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application is related to U S. Patent No. 5,612,597 entitled "CSCILLA?}&{}
DRI VER CIRCU T WTH PONER FACTOR CCRRECTICN ELECTRONI C LAMP BALLAST
EMPLOYI NG SANE | | . ry-

BALLAST IC WITH SHUT-DOWN FUNCTION

RETLATED APPLICATIONS .

This appllcatlon is related to U. S Patent No.
5,612;597 entitled "OSCILLATING DRIVER CIRCUIT WITH POWER
FACTOR CORRECTION, ELECTRONIC LAMP BALLAST EMPLOYING éXkE
AND DRIVER METHODY issued March 18, 1997 (IR-1166), to -
U.S. Patent No. 5,545,955, entitled "MOS GATE DRIVER FOR
BALLAST CIRCUITS" issued August 13, 1996 (IR-1074), to
U.S. Patent No. 5,559,394, entitled "MOS GATE DRIVER FOR
BALLAST CIRCUITS", issued September 24, 1996 (IR-1252),
all in the name of Peter N. Wood, and to U.S. Patent No.
5,550,436, entitled'"MQS GATE DRIVER INTEGRATED CIRCUIT
FOR BALLAST CIRCUITS", issued August 27, 1996 (IR-1055),
in the name of Talbott M. Houk, all of which are assigned
to the assignee of the present application and
incorporéted herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to lamp ballast
circuits, and, more particularly, to an improvéd lamp
ballast circuit which protects against lamp failure.

Lamp ballast circuits, such as an International
Rectifier IR2155 or IR2151 IC, are known and are
described in U.S. Patent Nos. 5,545,955 (IR-1074) and
5,559,394 (IR-1252) to Peter Wood and in U S. Patent No.
5,550,436 (IR-1055) to Talbott M. Houk.

To properly shut down a ballast IC during
certain lamp application failure modes, a means of |
turning off the gate driver outputs upon sensing fault
conditions (such as a broken filament or a lamp which
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AND DRI VER METHOD' issued March 18, 1997 to U S. Patent No.
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\BACKGROUND OF THE | NVENTI ON The present inventTon relates to |anp

ballast circuits, and, nore particularly, to an inproved | anp ball ast

circuit which protects against |anp failure. Lanp bal | ast
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Because of the topology of the IR2155 and
IR2151 ICs, the circuits are self-osc11lat1ng under
normal operation, as shown in Figures 1 and 2.

Flgure 1 shows the components of a typical lamp
driver circuit. A bridge rectifier 10 derives a bus .
voltage (Vgys) from the ac line. The bus voltage is
approximately dc and is supported by capacitors 56 and -
58.

The lamp driver circuit of Figure 1 includes an
MOS gate driver chip 30 and its associated circuitry for
controlling the operation of a high side MOSFET 40 and a
low side MOSFET 41. The MOS gate driver chip 30 provides
drive signals to the MOSFETs 40 and 42 which are
connected to Vyys. Though power MOSFETs are shown, any
power device which has a MOS gate, such as an IGBT or a
MOS gated thyristor, may be substituted for power MOSFETs
40 and 42. |

The output of the center tap of half bridge
connected MOSFETs 40 and 42 drives a circuit that
includes a series LC load circuit comprised of inductor
46 and capacitor 52. '

The voltage supplied at terminal Vg, can range
from as low as 140 volts d-c to above 600 volts d-c,
depending upon the supplied AC input voltage.’

The oscillating frequency of the output circuit
is controlled by the resonant frequency of the inductor
46 and the capacitor 52. The desired inductance wvalue of
inductor 46 will depend on the value of the voltage Vg
and is selected so that the oscillation frequency of the
circuit is within desired range.
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5, 850, 436 to Tal bott M Houk. : To properly shut down a
bal[ast 1C during certain lanp application failure nodes, a nmeans of
turning off the gate driver outputs upon sensing fault condi ti ons (such as

a broken filanment or -a | anp which - 2-

fails to strike at startup) and then turning off t he out put power _

transistors i s needed. Because of the topology of the | R2155 and
. _3__ '

The chip 30 may be housed in 'a 8-pin DIP or
surface mount package and has the following pinouts:
Voo = @ pin which receives a ch1p operating
voltage from the d-c supply Vyys-
; C; - a single input control pin which .is
" connected to the node between timing capacitor 14 and
timing resistor 16. The signal at pin C; controls'botg_
outputs H, and L,. _
R; - a pin which is connected to the other - -
terminal of timing resistor 1is. ' '

" Vg - a pin connected to the node of diode 22
and capacitor 24, which acts as a "bootstrap" circuit to
provide power for the operation of the high side switch.

H, - an output pin to the gate (or a resistor
26 to the gate) of the high side MOSFET 40.
Vs - a pin to the center tap of the totem-pole
or half bridge connected MOSFETs 40 and 42.
L, - an output pin to the gate (or a resistor
28 to the gate) of the low side MOSFET 42.
COM -~ a pin connected to the negative or ground
terminal.
- Resistor 18 and a capacitor 12 provide the IC
30 with its dc and ac power requirements. The resistor
.16 and the capacitor 14 control the oscillation frequency
according to the equation: '
'f=T.F}1;E;' (1)
A diode 22 and a capacitor 24 form the
"hootstrap" supply for the floating CMOS driver circuit
within the IC. Resistors 26 and 28 dampen LC ringing on



| R2151 | Cs, the circuits are sel f - oscillating under normal operation, as
shown i Flgures 1 and 2.. Figure 1 shows the conponents of a
typical lanp driver circuit. A brldge rectifier 10 derives a bus voltage
(Vlerr]) fromthe ac line. The bus voltage is approximtely dc and is
supported by capacitors 56 and 58. The |l anp driver circuit of

Figure 1 includes an MOS gate driver chip 30 and its associated circuitry .

for controlling the operation of a high side MOSFET 40 and a | ow side
MOSFET 42. The MOS gate driver chip 30%rovides drive signals to the
MOSFETs 40 and 42 which are connected to V[err]. Though power MOSFETs are
shown, any power device which has a MOS gate, such as an | GBT or a MOS
gated thyristor, may be substituted for power MOSFETs 40 and 42.

The out put of AR aﬂlﬁ}ér Mds@@:@sc%n%tiedzl\/%hs%o SuYreh2

drives a circuit tHhat |né%udes eries LCload circuit conprised of
i nduct or 46 an&ochywffielrthe IC 30 from the. PRYEra§EadFopl i ed at termi nal
Mlerr] can range The load circuit, which includes the inductor

46 and the resonant capacitor 52, also includes blocking
capacitors 56 and 58, a positive-temperature-~coefficient

. (PTC) resistor 54, and a lamp 50. A capacitor 44
normally controls the dv/dt observed at the Vs node to__
minimize radiated EMI.

A drawback of this basic circuit is that if -the
lamp is either broken (such as at the end of its
operating life) or is removed from the circuit,
catastrophic failure of other components within the
circuit may result. Therefore, users of the gate driver
IC 30 must typically design additional external circuitry
to sense the fault conditions and then turn off the IC.
Preferably, both outputs of the gate driver IC turn off
under a turn-off condition.

Because the gate driver IC is self-oscillating,
one of the gate driver outputs L, and Hy-Vs is always on,
‘except for the short "deadtime" shown in Figure 2. Under
normal operating conditions, either the MOSFET 40 or the
MOSFET 42 is on. As a result, turning off the gate
driver IC simply by externally shunting the timing
capacitor 14 to ground, as shown in Figure 3, for
example, is not sufficient to protect the circuit.

Figure 3 shows the circuit of Figure 1 modified
to include a transistor 60 which shunts the input control
capacitor 14 to ground when the lamp is removed. A
voltage divider formed by resistors 62, 64, 66 and a
capacitor 68 form the sensing circuit. Under normal
operating conditions, the voltage at node V, is
approximately equal to one-half the dc supply voltage,
Vgys/2, when capacitors 56 and 58 are of identical value.



fromas, low as 140 volts d-c to above 600 volts d-c, depending upon the
suppl i ed AC input voltage. The oscillating frequency of the
output circuit is controlled by the resonant frequency of the inductor 46
and the capacitor 52. The desired inductance val ue .of inductor 46 wll
depend on the value of the voltage V[err] and is selected so that the
ogcillation frequency of the circuit is within desired range.
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. The only difference between the voltage at node V, and
the voltage at the node located at the midpoint between
capacitors 56 and 58 results from the voltage drop across
the filament of the lamp 50. '

'~ Under normal operating conditions, the voltage
drop across the filament is relatively small, namely only
a few volts, and the voltage at node V. is insufficient
to turn on the shunt transistor 60. If the lamp is
removed, however, the voltage at node V, rises, as does
the voltage at node V., such that the transistor 60 turns
on. The values of the resistors 62, 64, 66 are chosen
such that the circuit never turns on the transistor 60
during normal operating conditions but always turns on
the transistor 60 when the lamp is removed or fails. The
capacitor 68 also forms part of a low pass filter in the
turn off response circuit, thereby increasing noise
immunity. '

The circuit shown in Figure 3, however, does
not shut down both of the power MOSFET devices 40 and 42
when the lamp is removed from the load circuit. Under
this no-lamp load condition, the C; pin of IC 30 would be
shunted to ground by the transistor 60, which halts the
IC’s internal oscillator and its output switching, as
desired. However, despite having turned off the output
of the half bridge, transistor 42 remains on. )

Another approach to'shutting down both MOSFETs
40 and 42 under a fault condition is to shunt the V., pin
of the IC ground, as shown in Figure 4. Here, the
sensing circuit is essentially the same as Figure 3, but
an SCR 70 shunts the V., pin through resistor 72 to shut
down the output.

