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“yRonol it hi c gate driver circuit for MOXS gated circuit devices,

those«used in lanmp ballast circuits. The invention further relates to an
el ectronic ballast circuit for gas discharge lanps. Electronic ballasts for

gas- dlscharge CIrCUItS are (@

use of the

avallabl i pRYer NCSFE' E I, CES to re I previ ously used

p nsi st or gé“"%%‘? B‘i‘géét NP @2 use two power
ﬁl nn a toten1p_ Elapmal £ b?ﬁﬁge} t ' PBEBy Y ith the gas

di s rcui ts cong¥sPriyngs) (page ert-d8 PRERS, rr mt{ circuits in which

the lanp or |anps are conneg¢bbdb8Eichss: piged ot RP2gsslaci-ances of the L-C

circuit. The power MOSFET sWtAdike SFaRECERERN..dr.i.v.en..t.0..conduct alternately

by inputs from secondary wi ndings on a

10

15

20

25

30

-1 -
MOSGATE DRI FOR B T CIRCUIT

BACKGROUND OF THE I

This invention relates to a gate driver circuit
for MOS gated devices, and more specifically relates to a
monolithic gate driver circuit for MOS gated circuit
devices, particularly those used in lamp ballast
circuits. .
~ Electronic ballasts for gas discharge circuits
are coming into widespread use because of the
availability of power MOSFET switching devices to replace
previously used power bipolar transistor devices. Most
eleétronic ballasts use two power MOSFET switches in a
totem pole (half bridge) topology, with the gas discharge
tube circuits cqésisting of L-C series resonant circuits
in which the lamp or lamps are connected across one of
the reactances of the L-C circuit. The power MOSFET
switches are then driven to conduct alternately by inputs
from secondary windings on a current transformer, the
primary winding of which conducts the current of the lamp
circuits. The primary winding current alternates at the
resonant frequency of .the resonant circuit. i

Such prior art circuits have numerous
drawbacks. For example, such circuits:

1. Are not self-starting and require a DIAC
type device to initially pulse the circuit into
operation. '

2. They have poor switch times.

3. They are labor intensive due particularly
to the need for a toroidal current transformer.

4. The circuits are not amenable to dimming.
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current transformer, the primary w nding of which conducts the current of
the Famp circuits. The primary winding current alternates at the resonant
w*ffequen of the” resonant circuit. Such prior art circuits have numerous

drambac smﬁawf such circuits: 1. Are not self-starting and
reqU|re etoinitially pulse the circuit into operation
itch tines. 3. They are | abour intensive due
part|cularly ed for a toroidal current transforner. 4. The
circuits are not anenable to di mm ng. 5. The circuits are not anenabl e
t o mass producti on manufacture. 5
5. The circuits are not amenable to mass
production manufacture.
BRIEF SUMMARY OF THE INVENTION
The present invention provides a novel
S monolithic MOS gate driver which permits the driving of

low side and high side power MOSFETS or IGBTs {(or any
other MOS gated type device) from logic level, ground
referenced inputs. Such circuits are particularly well
adapted for the driving of gas discharge lamp ballast

10 circuits.

More specifically, the MOS gate driver of the
invention can be used for the drive of lamp ballast
circuits or, more generally, any desired MOS gated
circuit, and provides the following features:

15 1. It provides gate drive voltage signals for
two MOS gated power semiconductors such as power MOSFETS
or IGBTs, one designated as a "Low-side switch" and the
other as a “High-éide switch". The two power switches
are commonly connected in a totem pole or half-bridge

20 circuit.

2. It provides level shifting circuits with a
voltage offset capability up to about 600 volts to
translate ground (substrate) referenced signals via an
isolated portion of the silicon die to facilitate the

25 drive function of the high side switch.

3. A logic circuit referenced to ground
(substrate) that consists of comparators, a voltage
regulator to control the magnitude of the output signals
when the driver is supplied from non-regulated d-c

30 supplies, undervoltage lockout circuits to prevent
marginal operation of the MOS power switches, both low
side and high side, a dead band delay circuit that



2 Thé present invention provides an integrated circuit as clainmed in Caim
1 and preferred features of this aspect of the invention are set out in
3Cains 2-to 7.- The irnvention further provides an electronic ballast circuit

as cl ai
i nvent i
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| GBTs (or
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ssméhﬁg Hkt n Clainms 10 to 13. The MOS gate driver of this
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fka G aim9. Preferred features of this aspect of the

gated type device) fromlogic level, ground

referenced inputs. Such circuits are particularly well|l adapted for the
driving of gas discharge |anp ballast circuits. Mre specifically, the MOS
gate driver of the invention can be-uded for the
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prevents "shoot through" currents from flowing in the MOS
power switches, and a logic function that allows the high
side and low side drive outputs to alternate on a 50%
time basis.

4. An additional logic output is provided so
that the driver can self-oscillate at a frequency
determined by external resistors and capacitors Ry and
Cr;, respectively, where the frequency of oscillation £, -
is set by the reiationship:

= 1
£, 1.4 Ry xC,

) S. The monolithic die can be packaged in a
conventicnal 8-pin DIP or SMD package.

DETAILED DESCRIPTI

Figure 1 shows a prior art electronic ballast
using a current transformer drive.

Figure 2 shows a generalized electronic ballast
for gas discharge lamps, which uses the monolithic
circuit of the present invention.

Figure 3 shows a circuit diagram of a ndouble
40" fluorescent ballast, which uses the monolithic MOS
gate driver of the invention.

Figure 4 shows a circuit diagram of a high
pressure sodium ballast, using the novel MOS gate driver
of the present invention.

Figure 5 is a block diagram of the novel
monolithic gate driver shown in Figures 2, 3 and 4.



drive'of | anp-ball.ast_circuits or, nore generally, any desired MOS gated
circeit, anqh. ovi des the follow ng features: 1. It provides gate drive
Iégﬁﬁ

Voltage sign S Bean eJat ed power sem conductors such as power
nated as a "Lowside switch”" and the other as a
power switches are commonly connected in a
[ C

MOSFEFs or
"Hi gh-side s

totem pol e or half-br ircuit 2. It provides |evel shifting circuits
with a voltage offset capability up to about 600 volts to translate ground
(substrate) referenced signals via an isolated portion of the silicon die
to facilitate the drive function of the high side swtch. 3. A logic
circuit referenced to ground (substrél%)'that consi sts of conparators, a
voltage regulator to control the magnitude of the output signals when the
driver is supplied fromnon-regul ated d-c supplies, undervoltage | ockout
circuits to

DETAILED DESCIRIPTION OF THE DRAWINGS
Referring first to Figure 1, there is shown a
prior art balliast using a current transformer drive. The
circuit employs power MOSFETs 20 and 21 connected in a
5 "totem pole", a half-bridge circuit, and driven from a
d-c power source at terminals 22 and 23. The output
circuit includes a gas dischargé tube 24 .of any desired
type which is connected to a series L-C circuit
consisting of inductor 25 and capacitors 26-27. A
10 current transfcrmer 28 has a primary winding 29 in series
with tube 24 and secondary windings 30 and 31 connected
to the gates cZ MOSFETs 20 and 21, respectively. A diac
32 is connected from the node between resistor 33 and
capacitor 34 and the gate of MOSFET 21 to provide a
15 starting pulse to start the circuit into oscillation.
Once started, the circuit will operate at the resonant
frequency of inductor 25 and capagitor 26.
More specifically, after MOSFET 21 turns on,
oscillation is sustained, and a high frequency (30 to 80
20 kHZ) excites the L-C circuit. The sinusoidal voltage
across capacitor 27 is magnified by the circuit Q at
resonance, and develops a sufficient magnitude to strike
the lamp 24.
The circuit of Figure 1 is a holdover from
25 known ballast designs using bipolar transistors and is
not well suited to power MOSFETs because of poor
waveforms.
The novel monolithic chip of the invention
permits the drive of a ballast circuit which is self-
30 starting, has improved switching time, is amenable to
dimming, and avoids labor intensive inductor components
such as the current transformer 28 of Figure 1.



prevent narglnaL operation of the MOS power sw tches, both | ow side and

hi gh %sid dead band delay circuit that -3- prevents "shoot through”
Eurrents cﬁﬁhe MOS power switches, and a | ogic function that
alloms~th | ow side drive outputs to alternate on a 50%tine
basi s. | logic output is provided so that the driver can
sel f - OSCI||ate at a uency

Figure 2 shows the novel monolithic MOS gate
driver 40 of the invention in the ballast circuit of a
gas discharge lamp. More specifically, the circuit of
Figure 2 has a gas discharge lamp 24 associated with the
5 series L-C circuits 25, 26, 27 as in Figure 1. Two power
MOSFETs 20 and 21 are also connected to d-c source _
terminals 22 and 23 as in Figure 1. Power MOSFETs 20 and
21 may be any power device which has a MOS gate, for
example, an IGBT or a MOS gated thyristor. The chip 40

10 of Figure 2 provides drive signals to the MOSFETs 20 and
21 which avoids the drawbacks of the prior art circuit of
Figure 1.

More specifically, chip 40 may be housed in an
8-pin DIP or surface mount package, and has the following
15 pinouts:
H, - an output pin to the gate of the high side
MOSFET 20;
Vi - a2 pin to the center tap of the totem-pole
or half bridge connected MOSFETs 20 and 21.
20 L, - an output pin to the gate of the low side
MOSFET 21.
G - a pin connected to the negative terminal 23
of the d-c source.
Cr - a single input control pin which is
25 connected to the node between timing capacitor C; and
timing resistor Ry. The other side of capacitor Cr is
connected to inductor 25. Control signals to single pin
Cy controls both outputs H, and L,.
Ry - a pin which is connected to the other
30 terminal of timing resistor Ry.



det er m ned” by “external--resi stors and capacitors RT and CT, respectively,

wheré thﬁsgk of qu|IIation flerr] is set by the relationship: [err]
: an be packaged in a conventional 8-pin D P or SVD
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el ect roni

IPTICN OF THE DRAW NGS Figure 1 shows a prior art
g a current transforner drive. Figure 2 shows a

generalized electronic ballast for gas discharge | anps, which uses the

nmonolithic circuit of the present invention.

Ve - @ pin which receives a chip operating
voltage from the node between resistor 41 and capacitor
42,

Vg - a pin connected to the node of diode 43

5 and capacitor 44, which acts as a "bootstrap" circuit to
provide power for the operation of the high side switch.

Also provided in Figure 2 are two back-to-back
diodes 50 and S1 in.series with the lamp circuit. These
diodes 50 and S1 form a zero-crossing detector for lamp

10 24. '

In operation, and before tube 24 strikes, the
resonant circuit consists of inductor 24 and both
capacitors 26 and 27. The capacitance of capacitor 27 is
lower than that of capacitor 26 so that it operates at a

15 higher a-c voltage than that of capacitor 26. This
voltage on capacitor 27 strikes the lamp 24. After lamp
24 strikes, capacitor 27 is effectively short circuited
by the lamp voltage drop and the frequency of the
resonant lamp circuit now depends on inductor 25 and

20 capacitor 26.

This causes a shift to a lower resonant
frequency during normal operation, synchronized by the
zero crossing of the a-c current at diodes S0 and 51, and

_ using the resultant voitage to control the oscillator
25 within chip 40. As will be shown, the oscillation
frequency of the circuit is synchronized by the addition
of resistor R; and capacitor Cs.

The chip 40 provides offset voltage capabzlzty
up to or higher than 600 volts d-c and has a “front end"

30 capability similar in function to that of the well known
CMOS 555 timer i.c.



ﬁiguré—%—shoms a circuit diagramof a "double 40" fluorescent ballast,

Mhich n I|th|c MOS gate driver of the invention. Figure 4 shows
a circ |gh pressure sodi um bal | ast, using the novel MOS
gate d& sent invention. Figure 5 is a block diagramof the

novel drlver shown in Flgures 2, 3 and 4. -4-

Chip 40 also has interior circuitry to provide
a nominal 1 microsecond dead time between outputs of the
alternating high side and low side outputs for driving
switches 20 and 21.

5 As will also be later shown, the chip 40 will
be supplied at terminal 22 by a rectified a-c voltage
and, therefore, is designed for a minimum quieécent
current, and has a 15 volt interval shunt regulator.
Thus, a single one-half watt dropping resistor 41 can be

10 used.
In addition to the quiescent current there are
two other components of d-c supply current that are a
function of the actual application circuit.
1) Current due to charging the input
18 capacitance of the power switches.

