the exception of the

provision of an on-chip bootstrap diode emulator BDE in accordance with the present
10 invention.

(

In the half-bridge, power transistor T, is referred to as the upper transistor
because its drain electrode is connected to the high side or upper rail of the DC supply,
indicated in Figure 1 as at the potential V.. and power transistor T, is referred to as the
lower transistor because its source electrode is connected to the low side or lower rail

15 of the DC supply, indicated in the figure as at the potential of power ground. The
source electrode of upper transistor T, and the drain electrode of lower transistor T, are
joined at the output terminal OUT of the half-bridge which is also connected to one end
of a load LD. In power supply applications such as powering gas discharge lamps, the
other end of the load may be maintained at a potential of half the supply voltage by

20 Dbeing connected to the midpoint of a capacitive voltage divider (not shown) across the
DC supply. As is well known, the transistors T, and T, are operated in a switch mode
with respect to a high frequency (greater than 20kHz) repetitive cycle, e.g. on the order
of 100KHz, where each is turned on (i.e. driven into a conducting state) during a
different one of two time intervals or phases dhring a cycle, which are separated from

25 each other by relatively small dead zone intervals on the order of about 500ns. Because

| the load LD in many applications has a somewhat inductive impedance, diodes D, and
D, are the body diodes of T, and T, rcspeétively. Diodes D, and D, are therefore not
explicitly needed. D, is directed for limiting a positive voltage transient produced at
output terminal OUT when the lower power transistor T, is turned off and diode D, is

30 directed for limiting a negative voltage transient produced at the output terminal when
the upper power transistor T, is turned off.
These cycles are established by a controller CON, which in response to an
external input signal IN produces an essentially binary command signal IN, and its




tRi s Lect ofhig Replaset i on t o provide a hig
' ;egr‘gpégg cuit ver circuit which incl uggi%%ﬁ@ﬁ?lp
' ‘?c'ui try emul ating guat e breakdown vol tage and current

facity via which the bootstrap capacitd@r is charged.

‘efl_y, the aforementioned and other objects of the present invention are

isfied fugical fHvierseINN, for icbntr6lHAP thesSshdubting SERER VS 1bWeE tranki f6F qf% 8 Giar CUi t
a hal f-bri d'ge fornmed by | ower and up'pﬂeIr power {ransistors.

p, for drivin __ !
nect ed lsychm%erahs oteduges pulsteomamand gignals doa tand & grofasrcontrollinggbe rail s

Ui ded ot e e iR one? ManyRlon i Chrfarl 884 T AR P8 Bitek St o1 <

upper gRyRiurngahé tifieCintervdl Or PhateSwheéP 1w afdnsidfor " Ss 6 Be Adess MtBACt ed

t he out pu

t er m nal

of the half-bridge.

In accordance wth the present

ent i én, cenducting stetgp The command| signals Taeand T ope are pravideddn-putsepfofmrfor

rging t
de emul

e 20 SLr 38 SARAGHY Furhied POk 120 iV RLLER indhss Bt 2P

. upper transistor T, is to be turned on and off, respectively. The lower transistor
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command signals IN, and INN, are fed to a lower drive module DL which in response
thereto drives the gate G, of lower transistor T, to turn on the lower transistor only
during the phase defined by the lower transistor command signals. In .a similar manner,
command signals Toy and Topp are fed to an upper drive module DU which in response
thereto drives the gate Gy of upper transistor T, to turn on the upper transistor during
the phase defined by the upper transistor command signals. An R/S flip flop (not
shown) within the upper drive module DU converts the command signals Ty and Togre
to binary form similar to IN; and IN,; in order that the balance of the upper drive
module may be of the same design as the lower drive module DL.

Lower drive module DL is powered by a relatively low power supply
voltage V,, e.g. 12 Volts, and upper drive module is powered by the voltage V, across
an external bootstrap capacitor C,, having a capacitance on the order of 70 nf, which is

‘too large to be produced in integrated circuit IC with reasonable cost of area. The other

end of bootstrap capacitor C, is coupled to the supply voltage V4 via on-chip bootstrap
diode emulator BDE, so that a charging current flows in C1 when the output terminal
OUT is maintained substantially at ground potential during the time when lower

~ transistor T, is in a conducting state, to bring V, to a voltage of V4, less any small

25

30

voltage drops across BDE and T,.