A drawback of the circuit of Figure 4 is that
when the fault condition ends, such as when the lamp is



The chip 30 may be housed in a 8-pin DIP or surface nount package and has
the follow ng pinouts: V[err] - a pin which receives a chip
operating voltage fromthe d-c supply V[err]. CT - a single input
control pin which .is connected to the node between.timng capacitor 14 and
timng resistor 16. The signal at pin CT controls both outputs Herr] and
Llerr]. Rlerr] - a pin which is connected to the other termninal
of timng resistor 16. Vel ~ a pin connected to the node of

di ode 22 and capacitor 24, which acts as a "bootstrap” circuit to provide
power for the operation of the high side swtch. Herr]- an
output pin to the gate (or a resistor 26 to the gate) of the high side
MOSFET 40. : Vlerr], - a pin to the center tap of the totempole or
hal f bri dge coRifRkaae Eres 45o@aE 4 the entire powpgrup segiesgepiussi n

to the gate (0bed eprdatic Bécdwsd D dupb19f vbﬁlﬁab@wvai ¢RaVOSEET 42.
supplied to the chip has been discharged below its’ '
undervoltagé threshold. In fact, the circuit relies on
the undervoltage lockout circuit of IC 30 to turn both of
power transistors 40, 42 off. _

Another drawback of the circuit of Figure 4 is
that the SCR 70 is a more expensive component than the
NPN transistor 60 of Figure 3. . - -

Moreover, a resistor 72 must be included into
the V, capacitor discharge path to slow down the dv/dt at
the V., pin. The dv/dt must be limited because the supply
voltage to the gate driver output stages may turn off
before the output stages have fully discharged the gates
of the power MOSFETs. For example, if the upper power
MOSFET 40 is on and the'supply voltage is rapidly brought
to 0V, the transistor 40 cannot be turned off and is
effectively left with a charge (or voltage) on its gate
with only the inherent gate-to-source leakage to
discharge the'MOSFET. The residual charge can cause
catastrophic failure if the IC 30 is restarted when the
upper MOSFET 40 is still on. When the IC 30 restarts,
namely, when its V, voltage exceeds the rising
undervoltage lockout threshold, the lower MOSFET 42 turns
on first. If transistor 40 is still on when transistor
42 turns on, a short will be present across the dc bus
and the ac line that will, at the very least, blow a fuse
and more likely cause the failure of either one of or
both of the power MOSFETs.



COM - a pin connected to the negative or ground term nal.

Resi stor 18 and a capacitor 12 provide the IC 30 with its dc and ac power
requi renents. The resistor 16 and the capacitor 14 control the oscillation
frequency according to the equation: [err]

A diode 22 and a capacitor 24 formthe "bootstrap” suppl : '
CMOS driver circuit within the IC ReS|7stors 26 and 28 daTHSrOHBETHAS)BREN dn

REPLACED

SUMMARY OF THE INVENTION

_ The present invention provides for a lamp
driver integrated circuit which protects against damage
to the components of driver circuit when a lamp fails or
is removed by disabling both of the driver outputs.--

When the lamp is replaced, the IC automatically
restarts the lamp driver circuit without cycling the lamp
power switch. _"

According to an aspect of the invention, an -
integrated circuit formed in a silicon substrate drives:
first and second MOS gated power semiconductor devices.
The power semiconductor devices are connected in a half
bridge circuit which has a first and second dc terminals
and which has a common terminal located at a node between
the first and second MOS gated power semiconductor
devices. The common terminal supplies an output signal
to a load circuit. A timer circuit has an input control
terminal which is connected to a low logic level signal.
A first latch circuit is coupled to the timer circuit and
controls the frequency at which the first and second MOS
gated power semiconductor devices are switched on and off
and supplies an output which is switched on and off in
response to the signal applied to the input control
terminal. High side and low side dead time delay
circuits are each coupled to the first latch circuit and
- delay transmission of the latch output signal for a time
interval followiné the switching of the output of the
latch circuit to prevent simultaneous conduction of the
first and second MOS gated power semiconductor devices.
High side and low side driver circuits are coupled to the
high side and low side dead time cifcuits, respectively,

~ and have high side and low side output terminals,
respectively, which supply high side and low side outputs

-
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-4-, ‘the gates of the power MOSFETS 40 and 42 and al so serve to buffer
the 1C 30 fromthe power stage. The load circuit, which includes
the inductor 46 and the resonant capacitor 52, also includes bl ocking
capacitors 56 and 58, a positive-tenperature-coefficient (FW(D reS|stor 54,

Vs node to n1n|n1ze radi ated EM . A dr awback—e
circuit is that if -the lanp is either 8droken (such as %ﬁ\
operating life) or is renoved fromthe circuit, catast oph
ot her conponents within the circuit may result. Theref(Te,
gate driver :

users of the

for turning.off the respecti#e first and second MOS gated
power semiconductor devices in response to the signal
supplied to the input control terminal. A protective
circuit is coupled to the low logic level signal and
prevents the supply of the high side and low side outputs
when the low logic level signal is below a threshold
value. _ '

According to this aspect of the invention, the

- protective circuit may include a threshold voltage
sensing circuit which is coupled to the low logic level
signal and a second latch circuit which is coupled to. the
sensing circuit and whose outputs are supplied to the
high side and low side dead time delay circuits. The
threshold voltage may be less than the lowest value of
the lower logic level signal voltage at which outputs are
supplied for turning on and off the first and second MOS
gated power semiconductor devices. When the low logic
level signal falls below the threshold voltage, the high
side and low side dead time delay circuits may be
prevented from transmitting the latch output signal.

According to another aspect of the invention, a
circuit drives a load circuit from a dc bus supply and
includes first and second MOS gated power semiconductor
devices and a self-oscillating driver circuit.

In accopdanée;with a further aspect of the
present invention, a circuit drives a gas discharge
illumination device and includes first and second MOS
gated power semiconductor devices and a self-oscillating
driver circuit.

Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
following drawings.
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| C. 30 nust typically design additional external circuitry to sense the
fault conditions and then turn off the IC. Preferably, both outputs of the
gate driver 1C turn off under a turn-off condition. Because the
gate driver ICis self-oscillating, one of the gate driver outputs L[err]
and Herr]-V[err] is always on, except for the short "deadtine" shown in
Figure 2. Under normal operating conditions, either t Ah EEWS
MOSFET 42 is on. As a result, turning gff the gate dri gﬁ“Eiggﬁ%k@éigy _
external Iy shunting the timng capacitor 14 to ground, s sh | Lo
3, for exanple, is not sufficient to protect the circuil. - Fi gure
3 shows the circuit of Figure 1 nodified to include a transistor 60 which
shunts the input control capacitor 14 to ground when the lanp'is renoved. A

vol t age, di vi depRiT@F BESORTEASION OFS THE Dﬁgwxﬁ@sand a capaC|tor 68 formthe
sensing circuif. Under romal oper.ati ng .condi tions,. the t.a node VA
i s approxi mately equal %Wq‘l% 5 fe Y Eg§ﬁBpF§ V&Ptgaﬁe\{&y[ c%?l] ?é‘ |
capaC|tors 56 amdmﬁ&ammasﬁ axhnuutxu val ue.

Figure 2 shows the waveforms of the circuit

shown in Figure 1. . _

Figure 3 shows a known lamp ballast circuit
which includes a shunt transistor that disables the
circuit in the event of lamp failure.

. Figure 4 shows a known lamp ballast circuit in-~
which an SCR shunts the Vi pin in the event of a lamp
failure. .

Figure 5 shows a block diagram of a lamp driver
integrated circuit according to an embodiment of the
invention.

Figure 6 shows the waveforms of the lamp driver
integrated circuit shown in Figure 5.

DETAILED DESCRIPTION OF THE INVENTION
The invention enables the use of the simple

circuit, such as is shown in Figure 3, by modifying the -
internal IC circuitry. The circuit shown in Figure 3,
however, represents only one example of a shutdown
circuit. Other similar circuits are also possible.

Figure 5 is a block diagram of the circuit of
the IC chip 30 of the invention that is suitable for
inclusion in the circuit of Figure 3. The eight pinouts
of chip 30 are repeated in Figure 5. All circuit blocks
to be described in Figure 5 are typically integrated into
a common silicon chip.

The leftmost circuit block shown in Figure 5 is
the clamp circuit 110, typically comprising a plurality ,
of zener diodes. The claim circuits connected from pin

V.. and pin Vi which is connected to the silicon

cC
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- 5. :The only difference between the voltage - -at node VA and the voltage
‘at the node located at the m dpoi nt between capacitors 56 and 58 results
fromthe voltage drop across the filanent of the |anp 50. “Under
normal operating conditions, the voltage drop across the filament is
relatively small, nanely only’

- 10 -

substrate which acts as the chip ground. A digital
supply line and analog supply line both extend from pin
Ve.+ An analog ground line and a digital ground line are
also connected to pin Vs

The next group of circuit blocks form-a timer
circuit. The blocks include a divider circuit 112, which
is connected to the analog supply line and to the analog
ground, an N comparator 114, a P comparator 116 and an RS
latch 120. Two taps from divider 112 are connected to -
the positive inputs of comparators 114 and 116 and supply
voltages VR1 and VR2, respectlvely, thereto. Input pin
C; is connected to the negatlve input of comparators 116
and 114. The output of .comparators 114 and 116 are
connected to the RS latch 120 as shown.