2) Current due to charging and discharging
the junction isolation capacitance of the
gate driver chip.

Both coﬁponents of current are charge related

20 and therefore follow the rules:

Q =CV
It can readily be seen, therefore, that to

charge and discharge the power switch input capacitances,
the required charge is a product of the gate drive

25 voltage and the actual input capacitances and the inpdt
power required is directly proportional to the product of
charge and frequency and voltage squared:

2
Power = -%’- x£f
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DETAILED DESCRI PTI ON OF THE DRAW NGS Referring first to Figure 1, there is
shomﬁ a prior art ballast using a current transforner drive. The circuit
ys ﬂb edW@SEEE Qegnd 21 connected in a "totem pole", a half-bridge

C|rcuuL a d-c power source at termnals 22 and 23. The
out put- cir a gas discharge tube 24 of any desired type which
S connected to a L-C circuit consisting of inductor 25 and

capacitors 26-27. A current transforner 28 has a primary winding 29 in
series with tube 24 and secondary wi ndings 30 and 31 connected to the gates
of MOSFETs 20 and 21, respectively. A giac

When designing an actual ballast circuit and
because of the above relationships, the following should
be observed:

1} Select the lowest operating frequency
5 consistent with minimizing inductor size.
2) Select the smallest die size for the power

switches consistent with .low conduction
losses. (This reduces the charge
requirements.)
10 3) Use the lowest possible d-c voltage.
in summary, the circuit of Figure 2, when
driven by chip 40, provides a self-oscillating square
wave generator with dead time control and level shifting
for the MOS gated devices in the circuit. Unlike the
15 prior art current transformer driver, the novel system
provides clean "text book" waveforms to minimize switch
losses. In many cases, smaller size MOSFETs can be
selected or, alternatively, heat sinks may be reduced or
eliminated.
20 Figure 3 shows an exemplary ballast circuit
' which could employ the chip 40 of the Figure 2 for a
*double 40" fluorescent lamp ballast. In Figure 3,
components similar to those of Figure 2 have the same
identifying numerals. The lamp circuit in Figure 3
25 employs two 40 watt fluorescent lamps 60 and 61 in a
common reflector which have respective series inductors
62 and 63 and series capacitor 64. Each of tubes 60 and
61 have parallel capacitors 66 and 67, respectively, and
parallel positive temperature coefficient thermistors 68
30 and 69, respeccively. A snubber consisting of capacitor
70 and resistor 70a is connected from the node between
MOSFETs 20 and 21 to the neutral line.



32 is connected fromthe node between resistor 33 and capacitor 34 and the
gate ‘of MOSFET 21 to provide a starting pulse to start the circuit into
dscillation. Oice started, the circuit will operate at the resonant
frequentysmﬁalmghgﬁ am% and capacitor 26. Mre specifically, after MOSFET

21 turns i s sustained, and a high frequency (30 to 80 kHZ)
excites Hﬂ H The si nusoi dal vol tage across capacitor 27 is
nagnlfled t Q at resonance, and devel ops a sufficient

magni tude to strike the | anp 24. The circuit of Figure 1 is a holdover from

-9 -

The input a-c circuit includes an a-c¢ source
having two a-c terminals L, and L, and a neutral terminal
N. A conventiocnal filter circuit including 30 microhenry
inductors 71a and 71b is connected to a single phase full
5 wave rectifier 74 having a positive output connected to
resistor 41 and a negative terminal connected to
capacitor 42, providing a 320 volt d-c¢ output from a 220
volt a-¢ inpuct. The input filter further includes
capacitors 75, 76 and 77 as well as d-c capacitors 78 and
10 79. ’
Note that chip 40 of Figure 3 operates directly
off the d-¢ bus through dropping resistor 41 and
oscillates at arocund 4SkHz in compliance with the
following relationship:

foon ™ el
€ 1.4R,C,

15 Power for the high side switch gate drive comes
from bootstrap capacitor 44 (0.1uF) which is charged to
approximately 14 volts whenever pin Vg is pulled low
during the low side power switch conduction. The
bootstrap diode 43 (11DF4) blocks the d-c bus voltage

20 when the high side switch conducts. Diode 43 is a fast
recovery diode (<100nSec) to ensure that the bootstrap
capacitor 44 is not partially discharged as the diode 43
recovers and blocks the high voltage bus.

The high frequency output from the half bridge

25 20-21 is a square wave with very fast transition times
{approximately SOnSec). In order to avoid excessive
radiated noise from the fast wave fronts, a 0.5 watt
snubber 70-70a (10Q and 0.001uF, respectively), is used
to slow down the switch times to approximately 0.S5uSec.
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known ball ast designs using bipolar transistors and is not well suited to
power®’ SFETs because-of poor waveforns. The novel nonolithic chip of the

Tnventi O1f Pheetmad 5. .t he drive of a ballast circuit which is self- starting,
has i npr cedi me, i s anenable to dinmm ng, and avoids | abor

I ntensiv MO%MS such as the current transfornmer 28 of Figure
1. Fi gure he novel nonolithic MOS gate

- 10 -

Note that thers is a built-in dead time of luSec to
prevent shoot-through currents in the half bridge.
The Zluorescent lamps 60 and 61 are operated in
parallel, each with its own L-C resonant circuit. Any
) number of tube circuits can be driven from the singie
pair of MOSFETs 20 and 21 sized to suit the power level.
The reactance values for the lamp circuit are
selected from L-C reactance tables or from the equation
for series resonance:

f:——l—_
2w yIC

10 The Q of the lamp circuits is fairly low
because of the need for operation from a fixed frequency
which, of course, can vary because of R, and C;
tolerances. Fluorescent lamps do not normally require
very high striking voltages so a Q of two or three is

15 sufficient. "Flat" Q curves tend to result from larger
inductors and.small capacitor ratios where:

- 2RfL
R

Q

and R tends to be larger as more turns are used.
Soft-starting with tube filament pre-heating is
‘ accomplished by P.T.C. thermistors 68 and 69 across each
20 lamp. In this way the voltage across the lamp gradually
increases as the P.T.C. thermistor self-heats until
finally the striking voltage with hot filaments is
reached and the lamp strikes.
The following table gives the values of
25 components used for a preferred embodiment of Figure 3:



driver_40_of the invention in the ballast circuit of a gas discharge |anp.
More‘s eC|f|caIIy the circuit of Figure 2 has a gas di scharge |anp 24

“assOocCi #B%ﬂl des L-Ccircuits 25, 26, 27 as in Figure 1. Two
power sl 1 are al so connected to d-c source termnals 22 and
23 as | r MOSFETs 20 and 21 may be any power device which

has a NCS gate for exanple, an 1 GBT or a MOS gated thyristor. The chip 40
of Figure 2 provides drive signals to the MOSFETs 20 and 21 which avoi ds

t he drawbacks of the prior art circuit of Figure 1. Mre specifically, chip
40 may be housed in an
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MOSFETs 20, 21 Type IRF 720 (International
Rectifier)
PTC 68,69 TDK 911P97ES014U10
Bridge 74 4 x IN 4007
3 Diode 43 11DF4

Resistor 41 91 KOHMS, 1/2 watt
Resistor 70a 10 OHMS, 1/2 watt
Resistor R¢ .15 KOHMS
Capacitor 42 47uf, 20v

15 Capacitor 64 1 uf, 400v
Capacitor 66, 67 0.01uf, 600V

70 0.001 uf, 600Vv

75,76.,77 0.22 uf, 250 v a-c
78, 79 100 upuf, 200v
15 ) o 0.001 uf
Inductors 62, 63 1.35 millihenxy

Figure 4 shows another embodiment of the
invention for the drive of a high pressure sodium lamp
ballast. The circuit of Figure 4 has the synchronization

20 circuit of Figure 2 and also has an automatic shut-down
circuit. In Figure 4, components similar to those of
Figures 2 and 3 have similar identifying numerals. In
Figure 4, the lamp is a high pressure sodium lamp 90
having a parallel capacitor 91 and an inductor 9%2.

25 Inductor 92 has a tap which is part of a shut-down
circuit, and includes resistor 93, diodes 94 and 95 and
capacitor 96.

In Figure 4, the synchronizing circuit consists
of the zero crossing detector diodes 50 and 51 which

30 synchronize the self-oscillation frequency to the true
resonance of the LC circuit. 91, 92. The Q of the series
resonant circuit is made to be about 20 and provides



8- pin‘DIP or surface nmount package, and has the follow ng pinouts: Herr] -
an out put p|n to the gate of the high side MOSFET 20; V[err] - a pin to the

cent er t@@ oIe or half bridge connected MOSFETs 20 and 21
L[ err jem- o the gate of the | ow side MOSFET 21. G- a pin
conneoted termnal 23 of the d-c source. CT - a single
I nput cont mhlch is connected to the node between timng capacitor
Cerr] and

- 12 -

sufficient vwc_.zage to strike lamp 90. The synchronizing
capability c©f the chip 40 allows the series tuned circuit
of Figure 4 t: resonate at high Q to provide the 3kv
starting voltzge for lamp 90 without the use of a

5 separate ignitsar.

In 2 hct restrike situation, where Q is
insufficient =5 crovide the necessary restrike voltage,
the shutdown c:ircuit including diodes 95 and 96 provides
a d-c bias vcltage which prevents the voltage at pin Cp

10 from reaching the 1/3 V. valley switching peint. Thus,
the circuic grcovides "burps* of oscillation until
restrike 1s acccmplished (approximately 90 seconds) and
sustained, and dastructive high MOSFET currents avoided.

Figure 5 is a block diagram of the circuit of

15 chip 40 of the preceding Figures 2, 3 and 4. The eight
pinouts of chipr 40 are repeated in Figure 5. All circuit
blocks to be described in Figure 5 are integrated into a
common silicen chip. The first circuit block is the
clamp circuit 100, consisting of a plurality of zener

20 diodes. Thesz are connected from pin V., and pin V,
which is connected to the silicon substrate which acts as
the chip ground. A digital supply line and analog supply
line both extend from pin V.. An analog ground line and
a digital ground line are also connected to pin V.

25 The next group of circuit blocks form a timer
circuit. These include divider circuit 101 connected to
the analog surply line to the analog ground, N comparator
102, P comparator 103 and an RS latch 104. Two taps from

| divider 101 are connected to the positive inputs of

30 comparators 122 and 103. Input pin Cp is connected to

the negative input of comparator 103. The output of



fining‘gesistor RT. The other side of capacitor Cerr] is connected to
i nduttor 25: Control signals to single pin CT controls both outputs Herr]
’and L[Taik Rlerr] - a pin which is connected to the other term nal of

tinmng- L%T BeefRlerr | . -6- V[err] - a pin which receives a chip
oper at } % Wﬁ %4 t he node between resistor 41 and capacitor 42.

comparators 102 and 103 are connected to the RS Zatch 104
as shown.

The RS latch 104 is also connected to under-
voltage lock-out circuit 105 which is integrated into the

(9]]

chip circuit. Thus if V, reduces too low, -the RS latch
104 is lccked out.
A bias circuit 106 provides bias outputs to the
RS latch 104, the lockout circuit 105, and to dead time
.delay circuicts 127 and 108 in the high side and low side
pio circuit lines. Time delay circuits 107 and 108 provide a
dead time or delay of about 1 microsecond between the
turn on of the nigh side or low side switch after the
turn off of the other. This dead time ensures that a
"shoot through” circuit cannot be formed in which both
15 power MOSFETs 20 and 21 are simultaneously on.

The output of dead time circ¢uit 108 is applied
to low side delay circuit 109 and low side driver 110
which is connected to pin L,.

The output of dead time circuit 107 is applied

20 to level shift pulse generator 111 in the high side
' cutput line. The high side line also includes a high
side bias supply circuit 112 which drives a dv/dt filter
circuit 113 which filters noise from the pulse passed by
circuit 113, and an under-voltage analog lockout circuit
25 114. The input to the high side bias circuit 112 is
connected to pin Vg.

The output of lockout circuit 114 and dv/dt
filter 113 is applied to latch circuit 115 and its output
is connected to buffer 116 which contains gain stages and

30 drives pin H,. Note that pin Vg is connected to circuits

113, 114, 115 and 116.



