IR713b8 -1- SOFT START CIRCU T FOR SELF- OSCl LLATI NG DRI VERS REuﬁjgg,— ,%
APPLI CATIONS This application is related to and clains the fili A?Q o)

Provi sional Application Serial No. 5 60/ 010, 720, filed January 29)P099

[IR-1308(PROV)]. FIELD OF THE I NVENTION This invention relates to power
MOSgat e device drivers, and nore specifically relates to a self-
oscillating driver for a |anp ballast which has soft 10 start
characteristics. BACKGROUND OF THE | NVENTI ON One of the hasigolgi mtations
of self- oscillating MOSFET drivers such as those of the IR215X and its
famly of devices sold by the International 15 Rectifier Corporation of
El Segundo, California, is their inherent constant frequency operation when
the Rlerr] and C[err] inputs are fixed val_ugs. In a ballast application,
this causes a high
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SOFT START CIRCUIT FOR SELF-OSCILIATING DRIVERS

RELATED APPLICATIONS

This application is related to and claims the
filing date of Provisional Application Serial No.
60/010,720, filed January 29, 1996 [IR-1308(PROV)].

FIELD OF THE INVENTION

This invention relates to power MOSgate device
drivers, and more specifically relates to a self-
oscillating driver for a lamp ballast which has soft
start characteristics.

BACKGROUND OF THE INVENTION

One of the basic limitations of self-
oscillating MOSFET drivers such as those of the IR215X
and its family of devices sold by the International
Rectifier Corporation of El Seguhdo, Célifornia, is their
inherent constant frequency operation when the Ry and Cp
inputs are fixed values.

In a ballast application, this causes a high
current demand from MOSFETs connected in a 1/2 bridge as
soon as oscillation commences and after an undervoltage
(UV) lockout voltage is exceeded.

In optimized ballast designs where the MOSFETSs
are selected to provide adequate performance for steady
state operation, the additional starting current
overstresses the MOSFETs, resulting in a high failure

rate.
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current demand from MOSFETs connected in a 1/2 bridge as 20 soon as
ostillation comences and after an undervoltage (UV) |ockout voltage is
exceeded. In optimzed ballast designs where the MOSFETs are selected to
provi de adequate performance for steady state operation, the additional
starting current 25 overstresses the MOSFETs, resulting in a high
failure rate. -2- BRI EF SUMVARY OF THE | NVENTI ON The circuit of the

i nvention elimnates the above-describe@ probl emby soft starting the |anp
even after a nonentary input power interruption. It further 5

elimnates the need for PTC therm stor-starting circuits with their

I nherently poor reliability. The novel circuit produces a significant cost-

saving perfor mpge -GN RANGANE bR His" SHENTIBNCT

The circuit of the invention eliminates the
above-described problem by soft starting the lamp even
after a momentary input power interruption. It further

5 eliminates the need for PTC thermistor-starting circuits

with their inherently poor reliability.

The novel circuit produces a significant cost-
saving performance enhancement and reduction of
component-count over alternative designs for all ballasts

10 using self—osciilating drivers.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of a prior art
1/2 bridge ballast circuit for gas discharge lamps, such
as fluorescent lamps.
15 Figure 2 is a schematic diagram of a circuit of
the present invention.
Figure 3 is a schematic diagram of a second

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The circuit of Figure 1 is a basic known self-
oscillating 1/2 bridge where an output sgquare wave
frequency is determined from the values of Ry and C;
connected to chip 10, which is a type IR215X chip. A
positive voltage V; is supplied to pin Vgc through a

25 dropping resistor Rg. A conventional boot strap circuit
consisting of diode 12 and capacitor 13 .is provided. As
stated above, it is possible for a high starting current
to damage power MOSFETs 10 or 11.

In a first embodiment of the invention, the

30 novel soft starting ballast of the invention makes use of

a diode array 20, as shown in Figure 2 to charge and
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conpdhent-count over alternative designs for all ballasts

10 usi ng

seif-oscillating drivers. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a

schematic diagramof a prior art 1/2 bridge ballast circui
di scharge | anps, such as fluorescent |anps. 15

schematic diagramof a circuit of the present invention. F
schemati ¢ di agram of a second enbodi nent of the invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 20

Figure 1 is a basic known self- oscillating 1/2 bridge whe
square wave frequency is determned fromthe values of RT
to chip 10, which is a type IR215X chip. A positive voltag
to pin V[err] through a 25 dropping resistor Rs. A co

t for gas
Figure 2 is a

igure 3 is a

DETAI LED
The circuit of
re an out put
and CT connect ed
e VI is supplied
nventi onal boot

strap circuit cOASCEERE§ Sh&yitdden camdcddpdciror Thei 8rpRYyvRrQegonad sts

stated above, ibfl Fikessia doded) GhdsiRAaididGUenE b

FETs 10 or 1li'esistor R; has a resistance of 24.5k. 1In

Qodappge power
the improved

circuit, oscillation starts (as in Figure 1) as soon as a

5 minimum undervoltage Vyy is exceeded. However, because

the bi-directional diode array 20 subtracts a portion of

the capacitor charging or discharging voltage, the

oscillation frequency of R; and C; is higher than if no

diodes were present.