The RS latch 120 is also connected to an under-
voltage lock-out circuit 122 which is integrated into the
chip circuit. Thus, if V  reduces too low, the RS latch
120 is locked out. ' _ '

_ A bias circuit 132 provides bias outputs to the
lockout circuit 122, and to dead time delay circuits 126
and 130 in the high side and low side circuit lines.
Dead time delay circuits 126 and 130 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 40
and 42 of Figure 3 are simultaneously on.

The output of dead time delay circuit 130 is
applied to low side delay circuit 140 and, in turn, to
low side driver 142 which is connected to pin Lo;

The output of dead time delay circuit 126 is
applied to a level shift pulse generator 128 in the high



a f.ew velts, and the voltage at node V[err] is insufficient to turn on the
shunt transistor 60. If the lanp is renoved, however, the voltage at node
VA rises, as does the voltage at node V[err], such that the transistor 60
turns on. The values of the resistors 62, 64,. 66 are chosen such that the
circuit never turns on the transistor 60 during normal operating conditions
but always turns on the transistor 60 when the lanp is renoved or fails.
The capacitor 68 also fornms part of a ligw.pass filter in the turn off
response circuit, thereby increasing noise imunity. The circuit
shown in Figure 3, however, does not shut down both of the power MOSFET
devi ces 40 .and 42 when the lanp is renoved fromthe | oad circuit. Under
this no-lanp |l oad condition, the CT pin of 1C 30 woul d be shunted to ground
by the transi steidé0Oputputhlinkts The hiyys siderhbhe caléo| tnoludesd ats

out put “switchin ' : e ' A out put
of the half briggééét?gag%gggﬁy%ggﬁe%%?ggﬁgﬁﬁefffeégg ﬁHi%ﬁg%ﬁéé %%Sroach
to shutting dowRRb8EhPRESEETYY4IDUARE deneraeer al2&ul tThensmPPLYY £Q tleshunt

the V[err] pingv/at filter 134 is connected to pin Vg.
| The output of the dv/dt filter 134 is .applied
to latch circuit 136 whosé'output is connected to buffer
138 which contains gain stages and which drives pin H,.
the that pin V; is connected to circuits 134, 136, 138.

The invention maintains all of these functions-
within the IC, which exist as in the IR2155 and IR2151
ICs described in the above-noted patents of the present
assignee, but also adds a novel shutdown feature using
the C; pin. According to the invention, two additional
circuit blocks have been added: (1) a third C;~sensing
comparator 118, and (2) a shutdown latch circuit 124.
Input pin C; is connected to the negative input of the
third comparator 118 which senses when the C; pin voltage
is less than a predetermined threshold, denoted as VR3,
that is supplied by divider 112. The third comparator
118 then supplies its output to the shutdown latch 124
and to the iow side dead time delay circuit 130. The
output'of the shutdown latch is supplied, in turn, to the
input of the high side dead time delay circuit 126.

The threshold voltage VR3 at which the third
comparator 118 changes state is chosen to be less than
the lower of the threshold voltage VR2 used for self-
oscillation. An example of the operation is illustrated
in Figure 6. Here, the values of VR1 and VR2 are chosen
to be 2/3 Vg and 1/3 V., respectively, and the value of
VR3 is chosen to be 1/6 Va;primarily for convenience.
Other particular ratios could be chosen, as long as VR3 <
VRZ2 < VR1.



of .the LC ground, as shown in Figure 4. Here, the sensing circuit is
essentially the sane as Figure 3, but an SCR 70 shunts the V[err] pin

t hrough resistor 72 to shut down the output. A drawback of the
circuit of Figure 4 is that when the fault condition ends, such as when the
lanp is _ ' - 6- '
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Figure 6 depicts how the C;~pin voltage
- regulates the operation of the outputs. At system _

startup, all of the IC input and output node voltades and
currents are-initiaily zero. The rectifier 10 (see Fig.
3)'will quickly develop a dc bus voltage (e.g., .+320V)
and cause capacitor 12 to charge up through resistor 18.
Capacitor 12 supplies a voltage to the Vcc terminal of
the IC 30, which in turn supplies power to all of the —
internal circuits of IcC 30.

When sufficient voltage is developed on
capacitor 12, the UVLO block 122 (see Fig. 5) presets
many of the other circuits in a desired state.
Specifically, (1) the gate driver output LO is held low
to prevent unwanted conduction of the power MOSFET 42,
(2) the R; pin is set high (to the Vcc potential), (3)
the C; pin begins to charge and (4) the bias circuit
block 132 is set in a "micropower" mode, where most of
the IC circuit blocks are unbiased. This "micropower"
startup mode is desirable because it reduces the current
requirement from startup resistor 18, which enables the

- user to use a higher valued, lower wattage resistor
(i.e., power consumption is reduced). Much like the
circuit block UVLO 122, circuit block HS latch 132
ensures that for a VB-to-Vs potential of less than a

. preset, designed voltage level (e.g., 8.5V), and that
output HO is held at the Vs level, preventing unwanted
conduction of the upper power MOSFET 40.

When the C;-pin voltage exceeds VR3, (1) the
low-side gate driver oﬁtput voltage LO goes high after a
dead time delay t;, turning on the low side power MOSFET
42, (2) the bias current block 132 is instructed to
supply power to the oscillator comparators NCOMP 114,
PCOMP 116 and COMP 118 and the dead time circuits TDEADH



repl aced in its socket, the entire power-up sequence nust be repeated
because the supply vol tage Vlerr] that is supplied to the chip has been

di scharged below its undervoltage threshold. In fact, the circuit relies on
t he undervoltage | ockout circuit of 1C 30 to turn both of power transistors .

40, 42 off. Anot her drawback of the circuit of Figure 4 is that
the SCR 70 is a nore -expensive conponent than the NPN.iransistar G0 -of
Figure 3. Moreover, a resistor 72 nust be i AGHISISHEENTHASIBEEN

V[err] capacitor discharge path to sl @% down the dV/ {it at RE’H.AE’EB”] Pi n.
The dV/dt nust be limted because the supply voltage
out put-- stages may turn off before the output stages have fully di scharged
the gates of the power MOSFETs. For exanple, if the upper .power MOSFET 40

:::m(rjlgt agg H]anzlt#O féll?gq#%&igg g?;gﬁge%@e fg%bl Tf.'% g\/&ﬂapﬁgg g’nSI tle?;g:)o on

its gate with midgillmtonhtatoch 324 g-and splyr dthd €akpdn condiinnesr ge t he
MOSFET. . The res‘%lﬂéiaée q%rgﬁrggghcgﬂéergﬁégf qréh.i c failure if the.IC 30 is
e . .

restarted when _
: ' During normal operation, after the C;-pin

voltafge exceeds VR3, self-oscillation occurs, and the
output of the half-bridge circuit V, toggles with a
trapezoidal shaped output. —

When the C; pin reaches 2/3 x Vcc, the NCOMP
comparator 114 gives a negative reset signal to the
RSLATCH 120. This negative reset signal causes the
outputs (R; and its complement R;/N) of the RSLATCH 120
to reverse logic states, and the R; pin goes low (R;/N
goes high). In this particular embodiment of the IC 30,
the R; pin drives the low-side signal path to LO, and is
in phase with this output. Note that the phase
relationship between R; and LO is arbitrary; certain
users of this IC will require R; to be out of phase with
Ry, even though LO will need to come on first during
startup. As a result, when R; goes low, the LO output is
driven low, turning off the low-side power MOSFET 42.
The signal path from R, to L0 is intentionally made as
fast as possible (minimum delay), and is designed to
accurately match the turn-off propagation delay from R;/N
to HO. This ensures that a propagation delay mismatch
between the high-éide and low-side drivers does-not
systematically offset the duty cycle at the output Vs of
the half-bridge from its desired 50% level.