VB - a pin connected to the node of diode 43 and capacitor 44, which acts
as a"bootstrap"--eireurt- to provide power for the operation of the high
'si de switch. Also r V|ded in Figure 2 are two back-to-back di odes 50 and
51 i n.Bey§ anp circuit. These diodes 50 and 51 forma

zer o- cr “ for lanp 24. In operation, and before tube 24
strlkes CIrCUIt consi sts of inductor 24 and both capacitors
26 and 27 The capacitance of capacitor 27 is |lower than that of capacitor
26 so that it operates at a higher a-c voltage than that of capacitor 26.
Thi s

4 .
- 4=

Although the prssent invention has been
described in relation to particular embodiments thereof,
many other wvariations ancd modifications and other uses
will become épparent to those skilled in the art. It is

un

preferréd. therefore, tha:t the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.



Voltage on capacitor 27 strikes the lanp 24. After lanp 24 strikes,
capaeitor 27 is _effectively short circuited by the |anp voltage drop and
the frequency. of the resonant |anp circuit now depends on inductor 25 and

capacrtw:s%ahmn m@ﬁs a shift to a |ower resonant frequency during

nor mal o roni zed by the zero crossing of the a-c current at
di odes 5 S|ng the resultant voltage to control the oscillator

Wi t hin Chlp be shown, the oscillation frequency of the circuit
S synchronlzed by the addition of resistor RT and capacitor CT
- 15 -
WHAT -5 ZLAIMED IS:
1. An integrated circuit formed in

a silicon substrate for driving first and second MOS
gated ccwer devices which are connected in a half bridge
circui:z which has first and second d-c¢ terminals and a
S commor: terminal at the node between said first and second .
MOS gacted power devices; said integrated
circuiz Ilncluding timer circuit means having an input
.contrc; t2rminal Cy which is connectable to a low logic
level sicnal referenced to the potential of said
10 substrate; latch circuit means coupled to said timer
circui:z means for controlling the frequency at which said
first and second MOS devices are switched on and off and
having an output which is switched in response to a
predetermined signal applied to said input control
15 terminal; a high side dead time delay.circuit and a low
side dead time delay circuit each coupled to said latch
circuit means for delaying the transmission of a latch
output signal for a predetermined time delay following
. the switching of the output of said latch circuit means;
20 a high side level shifting means and a high side driver
circuicz means and a low side driver circuit means;
said high side driver circuit means, and said low side
driver means coupled to said high side dead time circuit
and said low side dead time circuit respectively and
25 having high side and low side ocutput pins respectively
which prcduce outputs for turning on and off said first
and second MOS gated power devices in response to control
signals a: said input control terminal Cy; said dead time
delay circuits preventing the simultaneous conduction of
30 said first and second MOS gated power devices.

AR




The chip 40 provi des offset voltage capability up to or higher than 600
volts d-—¢ and-has.a "front end" capability simlar in function to that of

‘the .wel | own CMOS 555 tiner i.c. -7- Chip 40 also has interior

ciﬁ& K- c e a nomnal 1 microsecond dead tine between outputs of
t he ' ." gh side and | ow side outputs for driving switches 20 and
21.
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2. The integrated circuit of claim 1 wherein
said MOS gated power devices are MOS devices which are
selected from the group consisting of power MOSFETs,
IGBTs and MOS gated thyristorsﬁ

3. The integrated circuit of claim 1 wherein
said predetermined time delay is about 1 microsecond.

4. The circuit of claim 1 which further
includes a source of operating voltage V  coupled to
said first and second d-c terminals for providing
operating power for each of said circuit means in said
integrated circuit; said integrated circuit having a V
pin-extending therefrom for connection to at least one of
said first or second d-c terminals.

5. The circuit of claim 4 which further
includes resistor means for coupling said V. pin to said

first d-c terminal.

6. The integrated circuit of claim 4 wherein
said predetermined time delay is about 1 microsecond.

7. The integrated circuit of claim 6 wherein
said predetermined time delay is about 1 microsecond.

8. The device of claim 4 which further
includes undervoltage trip circuit means coupled to and
monitoring the voltage at said V. pin and having an
output coupled to said latch circuit means and to said

5 high side and low side dead.time circuits for disabling

W




As will also be later shown, the chip 40 will be supplied at term nal 22 by
a rectified a-c voltage and, therefore, is designed for a m ni num qui escent
current, and has a 15 volt interval shunt regulator. Thus, a single

one- hal t R sistor 41 can be used. In addition to the
quiescenﬂ &u .are two ot her conponents of d-c supply current that
are a fu ctual application circuit. 1) Current due to

chargi ng the input capacitance of the power switches. 2) Current due to
chargi ng and di schargi ng

- 17 -

said latch circuit means and delay circuits when the
voltage at said V. pin falls below a given value.

9. The integrated circuit of claim 8 wherein
said predetermined time delay is about 1 microsecond.

10. The circuit of claim 9 which furéher
includes a source of operating voltage V.. coupled to
said first and second d-c terminals for providing
operating power for each of said circuit means in said
integrated circuit, said integrated circuit having a Vee
pin extending therefrom for connection to at least one of
said first or second d-c terminals.

11. The circuit of claim 7 which further
includes resistor means for coupling said V. pin to said

first d-c terminal.

12. The circuit of claim 8 which further
includes resistor means for coupling said V. pin to said

positive terminal.

13. The device of claim 1 wherein said timer
circuit has a second input control terminal Ry for
controlling the frequency at which said MOS gated devices
are turned on and off; said terminals C; and Ry being
connected to an external timing capacitor of value C; and
timing resistor of value Ry respectively for setting the
oscillation frequéncy £, of said timing circuit to be:

—

L



ihe jhﬁc{ion I sol ati on capacitance of the gate driver chip. Both conponents
are charge related and therefore followthe rules: Q= CV It can

kTea refore, that to charge and discharge the power switch
|npu the requi red charge is a product of the gate drive
vol t uaI | nput capaci tances and the input power required is

d|rectly proportlonal to the product of charge and frequency and vol t age
squared: [err] '

- 18 -

f U S
° 1.4 R, xC,
14. The integrated circuit of claim 13 wherein
said predetermined time delay is about 1 microsecond.

15. The circuit of claim 13 which further
includes a source of operating voltage V. coupled to -
said first and second d-c terminals for providing
operating power for each of said circuit means in said

5 integrated circuit; said integrated circuit having a V,
pin extending therefrom for connection to at least one of
said first or second d-c terminals.

16. The circuit of claim 13 which further
includes resistor means for coupling said V., pin to said

first d-c terminal.

17. The device of claim 13 which further
includes undervoltage trip circuit means coupled to and
monitoring the voltage of said V, pin and having an
output coupled to said latch circuit means and to said

-5 high side and low side dead time circuits for disabling
said latch circuit means and delay circuits when the
voltage at said V. pin falls below a given value.

18. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled

5 power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a

A



-8- When designing an actual ballast circuit and because of the above

rel at'ionshi ps, .the follow ng should be observed: 1) Sel ect the | owest
operati?@? requency consistent with mnimzing inductor size. 2) Sel ect

t he smal |y HW ' t he power switches consistent with | ow conduction
| osses. l .

/ ﬁﬁi}% char ge

- 19 -

pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second

10 power switching device, and a gate drive

' circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit

15 having output terminals H, and L, coupled to the
respective gates of said discrete devices; said gate
drive circuit having a terminal V, which provides the
operating power for its intermal circuitry; and an
external resistor for connecting said terminal V., to one

20 of said pair of terminals.

' 13. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled

5 power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a-
pair of d-c power terminals connected in series with said
first and second series connected switching devices, said
lamp and L-C series circuit connected across said second

10 power switching device, and a gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit

15 having output terminals H,; and L, coupled to the
respective gates of said power switching devices; said
gate drive circuit having an oscillation timer circuit

- e —
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requirements.) 3) Use the | owest possible d-c voltage. In summary, the
circuit of Figure 2, when driven by chip 40, provides a self-oscillating
"square wave generator with dead tinme control and level shifting for the MOS
gat ed’ devices in { circuit Unlike the prior art current transfornmner

dri gm& ysten1prOV|des cl ean "text book" waveforns to mnimze
ny cases, smaller size MOSFETs can be sel ected or,
altﬁg S|nks may be reduced or elimnated. Figure 3 shows an
exe allast circuit

- 20 -

having first and second input pins Ry and C;
respectively, and a discrete resistor and a discrete

.20 capacitor connected to pins Ry and C; respectively to set
said given frequency of oscillation at a given frequency
and at the frequency of oscillation of said L-C circuit.

20. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
_one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled
5 power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a
pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second
10 power switching device, and a ' gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
15 having output terminals H, and L, coupled to the
respective gates of said power switching devices; said
gate drive circuit having a terminal V., which provides
the operating power for its internal circuitry; and an
external resistor for connecting said terminal V., to one
20 of said pair of terminals; said gate drive circuit having
an oscillation timer circuit having first and second
input pins R; and C; respectively, and a discrete
resistor and a discrete capacitor connected to pins Ry
and Cr respectively to set said given frequency of
25 oscillation at a given frequency and at the frequency of
oscillation of said L-C circuit. |

IlIIIlII 0] AR TR




whi ch coul d enploy the chip 40 of the Figure 2 for a "double 40"
fl.uorescent lanmp ballast. In Figure 3, conponents simlar to those of

'Figurﬁm%§ﬂ§¥ﬁ%%géﬂ§ﬁ§§didentifying nunerals. The lanp circuit in Figure 3

enpl oys uorescent lanps 60 and 61 in a common reflector which
eI
tubes 6

S inductors 62 and 63 and series capacitor 64. Each of
paral l el capacitors 66 and 67, respectively, and
paral |l el positive tenperature coefficient therm stors 68 and 69,
respectively. A snubber consisting of capacitor 70 and resistor 70a is
connected fromthe node between MOSFETs 20 and 21 to the neutral line.
- 21 -

21. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled

5 power switching devices having respective gate terminals
and connected in a. half bridge circuit arrangement, a
pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said secoﬁd

10 power switching device, and a monolithic gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
1s having output terminals H, and L, coupled to the '
respective gaces of said discrete devices; said gate
drive circuit having a terminal V., which provides the
operating power for its internal circuitry; and an
external resistor for connecting said terminal V,, to one
20 of said pair of terminals; said integrated
circuit including timer means having an input control
terminal C; which is connectable to a low logic level
signal referenced to the potential of said substrate;
latch circuit means coupled to said timer circuit means
25 for controlling the frequency at which said first and
second power switching devices are switched on and off
and having an output which is switched in response to a
predetermined signal affixed to said input control
terminal; a high side dead time delay circuit and a low
30 side dead time circuit each coupled to said latch circuit
means for delaying the transmission of a latch output

L




-9- The input a-c~circuit includes an a-c source having two a-c terninals

L[errFMaﬁﬁaEbeméig i neutral termnal N A conventional filter circuit
|hclud| ry inductors 7la and 71b is connected to a single
phase (MIH fier 74 having a positive output connected to resistor
41 and’ a ne n1na| connected to capacitor 42, providing a 320 volt

d-c output froma 220 volt a-c input. The input filter further includes

Hllllll I Illll Ul Illl S22

signal for a predetermined time delay following the
switching of the output of said latch circuit means; a
high side level shifting means and a high side driver
35 . circuit means and a low side driver circuit means; said

high side driver circuit means and said low side driver
circuit means coupled to said high side dead time circuit
and said low side dead time circuit means respectively
and having high side and low side ocutput pins

40 respectively which produce outputs for turning on and off
said first and second MOS gated power devices in response
to control signals at said input control terminal C;;
said dead time delay circuits preventing the simultaneous
conduction of said first and second MOS gated power

45 devices.

22. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled

5 power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a
pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second

10 power switching device, and a gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit

15 having output terminals H, and L, coupled to the
respective gates of said MOS power switching devices;
said gate drive circuit having an oscillation timer
circuit having first and second input pimns Ry and Cr,



cépacifors 75, 76 and 77 as well as d-c capacitors 78 and 79. Note that
chip 40 of Figure-3 operates directly off the d-c bus through dropping

resi stor 41 and q§c£ l,at es at around 45kHz in conpliance with the foll ow ng
rel att. o ower for the high side switch gate drive cones from
boot st | _ 4“ 4 (0.1[err]F) which is charged to approximately 14
volts i err] is pulled low during the | ow side power swtch
conduction. The bootstrap diode 43 (11DF4) bl ocks the d-¢ bus voltage

-~ 23 -

respectively, and a discrete ‘resistor and a discrete

20 capacitor connected to pins R; and C;, respectively, to
set said frequency of oscillation at a given frequency
and at the frequency of oscillation at a given frequency
and at the frequency of oscillation of said L-C circuit;
said integrated circuit including timer means

25 having an input control terminal C; which is connectable
to a low logic level signal referenced to the potentiél
.of said substrate; latch circuit means coupled to said
timer circuit means for controlling the frequency at
which said first and second discrete devices are switched

30 on and off and having an output which is switched in
response to a predetermined signal affixed to said input
control terminal; a high side dead time delay circuit and
a low side dead time circuit each coupled to said RS
latch circuit for delaying the transmission of a latch

35 output signal for a predetermined time delay following
the switching of the output of said latch circuit means;
a high side level shifting means and a high side driver
circuit means and a low side driver circuit means; said

. high side driver circuit means and said low side driver

40 circuit means coupled to said high side dead time circuit
means and said low side dead time circuit means
respectively and having high side and low side output
pins respectively which produce outputs for turning on
and off said first and second MOS gated power devices in

4s response to control signals at said input control
terminals C;; said dead time delay circuits preventing
the simultaneous conduction of said first and second MOS

gated power devices.

i
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when t hé hi-gh-si-de_swi tch conducts. Diode 43 is a fast recovery diode
(<100ﬂﬁﬁmgﬂh% ensure that the bootstrap capacitor 44 is not partially
di'scha edhade 43 recovers and bl ocks the high voltage bus. The

hi gh # ﬂﬁ . t fromthe half bridge 20-21 is a square wave with very
fast ti s (approximately 50nSec). In order to avoid excessive
radi ated noise fromthe fast wave fronts, a 0.5 watt snubber 70-70a
(10[err] and 0.001[err]F, respectively), is used to sl ow down the switch
times to approximately 0.5[err] Sec.

MOSGATE DRIVER FOR BALLAST CIRCUITS

ABSTRACT OF THE DISCLOSURE

A monolithic MOS gate driver chip is described
for driving high side and low side power MOSFETs in a gas
discharge lamp ballast circuit. The chip includes a
timer circuit for generating a square output at the
natural frequency of resonance of the lamp ballast. Dead
‘time circuits are provided in the chip to prevent the
simultaneous conduction of both high side and low side
MOSFETs. The chip may be housed in a right pin DIP
package.
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10rhis§h&iﬂast}iaaikdgia&ﬂe is a built-in dead time of 1[err]Sec to prevent

shoot ts in he hal f Brid e The fluorescent |anps 60 and - 69
nunbe its can be driven fromthe single pair of MOSFETs 20

I'lel, its L C resonant circuit. Any
and 21 sized to suit the—power—tevel—Htae reactance—valves—For—the—tarmp———-
circuit are selected fromL-C reactance tables or fromthe equation for

ser.| es resonailgcze [err] . ] ?::—7—__2 .M
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ThdhiShekt HasBednReFlaced rCUits is fairly | ow because of the need for operation
fro T ency which, of courge,.c vary because of R err] and

€l er Fl uor escehng canm“go & 2lﬁormal ly require very high
striking volta

so a Qof two or three {s sufficient. "Flat" Q curves
tend to result fromlarger inductors and small capacitor ratios where:

[er+f—armd~ KR tends to be larger as nore turns are used. Soft-starting with
tube filamgnt pre-heating is acconplished b&\P.T.C. therm stors 68 and 69
across each lanmp. In this way the voltage anosi the | anp gradual ly

S
\

T A
j"b

T Fr=.2

Ry
3
A




kD This Sheet Has n o
|ncre therm stor self-heats until finally the striking
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Figure 4 shows anot her enbodi nent of the invention for the drive of a high

=pressure sodium | anp bal |l ast.

synchronlzatlon circuit of Figure 2 and als ,,,,,, 1.
ci = a—kigure-4..conponents sinmlar fdfxi" , 2; gve
Si @,I air{ ?Héﬁ?—ﬂ‘ SHEETSumer 8Gs. | h Fi gure 4 (? ng‘f?*’s ﬁ?‘gﬁr‘r piesss :ﬁ
sd® QerqripHen 9@agedviingtopapet atl e capaC|tor 2t nddeEs; 9§’Pr gto
92 &é«l"a(st)ap whiedh.!%..stopmgéd .QF...af shut - down CI all’-’ld\l RRESHES 1G 888G oF
93] Mrodes(sP4 paged .95, adgarpaci for 96. In Fi ‘g: e 4, “the : HyeRho it PRgRY =
cil# éibsirgonsi piged .2 .. to paged ..7..... L
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The circuit of Flgure 4 has the
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MOSGATE DRIVER FOR BALLAST CIRCUITS

BACKGROUND OF THE INVENTION

This invention relates to a gate driver circuit
for MOS gated devices, and more specifically relates to a
monolithic gate driver circuit for MOS gated circuit
devices, particularly those used in lamp ballast
circuits.

. Electronic ballasts for gas discharge circuits
are coming into widespread use because of the
availability of power MOSFET switching devices to replace
previously used power bipolar transistor devices. Most
electronic ballasts use two power MOSFET switches in a
totem pole (half bridge) topology, with the gas discharge
tube circuits consisting of L-C series resonant circuits
in which the lamp or lamps are connected across one of
the reactances of the L-C circuit. The power MOSFET
switches are then driven to conduct alternately by inputs
from secondary windings on a current transformer, the
primary winding of which conducts the current of the lamp
circuits. The primary winding current alternates at the
resonant frequency of -the resonant circuit.

Such prior art circuits have numerous
drawbacks. For example, such circuits:
1. Are not self-starting and requlre a DIAC
type device to initially pulse the circuit into C
operation.

2. They have poor switch times.

3. They are labor intensive due particularly
to the need for a toroidal current transformer.

4. The circuits are not amenable to dimming.




of the zero crossing detector diodes 50 and 51 which synchronize the
self-oscillation frequency to the true resonance of the LC circuit 91, 92.
The Q of the series resonant circuit is nmade to be about 20 and provi des

- 12 - sufficient voltage to strike lanp 90. The synchronizing capability
of the chip 40 allows the series tuned circuit of Figure 4 to resonate at
high Q to provide the 3kv starting_vgl[age for lanp 90 without the use of a

5. The circuits are not amenable to mass

production manufacture.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a novel
monolithic MOS gate driver which permits the driving of
low side and high side power MOSFETS or IGBTs (or any
other MOS gated type device) from logic level, ground
referenced inputs. Such circuits are particularly well
adapted for the driving of gas discharge lamp ballast
circuits.

More specifically, the MOS gate driver of the
invention caﬁ be used for the drive of lamp ballast
circuits or, more generally, any desired MOS gated
circuit, and provides the following features:

1. It provides gate drive voltage signals for
two MOS gated power semiconductors such as power MOSFETs
or IGBTs, one designated as a "Low-side switch" and the
other as a "High-side switch". The two power switches
are commonly connected in a totem pole or half-bridge
circuit.

2. It provides level shifting circuits with a
voltage offset capability up to about 600 volts to
translate ground (substrate) referenced signals via an
isolated portion of the silicon die to facilitate the
drive function of the high side switch.

3. A logic circuit referenced to ground
{(substrate) that consists of comparators, a voltage
requlator to control the magnitude of the output signals
when the driver is supplied from non-regulated ‘d-c
supplies, undervoltage lockout circuits to prevent
marginal operation of the MOS power switches, both low

side and high side, a dead band delay circuit ﬁ \

This Sheet Has
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séparate igniter. In a hot restrike situation, where Qis insufficient to
I ncl udi ng
di odes 95 and 96 provides a d-c bias voltage which prevents the voltage at

provi de the necessary restri ke voltage, the shutdown circuit

pin CT fromreaching the 1/3 V[err] valley sw tching point.

Thus,

t he

circuit provides "burps" of oscillation until restrike is acconplished
(approxi mately 90 seconds) and sustai ned, and destructive hi gh MOSFET
currents avoided. Figure 5 is a block diagramof the circuit of chip 40 of
the preceding Figures 2, 3 and 4. The eight pinouts of chip 40 are

repeated in Figure 5. Al circuit

prevents “shoot through" currents from flowing in the MOS

power switches, and a logic function that allows the high

side and low side drive outputs to alternate on a 50%

time basis.

4. An additional logic output is provided so

that the driver can self-oscillate at a frequency

determined by external resistors and capacitors R; and
Cy, respectively, where the frequency of oscillation £,

is set by the relationship:

1
£ ——————
° 1.4 R.xC,

5. The monolithic die can be packaged in a

conventional 8-pin DIP oxr SMD package.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows a prior art electronic ballast

using a current transformer drive.

Figure 2 shows a generalized electronic ballast

for gas discharge lamps, which uses the monolithic

circuit of the present invention.

Figure 3 shows a circuit diagram of a "double

40" fluorescent ballast, which uses the monolithic MOS

gate driver of the invention.

Figure 4 shows a circuit diagram of a high

pressure sodium ballast, using the novel MOS gate drive;

of the present invention.

Figure 5 is a block diagram of the novel

monolithic gate driver shown in Figures 2, 3 and 4.

aemumten
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bl ocks to be described in Figure 5 are integrated into a common silicon
*chip. The first circuit block is the clanp circuit 100, consisting of a
plurality of zener diodes. These are connected frompin V[err] and pin
V[err] which is connected to the silicon substrate which acts as the chip
ground. A digital supply Iine and anmalog supply |ine both extend from pin
V[err]. An analog ground line and a digital ground |line are al so connected
to pin Verr]. The next group of circuit blocks forma tiner circuit. These
i nclude divider circuit 101 connected to the anal og supply line to the

anal og ground, N conmparator 102, P conparator 103 and an RS | atch 104. Two
taps from DETAILED DESCE-_PTION OF THE DRAWINGS

Referring first to Figure 1, there is shown a

prior art baliast using a current transformer drive. The
circuit employs power MOSFETs 20 and 21 connected in a
"totem pole”, a half-bridge circuit, and driven from a
d-c power source at terminals 22 and 23. The output
circuit includes a gas discharge tube 24 of any desired
type which is connected to a series L-C circuit
consisting of iInductor 25 and capacitors 26-27. A
current transfcormer 28 has a primary winding 29 in series
with tube 24 and secondary windings 30 and 31 connected
to the gates cf MOSFETs 20 and 21, respectively. A diac
32 is connected from the node between resistor 33 and
capacitor 34 and the gate of MOSFET 21 to provide a
starting pulse to start the circuit into oscillation.
Once started, the circuit will operate at the resonant
frequency of inductor 25 and capacitor 26.

More specifically, after MOSFET 21 turns on,
oscillation is sustained, and a high frequency (30 to 80
kHZ) excites the L-C circuit. The sinusoidal voltage
across capacitor 27 is magnified by the circuit Q at
resonance, and develops a sufficient magnitude to strike
the lamp 24.

The circuit of Figure 1 is a holdover from
known ballast designs using bipolar transistors and is
not well suited to power MOSFETs because of poor
waveforms.

The novel monolithic chip of the invention
permits the drive of a ballast circuit which is self-
starting, has improved switching time, is amenable to
dimming, and avoids labor intensive inductor components
such as the current transformer 28 of Figure 1.

yi5]
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di vider 101 are connected to the positive inputs of conparators 102 and
#103. Input pin (Jerr] is connected to the negative input of conparator

103. The out put of - 13 - conparators 102 and 103 are connected to the

RS latch 104 as shown. The RS latch 104 is al so connected to under- voltage

| ock-out circuit 105 which is integrated into the chip circuit. Thus if

V[err] reduces too low, the RS Iat(_:h5

Figure 2 shows the novel monolithic MOS gate
driver 40 of the invention in the ballast circuit of a
gas discharge lamp. More specifically, the circuit of
Figure 2 has a gas discharge lamp 24 associated with the
series L-C circuits 25, 26, 27 as in Figure 1. Two power
MOSFETs 20 and 21 are also connected to d-c source
terminals 22 and 23 as in Figure 1. Powexr MOSFETs 20 and
21 may be any power device which has a MOS gate, for
example, an IGBT or a MOS gated thyristor. The chip 40
of Figure 2 provides drive signals to the MOSFETs 20 and
21 which avoids the drawbacks of the prior art circuit of
Figure 1.