Now referring also to Figure 2, as is known, the upper drive module DU
comprises CMOS circuitry formed in an insulated well WL, in integrated circuit chip
IC, e.g. an N-well surrounded by P isolation. Thus, well WL is insulated from the
balance of the integrated circuit by structure similar to that used to produce a LDMOS

transistor. A high voltage diode cannot be integrated in junction isolation technologies

because it results in large substrate currents. This could upset the operation of other
circuitry. In accordance with the principles of the present invention, a bootstrap diode
emulator provided on-chip comprises a LDMOS T, that is formed along the periphery
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_ the well periphery along which it is formed. Further, the implementation of LDMOS T,
5 does not require expenditure of additional area; a small amount of additional area on thé
integrated circuit is however required for the circuitry to drive T, so that it is in a
| conducting state only when lower transistor T, is driven into a conducting state.

As shown in Figure 1, LDMOS T, is operated in source follower

configuration with its source electrode S connected to V,, and its drain electrode D

10 connected to the higher voltage end of bootstrap capacitor C,. Wﬁen T, is turned on, the
drain electrode rises to Vy,. The backgate B of T, is connected to a point which is three
diode drops in voltage below V“.' This biasing is produced by the series connected three
diodes Ds-D, which are kept in a conducting state by the current sink CS directed
between the backgate and ground. A parasitic diode D, is also produced between the

15 backgate B and the drain electrode, as shown. As a result of the biasing of the
backgate, a gate to source voltage of 4V is required to turn on LDMOS transistor T;.

In order to turn the LDMOS transistor T, on when the lower power
transistor T, is driven into a conducting state, the lower drive command signal IN; is
applied to a buffer amplifier BUF which produces at its output OB a signal which is at

20 voltage V4 when the lower power transistor T, is driven into a conducting state and at

zero Volts otherwise. This voltage is applied to a one end of a second relatively small
bootstrap capacitor C, whose other end, at point P, is coupled to the supply voltage V.,
via a diode D,. Bootstrap capacitor C, has a capacitance of at least five times the gate
capacitance of the transistor T;. The buffer BUF has a sufficiently low output

25 impedance that the second bootstrap capacitor C, is charged via diode D, to a voltage
V, which equals V4, less one diode drop. This has the effect of translating the range of
the voltage at the buffer output OB (greater than one diode drop) to appear directed
between point P and the source electrode S of LDMOS transistor T,. Point P is
connected to the gate electrode G of transistor T; via a resistor R of approximately 5K

30 ohms. This resistor is used to develop a voltage which turns on an PNP transistor T,
whose emitter, base and collector are connected respectively to the gate electrode of T,
point P, and V. To prevent spurious turning on of the LDMOS transistor T, due to
switching transients at output QUT, a transistor T, actively pulls the gate of transistor
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It should now be apparent that the objects of the present invention have been
satisfied in all respects. Further, while the prbsent invention has been described in
10 particular detail, it should also be appreciated that its principles have broad general
applicability. Consequently, numerous modifications are possible in the details given
within the intended spirit and scope of the invention. '
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gde of the LDIVDS transistor and its source el ectrodepcwmwooom
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O hger objects, features and advantages of the present invention wll

becgpne apparent upon perusal of the followi ng detailed description when
takgn in conjunction with the appended draw ng, wherein: Figure 1

i B herstc o 20r Bkl e NER IS ok By IS MERRMED |1

dasged box transistors connected between an output terminal and respective lower and upper rails of
a high voltage DC supply, and for charging a bootstrap capaeitor having first and
second ends, the first end being connected to said output terminal, said circuit

S comprising: | |

controller and level shifter means for generating lower and upper drive
command signals for commanding driving said respective lower and upper power
transistors to non-contemporaneous conducting states;

- power supply means for generating at a power supply output a relatively low

10 control voltage with respect to said lower rail; '

a lower drive module connected to the power supply output for bemg powered
by said relatively low control voltage and comprising means for applying a lower drive
control signal between a control electrode of the lower power transistor and the lower

 rail in response to said lower drive command signal;

15 an upper drive module adapted to be connected to the bootstrap capacitor for
being powered by a bootstrap voltage across said bootstrap capacitor and comprising
means for applying an upper drive control signal between a control electrode of the
upper power transistor and the output terminal in response to said upper drive command
signal; and

20 bootstrap diode emulator means for chargmg said bootstrap capacitor to said

| bootstrap voltage, said bootstrap diode emulator means comprising a further transistor
having a high current first electrode connected to said power supply output, a high
current second electrode adapted to be connected to the second end of the bootstrap -
capacitor and a control third electrode coupled to means for deriving from said lower

25 drive command signal a further control signal for driving said further transistor to a
conducting state when the lower power transistor is driven to a conducting state.