When R; switches logic levels from high to low,
R;/N (the second RSLATCH 120 output) goes high. This
latter signal drives the high-side dead time circuit
TDEADH 126, which drives the pulse generator PGEN 128,
which level shifts the high-side on/off signals to the
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upper MOSFET 40 is still on. Wien the I1C 30 festarts, nanely, when its
V[err] voltage exceeds the rising undervoltage | ockout threshold, the |ower

MOSFET 42 turns on first. If transistor 40 is still on when transistor 42
turns on, a short will be present across the dc bus and the ac |ine that
will, at the very least, blow a fuse and nore |ikely cause the failure of
ei ther one of or both of the power MOSFETSs. . SUMWARY OF THE
| NVENTI ON The present invention provides for a |anp driver

: - 14 - .

high-side circuitry. The dead time circuits are designed
to generate a small delay (e.g., 1 usec) to the "turn-on"
signal in order to (1) provide a cross-conduction dead
time for the power MOSFETs 40 and 42, and (2) fécilitate
zero-voltage switching techniques for drive frequencies -
above the L-C resonant frequency (wheré the load
impedance is inductive). Conversely, these dead time .
circuits are designed to add as little delay as possible
to the "turn-off" signals to the gate drivers 138 and. -~
'142. After the high-side dead time circuit TDEADH 126
timeout period (e.g., 1 psec), the pulse generator PGEN
128 is given the logic signal to translate a "turn-on"
signal to the high-side gate driver 138. The DV/DT
circuit 134 discriminates short pulses (e.g., 50-200
nsec) emitted by the pulse generator, and translates
these pulses into "set" and "reset" signals for the
HSLATCH 136. RT/N going high corresponds to a “set"
signal at the input to the HSLATCH, which in turn gives
the HSDRIVER 138 circuit the command to drive the HO
output high. _
Another result of the R; pin switching from a
high to a low potential is that the resistor 16 begins to
discharge the capacitor 14 from the 2/3 Vcc threshold
(set by the DIVIDER 112 block) downward to the 1/3 Vecc
threshold (also set by the DIVIDER 112 block). Upon
reaching the 1/3 Vcc threshold, the PCOMP comparator 116
output goes high, giving a "set" signal to the RSLATCH
120. This "set" signal drives R; high, R;/N low, and
results in the output of the half-bridge Vs going low.
The antiphase relationship between R; and C; results in
self-oscillation at a 50% duty cycle, independent of the
Vcc potential and temperature. This duty cycle control,
combined with carefully matched turn-off propagation



I nt-egrated circuit which protects agai nst damage to the conponents of
driver circuit when a lanp fails or is renoved by disabling both of the

dri ver outputs. Wien the lanmp is replaced, the IC automatically
restarts the lanp driver circuit wthout cycling the | anp power swtch
According to a first aspect of the present invention, an integrated circuit
formed in a silicon substrate for driving first and second MOS gated power
sem conduct or devices which are connectgd_in a half bridge circuit which
has first and second d-c term nals and™which has a comon term nal | ocated
at a node between said first and second MOS gated power sem conductor

devi ces, the comon term nal for supplying an output signal to a | oad
circuit; said integrated circuit conprising: a timer circuit having an

i nput control t&éﬁj@'fﬂ‘&hcig.ﬁ i't?)OQ?;:&ah@E {R?f{g’tﬁoﬁ?rﬂé@w f@gbécEQVSh?’S!QBQEQLt

o Tt ateh e dogoppltolo S0 I ety Lot contrel[hog phe

devi ces .are switched on anfl, oftrimy romsllmderatgian, ct Panlhocturs

switched in responge {0;§8:fs the discharge of the capacitor 14, both of
the gate driver outputs are disabled, and the output of
the half-bridge stops oscillating. The Rr—pin voltage
stays high to accommodate an automatic restart once the
fault condition terminates.. o

If the fault condition is the removal of the -
lamp, and the circuit of Figure 3 is used, the C; pin is
discharged, and both gate driver outputs shut down. When
the lamp is replaced, the transistor 60 shown in Figure 3
turns off, and the capacitor 14 again charges up.

The automatic restart function is accomplished
by the shutdown latch 124 in Figure 5 and the lamp user:
need not cycle the lamp power switch to restart the
system. | _

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended clains.



si gnal applled

dgal'a_y circuit i] ;Imli ad tine delay circuit each coupled to said
first latch CI g transm ssion of said | atch output signal
for a tine delay |nterval following the switching of said output of said
first latch circuit to prevent simultaneous conduction of said first and
second MOS gated power sen conductor devices; a high side driver
circuit and a low side driver circuit coupled to said high side dead tine
circuit and said Iom15|de dead time circuit, respectively, and having high
side and | ow '

ﬂlﬂontml term nal ; a high side dead tine

- 16 -

WHAT IS CLAIMED IS:
1. An 1ntegrated circuit formed in a silicon

substrate for driving first and second MOS gated power

~ semiconductor devices which are connected in a half’
bridge circuit which has first and second d-c terminals
and which has a common terminal located at a node between
said first and second MOS gated power semiconductor
devices, the common terminal for supplying an output
signal to a load circuit; said integrated circuit
comprising:

a timer circuit having an input control
terminal which is connected to a low logic level signal;

a first latch circuit coupled to said timer
circuit for controlling the frequency at which said first
and second MOS gated power semiconductor devices are
switched on and off and for supplying an output which is
switched in response to said signal applied to said input
control terminal;

a high side dead time delay circuit and a low
side dead time delay circuit each coupled to said first
latch circuit for delaying transmission of said latch
output signal for a time delay interval following the
switching of said output of said first latch circuit to
prevent simultaneous conduction of said first and second
MOS gated power semiconductor devices;

a high side driver circuit and a low side
driver circuit coupled to said high side dead time
circuit and said low side dead time circuit,
respéctively, and having high side and low side output
terminals, respectively, which supply high side and low
side outputs for turning on and off said first and second

This Sheet Has Been Replaced




si de out.put t ) < r c ively, which supply high side and | ow side
out puts for tj!m §“HE B@t said first and second MOS gated power
sem conduct or ' rt g ively, in response to said signals supplied

to.said input control termnal;: and a protective circuit coupled to
said low logic level signal for conparing said |ow level signal to a

t hreshol d val ue and, when said low logic level signal is |less than said
t hreshol d vol tage, for delivering signals to said high si |
delay circuits to prevent said supply & both of said hi gH THISSHEEY HAS BEEN
| ow si de out puts. According to this aspect of the inJenti OREPLACED
protective circuit may include a threshold voltage sensin ' ' 1
coupled to the low logic |evel signal and a second latch circuit which is

| ed h ' L cuj . . L ed. he, hi gh
i de and ow <M GEE I REVGE, BDRLINRER O TGS dod CERRPEER LY P O
| ess than the |megmmselve stidheignsks suppliedvied saidainpettagetaolwhi ch

outputs are supigth Pr d4gni ng on and off the first and second MOS gat ed

power sem conductor devices.. Wen L . ] '
' : a shutdown circuit coupled to said low logic

level signal for preventing said supply of said_high side
- and low side outputs when said low 1ogi¢ level signal is

less than a threshold voltage. | _

2. The integrated circuit of claim 1 wherein~

said protection circuit comprises a threshold voltage -
sensing ciréuit coupled to said low logic level signal
and a second latch circuit coupled to said sensing
circuit for supplying an output to said high side and low
side dead time delay circuits.

3. The integrated circuit of claim 1 wherein
said threshold voltage is less than the lowest value of
said low logic level signal at which said high side and
said low side outputs are ordinarily supplied to said
first and second MOS gated power semiconductor devices.

4. The integrated circuit of claim 1 wherein
said protection circuit prevents said high side and low
‘side dead time delay circuits from transmitting said
latch output signal when said low logic level signal is
less thén said threshold voltage.

5. The integrated circuit of claim 1 wherein
said timer circuit has a second input control terminal
for controlling the frequency at which said MOS gated
power semiconductor devices are turned on and off; said
first and second input control terminals-being connected

to an external timing capacitor and an external timing

This Sheet Has Been RT ace
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t he. | ow | ogic—tevet—si gnal falls bel ow the threshold voltage, the high side
and’ Iou/S| y circuits may be prevented fromtransmtting
the latch ﬂﬁﬂﬂ !Hﬂ?ﬂi u . According to a second aspect of the present

i nventi on, eke L d acircuit for driving a load circuit froma dc

bus supply, said circuit comprising: first and-second MOS gated power
sem conduct or devices connected in a half bridge configuration_ N
e H&%uBﬁB

first and second d-c term nals couplquggfross the d-c bus s Eﬁ%?s

a common term nal at the node between d first and second gqymﬂﬁf mer
seni conduct or devi ces for supplying an output signal to the

‘and . - a self oscillating driver circuit having first and second outputs
for driving said first and second MOS gat ed

. resistor for setting the oscillation frequency of said

timing circuit. “

6. A circuit for driving a load circuit from
a dc bus supply, said circuit comprising: ,

first and second MOS gated power semiconductof
devices connected in a half bridge configuration which
has first and second d-c terminals coupled across the-a—c
bus supply and having a common terminal at the node . -
between said first and second MOS gated power
semiconductor devices for supplying an output signal to
the load circuit; and

a self oscillating driver circuit having first
and second outputs for driving said first and second MOS
gated power semiconductor devices, respectively, a dead
time delay circuit for preventing the simultaneous
driving of said first and second MOS gated power
semiconductor devices by delaying the turning on of one
of said first and second MOS gated power semiconductor
devices for a time delay interval after the turning off
of another one of said first and second MOS gated power
semiconductor devices, and a shutdown circuit coupled to
said low logic level signal for preventing said supply of
said high side and low side outputs for turning on and
off said first and second MOS gated power semiconductor
devices when said low logic level signal is less than a
threshold voltage.