More specifically, chip 40 may be housed in an
8-pin DIP or surface mount package, and has the following
pinouts:

H, - an output pin to the gate of the high side
MOSFET 20;

Vs - a pin to the center tap of the totem-pole

or half bridge connected MOSFETS 20 and 21.

L, - an output pin to the gate of the low side
MOSFET 21.

‘G - a pin connected to the negative terminal 23
of the d-c source.

Cy - a single input control pin which is
connected to the node between timing capacitor C; and
timing resistor R;. The other side of capacitor C; is
connected to inductor 25. Control signals to single pin
Cr controls both outputs H, and L,.

Ry - a pin which is connected to the other
terminal of timing resistor Ry.

REPLACEMENT SHEET|
1 10CT 1996

ST e




104 is locked out. A bias circuit 106 provides bias outputs to the RS |latch
"104, the lockout circuit 105, and to dead tinme delay circuits 107 and 108
in the high side and |ow side circuit lines. Tinme delay circuits 107 and
108 provide a dead tinme or delay of about 1 mi crosecond between the turn on
of the high side or low side switch after the turn off of the other. This
dead tinme ensures that a "shoot thrgpugh"” circuit cannot be forned in which
bot h power MOSFETs 20 and 21 are sinultaneously on. The output of dead tine
circuit 108 is applied to |low side delay circuit 109 and | ow side driver

110

Vee - @ pin which receives a chip operating
voltage from the node between resistor 41 and capacitor
42,

Vg - a pin connected to the node of diode 43
and capacitor 44, which acts as a "bootstrap" circuit to
provide power for the operation of the high side switch.

Also provided in Figure 2 are two back-to-back
diodes S0 and S1 in series with the lamp circuit. These
diodes S0 and 51 form a zero-crossing detecror for lamp
24.

In operation, and before tube 24 strikes, the
resonant circuit consists of inductor 24 and both
capacitors 26 and 27. The capacitance of capacitor 27 is
lower than that of capacitor 26 so that it operates at a
higher a-c voltage than that of capacitor 26. This
voltage on capacitor 27 strikes the lamp 24. After lamp
24 strikes, capacitor 27 is effectively short circuited
by the lamp voltage drop and the frequency of the
resonant lamp circuit now depends on inductor 25 and
capacitor 26. -

This causes a shift to a lower resonant
frequency during normal operation, synchronized by the
.zero crossing of the a-c current at diodes 50 and 51, and
using the resultant voltage to control the oscillator
within chip 40. As will be shown, the oscillation
frequency of the circuit is synchronized by the addition
of resistor Ry and capacitor C;.

The chip 40 provides offset voltage capability
up to or higher than 600 volts d-c and has a "front end"
capability similar in function to that of the wéll known
CMOS 555 timer i.c.
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which is connected to pin L[err]. The output of dead tinme circuit 107 is
*applied to level shift pul se generator 111 in the high side output |ine.
The high side Iine also includes a high side bias supply circuit 112 which
drives a dv/dt filter circuit 113 which filters noise fromthe pul se passed
by circuit 113, and an under-voltage anal og | ockout circuit 114. The input
to the high side bias circuit 112_i% connected to pin VB. The output of

| ockout circuit 114 and dv/dt filter 113 is applied to latch circuit 115
and its output is connected to buffer 116 which contains gain stages and

Chip 40 also has interior circuitry to provide
a nominal 1 microsecond dead time between outputs of the
alternating high side and low side outputs for driving
switches 20 and 21.

As will also be later shown, the chip 40 will
be supplied at terminal 22 by a rectified a-c voltage
and, therefore, is designed for a minimum quieécent
current, and has a 15 volt interxrval shunt regulator.
Thus, a single one-half watt dropping resistor 41 can be
used.

In addition to the quiescent current there are
two other components of d-c supply current that are a
function of the actual application circuit.

1) Current due to charging the input

capacitance of the power switches.

2) Current due to chafging and discharging
the junction isolation capacitance of the
gate driver chip.

Both cohponents of current are charge related

and therefore follow the rules:
Q = CV

It can readily be seen, therefore, that to
charge and discharge the power switch input capacitances,
the required charge is a product of the gate drive

. voltage and the actual input capacitances and the input
power required is directly proportional to the product of
charge and frequency and voltage squared:

‘ 2
Power = c—;’- xf
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drives pin Herr]. Note that pin V[err] is connected to circuits 113, 114,
*115 and 116. Al t hough the present invention has been described in
relation to particul ar enbodi nents thereof, nany other variations and

nodi fications and other uses will becone apparent to those skilled in the
art. It is preferred, therefore, that the present invention be |limted not
by the specific disclosure herein, but only by the appended cl ai ns.

- 8 -

When designing an actual ballast circuit and
because of the above relationships, the following should
be observed:

1)  Select the lowest operating frequency

consistent with minimizing inductor size.

2} Select the smallest die size for the power

switches consistent with .low conduction
losses. (This reduces the charge
requirements.)

3) Use the lowest possible d-c¢ voltage.

In summary, the circuit of Figure 2, when
driven by chip 40, provides a self-oscillating square
wave generator with dead time control and level shifting
for the MOS gated devices in the circuit. Unlike the
prior art current transformer driver, the novel system
provides clean "text book" waveforms to minimize switch-
losses. In many cases, smaller size MOSFETs can be
selected or, alternatively, heat sinks may be reduced or
eliminated.

Figure 3 shows an exemplary ballast circuit
which could employ the chip 40 of the Figure 2 for a
rdouble 40" fluorescent lamp ballast. In Figure 3,
components similar to those of Figure 2 have the same
identifying numerals. The lamp circuit in Figure 3
employs two 40 watt fluorescent lamps 60 and 61 in a
common reflector which have respective series inductors
62 and 63 and series capacitor 64. Each of tubes 60 and
61 have parallel capacitors 66 and 67, respectively, and
parallel positive temperature coefficiernt thermistors 68
and 69, respectively. A snubber consisting of capacitor
70 and resistor 70a is connected from the node between

MOSFETs 20 and 21 to the neutral line. et s r e

o
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15 CLAI M5 1. An integrated circuit formed in a silicon substrate for
‘driving first and second MOS gated power sem conductor devices which are
connected in a half bridge circuit which has first and second d-c term nals
and a common termnal at the node between said first and second MOS gated
power sem conductor devices; said integrated circuit including tinmer
circuit neans having an input con[rgl termnal Cferr] which is connectable
to a low logic | evel signal referented to the potential of said substrate;

| atch circuit neans coupled to said tinmer circuit means for controlling the
frequency at which said

The input a-c circuit includes an a-c source
having two a-c terminals L, and L, and a neutral terminal
N. A conventional filter circuit including 30 microhenry
inductors 71a and 71b is connected to a single phase full
wave rectifier 74 having a positive output connected to
resistor 41 and a negative terminal connected to
capacitor 42, prov;ding a 320 volt d-c output from a 220
volt a-c input. The input filter further includes
capacitors 75, 76 and 77 as well as d-c capacitors 78 and
79.

Note that chip 40 of Figure 3 operates directly
off the d-c¢ bus through dropping resistor 41 and
oscillates at around 45kHz in compliance with the
following relationship:

1
foge = =
%%¢ 1.4 R.C,

Power for the high side switch gate drive comes
from bootstrap capacitor 44 (0.1uF) which is charged to
approximately 14 volts whenever pin Vg is pulled low
during the low side power switch conduction. The
bootstrap diode 43 (11DF4) blocks the d-c bus voltage
when the high side switch conducts. Diode 43 is a fast
recovery diode (<100nSec) to ensure that the bootstrap
capacitor 44 is not partially discharged as the diode 43
recovers and blocks the high voltage bus.

The high frequency output from the half bridgé
20-21 is a square wave with very fast transition times
{approximately 50nSec). 1In order to avoid excessive
radiated noise from the fast wave fronts, a 0.5 watt
snubber 70-70a (10Q and 0.001uF, respectively), is used
to slow down the switch times to approximately 0.5uSec.




first and second MOS gated power sem conductor devices are switched on and
*of f and having an output which is switched in response to a predeterm ned
signal applied to said input control termnal; a high side dead tine del ay
circuit and a | ow side dead tinme delay circuit each coupled to said latch
circuit neans for delaying the transm ssion of a latch output signal for a
predetermned time delay foll owi ny ¥fie"swi tching of the output of said
latch circuit nmeans; a high side |evel shifting neans and a hi gh side
driver circuit nmeans and a | ow side driver circuit means; said high side
driver circuit neans and said |l ow side driver neans being coupled to said

hi gh. si de dgad t| circuit .and sai.d | aw sj de. dead ti circuit
respectivelgogﬁdkﬁg§iFé%ﬁrgﬁssﬁd§%£¥§IﬁﬂN ﬁ%ﬁ;ﬁﬁminﬁgfﬁ%ée?e%%ectiver
whi ch pr odupeewehpusiobar- chonomiging corr remdt sofifn sehel HalStbabdgsecond MOS

Paput bontrol terni nal " Srrpreete Rt dat iy o dir Sy b prn peeEEe R RN e
si mul t aneouparallel, each with its own L-C resonant circuit. Any
number of tube circuits can be driven from the single
pair of MOSFETs 20 and 21 sized to suit the power level.
The reactance values for the lamp circuit are
selected from L-C reactance tables or from the equation
for series resonance:
F=__1
2w JIC

The Q of the lamp circuits is fairly low
because of the need for operation from a fixed frequency
which, of course, can vary because of Ry and C;
tolerances. Fluorescent lamps do not normally require
very high striking voltages so a Q of two or three is
sufficient. *"Flat" Q curves tend to result from larger
inductors and small capacitor ratios where:

2mfL

Q= 7

and R tends to be larger as more turns are used.

. Soft-starting with tube filament pre-heating is
accomplished by P.T.C. thermistors 68 and 69 across each
lamp. In this way the voltage across the lamp gradually
increases as the P.T.C. thermistor self-heats until
finally the striking voltage with hot filaments is
reached and the lamp strikes. .

The following table gives the values of
components used for a preferred embodiment of Figure 3:

REPLACEMENT s
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conduction of said first and second MOS gated power sem conductor devices.
© 2. An integrated circuit as clained in claim1 wherein said high side
and | ow si de output pins produce outputs which turn on and off MOS gated
power sem conductor devices which are selected fromthe group consisting of
power MOSFETs, | GBTs and MOS gated thyristors. 3. An integrated circuit
as clainmed in claiml or 2 wherein said integrated circuit includes a
Vlerr] pin coupled to a source of pperating voltage V[err] for providing
operati ng 16 power to each of said circuit neans in said integrated
circuit and for connection to one

MOSFETs 20, 21

PTC 68,69

Bridge 74

Diode 43
Resistor 41
Resistor 70a
Resistor Ry
Capacitor 42
Capacitor 64

66, 67
70
75,76,77
78, 79
Cr

62, 63

Capacitor

Inductors

Type IRF 720 {(International
Rectifier)
TDK 911P97ES(014U10

4 x IN 4007

11DF4

91 KOHMS, 1/2 watt
10 OHMS, 1/2 watt
15 KOHMS

47uf, 20v

1 uf, 400v

0.01uf, 600v

0.001 puf, 600V
0.22 uf, 250 v a-c
100 uf, 200v

0.001 uf

1.35 millihenry

Figure 4 shows another embodiment of the

invention
ballast.

for the drive of a high pressure sodium lamp
The circuit of Figure 4 has the synchronization

' circuit of Figure 2 and alsoc has an automatic shut-down

circuit.

In Figure 4, components similar to those of

Figures 2 and 3 have similar identifying numerals. 1In

Figure 4,

the lamp is a high pressure sodium lamp 90

having a parallel capacitor 91 and an inductor 92.
' Inductor 92 has a tap which is part of a shut-down

circuit, and includes resistor 93, diodes 94 and 95 and
capacitor 96.