2. A circuit as claimed in Claim 1, which is comprised in a single monolithic
integrated circuit chip.
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3. A circuit as claimed in Claim 2, wherein said upper drive module is
accommodated in an insuldted well formed in the monolithic integrated circuit chip, and
said further transistor comprises an elongated LDMOS transistor formed along a portion
of the periphery of said well, the first, second and third electrodes of said further
5 transistor being the source, drain and gate electrodes of said LDMOS transistor.
4, A circuit as claimed in Claim 1, 2 or 3, further comprising means for
deriving said further control signal from said lower drive command signal, said means
for deriving comprising a buffer fed by said lower drive command signal to produce a
buffer output signal having a voltage range between said lower rail and sﬁd relatively
10 low supply voltage, and means for translating the voltage range of said buffer output
signal to a range of voltage difference between a point coupled to said control third
“electrode and said high current first electrode.
5. A circuit as claimed in one or more of the previous claims, wherein said
~ means for deriving said further control signal from said lower drive command signal
15 further cdmprises means for clamping said third electrode to said first electrode of said
further transistor in response to displacement current flowing in a Miller capacitance of
said further transistor coupled between the second and third electrodes.
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tyansistor T2 and via |level shifter LS produces pulsé "CONTE ;;;.f . - et
Flerr] and T[err] for controlling the conducting state. g1 . o
transistor T[err]. Command -signal |INL has one bi nar y/? Sf,tg bnly d@rnngthu' .....
time interval or phase when |ower transistor®T2 is to be driven Tnto a
conducting state. The command signals T[err] and E[erLLmaLgip£Q¥;

pul se form for noise and transient inmmunity purposes; TFery]and-=

i ndicate the instants “Qﬁﬁc?f@ y@ﬁepgtvnnslntHALFfERIPGEs to be turned on

and of f, respectively. ower transistor command signals INerr] and
INN[err] are fed to a lower drive nodule DL which in response

The present invention relates to high voltage half-bridge circuits where
one end of a load is driven from an output terminal at a junction between lower and
upper alternately conducting power transistors that are connected in series across a high
voltage DC supply. In its particular aspects, the present invention relates to circuitry for
charging a bootstrap capacitor which provides to an upper dxivé circuit that controls the
state of the upper transistor, a bootstrap powef supply voltage floating on the voltage at
the output terminal.

Applications of high voltage half-bridge circuits include electronic ballasts
for gas discharge lamps, switched mode power supphes motor dnves, and DC to AC
converters.

A half-bridge driver circuit of the type mentioned, most of wknch is
accommodated in a high voltage mtegrated circuit (HVIC), is known from U.S. Patent

- No. 4,989,127, granted January 29, 1991. This patent is assigned to the same assignee
as the present application and is herein incorporated by reference. It discloses the
general architecture of the driver circuit as including lower and upper drives for
‘controlling the lower and upper power transistors, respectively. The upper drive
comprises CMOS circuitry located in a floating well within the HVIC. Adequate
breakdown voltage between this floating CMOS circuitry and the balance of the HVIC
is achieved because the design of the well periphery is equivalent to that used to form
Lateral Diffused Metal Oxide Semiconductor (LDMOS) transistors. The upper drive is
powered by a bootstrap capacitor.

European Patent Application 0 318 110, which corresponds to U.S. Patent
No. 4,908,551, discloses a half-bridge circuit, where, as is now conventional, a
bootstrap capacitor powering the upper drive is charged via a diode from a low voltage
power supply voltage. The latter low voltage is formed across an off-chip high v,gltage

diode.
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thereto drives the gate GL of |ower transistor T2 to turn on the | ower
transistor only during the phase defined by the | ower transistor comand
siignals. In a sinilar manner, command signals T[err] and T[err] are fed to
an upper drive nodule DU which in response thereto drives the gate Jerr]

of upper transistor T[err] to turn on the upgper transistor during the phase

defined by th t i stor. d.signal,s. An RS flip, flop, (not
Shown) it hi -t he. apper MdPFaC Mgl TeUaBE ierta er el SalEhrggeprayed fisbuitrpb e
and T[err] totyperahsidéred Hefdinl Hols%ﬁ :ﬂ@bddﬁxﬁp][&apﬁaebr' AdoE ldidde Vi @f&ﬁceﬂ Ot the

bal ance of the upper drive nodule nmay be of the sane design as wer
drive nodul e bRotstrap capacitor is chargedare dis¢rete campdnentiprovidpd oéfi-ehip bThis is

| ' . . g, .12 Volts, and dri
ol o ts” poviieBihe HERYYy Herlsd JRest@nid vaii 81 tehocisia capBH Pmpxcess o
capaci tor C[ e50 hf, 06 Rigé e BO #isbANSfodabed B cRfplahd de g ogvm/%mkel ahd!