7. The circuit of claim 6 wherein said
protection circuit comprises a threshold voltage sensing
circuit coupled to said low logic level signal and a
second latch circuit coupled to said sensing circuit for

- This Sheet Has Been Re
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-9-. power--sem-conductor devices, respectively, and a tinmer circuit which
i s ‘connecte | ow |l ogic | evel signal, a high side dead tine del ay
circuit andjﬂ!@ 'ﬂ"ﬁ”ﬂiﬂ mi me delay circuit, said high side and | ow side
dead time d c oL, enting the sinultaneous driving of said first
and second MOS gated power sem conductor devices by delaying the turnin
of one of said first and second MOS gated power sem conduc
time delay interval after the turning g&f _of the other one | EELA
and second MOS gated power sem conductor devices, and a prdtecti Ve
coupled to said low logic |evel signal for conparing said |low logic |evel
signal. to a threshold voltage and for delivering signals to said high side
and | ow side dead tine delay circuits, to prevent supply of both high side"
and | ow side ouspybsying hr BuBgueNtanshad fhigh ds{de sananliowesdde MO&dgat ed
power sem conductor deyices.,when said low logic |evel signal is |ess than
said threshol d FbPEagglay circuits. - -

8. The circuit of claim 6 wherein said
threshold voltage is less than the lowest value of .said
iow logic level signal at which said high side and_said
low side outputs are ordinarily supplied to said first

and second MOS gated power semiconductor devices.

9. The circuit of claim 6 wherein said
protection circuit prevents said high side and low side
dead time delay circuits from transmitting said latch
output signal when said low logic level signal is less
than said threshold voltage. '

10. A circuit for driving a gas discharge
illumination device which comprises the circuit of claim
6.
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- 9a - ., BRIEF DESCRI PTI ON. OF THE DRAW NGS Figure 1 is a diagram
showi ng‘a typical known |anmp ballast circuit. - Figure 2 shows the
wavefornms of ‘the circuit shown in Figure 1.. Figure 3 shows a

FROMM | anp ballast circuit which includes a shuntitransistor t hat di sabl es
e . o

- 20 -

BALLAST IC WITH SHUT-DOWN FUNCTION

ABSTRACT OF THE DISCLOSURE

A MOS gate drive (MGD) integrated circuit
drives a pair of MOS gated power semiconductor devices
such as are used in a half bridge circuit to drive a load
in a resonant power supply circuit or to drive a gas -
discharge lamp in a ballast circuit. The gate drive
circuit includes a protection circuit which protects
against damage to the components of the driver circuit
when a lamp fails or is removed by disabling both of the
driver outputs. When the lamp is replaced, the gate
drive circuit restarts the lamp driver circuit without
cycling the lamp power switch. The protection circuit
disables the driver outputs when a low logic level signal
falls below a threshold voltage. The lamp driver circuit
is restarted when the low logic level signal exceeds the
threshold voltage}



circuit in the event of lanp failure.
bal'l ast ‘circuit in which an SCR shunts the V[err]

| anp failure.

Fi gure 4 shows a known | anp

pin in tpe—evert—oi—a
Figure 5 shows a bl ock di agram of a| THI&SHEET/HAS BEEN

integrated circuit according to an enbodi nent of the inverit].on. REPLACED
|ntegrated CIrCUII SHowT T

Figure 6 shows the waveforns of the lanp driver
DETAI LED DESCRI PTI ON. OF THE | NUENTI ON
enabl es the use of the sinple circuit,

Fi gure 5.

nodi fying the internal |C;

however, represents only qne exanple of a $hutdown
-Figune 5 is a

circuits are al so possi bl g.

such as is s

cuit

ﬁ&km §n F4§

i nvention
re 3, by .

shown'in Figuje 3,

Circuift .

her siml ar
di agfam of the

circuit of the IC chip 30fof the invention|that is i ncl usi on
in the circuit of Figure 3. The eight pinouts of ch peated in
Figure 5. Al circuit blogks» {“ -
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" to be described in Figure 5 are typically integrated into a common silicon

chip. - The leftnost circuit block shown in Figure 5 is the clanm

circuit 110, typically conprising a plurality of zener diodes. The clanp

circuits connected frompin Vlerr] and p|n Vlerr] which is connected to'the
1
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substrate which acts as the chip ground. A digital supply Iine and analog
supply |ine both extend from pin V[err] An anal og ground :

digital ground line are also connected to pin V[err] BEEN
er

group of circuit blocks forma timer circuit. The bl ocks ilg IudBEELAmEmld
circuit 112, which is connected to the anal og supply line and tao THne
ground, an N conparator 114, a P conparator 116 and an RS |l atc 2

taps from.divider 112 are connected to the g05|t|ve |nputs h<§parators
114 and 116 and supply voltages VRL and VR23/& especti vely, hersto -H oput
pin CT is connected to the negative input of conparators 116 and 114. 1The

out put of conparators 114 and 114 are connected 120 a$

shown. The RS latch 120 /s al so connectg¢d to an yinder{ vol t age

| ock-out circuit 122 ich is intjegratled into thejchip cirgui Thus, i f
Di as

V[err] reduces too |pw, the RS lfatc 20 is | ocked out. -
circuit 132 provides bias outputi t he | ockout ¢ircuit 1P
time delay circuits 16 and 130 i g?ig Si de= qﬂngs.
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Dead tine delay circuits 126 and 130 provide a dead tinme or delay of about
1 m crosecond between the turn on of the high side or |ow side switch after

the turn off of the other.

This dead ti ne ensures that

-circuit cannot be formed in which both power MOSFETs 4SETW§’¥E§§§§EEM 3
|

are sinul taneously on. The out put of dead ti

Is applied to I ow side delay circuit 140 and,
142 which is connected to pin L[err].

delay circuit 126 is applied to a -l evel

hi gh

inturn, to | ow §_ de driver
The out pu ad tinme
4
shift° pul se genergor % it Phe

it 130
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side output line. The high side |line also includes a dv/dt filter circuit
134 whi ¢h filters noise fromthe pul se passed by pul se generator 128. The
supply to.the dv/dt filter 134 is connected to pin VB. The out put
of the dv/dt filter 134 is applied to latch circuit 136 W8S SHEET HAS BEEN
connected to buffer 138 which contains gain stages and whi ch REPEEDP! N
H err]. Note that pin V[err] is connected5¢/® circuits 134 I36—138-
The inventioneaintains all of these functions- within the IC, which exist
as in the IR24§5 and | R2151 | Cs_described in the -gbawe-noted patents of the
present assiygpee, but al so adds ga novel §hut. e%re usi ngathe CT pin.
Accordi ng tqg the rvent+oem—twe—additiongl cjrcuig bl ocks have")b 2en added:
(1) a third [ferr{=sensing conparator—tt§—and -( 2)f}—a—shutdowr—at ch circuit
124. Input-gin CTlis connected tgorthe neg at‘ilve ingyut of thec _
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th| rd conparator 118 which senses when the (Jerr] pin voltage is [ess than
a predeternmined threshold, denoted as VR3, that is sf

The third conparator 118 t hen supplies its output to . §HEETdHAsB N

and to the low side dead tine delay circuit 130. Thej out p&EPmcgme sh t down
| atch is supplied, in turn, to the input of the high side™
circuit 126. The threshol d vol tagg/¢/R3 at which the third
conparator 118 changes state is chosen to be | ess than the | owe f the
t hreshol d vol tage VR2 used r self- oscillation. An exanple oft

operation is illustrated i no™gure 6. Here, the values of VRl and VR2 [drid
chosen to be 2/3 Merr] and /3 V|err], f‘espectlvel ywroand the w 14;& of | \VR3
is chosen to bec™M6 V[err] qg'ﬁ marily fOIQ conveni enc*d ther par qc@ ar
rati os coul 8 be chosen, as l ong_as VR3 < VR2 < VRL. o
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- A2 % . Figure 6 dep| cts howthe Clerr]-pin vol tage regul‘}e?b@y;z_ -3
t He ope(rat '_Q_ﬂ__Qi_.t-b-Q—th . At systemstartup, all of the IC input and -
out put Rodepwpl rents are |n|t|allyme\llwgvf)l_:;10
(see Fig. Xm dejvel op a dc bus voltage (e.g.,  +32 d cause
capacitor 12ito ﬂ&ggw hf ough resistor 18. Capacitor 12 supplies a

vol tage tol}t e G/ l bf .the 1 C 30, Wmchlnturn suppl i es power to

all of theli ts)of 1C 30. t ,voltage is
devel oped dn capacitor 12, L_I&ue WLO Bl 68k~ 122 (s e Fig. 5) presets

126 and TEADL 130, (3) the R; pin is held high by the
oscillator latch 124, and (4) the C; pin continues to
charge up through the resistor 16.- '
During normal operation, after the C~pin
volté.c}e exceeds VR3, self-oscillation occurs, and the
output of the half-bridge circuit v, toggles with a
trapezoidal shaped output. :