In Figure 4, the synchronizing circuit consists
of the zero crossing detector diodes 50 and S1 which
synchronize the self-oscillation frequency to the true
92. The Q of the series

resonant circuit is made to be about 20 and provides

resonance of the LC circuit. 91,
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of said first or second d-c termnals. 4. An integrated circuit as
claimed in claim3 which further includes undervoltage trip circuit neans
coupled to and nonitoring the voltage at said V[err] pin and having an
out put coupled to said latch circuit nmeans and to said high side and | ow
side dead tine circuits for disabling said latch circuit neans and said
delay circuits when the voltage at 1aid V[err] pin falls below a given

val ue. 5. An integrated circuit as claimed in any of clains 3 or 4 and
whi ch further includes nmeans for coupling said Verr] pin to a resistor
which is coupled to said first d-c term nal. 6. An integrated circuit as

claimed in g{@diAilemherein said ti i | tqhas a, second. i nput .contro
t er mi nal R[erﬂljﬁﬁ conjréilli%t%é?¥$%q%% yggf mﬁpghsgﬁFBrﬁgézbgged power
seni conductTPaRiIEes O & FUrdEeP P anble¥s ; thai deréesi hahedCEérciiiand

Rlerr] beiRE Figure 4 tc resonate at high Q to provide the 3kv
" starting voltage for lamp 90 without the use of a
In =2 nct restrike situation, where Q is
insufficient o provide the necessary restrike &oltage,
the shutdown c:ircuit including diodes 95 and 96 provides
a d-c bias vcltage which prevents the voltage at pin Cr
from reaching zhe 1/3 V.c valley switching point. Thus,
the circuit grovides "burps” of oscillation until
restrike is accomplished (approximately 90 seconds) and
sustained, and destructive high MOSFET currents avoided.
Figure 5 is a block diagram of the circuit of
chip 40 of the preceding Figures 2, 3 and 4. The eight
pinouts of ch:ip 40 are repeated in Figure S. All circuit
blocks to be described in Figure 5 are integrated into a
common silicen chaip. The first circuit block is the
clamp circuit 200, consisting of a plurality of zener
diodes. Thessz are connected from pin Vee and pin Vg
which is connected to the silicon substrate which acts as
the chip ground. A digital supply line and analog supply
line both extend from pin V... An analog ground line and
a digital ground line are also connected to pin V.

_ The next group of circuit blocks form a timer
circuit. These include divider circuit 101 connected to
the analog supply line to the analog ground, N comparator
102, P comparator 103 and an RS latch 104. Two taps from
divider 101 are connected to the positive inputs of
comparators 132 and 103. Input pin C; is connected to
the negative input of comparator 103. The output of

i e ey
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connected to an external tim ng capacitor of value Cferr] and timng
‘resistor of value R err] respectively for setting the oscillation frequency

flerr] of said timng circuit to be: [err] 7. An integrated circuit as
claimed in any of clains 1 to 6 wherein said predeternmned tinme delay is
about 1 m crosecond. 8. An el ectronic ballast circuit for a gas

di scharge lanp, the circuit conprirskBg- at least one L-C circuit for
coupling in series with said gas discharge |lanp; first and second series
connected MOS gate controlled power sw tching devices having respective
gate termnals and connected in a half bridge circuit arrangenent; a pair

of d-c power termnals connected in series with said first _and sgcggg
series connEOMPRISHTEhiY FER &, & LIRS Qi e - 3ot 1B%i ng
connected, iz YHdwnaCross said

The RS latch 104 is also connected to under-
voltage lock-out circuit 105 which is integraced into the
chip circuit. Thus if V, reduces too low, the RS latch
104 is locked ouc. _

A bias circuit 106 provides bias outputs to the
RS latch 104, the lockout circuit 105, and to dead time
delay circuits 107 and 108 in the high side and low side
circuit lines. Time delay circuits 107 and 108 provide a
dead- time or delay of about 1 microsecond between the
turn on of the high side or low side switch after the
turn off of the other. This dead time ensures that a
"shoot through" circuit cannot be formed in which both
power MOSFETs 20 and 21 are simultaneously on.

The output of dead time circuit 108 is applied
to low side delay circuit 109 and low side driver 110
which is connected to pin L,.

The output of dead time circuit 107 is applied
to level shift pulse generator 111 in the high side
output line. The high side line also includes a high
side bias supply circuit 112 which drives a dv/dt filter
circuit 113 which filters noise from the pulse passed by
circuit 113, and an under-voltage analog lockout circuit
114. The input to the high side bias circuit 112 is
connected tc pin Vg. :

The output of lockout circuit 114 and dv/dt
filter 113 is applied to latch circuit 115 and its output
is connected to buffer 116 which contains gain stages and
drives pin H,. Note that pin Vg is connected to circuits

113, 114, 115 and 116.
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17 second power switching device; and a gate drive circuit having an input
-termnal for receiving input logic level signals for alternately sw tching
on and of f both of said first and second MOS gated devices at a given
frequency of oscillation; said gate drive circuit having output term nals
Herr] and L[err] coupled to the respective gate termnals of said power
switching devices; said gate drive circuit having a termnal V[err] which
provi des the operating power for 4tistitnternal circuitry; and an externa
resistor for connecting said termnal V[err] to one of said pair of
termnals; wherein said gate drive circuit includes: tiner neans having an
input control termnal Cferr] which is connectable to a |low | ogic |evel

signal referenced to the potential ' )
Although the prssent invention has been

described in relation to particular embodiments thereof,
many other wvariations ancd modifications and other uses
will become apparent to tlhiose skilled in the art. It is
preferred, therefore, tha:z the present invention be
limited not by the speciiic disclosure herein, but only
by the appended claims.
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of a substrate; latch circuit neans coupled to said tinmer circuit neans for

controLLLng_Lhe_iLequenQy at which said first and second power switching
evices are switched on and of f and having an output which is switched in

respo”ﬁlllﬂ"ﬁ!m#lmmg\ ned signal supplied to said input control termnal;
a hig elay circuit and a |low side dead tinme circuit each
coupled to said latch circuit neans for delaying the transm ssion of a

| atch output signal for a predetermi¥ed tinme delay following the swtching
of the output of said latch circuit neans; and a high side |evel shifting

means and a high side driver circuit nmeans and a | ow side driver circuit
nmeans; said high side driver circuit nmeans and said |ow side driver circuit

nmeans being £ &Ehfﬁ*g P gh side dead tinme circuit and said | ow side
dead tinme C|TTIWT—$Eans-respECf|ver and havi ng high side and | ow side
out put pins respectively which praguce odhpegrated tcurcuwig doraed aff said
first and segongy ME. 9at 50 POVET rH8VEEET10hE ESSRYSA LUHd Moss! 9nal s at
gated zcwar devices which are connected in a half bridge
circuicz which has first and second d-c¢ terminals and a
commorn: tarminal at the node between said first and second
MOS gazed power devices; said. integrated
circuiz including timer circuit means having an 1nput
.contrc. tarminal Cy which is connectable to a low logic

level signal referenced to the potential of said .
substrace; lactch circuit means coupled to said timer
circuiz means for controlling the frequency at which said
first and second MOS devices are switched on and off and
having an output which is switched in response to a
predectermined signal applied to said 1nput control
terminal; a high side dead time delay circuit and.a low
side dead time delay circuit each coupled to said latch
circuiz means for delaying the transmission of a latch
output signal for a predetermined time delay following
the switching of the output of said latch circuit means;
. a high side level shifting means and a high side driver
circuiz mweans and a low side driver circuit means;
said high side driver circuit means, and said low side
driver means coupled to said high side dead time circuit
and said low side dead time circuit respectively and
having high side and low side output pins respectively
which produce outputs for turning on and off said first
and second MOS gated power devices in response to control
signals at said input control terminal Cy; said dead time

delay circuits preventing the simultaneous conduction of
said first and second ‘MOS gated power devices.

S REPLACEMENT SHEET

This Sheet Has Been Repl

A

"l | 110CT 1996

-



said input control termnal C[err]; said dead tine delay circuits
" preventing the sinmultaneous conduction of said first and second MOS gat ed
power-— dev+ees——mhe%e¥n—said timer circuit has a second control term na

R[err] i the frequency at which said MOS gated power
senico g gﬂﬁre turned on and off; said termnals CJerr] and
Rl err] e| to an externgl -ti mng capacitor of value Cferr] and
timng reS|stor of value R err] respectively for setting the oscillation
frequency f[err] of said timng circuit to be: [err] 9. An el ectronic
ballast circuit for a gas discharge lanp, the circuit conprising: at
2. The integrated circuit of claim 1 wherein
said MOS gated power devices are MOS devices which are
selected from the group consisting of power MOSFETs,

IGBTs and MOS gated thyristors:

3. The integrated circuit of claim 1 wherein
said predetermined time delay is about 1 microsecond.

4. The circuit of claim 1 which further
includés a source of operating voltage V.. coupled to
said first and second d-c terminals for providing ‘
operating power for each of said circuit means in said
integrated circuit; said integrated circuit having a V.
pin extending therefrom for connection to at least one of

said firsct or second d-¢ terminals.

5. The circuit of claim 4 which further
includes resistor means for coupling said V, pin to said

first d-c terminal.

6. The integrated circuit of claim 4 wherein
said predetermined time delay is about 1 microsecond.

7. The integrated circuit of claim 6 wherein
said predetermined time delay is about 1 microsecond.

8. The device of claim 4 which further
includes undervoltage trip circuit means coupled to and
monitoring the voltage at said V. pin and having an
output coupled to said latch circuit means and "to said

5 high side and low side dead.time circuits for disabling
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| east one L-C circuit for coupling in series with said gas di scharge | anp;
‘first_and second series connected MOS gate controlled power swtching
devi ces havi ng respective gate term nals and connected in a half bridge

ci rch"Eﬂmmﬁﬁmm a pair of d-c power terninals connected in series with
sai d l% series connected sw tching devices, said | anp and
said L-C cfrcﬂitsbeTng connected,-ih7use, across said second power
switching device; and a gate drive circuit having an input termnal for
receiving input logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a given frequency of

oscillation; sgig 8aée drive circuit havh;& output termnals Herr] and
Llerr] coupP@idtb2EfRB FaIFBiti Peags: 8nfefrilan sigicwidisl WiEs fdwer swi t chi ng
devi ces; savdlgage dtigaidi VCUIgimaPdII: Beseid | fiyoR $4DRE circuit having
first and second control termnals R err] and (Jerr], respectively, and a
di screte resistor and a discrete capacitor

: 9. The integrated circuit of claim 8 wherein

said predetermined time delay is about 1 microsecond.

10. The circuit of claim 9 which further
includes a source of operating voltage V., coupled to
said first and second d-c terminails for providing
operating power for each of said circuit means in said
integrated circuit, said integrated circuit having a Vee .
pin extending therefrom for connection to at least one of
said first or second d-c¢ terminals.

11. The circuit of claim 7 which further
includes resistor means for coupling said Ve Pin to said

firs; d-¢ terminal.

12. The circuit of claim 8 which further
includes resistor means for coupling said Vo Pin to said

positive terminal.

13. The device of claim 1 wherein said timer
circuit has a second input control terminal R; for
controlling the frequency at which said MOS gated devices
are turned on and off; said terminals Cr and Ry being
connected to an external timing capacitor of value C; and
timing resistor of value Ry respectively for setting the
oscillation frequency f, of said timing circuit to be:

This Sheet Has Been Replaced
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connected to control terminals Rlerr] and CJerr], respectively, to set said
frequency of oscillation at a given frequency and at the frequency of
osciation of said L-Ccircuit; said control termnal CT being connectable

to w | ogi c | evel signal referenced to the potential of a substrate;
sai 3, m,j"ﬂﬂmmm;u t further conprising: latch circuit neans coupled to
sai L ans for contrpgling the frequency at which said first
and second M35 power switching devices are switched on and off and having
an out put which is switched in response to a predeterm ned signal affixed
to a control termnal; a high side dead tine delay circuit and a | ow side
dead tinme circuit each coupled to said latch circuit neans for delaying the
transm ssion of a latch output signal for a predeterm ned tine del ay
fol | owing the switching of the ogput_af lsaid latch circuit neans; and a
hi gh side I evel shifting neans and alhidgRr&@e driver circuit nmeans and a
| ow side driver circuit neans;

‘ 14.° The integrated circuit of claim 13 wherein

said predetermined time delay is about 1 microsecond.

15. The circuit of claim 13 which further
includes a source of operating voltage V. coupled to
said first and second d-¢ terminals for providing
operating power for each of said circuit means in said
integrated circuit; said integrated circuit having a Vg
pin extending therefrom for connection to at least one of
said first or second d-¢ terminals.

16. The circuit of claim 13 which further
includes resistor means for coupling said V. pin to said-

first d-c terminal.