| arge to be produced in-Integrated circuit IC with reas na cost ~of ar'ea.
The ot her endcusrent sapasity nsedesbincthe dootsirep capacitor oharging diode havesalsoheretofore

Cort enc 11 ovbreh B8 bEREFFE W pY SR Be e d ibepesscnabe ol

substanti al | yspake § i¢THvPpel ential during the tinme when |ower transistor T2
is-in a conducting state, to bring V[err] to a voltage of V[err] |ess any
smal | These discrete components are costly and not as reliable as they would be

if incorporated in the HVIC.

It is an object of the present invention to provide a high voltage integrated
circuit half-bridge driver circuit which includes on-chip circuitry emulating a diode of
adequate breakdown voltage and current capacity via which the bootstrap capacitbr is
charged. o

Briefly, the aforementioned and other objects of the present inveniion are
satisfied by a driver circuit, comprised in a monolithic in'tegrated circuit chip, for -
driving a half-bridge formed by lower and upper power transistors connected between
an output terminal and respective lower and upper rails of a high voltage DC supply,
and for charging a bootstrap capacitor, provided off-chip, which powers an on-chip |
upper drive module that controls the upper power transistor. The bootstrap capacitor has -
one end connected to the output terminal of the half-bridge. In accordance with the '
present invention, a bootstrap diode emulator means is provided on-chip for éharging
the bootstrap capacitor to a bootstrap voltage. The bootstrap diode emulator means
comprises a further transistor having a high current first electrode connected to a
relativgly low voltage power supply output provided on-chip, 2 high current second
electrode adapted to be connected to the other end of the bootstrap capacitor and a
control third electrode coupled to a further control signal, derived on-t;hip from a lower
drive command signal, for driving the further transistor to a conducting state when the
lower power transistor is driven to a conducting state.

The upper drive module is accommodated in an insulated well formed in
the monolithic integrated circuit chip, and the further transistor comprises an elongated
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vol tage drops across BDE and T2. Now referring also to
Figure 2, as is -known, the upper drive nodule DU conprises CMOS circuitry
formed in an insulated well W., in integrated circuit chip I1C e.g. an
N-wel | surrounded by P isolation. Thus, well. WL is insulated fromthe

bal ance of the integrated circuit by structdre simlar to that used to
produce a LDM3XS transistor. A high voltage diode cannot be integrated in
junction i sol BDMOS transiser derintedl albwer apeetion of thepetiphény dftheavellyithe finstosecond
~currents. This could upset the operation, of other, circuitfr %ordance

r

with the prinddthird electiodes pf the. HMF%W&‘#‘%E“&‘%&%&W%“&S‘?%&' pan

B;??’Lﬂg?yon' COLP efedtPBhdsSThA LOMOSS frafisibibr.! CdfredrtnfoREHtHe ROMOS! Rhsistor flows

- perpendicular to the periphery of the well, enabling the required current carrying
capacity to be obtained by choosing a sufficient length of the LDMOS along the well
periphery. The breakdown voltage of the LDMOS transistor is governed by the
properties of the insulation of the well periphery because the floating well is formed at |
its periphery by structure equivalent to that used in forming an LDMOS.

In order to actively place the LDMOS transistor into a conductive state
only when the lower power transistor is driven into a conductive state, the further
control signal is derived by a buffer fed by the lower drive command signal to produce
a buffer output signal having a voltage range between the lower rail and the relatively
low supply voltage. Means are provided for translating the voltage range of the buffer
output signal to a range of voltage difference between a point coupled to the gate
electrode of the LDMOS transistor and its source electrode.

In accordance with another feature of the present invention; Which is
useful for preventing' spurious driving of the LDMOS uansi#tor into a conducting state
in response to a voltage spike produced when the lower power transistor turns off,

" another transistor is provided for clamping the gate electrode to the source electrode of '
the LDMOS transistor in response to a voltage developed across a resistor in series with
the gate electrode which is due to leakage' current flowing in a Miller capacitance of the
LDMOS transistor coupled between its drain and gate electrodes.