_ When the C; pin reaches 2/3 x Vcc, the NCOMP
comparator 114 gives a negative reset signal to the
RSLATCH 120. This negative reset signal causes the
outputs (R; and its complemént_ R;/N) of the RSLATCH 120
to reverse logic states, and the R; pin goes low (R;/N
goes high). In this particular embodiment of the IC 30,
the Ry pin drives the low-side signal path to 10, and is
in phase with this output. Note that the phase
relationship between R; and LO is arbitrary; certain
users of this IC will require Ry to be out of phase with
L0, even though 1O will need to come on first during
startup. 2As a resﬁlt, when R; goes low, the LO output is
driven low, turning off the low-side power MOSFET 42.
The signal path from R; to LO is intentionally made as

fast as possible (minimum delay), and is designed to
accurately match the turn-off propagation delay from R;/N
to HO. This ensures that a propagation delay mismatch
between the high-side and low-side drivers does not
systematically offset the duty cycle at the output Vs of
the half-bridge from its desired 50% level. _
“When R, switches logic levels from high to low,
R;/N (the second RSLATCH 120 output) goes high. This
latter signal drives the high-side dead time circuit
TDEADH 126, which drives the pulse generator PGEN 128,
which level shifts the high-side on/off signals to the



nany-ofé;he oth desired state. Specifically, (1) the gate
dri-ver fggt put | I L Oy revent unwanted conduction of the power
MOSFET 42, (2) |the—RTpin is skt}high (to the Vcc poten
pin beglns to h r thelbias circuit block:132is set in a
"n1cropomer" qiqqﬁgrgﬁ?t f\the I1C circuit bl ocks jare unbi ased. This
"m cropower" st r1¢wu4mmkrfﬁ“ﬂe5|rable because it reducdes the current
requi renent fromstartup resistorl 18- Wi ch enabl es ‘the user to usea——
hi gher val ued, . age resistor (i.e., power consunption is reduced).
Much like the circuit block UVLO 122, circuit block HS | atch 132 ensures
that for a VB-to-Vs potential of Iess than a preset,. designed voltage |evel
(e.g., 8.5V), and that outgut HO is he d at the Vs | evel preventi ng :
unwant ed condubASgared He 5e§e$8%§F gices, respechp¥glynein
~Cerr]-pin vol regpoigeerls ¥&8d $ignile swpbie® got sadd Yapbueutputrvdl t age
LO goes. high after.aaggad téne delay t[err] turning on the [ow side power
MOSFET 42, (2) ent block 132 is instructed to supply power to
the OSC|IIator conpar at ora slidbowifircuit coupled to said low logic

" level signal for preventing said supply of said high side

and low side outputs when said low logic level signal is
less than a threshold voltage.

2. The integrated circuit of claim 1 wherein
“a shutdown . circuit comprises a threshold voltage -
sensing circuit coupled to said low logic level signal
and a second latch circuit coupled to said sensing
circuit for supplying an output to said high side and low
side dead time delay circuits.

3. The integrated circuit of claim 1 wherein
said threshold voltage is less than the lowest value of -
said low logic level signal at which said high side and
said low side outputs are ordinarily supplied to said

- first and second MOS gated power semiconductor devices.

4. The integrated circuit of claim 1 wherein
said protection circuit prevents said high side and low
side dead time delay circuits from transmitting said
latch output signal when said low logic level signal is
less than said threshold voltage.

5. The'inteérated circuit of claim 1l wherein
said timer circuit has a second input control terminal
for controlling the frequency at which said MOS gated
power semiconductor devices are turned on and off; said

- first and second input control terminals being connected

to an external timing capacitoxr and an external timing
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PCAWP 116 and COW 118 and the dead tine circuits TDEADH 97‘03”’2'?
- 13- 126 and TEADL 130, (3) the Rerr] pin is held high by the

oscillator latch 124, and (4) the CT pin continues to charge up through t
resistor 16. During normal operation, after the CT-pin
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vokt age exceeds VR3, self-oscillation occurs, and the output of the

hal f-bridge circuit V[err] toggles with a trapezoi dal shaped out put. \
When the CT pin reaches 2/3 x Vcc, the NCOW conparator 114 gives a

negative reset signal to the RSLATCH 120. This negative reset signal

causes the outputs (R err] and its conplenent RT/N) of the RSLATCH 120 to

reverse logic states, and the R err] pi r}690es low (Rl err]/N goes high). In
this particular enbodi mrent of the ICS&, the RT pin drives the | owside

signal path to LO and is in phase with this output. Note that the phase
rel ati onship between RT and LOis arbitrary; certain users of §hgsg 11 -
require Rlerr] to be out of phase with LO, even though LOw I In E%L@SWSNHHEET
on first during startup. As a result, when RT goes |low, the LOjodgtput is
driven low, turning off the |owside power MOSFET 42. The signgl jp27 0CHM997
Rlerr] to LOis intentionally nmade as fast as possible (mninu el ay), and
is designed to accurately match the turn-off propagation del ay|fromRT/to
Ho. This ensures that a propagation delay m sgatch between thelhigh-side
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sys;t‘erratically offsét tﬁe duty cycle at the output Vs of the half-bridge

fromits desired 50% | evel.
high to low, R err]/N (the second RSLATCH 120 out put) goes high. This

| atter signal

drives the pul se generator
on/off signals to the

When RT switches logic levels from

N\

drives the high-side dead tine circuit TDEg 126, which
PGEN 128, which level shifts EWEPIMUEMWTdSHEET
- h4
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hi dh-side circuitry. The dead tinme circuits are designed to generate a
smal |l delay (e.g., 1 [err]sec) to the "turn-on" signal in order to (1)
provi de a cross-conduction dead tinme for the power MOSFETs 40 and 42, and\\\\
(2) facilitate zero-voltage switching techniques for drive frequencies
above the L-C resonant frequency (where the | oad inpedance is inductive).
Conversely, these dead tine circuits are designed to add a EEEEg;de+a§~as‘w
possible to the "turn-off" signals to the gate drivers 138 aﬁ MENT: SHEET |
t he high-side dead tinme circuit TDEADH f?ﬁgtineout.period (Je.Jo., 1
[err]sec), the pulse generator PGEN 128 is given the |ogic |sijgraV oeT
translate a "turn-on" signal to the high-side gate driver 138. The DV/
circuit 134 discrimnates short pulses (e.g., 50-200 nsec) jenTted—by
pul se generator, and translates tH@se pul ses inﬂb "set" ang_'reset" signals
for the HSLATCH 136. RT/ N goi ng high correspondg to a "set" signal at the
h44+44ﬁﬁki¥AH¥}4
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input to the HSLATCH, whic -he—H  the
command to drive the HO
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out put hi gh. Anot her result of the Rlerr] pin switching froma
high to a |ow potential is that the resistor 16 begins to discharge the
capacitor 14 fromthe 2/3 Vcc threshold (set by the DI VIDER 112 bl ock)
downward to the 1/3 Vcc threshold (also set by the DI VIDER 112 bl ock). Upo
reaching the 1/3 Vcc threshol d, the PCOW conparator 116 output goes hi gh,
giving a "set" signal to the RSLATCH 120. This "set" signal drives R err]
high, Rlerr]/Nlow, and results in the gugput of the half-bridge Vs _going

| ow. The antiphase relationship between RT and CT resultski PLACEMENT SHEET

self-oscillation at a 50% duty cycle, independent of the Jc_é’éﬁe.ui&ah-as‘d

tenperature. This duty cycle control, conmbined with careful{y nmatched |
27 OCT 197
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t er m nal

sem conduct or
to aload circuit;

| ocated at a node between said first and secon
the comon term na
said integrated cirg

devi ces,

circuit having an input control

| evel si
power
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circuit fornmed in a silicon substrate for driving first and second MOS
gat ed power seni conductor devices which are connected in a half bridge
circuit which has first and second d-c term nals and. which has a conmon

for supplyin
pét conprising:

whi ch is conneqt 4
| atch circuit coupled tq 4
for controlling the frequency at which said first and se
devices are switched on and off and
out put which is switched in response to said S|gna
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a:h}ﬁh side dead tine delay circuit and a |low side dead tinme delay circuit

edch coupled to said first latch circuit for delaying transnission of said
| atch output signal for a tine delay interval fol l owt ng the sw tching of

said output of said first latch circuit to prevent si on
of said first and second MOS gated power sem conducto BEBU&@M N a
hi gh side driver circuit and a |ow side driver circuit] qoupled to sai i gh

side dead tinme circuit and said | ow side dead tine cirjcdi tQ)3 DEC998 i yely,
and having high side and | ow side output term nals, rgsgectively, whig¢h
supply high side and | ow side outputs for turning on : 1 1
second MOS gat ed power semn conductor devices, respectijvely, in responsejto
said signals supplied to said input conttol termnal; and a
protective circuit coupled to said low | ogic | evel signal for conparing
said low |l evel signal to a threshold val ue and, when sald | ow | ogic | eve
signal is |ess than said Bhddsd LTHg SH Oy [FUNCGTION: | gnal s to said
hi gh side and | ow si de del ay CIrCUItS to prevent sai d supply of both of

said high side_and said |ow side outputs.
RELATED APPLICATIONS

This application is related to U.S. Pétent No.
5,612,597 éntitled_"OSCILLATING DRIVER CIRCUI? WITH POWER
FACTOR CORRECTION, ELECTRONIC LAMP BALLAST EMPLOYING SAME
AND DRIVER METHOD" issued March 18, 1997 S, tq;
U.S. Patent No. 5,545,955, entitled "MOS GATE DRIVER FOR
BALLAST CIRCUITS" issued August 13, 1996 ., to
U.S. Patent No. 5,559,394, entitled "MOS GATE DRIVER FOR
BALLAST CIRCUITS", issued September 24, 1996 . &,
all in the name of Peter N. Wood, and to U.S. Patent No.
5,550,436, entitled "MOS GATE DRIVER iNTEGRATED CIRCUIT
FOR BALLAST CIRCUITS", issued August 27, 1996 2
in the name of Talbott M. Houk, all of which are assigned
to the assignee of the present application and
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to lamp ballast
circuits, and, more particularly, to an improved lamp
ballast circuit which protects against lamp failure.