17. The device of claim 13 which further
includes undervoltage trip circuit means coupled to and
monitoring the voltage of said V, pin and having an
output coupled to said latch circuit means and to said
high side and low side dead time circuits for disabling
said latch circuit means and delay circuits when the
voltage at said V. pin falls below a given value.

18. An electronic ballast circuit including,
in combination, at least one gas dischargé lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled
power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a
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said high side driver circuit nmeans and said | ow side driver circuit neans
" bei ng—eeupl-ed.to said high side dead tine circuit means and said | ow side
dead t i rcuit neans Tespectively and having high side and | ow side

out put m y which produce outputs for turning on and off said
first a ted power deyices in response to control signals at
sai d control tern1ﬁaI*C[err] said tead time delay circuits 19
preventing the sinmultaneous conduction of said first and second MOS gat ed
power devices; wherein said termnals CJerr] and Rlerr] are connected to an
external timng capacitor

pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second
power switching device, and a gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
having output terminals H, and L, coupled to the
respective gates of said discrete devices; said gate
drive circuit having a terminal Vee which provides the .
operating power for its internal circuitry; and an
external resistor for connecting said terminal V. to one

of said pair of terminals.

. 19. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled
power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a-
pair of d-c power terminals connected in series with said
first and second series connected switching devices, said
iamp and L-C series circuit connected across said second
power switching device, and a gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
having output terminals H, and Lo'coupled to the

respective gates of said power switching devices; said
gate drive circuit having an oscillation timer circuit
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of value Cerr] and timng resistor of value R err] respectively for

- setting t quency f[err] of said timng circuit to be:
[err] 10. mﬂ ‘m”m “;{l allast circuit as claimed in claim9, wherein
said gate rlve cir Iudes a V[err] pin coupled, in use, to a source

of operating voltage V[err] for providing operating power for its internal

circuitry. 11. An el ectronic bakl @9t -circuit as clained in claim9 and
further conprising a resistor for coupling said V[err] pin to one of the
d-c termnals. 12. An el ectronic ballast circuit according to either

claim8 or 9 wherein the MOS gated power sem conductor devices are sel ected

fromthe gr up .con .sting of power.MOSFETs,. |1 GBIs angd MOS gated thyristors.
13.  An el g‘@t ? cl%ﬂ cﬁoercc‘iﬂ‘} TP H1RY Fn 34T 9 and further

conpri sing aespectlvely, and a discrete resistor and a discrete
capacitor connected to pins Ry and C; respectively to set
said given frequency of oscillation at a given frequency
and at the frequency of oscillation of said L-C circuit.

20. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least’
.one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled
power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a
pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second
power switching device, and a ) gate drive
circuit'having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
having output terminals H, and L, coupled to the
respective gates of said power switching devices; said
gate drive circuit having a terminal V, which provides
the operating power for its internal circuitry; and an
external resistor for connecting said terminal V, to one
of said pair of terminals; said gate drive circuit having
" an oscillation timer circuit having first and second
input pins RT and C; respectively, and a discrete
resistor and a discrete capacitor connected to pins Ry
and C; respectively to set said given frequency' of
oscillation at a given frequency and at the frequency of
oscillation of said L-C circuit.
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térniﬁaT“N¢ETTT-+ﬁ%~pﬁeviding t he operating power for the internal
*circui drive circuit; and an undervoltage trip circuit
coupleLﬂ" l 'm' H@E} "ng the voltage at the V[err] pin and having an

out put eoup

side dead time circuits for disablijjg the latch circuit and the del ay

circuits when the voltage at said @ err] pin falls bel ow a given val ue.
An el ectronic ballast circuit substantially as herei nbefore described and
with reference to the acconpanying drawi ngs 2 - 5. - 20 - having first
and second input pins Rerr] and CJerr]

This Sheet

21. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled
power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a
palr of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second
power switching device, and a monolithic gate drive .
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
having output terminals H, and L, coupled to the .

respective gates of said discrete devices; said gate
drive circuit having a terminal V,, which provides the
operating power for its internal circuitry; and an
external resistor for connecting said terminal V. to one
of said pair of terminals; said integrated
circuit including timer means having an input control
terminal C; which is connectable to a low logic level
signal referenced to the potential of said substrate;
latch circuit means coupled to said timer circuit means
for controlling the frequency at which said first and
second power switching devices are switched on and off
and having an output which is switched in response to a
predetermined signal affixed to said input control
terminal; a high side dead time delay circuit and a low
side dead time circuit each coupled to said latch circuit
means for deléying the trénsmission of a latch output

Iatch circuit nmeans and to said high side and | ow

14.
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respectively, and a discrete resistor and a discrete capacitor connected to
‘pins Rlerr] and Clerr] respectively to set said given frequency of
cillation at a!ﬂlveTﬂ‘ equency and at the frequency of oscillation of

sal d L- “mmu “ | el ectronic ballast circuit including, in
conbi nat gas discharge |anp, at least one L-C circuit in

series wi'th sald gas discharge | a first and second series connected MOS
gate control |l ed power sw tching 5%%%%5 havi ng respective gate ternm nals
and connected in a half bridge circuit arrangenent, a pair of d-c power
termnals connected in series with said first and second series connected
swi tchi ng devices; said

signal for a predetermined time delay following the
switching of the output of said latch circuit means; a
high side level shifting means and a high side driver
circuit means and a low side dfiver circuit means; said
high side driver circuit means and said low side driver
circuit means coupled to said high side dead time circuit
and said low side dead time circuit means respectively
and having high side and low side output pins
respectively which produce outputs for turning on and off
said first and second MOS gated power devices in response
to control éignals at said input control terminal Cy; ’
said dead time delay circuits preventing the simultaneous
conduction of said first and second MOS gated power

devices.

22. An electronic ballast circuit including,
in combination, at least one gas discharge lamp, at.least
one L-C circuit in series with said gas discharge lamp,
first and second series connected MOS gate controlled
power switching devices having respective gate terminals
and connected in a half bridge circuit arrangement, a.
pair of d-c power terminals connected in series with said
first and second series connected switching devices; said
lamp and L-C series circuit connected across said second
power switching device, and a gate drive
circuit having an input terminal for receiving input
logic level signals for alternately switching on and off
both of said first and second MOS gated devices at a
given frequency of oscillation; said gate drive circuit
having output terminals H, and L, coupled to the
respective gates of said MOS power switching devices;
said gate drive circuit having an oscillation timer
-eircuit having first and second input pins Ry and Cr,
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|l anp and L-C series circuit connected across said second power sw tching
gate drive circuit having an input term nal for

‘devi ce,

recei vi ngm,gw”"ykﬂa(wﬂtel signals for alternately switching on and off
both of said firs Hecond MOS gated devices at a given frequency of
oscillation; said gate drive circuit having output termnals Herr] and
L[err] coupled to the respective gates of said power sw tching devices;
said gate drive circuit having a t et nal V[err] which provides the
operating power for its internal circuitry; and an external resistor for
connecting said termnal V[err] to one of said pair of termnals; said gate
drive circuit having

respectively, and a discrete resistor and a discrete
capacitor connected to pins R; and C;, respectively, to
set said frequency of oscillation at a given frequency
and at the frequency of oscillation at a given frequency
and at the frequency of oscillation of said L-C circuit;
said integrated circuit including timer means
having an input control terminal Cr which is connectable
to a low logic level signal referenced to the potential
of said substrate; latch circuit means coupled to said
timer circuit means for controlling the fregquency at
which said first and second discrete devices are switched
on and off and having an output which is switched in
response to a predetermined signal affixed to said input
control terminal; a high side dead time delay circuit and
a low side dead time circuit each coupled to said RS
latch circuit for delaying the transmission of a latch
output signal for a predetermined time delay following .
the switching of the output of said latch circuit means;
a high side level shifting means and a high side driver
circuit means and a low side driver circuit means; said
high side driver circuit means and séid low side driver
circuit means coupled'to said high side dead time circuit
means and said low side dead time circuit means
respectively and having high side and low side output
pins respectively which produce outputs for turning on
and off said first and second MOS gated power devices in
response to control signals at said input control
terminals C;; said dead time delay circuits preventing
the simultaneous conduction of said first and second MOS

gated power devices.
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an oscillation timer circuit having first and second input pins RT and CT
‘respectively, and a discrete resistor and a discrete capacitor connected to
pins RT and CT respectively to set said given frequency of oscillation at a
gi ven™ requency and at the frequency of oscillation of said L-C circuit.

- 21 - 21. An electronic ballast circuit including, in conbination, at

| east one gas discharge | anp, at | east

_24_

MOSGATE DRIVER FOR BALLAST CTIRCUITS

ABSTRACT OF THE DISCLOSURE

A monolithic MOS gate driver chip is described
for driving high side and low side power MOSFETs in a gas
discharge lamp ballast circuit. The chip includes a
timer circuit for generating a square output at the ]
natural frequency of resonance of the lamp ballast. Dead
‘time circuits are provided in the chip to prevent the
simultaneous conduction of both high side and low side
MOSFETs. The chip may be housed in a right pin DIP
package.

FIGURE 2
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one L-Ccircuit in series with said gas discharge lanp, first and second
~ series connected MOS gate control |l ed power swi tching devices having
respective gate termnals and connected in a half bridge circuit
arrangenment, a pair of d-c power terminals connected in series with said
first and second series connected swi tching devices; said |lanp and L-C
series circuit connected across said second power sw tching device, and a
nonolithic gate drive circuit having an input termnal for receiving input
|l ogic level signals for alternately -switching on and off both of said first
and second MOS gated devices at a given frequency of oscillation; said gate

drive circuit
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hdving output termnals Herr] and L[err] coupled to the respective gates
_of said discrete devices; said gate drive circuit having a termnal V[err]
whi ch provides the operating power for its internal circuitry; and an
external resistor for connecting said terminal V[err] to one of said pair
of termnals; said integrated circuit including timer neans
havi ng an input control termnal CT which is connectable to a low |l ogic
| evel signal referenced to the potential of said substrate; latch circuit
means coupled to said tiner circuit nmeans for controlling the frequency at
whi ch said first and second poﬁe@'émﬁtching devices are swtched on and off
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and having an output which is swtched in response to a predeterm ned
affixed to said input control termnal; a high side dead tine del ay

5i gnal

circuit and a | ow side dead tine circuit each coupled to said latch circuit
means for delaying the transm ssion of a |atch output signal for a
predetermned tine delay followi ng the switching of the output of said
latch circuit nmeans; a high side |evel shifting neans and a hi gh side

circuit means and a |low side driver circuit neans; said

driver
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Hi gh side driver circuit nmeans and said | ow side driver circuit means
coupled to said high side dead tine circuit and said | ow side dead tine
circuit neans respectively and having high side and | ow si de output pins
respectively which produce outputs for turning on and off said first and
second MOS gated power devices in_rgsponse to control signals at said input
control termnal CJerr]; said dead tine delay circuits preventing the

si mul t aneous conduction of sai.d first and second MOS gated power devices.
22. An el eg roni c bal I%st yrcuit including, in conbination, at |east one

gas discharge |anp, "ple | ea§l «
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orfe L-Ccircuit in series with said.gas di scharge lanp, first and second
series connected M3S gate controlled power sw tching devices having
respective gate terminals and connected in a half I:iﬁi‘dgétmﬁr\nurta TS 8G
arrangenment, a pair of d-c power term nals conreﬁe‘ds«.hp Sl pesJWM .t ﬁa'%ieé’z
first and second series connected switching deyi BeShimsa) d IWJQQQQL;-.,‘ ed 19
series circuit connected across said s@cond power: sw&@qg}n ﬂew ce(b
gate drive circuit having an input terminal fol Hecgivbng 1&2 gl )
S|gnals for alternately switching on and off beoth of said fifst an

MOS gat ed devices at a given frequency of oscill tu;m vS ve
circuit ’ B 8} Qt&E?&%...‘??}riﬂi ........

MOSGATE DRIVER FOR BALT AST CIRCUITS

This invention relates to a gate driver circuit for MOS gated devices, and more
specifically relates to a monolithic gate driver circuit for MOS gated circuit devices,
particularly those used in lamp ballast circuits. The invention further relates to an
electronic ballast circuit for gas discharge lamps.