Other objects, features and advantages of the present invention will
become apparent upon perusal of the following detailed description when taken in
conjunction with the appended drawing, wherein:

Figure 1 is a schematic diagram of the driver circuit of the present invention in
which components comprised in an integrated circuit chip are enclosed in a dashed box
labelled IC; and

- Figure 2 is a schematic plan view of the integrated circuit chip
corresponding to the dashed box IC in Figure 1, including an elongated area in which a

high voltage LDMOS T, is formed. |
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6 of the well W.. LDMOS T[err] inherently has the sane breakdown voltage
as the well isolation (in excess of 500 Vol ts) and because current flows
perpendi cular to the well periphery, adequate current carrying capacity can
be obtained by choice of the extent of the 4ell periphery along which it is
fornmed. Further, the inplenentation of LDMOS T[err] does not require

- expendi ture of additional area; a snall amunt of additional area on the
integrated circuit is however required for the circuitry to drive T[err] so
that it is in a conducting state only when |ower transistor T[err] is

‘driven into a conducti pgesial ?',gftltgmxggurc 1, there i'ShoViA? W lir{var Eiretit th docokdaes

T[err] is operated in source confrguration with i1ts source
el ectrode S agiththet preseno in¥eatior, conthinedsindr monolithizchigh tveltigecintegeated dircuit I1Ge

e Ol e B ol Bl i St Sog ISR 3B 0"
o produced ByiRwi i ¥eEEs aERiesa BPyollage (G MR AON TG sugity TR 251 10
Eep{( i tn a cgrgéusﬂal gh‘cﬁit aichitkgturelwf the half-bridge iakd @fivelf iscthe samb @ \sbewn ahd
ackgate an d%rsg#br;d'inpt\hg gt[o?';lngx;ﬁ%ngcll Cl)ldg E’)gtehts N%l. 2?9885102 l,J%vex gte%rtllo% Q)? the
provision of an on-chip bootstrap diode emulator BDE in accordance with the present
invention.

In the half-bridge, power transistor T, is referred to as thé upper transistor
because its drain electrode is connected to the high side or upper rail of the DC supply,
indicntéd in Figure 1 as at the potential V., and power transistor T, is referred to as the
lower transistor because its source electrode is connected to the low side or lower rail
of the DC supply, indicated in the figure as at the potential of power ground. The
source electrode of upper transistor T, and the drain electrode of lower transistor T, are |
joined at the output terminal OUT of the half-bridge which is also connected to one end
of a load LD. In power supply applications such as powering gas discharge lamps, the
other end of the load may be 'mainta_itlzed at a potential of half the supply voltage by
being connected to the midpoint of a capacitive voltage divider (not shown) across the
DC supply. As is well known, the transistors T, and T, are operated in a switch mode
with respect to a high frequency (greater than 20kHz) repetitive cycle, e.g. on the order
of 100KHz, where each is turned on (i.e. driven into a conducting state) during a

" different one of two time intervals or phases during a cycle, which are separated from
each other by relatively small dead zone intervals on the order of about 500ns. Because
the load LD in many applications has a somewhat inductive impedance, diodes D, and -
D, are the body diodes of T, and T,, respectively. Diodes D, and D, are therefore not
explicitly needed. D, is directed for limiting a positive voltage transient produced at
output terminal OUT when the lower power transistor T, is turned off and diode D, is
directed for limiting a negative voltage transient produced at the output terminal when
the upper power transistor T, is turned off.

These cycles are established by a controller CON, which in response to an
external input signal IN produces an essentially binary command signal IN, and its
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backgate B and the drain el ectrode, as shown. As a result of the biasing of
t he backgate, a gate to source voltage of 4V is required to turn on LDMOS
transi stor T3. In order to turn the LDMOS transistor T3 on
when the | ower power transistor T[err] is %riven into a conducting state,
the I ower drive command signal INerr] is applied to a buffer anplifier BUF

whi-ch prod .af . it .. OB ' i ch is.. ' ;
the lower - polEica iyt drBh tor sppoiol s cdidhblind St of P HinkeBt s AT,
zero Vol ts ofelar sHifi@- LS praduédd pitgecomimand |sigﬂﬁilst’lfbnéhnﬂﬁléocr€li& edntrolting: thed
relatively small bootstrap capacitor C2 whose other en at point Plerr] is

(r:]oupl ed to ftfmlduomgf ;vta?d? tagap?egretraqsismra'r.a Qﬂrma@daaignﬂof&{,snasamwéamim 2
as a capacitancge o0 . Lt .