Lamp ballast circuits, such as an International
Rectifier IR2155 or IR2151 IC, are known and are

described in U.S. Patent Nos. 5,545,955 and
5,559,394 to Peter Wood and in U.S. Patent No.
5,550,436 to Talbott M. Houk.

To properly shut down a ballast IC during
certain lamp application failure modes, a means of
turning off the gate driver outputs upon sensing fault
conditions (such as a broken filament or a lamp which



- 17- 2. The integrated circuit of claiml protective circuit
conprlses a threshol d vol t age sensing circuit coupl I C
| evel signal and a second latch circuit coupled to [sdEHLACHMENTGSHEETC it for
supplying an output to said high side and | ow side ({dgad t1me dera
circuits. 3. The integrated circuit of [cliai gBIDEO nisgid
threshol d voltage is l-ess than the |-owest value of |sdid low [ogic lfeyel

signal at which said high side and said | ow side oyt pots—afe—erdrarijly
supplied to said first and second MOS gat ed power

fails to strike at startup) and then turning off the
output power transistors is needed.

Because of the topology of the IR2155 and
IR2151 ICs, the circuits are self-osc1llat1ng under
normal operation, as shown in Figures 1 and 2.

Figure 1 shows the components of a typical lamp
driver circuit. A bridge rectifier 10 derives a bus
voltage (Vpys) from the ac line. The bus voltage is
approximately dc and is supported by capacitors 56 and
58, |

_ The lamp driver circuit of Figure 1 includes an
MOS gate driver chip 30 and its associated circuitry for
controlling the operation of a high side MOSFET 40 and a
low side MOSFET 42. The MOS gate driver chip 30 provides
drive signals to the MOSFETs 40 and 42 which are
connected to Vyy. Though power MOSFETs are shown, any
power device which has a MOS gate, such as an IGBT or a
MOS gated thyristor, may be substituted for power MOSFETs
40 and 42.

The output of the center tap of half bridge
connected MOSFETs 40 and 42 drives a circuit that
includes a series LC load circuit comprised of inductor
46 and capacitor 52.

The voltage supplied at terminal Vi, can range
from as low as 140 volts d-c to above 600 volts d-c,
depending upon the supplied AC input voltage.

The oscillating frequehcy of the output circuit
is controlled by the resonant frequency of the inductor
46 and the capacitor 52. The desired inductance value of
inductor 46 will depend on the value of the voltage Vpys
and is selected so that the oscillation frequency of the
circuit is within desired range.



senicbnductor devi ces. 4. The integrated circuit of claiml

wherein said protective circuit prevents said high sid my@A¢
time delay circuits fron1transn1tt|ng said latch outp
|l ow | ogic | evel signal is less than said threshold vo

The integrated circuit of claiml1 whereir? said tiner
I nput control termnal for controlling the frequency
gated power sen1conductor devi ces are turned on and ofif;
second i npudUX JF I LARVIES

ge
i rlc PP PEG 1998 ¢
ich said
said first and
tinm nag

g connected to an

capaci tor and aﬁmﬁ%%&%&@ntth%h%%tlb%ﬁb&%&&dk%rf%ﬁih'ﬂﬁmbhaf%$§ﬂ lation
frequency of said timng circuit. Acircuit for driving a

| oad ci r cui inYeFRLEd CiFg it whigh §5pﬁaﬁtﬁb&8?l€§ﬁpﬂﬁ§ﬁﬁﬁ to the first

and second

dapatadftd RPWIriSRH CARNGEIOWhEeYiaC8mp fails or is removed
by disabling both of the driver outputs.

When the lamp is replaced, the IC automatically restarts
the lamp driver circuit without cycling the lamp power
switch. . |

According to a first aspect of the present invention, an
integrated circuit formed in a silicon substrate for driving
first and second MOS gated power semiconductor devices which
are connected in a half bridge circuit which has first and
second d-c¢ terminals and which has a common terminal located
at a node between said first and second MOS .gated power
semiconductor devices, the common terminal for supplying an
output signél to a load circuit; said integrated circuit
comprising: _

a timer circuit having an input control terminal which
is connected to a low logic level signal;

a first latch circuit coupled to said timer circuit for:
controlling the frequency at which said first and second MOS
gated power semiconductor devices are switched on and off and
for supplying an output which is switched in response to said
signal applied to said input control terminal;

~ a high side dead time delay circuit and a low side dead
time delay circuit each coupled to said first latch circuit
for delaying transmission of said latch output signal for a
time delay interval following the switching of said. output of

- said first latch circuit to prevent simultaneous conduction

of said first and second MOS gated power semiconductor
devices; '

a high side driver circuit and a low side driver circuit
coupled to said high side dead time circuit and said low side
dead time circuit, respectively, and having high side and low



connected in a half bridge configuration which has first-anﬁggﬁﬁﬁiﬁ
termnals coupled across the d-c bus supply and having ngﬁ.r
t he node between said first and second MOS gat ed power conduct or

devi ces for supplying an output signal to the | oad circ?:x

self oscillating driver circuit having f8rst and second [o
said first and second MOS gat ed power

BGDEC 1998

puts for drii

side output termihals, respectively, which supgp
and low side outputs for turning on and off said first and
second MOS gated power semiconductor devices, respectively,

in response to said signals supplied to said input control
terminal; and

a protective circuit coupled to said low 1oglc level
signal for comparing said low level signal to a threshold
value and, when said low logic level signal is less than said
threshold voltage, for aelivering signals to said high side
and low side delay circuits to prevent said supply'of both of
said high side and said low side outputs.

According to thlS aspect of the invention, the
protective circuit may include a threshold voltage sen31ng
circuit which 1s.coup1ed to the low logic level signal and a
second latch circuit which is coupled to the sensing cirduit
and whose outputs are supplied to the high side and low side.
dead time delay circuits. The threshold voltage may be less
than the lowest value of the lower logic level signal voltage
at which outputs are supplied for turning on and off the
first and second MOS gated power semiconductor devices. When -
the low logic level signal falls below the threshold voltage,
the high side and low side dead time delay circuits may be
prevented from transmitting the latch output signal.

According to a second aspect of the present invention,
there is provided a circuit for dfiving a load circuit from a
dc bus supply, said circuit comprising:

first and second MOS gated power semiconductor dev1ces
connected in a half bridge configuration which has first and
second d-c terminals coupled across the d-c bus supply and

having a common terminal at the node between said first and

second MOS gated power semiconductor devices for supplying an
output signal to the load circuit; and

a self oscillating driver circuit having first and
second butputs for driving said first and second MOS gated



- 18 - sem conductor devices, respectively, and a tinmer circuit which is
connected to a low logic level signal, a high side dead tinme delay circuit
and a low side dead tinme delay circuit, said high side and | ow side dead
tinme delay circuits preventing the sinultaneous driving of said first and
second MOS gated power sem conductor de®iees by delaying the turning on of
one of said first and second MOS gated power sem conductor devices for a
time delay interval after the turning off of the other one of said first
and secondPWESrgacnticprdeetatnievhaast oregpertdvelundaadpadt BEMeve circuit

coupl ed tOdéQh? LoV PO Eol-e¥ebvaheal £AE SOMRRELABoRS! driPWnkogEC | evel
signal to a threshold voltage and for~delivering signals to said high side
and said first and second MOS gated power semiconductor devices
by delaying the turning on of one of said first and second
MOS gated power semiconductor devices for a time delay
interval after the turning off of another one of said first
and second MOS gated power semiconductor devices, and a
protective circuit coupled to said low logic level signal
for comparing said low level signal to a threshold value
and, when said low logic level signal is less than said
threshold vbltage, for delivefing signals to said high side
and low side delay circuits to prevent supply of both said
high side and said low side outputs.
In accordance with a third aspect of the present
invention, a circuit for driving a gas discharge
illumination device comprises a circuit in accordance with
the second aspect of the invention.
Other features and advantages of the present invention
will become apparent from the following description of the
invention which refers to the following drawings.
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ng}éide dead time delay circuits, to prevent supply of both high side and
| ow side outputs for turning on and off said first and second MOS gat ed
power sem conductor devices when said low logic level signal is |ess than

sai d threshold voltage. 7. Acircuit for driving.a gas discharge
|_I Ilgm nati on device which conpri ses.the circuit of. claim - REPLACEMENT SHEET
03 DEC 1998 !
- 9a - !
BRIEF.DESCRIPTION OF THE DRAWINGS .]

Figure 1 is a diagram showing a typical known
lamp ballast circuit. |
Figure 2 shows the waveforms of the circuit
shown in Figure 1. ' .
| Figure 3 shows a known lamp ballast circuit
which includes a shunt transistor that disables the
circuit in the event of 1amp failure.

) Figure 4 shows a known lamp ballast circuit in
which an SCR shunts the V.. pin in the event of a lamp
failure. _

Figure 5 shows a block diagram of a lamp driver
integrated circuit according to an embodiment of the
invention.

Figure 6 shows the waveforms of the lamp driver
integrated circuit shown in Figure 5.