Electronic ballasts for gas discharge circuits are coming into widespread use

* because of the availability of power MOSFET switching devices to replace previously
used power bipalar transistor devices, Most electronic ballasts use two power
MOSFET switches in a totem pole (half bridge) topology, with the gas discharge tube
circuits consisting of L-C series resonant circuits in which the lamp or lamps are
connected across one of the reacta-nces of the' L-C circuit. The power MOSFET
switches are then driven to conduct alternately by inputs from secondary windings on a
current transformer, the primary winding of which conducts the current of the lamp
circuits, The primary winding current alternates at the resonant freq;zency of the

resonant circuit,

Such prior art circuits have numerous drawbacks. For example, such circuits;
1.~ Arenot self-starting and reqmre a DIAC type device to initially pulse the

circuit into operation,

2. They have poor switch times.

3. They are labour intensive due particularly to the need for a toroicial
current transformer.

4, The circuits are not amenable to dimming,

5. The circuits are not amenable to mass praduction manufacture.
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having output termnals Herr] and L[err] coupled to the respective gates
o0f said MOS power switching devices; said gate drive circuit having an
oscillation timer circuit having first and second input pins Rl err] and
derr] - 23 - respectively, and a discrete resistor and a di.screte
capacitor connected to pins RT and CT, respectively, to set said frequency
of oscillation at a given frequency and at the frequency of oscillation at
a given frequency 2

The present invention provides an integrated circuit as claimed in Claim 1 and
preferred features of this aspect of the invention are set out in Claims 2to 7. The
invention further provides an electronic ballast circuit as claimed in Claim 8 or Claim 9.

Preferred features of this aspect of the invention are set out in Claims 10 to 13,

The MOS gate driver of this invention permits the driving of low side and high
side power MOSFETs or IGBTs (or any other MOS gated type device) from lo'gic
level, ground referenced inputs. Such circuits are particularly well adapted for the
driving of gas discharge lamp ballast circuits.

More specifically, the MOS gate driver of the invention can be used for the
drive of lamp bailast circuits or, more generally, any desired MOS gated circuit, and

provides the following features:

1. It provides gate drive voltage signals for two MOS gated power
semiconductors such as power MOSFETSs or IGBTs, one designated as a "Low-side
switch” and the other as a "High-side switch”. The two power switches are commonly

connected in a totem pole or half-bridge circuit.

\os 2, It provides level shifting circuits with a voltage offset capability up to '
about 600 volts to translate ground (substrate) referenced signals via an isolated portion
of the silicon die to facilitate the drive function of the high side switch.

3. A logic circuit referenced to ground (substrate) that consists of
comparators, a voltage regulator to control the magnitude of the output signals when the
driver is supplied from non-regulated d-c supplies, undervoltage lockout circuits to
prevent marginal operation of the MOS power switches, both low side and high side, a
dead band delay circuit that

17 AU | |




and .at"t“he#-f-eque.ngy‘oj oscillation;of said L-Ccircuit; said

I nt egr ' it including tiner neans having an input control term nal
CT whi nwa, Hﬂwﬂ to alowlogic | evel signal referenced to the
pot ent i af . ate; latch circuit neans coupled to said tiner

circuit means for conttolling the frequency at which said first and second
di screte devices are switched on and ofg and having an output which is
switched in response to a predeterm nea-si gnal affixed to said input

control termﬁhﬁ:a hi gh side dead tinme delay circuit and a | ow si de dead
time circuit each coupled to said RS latch circuit for delaying the
transm ssion of a latch

1. An integrated circuit formed in a silicon substrate for driving first and second
MOS gated power semiconductor devices which are connected in 2 half bridge circuit
which has first and second d-c terminals and a common terminal at the node between
said first and second MOS gated power semiconductor devices; said integrated circuit
including timer circuit means having an input control terminal Cr which is connectable
to a low logic level signal referenced to the potential of said substrate; latch circuit
means coupled to said timer circuit means for controlling the frequency at which said
N~ first and second MOS gated power semiconductor devices are switched on and off and
having an output which is switched in response to a predetermined signal applied to
said input control terminal; 2 high side dead time delay circuit and a low side dead time
delay circuit each coupled to said latch circuit means fof delaying the transmission of 2
latch output signal for a predetermined time delay following the switching of the output
of said latch circuit means; a high side level shifting means and 2 high side driver
circuit means and a Jow side driver circuit means; said high side driver circuit means
and said low side driver means being coupled to said high side dead time circuit and
said low side dead time circuit respectively and having high side and low side output
pins respectively which produce outputs for turning on and off said first and second
MOS gated power semiconductor devices in response to control signals at said input
control terminal. Cy; said dead u;n;e delay circuits preventing the simultaneous

conduction of said first and second MOS gated power semiconductor devices.

2. An integrated circuit as claimed in claim 1 wherein said high side and low side
output pins produce outputs which tum on and off MOS gated power 'semiconductor
devices which are selected from the group consisting of power MOSFETs, IGBTs and
MOS gated thyristors.

3. An integrated circuit as claimed in claim 1 or 2 wherein said integrated circuit

includes a V., pin coupled to a source of operating voltage V. for providing operating

FNEENT SHHE




_output signal for a predetermined time delay following

‘output of said latch cifrcuit neans; a high side |evel sk
hi gh sid ﬂ nmeans and a | ow side driver ciricdi ggﬂ@%| d
hi gh si dﬂl “”Im l"" m”"Imaans and said | ow side driver &:ﬂ?tagmaans ,
coupl ed td shi & hifghssitle dead tine circuit neans and saj d -3t Teat
time circuit neans respectively and haygng hi gh side andjl ow side out_p_u_t..,-

pi ns respectively which produce outputs for turning on al €3 d first

and second yfggrﬁagag;iopgma@rddawmmlsmdnmsgraudslrclut wifor eAMOSFUPRAP 0%t sai d
I nput cont Pol term nal s Cerr]; said dead tine delay circuits prevent| ng
of said first or second d-¢ terminals.

4. An integrated circuit as claimed in claim 3 which further includes undervoltage
trip circuit means coupled to and monitering the voltage at said V. pin and having an
output coupled to said latch circuit means and to said high side and low side dead time
circuits for disabling said latch circuit means and said delay circuits when the voltage at

said V,, pin falls below a given value.

o 5. An integrated circuit as claimed in any of claims 3 or 4 and which further
includes means for coupling said V;c pin to a resistor which is coupled to said first d-c

terminal.

6. An integrated circuit as claimed in claim 1 wherein said timer circuit has a
secand input control terminal Ry for controlling the frequency at which said MOS gated
power semiconductor devices are turned on and off; said terminals Cr and Ry being
connected to an external timing capacitor of value C; and timing resistor of’ value Ry

respectively for setting the oscillation frequency £, of said timing circuit to be:

fo=__1
el 1.4Rrx Gy
7. An integrated circuit as claimed in any of claims 1 to 6 wherein said

preﬂetennined time delay is about 1 microsecond.

8. An electronic ballast circuit for a gas discharge lamp, the circuit comprising: at
least one L-C circuit for coupling in series with said gas discharge lamp; first and
second series connected MOS gate controlled power switching devices having
respective gate terminals and connected in a half bridge circuit axrangeinent; a pair of
d-c power terminals connected in series with said first and second series connected

switching devices, said lamp and said L-C circuit being connected, in use, across said



t he simul.taneous conduction of said.first and second MOS gated power
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second power switching device; and a gate drive circuit having an input terminal for
receiving input logic level signals for alternately switching on and off both of said first
and second MOS gated devices at a givgn frequency of oscillation; said gate drive
circuit having output terminals H, and L, coupled to the respective gate terminals of
said power switching devices; said gate drive circuit having a terminal V,_ which
provides the operating power for its internal circuitry; and an external resistor for
connecting said terminal V, to one of said pair of terminals;
wherein said gate drive circuit includes: timer means having an input control
terminal Cr which is connectable to a low logic level signal referenced to the potential
of a substrate; latch circuit means coupled to said timer circuit means for controlling the
frequency at which said first and second power switching devices are switched on and
off and having an output which is switched in response to a predetermined signal
sﬁppliéd to said input control terminal; a high side dead time delay circuit and a low
side dead time circuit each coupled to said latch circuit means for delaying the
transmission of a latch output signal for a predetermined time delay following the
switching of the output of said latch circuit means; and a high side level shifting means
and a high side driver circuit means and a low side driver circuit means; said high side
driver circuit means and said low side driver circuit means being coupled to said high
side dead time circuit and said low side dead time circuit means respectively.and having
" high side and low side output pins respectively which produce outputs for tuming on
and off said first and second MOS gated power devices in response to control signals at
said input contro] terminal Cy; said dead time delay circuits preventing the simultaneous
conduction of said first and second MOS gated power devices;
| wherein said timer circuit has a second control terminal Ry for controlling the
frequency at which said MOS gated power semiconductor devices are turned on and
off;, said terminais C; and Ry being connected to an external timing capacitor of value
Cy and timing resistor of value Ry respectively for setting the oscillation frequency f, of

said timing circuit to be:
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9 An electronic ballast circuit for a gas discharge lamp, the circuit comprising; at
least ane L-C circuit for coupling in series with said gas discharge lamp; first and
second series connected MOS gate controlled power switching devices having
respective gate terminals and connected in 2 half bridge circuit arrangement; a pair of
d-c power terminals connected in series with said first and second series connected
switching devices, said lamp and said L-C circuit being connected, in use, across said
second power switching device; and a gate drive circuit having an input terminal for
receiving input logic level signals for altemately switching on and off both of said first
and second MOS gated devices at a given frequency of oscillation; said gate drive
circuit having output terminals Hy and L, coupled to the respective gate terminals of
said MOS power switching devices;

. said gate drive circuit having an oscillation timer circuit having first and second
control terminals Ry and Cr, respectively, and a discrete resistor and a discrete capacitor
connected to contro! terminals Ry and Cr, respectively, to set said frequency of
oscillation at a given frequency and at the frequency of oscillation of said L-C circuit;
said control terminal C; being connectable to a low logic level signal referenced to the
potential of a substrate; said gate drive circuit further comprising: latch circuit means
coupled to said timer circuit means for controlling the frequency at which said first and
second MOS power switching devices are switched on and off and having an output
which is switched in response to a predetermined signal affixed to a control terminal; a
high side dead time delay circuit and s low side dead time circuit each coupled to said
latch circuit means for delaying the transmission of a latch output signal for a
predetermined time delay following the switching of the output of said latch circuit
means; and a high side Jevel shifting means and a high side driver circuit means'and a
low side driver circuit means;

said high side driver circuit means and said low side driver circuit means-being
coupled to said high side dead time circuit means and said low side dead time circuit
means respectively and having high side and low side output pins respectively which
produce outputs for turning on and off said first and second MOS gated power devices

in response to control signals at said control terminal Cy; said dead time delay circuits



O
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preventing the simultaneous conduction of said first and second MOS gated poﬁa
devices;
wherein said terminals Cr and Ry are connected to an external timing capacitor
of value C; and timing resistor of value Ry respectively for setting the oscillation

frequency £, of said timing circuit to be;

1
1.4 RTX CT

10.  An electronic baliast circuit as claimed in claim 9, wherein said gate drive
circuit includes a V. pin coupled, in use, to a source of operating voltage V.. for

providing operating power for its.intemal circuitry.

11. ~ An electronic ballast.circuit as claimed in claim 9 and further comprising a_

resistor for coupling said V. pin to one of the d-¢ terminals.’

12.  An electronic ballast circuit according to either claim 8 or 9 wherein the MOS
. gated power semiconductor devices are selected from the group consisting of power
MOSFETs, IGBTs and MOS gated thyristors.

13.  An electronic ballast circuit as claimed in claim 9 and further comprising a
terminal V. for providing the operating power for the internal circuitry for the gate
drive circuit; and an undervoltage trip circuit coupled to and monitoring the voitage at
the V. pin and having an output coupled to said latch circuit means and to said high
side and low side dead time circuits for disabling the latch circuit and the delay circuits

when the voltage at said V pin falls below a given value.

14.  An electronic ballast circuit substantially as hereinbefore described and with

reference to the accompanying drawings 2 - S,
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MOSGATE DRIVER FOR BALLAST CIRCUITS

ABSTRACT OF THE DISCLOSURE

A monolithic MOS gate driver chip is described
for driving' high side and low side power MOSFETs in a gas
discharge lamp ballast circuit. The chip includes a
timer circuit for generating a square output at the _
natural frequency of resonance of the lamp ballast. Dead
‘time circuits are provided in the chip to prevent the
simultaneous conduction of both high side and low side
MOSFETs. The chip may be housed in a right pin DIP
‘package.

FIGURE 2
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