Cranai <torTafly diee P smeteryal oF praff ks S FariiRACE 6 Bedriedno g,
Lhe second bogidksSR0THE cRinriEhd SgrlTgpsha Tgrdre geovied in puveliraofor 2

which equals V]l err]|” l'ess one di ode is has the effect of translating

Ei he ;ange of noilse and kransientammunitytpurpeses;oTapand Tore(indicatedhe instantowbenithsde
rop) to appear directed.hetween point P.and the source.electr . S of

LDMOS transi YPRST Wﬁ?sﬁsﬁt’s i b t‘é‘ﬁﬁ‘h@&t@_ﬂ °?g T 8}5‘%1& géqsyé{dtggéxs&r

transi stor Tayfhfnd sfefals IND "anB ININ, 228 fed kd B liGW¥r &tfve hiBRule DL Swhieh i résponse

used to develop a voltage Which turns on an PNP transistor T4

thereto drives the gate G, of lower transistor T, to turn on the lower transistor only

during the phase defined by the lower transistor command signals. In a similar manner,
command signals Toy and Togr are fed to an upper drive module DU which in response
thereto drives the gate Gy of upper transistor T, to turn on the upper transistor during
the phase defined by the upper transistor command signals. An R/S flip flop (not
shown) within the upper drive module DU converts the command signals Toy and Togr
to binary form similar to IN; and IN,, in order that the balance of the upper drive
module may be of the same design as the lower drive module DL.

Lower drive module DL is powered by a relatively low power snppl)"

“ voltage Vg, €.g. 12 Volts, and upper drive module is powered by the voltage V, across
an external bootstrap capacitor C,, having a capacitance on the order of 70 nf, which is
too large to be produced in integrated circuit IC with reasonable cost of area. The other
end of bootstrap capacitor C, is coupled to the supply voltage V4, via on-chip bootstrap
diode emulator BDE, so that a charging current flows in C1 when the output terminal
OUT is maintained substantially at ground potential during the time when lower
transistor T, is in a conducting state, to bring V, to a voltage of V,, less any small
voltage drops across BDE and T,. _

Now referring also to Figure 2, as is known, the upper drive module DU
comprises CMOS circuitry formed in an insulated well WL, in integrated circuit chip
IC, e.g. an N-well surrounded by P isolation. Thus, well WL is insulated from the
balance of the integrated circuit by structure similar to that used to produce a LDMOS
transistor. A high voltage diode cannot be integrated in junction isolation tcchhologics
because it results in large substrate currents. This could upset the operation of other
circuitry. In accordance with the principles of the present invention, a bootstrap diode '
emulator provided on-chip comprises a LDMOS T, that is formed along the periphery
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whose em tter, base and collector are connected respectively to the gate
~el.ectrode of T[err], point P, and V[err]. To prevent spurious turning on of
the LDMOS transistor T3 due to switching transients at output OUT, a
transistor T[err] actively pulls the gate @f transistor

7 T[err] down to V[err] in response to a voltage across resistor R due to

o gk AR S 7 R e W B It Bl

sl ews from Zzgslatom (ihsextess \df S00]Valtsy ahd) bechiusé Bureé Fidwadgerpendicular to the well
periphery, adequate current carrying capacity can be obtained by choice of the extent of
the well periphery along which it is formed. Further, the implementation of LDMOS T,
does not require expenditure of additional area; a small amount of additional area on thé
integrated circuit is however required for the circuitry to drive T; so thatitisina
conducting state only when lower transistor T, is driven into a conducting state;

| As shown in Figure 1, LDMOS T, is operated in source follower

configuration with its source electrode S connected to V,, and its drain electrode D
connected to the higher voltage end of bootstrap capacitor C,. When T; is turned on, the
drain electrode rises to V,,. The backgate B of T is connected to a point which is three
diode drops in voltage below V“.' This biasing is produced by the series connected three
diodes Ds-D, which are kept in a conducting state by the current sink CS directed
between the backgate and ground. A parasitic diode D, is also produced between the
backgate B and the drain electrode, as shown. As a result of the biasing of the
backgate, a gate to source voltage of 4V is required to turn on LDMOS transistor T;.