DETATILED DESCRIPTION OF THE INVENTION
The invention enables the use of the simple _
circuit, such as is shown in Figure 3, by modifying the

internal IC circuitry. The circuit shown in Figure 3,
however, represents only one example of a shutdown
circuit. oOther similar circuits are also possible.

Figure 5 is a block diagram of the circuit of
the IC.chip 30 of the invention that is suitable for
inclusion in the circuit of Figure 3. The eight pinouts
of chip 30 are repeated in Figure 5. All circuit blocks
to be described in Figure 5 are typically integrated into
a common silicon chip.

The leftmost circuit block shown in Figure 5 is

the clamp circuit 110, typically comprising a plurality .

of zener diodes. The clamp circuits connected from pin

Vi, and pin Vg which is connected to the silicon



resistor for setting tte—oscillation frequency of said timng circuit.

sald circuit

c;;npf. < PRI TR IWS? and second MOS gat ed pover Sqres
al

devi ces cbnrfectled™i nsa f bridge configuration which hgs
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d-c termnals coupled across the d-c bus supply and havi

comon

termnal at the node between said first and second MOS gaf ed C 1998
sem conductor devices for supplying an outpyf signal to the |§§%°§,rcu,t
and a self oscillating driver circuit having fiysk—are—secomd

outputs for driving said first and secondCMBM$at ed power

devi ces,

sem conduct or

respectively, a dead tinme delay circuit for preventing the

si mul t aneous driving of ﬁ'ﬁnédﬁ%éFé§“Ef¥%aﬁQdfMEﬁeHaiﬁdapgﬂﬁicéﬁniCondUCtor

devi ces by delaying the turnin

one
substrate for driving first and second MOS gated power

semiconductor devices which are connected in a half bridge
circuit which has first and second d-c terminals and which has a
common terminal located at a node between said first and second
MOS gated power semiconductor devices, the common terminal for.
supplying an output signal to a load circuit; said integrated
circuit comprising:

a timer circuit having an input control terminal which
is connected to a low logic level signal;

N a first latch circuit coupled to said timer circuit for
controlling the frequency at which said first and second MOS
gated power semiconductor devices are switched on and off and for
supplying an output which is switched in response to said signal
appliéd to said input control terminal;

a high side dead time delay circuit and a low side dead
time delay circuit each coupled to said first latch circuit for
delaying transmission of said latch output signal for a time
delay interval following the switching of said output of said
first latch circuit to prevent simultaneous conduction of said
first and second MOS gated power semiconductor devices;

a high side driver circuit and a low side driver

‘circuit coupled to said high side dead time circuit and said low

side dead time circuit¢ respectively, and having high side and
low side output terminals, respectively, which supply high side
and low side outputs for turning on and off said first and second

MOS gated power semiconductor devices, respectively, in response

to said signals supplied to said input control terminal; and

a protective circuit coupled to said low logic level
signal for comparing said low level signal to a threshold value
and, when said low logic level signal is less thén said threshold
voltage, for delivering signals to said high side and low side
delay circuits to prevent said supply of both of said high side
and said low side outputs. |



of sald f|rst—aﬁdﬁmaﬁﬁﬁ+ﬂff%ga%ed power sem conduct or deV|ces for a tine
del ay interval i‘l '“H3 g off gf anot her gne 01;] sald first and
second MOS gatH } Hﬂii'ﬂuctor evi ces, and a shutdgo

coupl ed to sai 0ginCc Isevel signal for preventing sai dWEPILS{‘r(\{E@iéM‘ %E@I
hi gh side and Iom15|de out puts for turning on and off sajd f| t and sec
MOS gat ed power sem conductor devi ces when said | ow | ogi EIbﬂBB |s
| ess than a threshold vol tage. - 177 The circu tlof claim®6
wherein said protection circuit conprises a threshold v téEE_EEHETﬂg‘—J
circuit coupled to said T im@idratedebistgigl ofnel #im A

coupled 10 S%E%tiggség c&lg(%gdpgygés a threshold voltage sensing circuit

coupled to said low logic level signal and a second latch circuit
coupled to said sensing circuit for supplying an output to said
high side and low side dead time delay circuits.

3. The integrated circuit of claim 1 wherein said
threshold voltage is less than the lowest value of said low logic
level signal at which said high side and said low side outputs
are ordinarily supplied to said first and second MOS gated power
semiconductor devices.

4, The integrated circuit of claim 1 wherein said
protective circuit prevents said high side and low side dead time
delay circuits from transmitting said latch output signal when
‘said low logic level signal is less than said threshold voltage.

5. The integrated circuit of claim 1 wherein said
timer circuit has a second input control terminal for controlling.
the frequency at which said MOS gated power semiconductor devices
‘are turned on and off; said first and second input control
terminals being connected to an external timing capacitor and an
“external timing resistor for setting'the oscillation frequency
of said timing circuit.

6. A circuit for driving a load circuit from a dc bus
supply, said circuit comprising:

first and second MOS gated power semlconductor devices
connected in a half bridge configuration which has first and
second d-c terminals coupled across the d-c bus supply and having
a common terminal at the node between said first and second MOS
gated power semiconductor devices for supplying an output signal
to the load circuit; and

a self oscillating driver circuit having first and
"second outputs for-dr1v1ng said first and second MOS gated power



circuits.

«-1}9-:"'. su ppﬂ n ‘an out sai d high side and | ow si de d BEBLACEMENd e HRET
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voltage is
whi ch said hlgh Si
said first and second MOS gated power sem conductor devi cgs?

gu”utl ircuit of claim®6 wherein saild

st value of said low logic | ¢vel 3@*&
e and said 1 ow side outputs are ordinafily su

The circuit of claim®6 wherein said proteg%ion circuit prpvents said hlgh

side and | ow side dead tine delay circuit

fFon1transnitt|ng Saru—t+at-eh

out put S'EHgﬂléMﬁﬁﬁc%%%ddEQEEEQQ'Ee&ﬁ&@%léﬂﬁy"“ '&% d?%ﬁme delay circuit

for preventing the simultaneocus driving of said first and second
MOS gated power semiconductor devices by delaying the turning on
of one of said first and second MOS gated power semiconductor
devices for a time delay interval after the turning off of
another one of said first and second MOS gated power
semiconductor devices, and a protectlve circuit coupled to said

. low logic level signal for compar;ng said low level signal to a

threshold value and, when said low logic level signal is less
than said threshold voltage, for delivering signals to said high
side and low side delay circuits to prevent supply of both said
high side and said low side outputs.

7. The circuit of claim 6 wherein said protective
circuit comprises a threshold voltage sensing circuit coupled to
said low logic level signal and a latch circuit coupled to said
sensing circuit for supplying an output to said high side and low
side dead time delay circuits that supply said high side and low
side signals.

8. The circuit of claim 6 wherein said threshold
voltage is less than the lowest value of said low logic level
signal at which said high side and said low side outputs are
ordinarily supplied to said first and second MOS gated power
semiconductor devices.

S. The circuit of claim 6 wherein said protective
circuit prevents said high side and low side dead time delay

" circuits from transmitting a latch output signal when said low

logic level signal is less than said threshold voltage.

10. A circuit for driving a gas discharge illumination
device which comprises the circuit of claim 6.

This Sheet Has Been Remlaced




{th said threshold vol t age. | 10, Acircuit for driving a gd@?93132'}
dkécharge i |{unination device which conprises the circuit of claim®6.

- 9 -

power semiconductor devices, respectively, and a timer
circuit which ié'connected to a low logic level signal, a
high side dead time delay circuit and a low side dead time
delay circuit, said high side and low side dead time delay
‘circuits preventing the simultaneous driving of said

first and second MOS gated power semiconductor devices by
delaying the turning on of one of said first and Seqond MOS
gated power semiconductor devices for a time delay.fnterval
after the turning off of the other one of said first and
second MOS gated power semiconductor devices, and-a
protective circuit coupled to saidilow logic level signal
for comparing said low logic level signal to a threshold.
voltage and for delivering signals to said high side and
low side dead time delay circuits, to prevent supply of
both high side and low side outputs for turning on and off
said first and second MOS gated power semiconductor devices
when said low logic level signal is less than said
threshold voltage.

REPLACEMENT SHEET

20 APR 1999




.-.

Thl ‘s*Sheet Has" Been Repl aced
1Tillll11}}$iiilllllll_______

KT ) llll

- 18 -

semiconductor devices, respectively, and a timer circuit
which is connected to a low logic level signal, a high side
dead time delay circuit and a low side dead time delay
circuit, said high side and low side dead time delay
circuits preventing the simultaneous driving of said first
and second MOS gated power semiconductor devices by
delaying the turning on of one of said first and second MOS

' gated power semiconductor devices for a time delay interval
after the turning off of the other one of said first and
second MOS ggted power semiconductor devices, and a
protective dircuit coupled to said low logic level signal
for comparlng said low loglc level signal to a threshold

.voltage and for dellverlng signals to said high side and
low side dead time delay circuits, to prevent supply of
both high side and low side outputs for turning on and off
said first and second MOS gated power semiconductor dev1ces
when said low logic level signal is less than said
threshold voltage.

7. A circuit for driving a gas discharge illumination
device which comprises ths circuit of claim 6.
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