In order to turn the LDMOS transistor Ty on when the lower power
transistor T, is driven into a conducting state, the lower drive command signal IN; is
applied to a buffer amplifier BUF which produces at its output OB a signal which is at

| voltage V,, when the lower power transistor T, is driven into a conducting state and at
zero Volts otherwise. This voltage is applied to a one end of a second relatively small
bootstrap capacitor C, whose other end, at point P, is coupled to the supply voltage V,,
via a diode D,. Bootstrap capacitor C, has a capacitance of at least five times the gate
capacitance of the transistor T,. The buffer BUF has a sufﬁciently low output
impedance that the second bootstrap capacitor C, is charged via diode D, to a voltage
V, which equals V4, less one diode drop. This has the effect of translating the range of
the voltage at the buffer output OB (greater than one diode drop) to appear directed
between point P and the source electrode S of LDMOS transistor T,. Point P is
connected to the gate electrode G of transistor T; via a resistor R of approximately 5K
ohms. This resistor is used to develop a voltage which turns on an PNP transistor T,
whose emitter, base and collector are connected respectively to the gate electrode of T,
point P, and V4. To prevent spurious turning on of the LDMOS transistor T, due to

switching transients at output OUT, a transistor T, actively pulls the gate of transistor
This is the replacement sheet
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of LDMOS transistor T3 slews over a correspondi ng range, woul d ot herw se
charge the gate capacitance to a turn on level. As a result, the bootstrap
di'ode emul ator BDE conducts only at the times a bootstrap di ode woul d have
conducted to correctly charge the bootstrap7 capacitor Cerr]. It
shoul d now be apparent that the objects of ‘the present invention have been

satisfied in_all respects. Further, while the pres [ nven i on has beer&1
descri bed i nTpdewn & Vas indeespanse 1o & VoHage acraﬁssEFSE&OfalgﬁlPééQ suller eyrmntthroug

prLno!P1ES, e ERHTER Sl RN ik pERNRE HETH Ui ARe wien,

and scope of thelsutput woRhgeoRt output OUT slews from zero Volts to V.. and the dram electrode
of LDMOS transistor T, slews over a corresponding range, would otherwise charge the
gate capacitahce to a turn on level. As a result, the bootstrap diode emulator BDE
conducts only at the.timcs a bootstrap diode would have conducted to correctly charge
the bootstrap capacitor C,. |

It should now be apparent that the objects of the present invention have been

satisfied in all respects. Further, while the present invention has been described in
particular detail, it should also be appreciated that its principles have broad general
applicability. Consequently, numerous modifications are possible in the details given
within the intended spirit and scope of the invention.
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CLAI MS: 1. A circuit for driving a half-bridge formed—by—moo-_
Igmer and upper power transistors connected between an outp 1 nal and
réspective |ower and upper rails of a high voltage DC supplu"!qawﬁi “" r"c‘m
charging a bootstrap capacitor having first8and second ends,+ (|

bei ng connected to said output termnal, said circuit conprising: *
controller afLAIMEl shifter neans for generating |l ower and upper drive

command signals for commanding driving said respective |ower and upper
power

1. A circuit for driving a half-bridge formed by lower and upper power
transistors connected between an output terminal and respective lower and upper rails of
a high voltage DC supply, and for charging a bootstrap capacitor having first and
second ends, the first end being connected to said output terminal, said circuit
comprising: _ |

controller and level shifter means for generating lower and upper drive
command signals for commanding driving said respective lower and upper power
transistors to non-contemporaneous conducting states;

power supply means for generating at a power supply output a relatively low
control voltage with respect to said lower rail; | '

a lower drive module connected to the power supply output for being powered
by said relaﬁvely' low control voltage and comprising means for applying a lower drive
control signal between a control electrode of the lower power transistor and the lower

rail in response to said lower drive command signal;

an upper drive module adapted to be connected to the bootstrap capacitor for
being powered by é bootstrap voltage across said bootstrap capacitor and comprising
means for applying an upper drive control signal between a control electrode of the
upper power transistor and the output terminal in response to said upper drive command
signal; and '

bootsti:ap diode emulator means for charging said bootstrap capacitor to said

' bootstrap voltage, said bootstrap diode emulator means comprising a further transistor
having a high current first electrode conne'cted to said power supply output, a high
current second electrode adapted to be connected to the second end of the bootstrap -
capacitor and a control third electrode coupled to means for deriving from said lower
drive command signal a further control signal for driving said further transistor to a
conducting state when the lower power transistor is driven to a conducting state.

2. A circuit as claimed in Claim 1, which is cdmprised in a single monolithic
integrated circuit chip.

he repiacement shee!

2 2 MAR 1997

This is t

Date:



transi Sti{ t 0 non- conterrp aneous conducting states; power supply

means fo I!mm”l; power supply output a relatively |ow control
” &Id | ower rail; a |l ower drive nodul e

vol t age
connected to ‘thé p8wes supply out put for b§| ng powered by said relatively
r

| ow control voltage and conpri si ng rreans f applying a |l ower drive control

signal between a contr el ectrode ower, transj st or d.the
| ower rail. i respons tcbrchélaa CF P g 1 saiq,Hpper drive mﬁﬂ%\l‘? upper

drive nodul ey %@ﬂﬁﬁ&‘ditédoin ﬁ&\nﬂe&wi fo?mui"?n M%ﬁélﬁﬁxc%&ﬁ?dxé@éu&ﬁf ciipi A

powered by a.bootstrap voltage across said bootstrap capacitor and
conpri si ng nzad further teamsistor @mnscmeclodgammosmlsmafbrmﬁd aloag agportion

ecponsa”t oSS Speept B8l R i Lol B A
|
enul at or. sflaar sag%mf&ég@egurﬁﬁ%atg’a@eﬁam 0P sail LORICS B’ﬁﬁs&ﬁ&{ ap

vol t age, sal ootstr at or means conprising a fur
transi stor hdving a hlgh:m:umaemimmedm Cidimc1 y 2 de 3¢ dunther tcothprisingameansdoer

L oo i nd B SRRl SaRal o e e R S 584 el
for deriving comprising a buffer fed by said lower drive command signal to px_'oduce a
buffer output sigrial having a voltage range between said lower rail and s'aid relatively
low supply voltage, and means for translating the voltage range of said buffer output
signal to a range of voltage difference between a point coupled to said control third
“electrode and said high current first electrode.

5. A circuit as claimed in one or more of the previous claims, wherein said
~ means for deriving said further control signal from said lower drive command signal
.. further comprises means for clamping said third electrode to said first electrode of said
further transistor in response to displacement current flowing in a Miller capacitance of
said further transistor coupled between the second and third electrodes.
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» : Z :
capaci tor and a control third el ectrode coupled to-means for deriving from

said | ower drive conmand signal a further control signal for driving said
further transistor to a conducting state when the | ower power transistor is

driven to a conducting state. 2. A circuit as claimed in daiml,
which is conprised in a single nonolithicilontegrated circuit chip.
9 3. A circuit as clained in Caim2, wherein said upper drive
nodul e is CIRCUIT FOR DRIVING A HALF-BRIDGE

- Abstract

A half-bridge driver circuit including a lower drive
module and a floating upper drive module for driving
respective external upper and lower transistors of a
high voltage half-bridge is contained in an integrated
circuit chip which includes an on-chip'bootstrap_diode
emulator for charging an external bootstrap capacitor
that powers the upper drive module. The upper drive is
accommodated in an insulated well and the diode
emulator includes as its main current carrying
element, an LDMOS transistor formed along the
periphery of the well. The LDMOS transistor is driven
into a conducting state at the same time the lower
power transistor is driven into a conducting state at
the same time the lower power transistor is driven
into a conducting state.

[ Figure 1]
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accommodated in an insulated well formed jn the nDnollthlc i ntegr at ed
“circuit chip, and said further transi§tor: conprises an el ongated LDMOS

t fansi stor fornmed along a portion of the periphery of said well, the first,
second and third el ectrodes of said further transistor being t he sour ce,
drain and gate el ectrodes of said LDMOS {ransistor. 4. A circuit

as clainmed in aim1l1, 2 or 3, further conprising neans for deriving said
further control signal fromsaid |ower drive command signal, said nmeans for
deriving conprising a buffer fed by said | ower drive command signal to
produce a buftfer output signal having ¢ voltage range between said | ower
rail. and said relatively Iom/supplyfy- tage, and neans for translating the
vol tage range of said buffer o put g of voltage difference
bet ween a point -.coupled to sa bde and sai d high
current first el ectrode. 5 xhned in one or nore
of the previous clains,

control signal fromsaid|lower_dri : -|gnal conpri ses neans
for clanping said thifd ¢ '?Pflr-t s said further
transistor in response—t&—thsyl geewer ' : MIler
capaci tance of saldgfurther‘ “ i coupled bdtix§en the second and third
el ectrodes. .- =S S T
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