10 As V¢c increases from Vyy to the normal

operating voltage, usually from about 9 volts to 15

volts, the diode array 20 subtracts a constant voltage

from the C; charge/discharge voltage. The

Cr switching

points are 1/3 and 2/3 of Vi which is increasing. Thus

15 the actual C; switching voltage also increa

ses

proportionately. Since the diode array voltage is
constant and independent of Vg it follows that the

charging and discharging voltages of C; are

not finite

1/3 and 2/3 of Vg but, in fact, as Vg changes, these
20 voltages are a linear function of V.. as described by the

equation:
fosc ® 1/Vec + k

where k is the undervoltage lockout voltage Vyy.

In operation, the frequency is high at the

rate at which this process takes place can
perform a timed preheat cycle; then a soft

25 start of oscillation and decreases as Vg is raised. The

be used to
lamp start at

near resonance; and finally a controlled power level as

the final oscillation frequency is reached.
30 power interruption causes V. to be reduced

starting process is repeated.
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In a first embo

di mrent of the invention, the 30 novel soft starting

bat | ast of the invention nmakes use of a diode array 20, as shown in Figure

2 to charge and
consists of fiv
has a resistanc
in Figure 1) as
However, becaus
the capacitor c
Rlerr] and (er

-3- discharge the timng capacitor CT. The array 20
e 1N914 di odes, and capacitor CT is 0.0022[err]. Resistor

RT

e of 24.5k. In the inproved circuit, -oscillation starts (as

soon as a 5 m ni mum undervol tage V[err] is exceeded.

e the bi-directional diode-array 20 subtracts a portion of

har gi ng or discharging voltage, the oscillation frequency
r] is higher than if no di odes were present. 10

As V[err] increases fromVjerr] to the normal operating voltage, usually
fromabout 9 volts to 15 volts, the diode array 20 subtracts a constant
vol tage fromthe CT char gEL@REEhdr §BOVS| Rageconfeetipodimenki a§ the
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invention, wherein the diodes 20 of Figure 2 are replaced

by a 2 volt zener diode 30 and capacitor 31. A variable
positive voltage is then applied to the V., pin of the
IR215X chip. The frequency fg can be shown to be
proportional to V., above V,,, which is an ideal scenario
for a soft start ballast drive circuit.

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

by the appended claims.
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pointg’are'lld and 2/ 3 of V[err] which is increasing. Thus 15 t he

act ual ﬁ“ age al so increases proportionately. Since the diode
array \l umn " mm l‘lt and i ndependent of V[err] it follows that the
char gi ng* arfid di stha¥gi’ng voltages of CT are not finite 1/3 and 2/3 of

Vlerr] but, in fact, as V[err] changes, these 20 voltages are a |inear
function of.V[err] as described by the equation: f[err] [err] 1/ V[err] + k
where k is the undervol tage | ockout volthage V[err]. In operation, the
frequency is high at the 25 start of oscillation and decreases as

Vierr] is raised. The rate at which this process takes place can be used
to performa tinmed preheat cycle; then a soft lanp start at near resonance;

and finally a c olle% X as the final oscillation frequency is
reached. Vhenev&ﬁég;éé————gﬁﬁ&%ﬂ;1nterruptlon causes V[err] to be reduced,
the soft starting processl.s r@eangdol circuit for a resonant load to
impart soft start characteristics to the resonant load;
said control circuit comprising a pair of power MOSFETs
connected as a half bridge connected to said resonant
5 load to drive said load at a frequency determined by the
frequency at which said power MOSFETs are alternately
turned on and off; a source of voltage V_, connected to
said pair of power MOSFETs; said control circuit
including circuit means having input terminals connected
10 to said source of voltage V., and output terminals whereby
gate turn-on signals are produced at said output
terminals and are connected to the gate terminals of said
pair of powef MOSFETs; the frequency of operation of said
output terminals being controlled by the input to said
15 input terminals; and constant voltage means connected to
said input terminals for subtracting a constant voltage
from the voltage applied to said input terminals, thereby
to cause soft start of said circuit as the voltage V_

increases toward its operating value.

2. The control circuit of claim 1 wherein

said resonant load is a lamp ballast.

3. The control circuit of claim 1 wherein

said constant voltage means comprises a zener diode.

4. The control circuit of claim 1 wherein
said constant voltage means comprises at least two
strings of diodes in anti-parallel connection with one

another.
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-4- FTgUTe 3 shows—a—second enbodi ment of the invention, wherein the di odes

20 of Fi =S r=tall d by a 2 volt zener diode 30 and capacitor 31. A
vari abl eﬂ“lﬂlﬁﬂ,ﬂ““ﬂ“#mil s then applied to the V[err] pin of the 5
| R215X chi*p. ¢ e krequ y f[err] can be shown to be proportional to
Verr] above V[err] which is an ideal scenario for a soft start ball ast
drive circuit. Although the present invention has been described in
relation to particul ar enbodi nents ther&of-, 10 many ot her vari ations
and nodifications and other uses will beconme apparent to those skilled in
the art. It is preferred, therefore, that the present invention be [imted
not by the specific disclosure herein, but only by the appended cl ai ns.
- 5-

5. The control circuit of c¢laim 3 wherein

said resonant load is a lamp ballast.

6. The control circuit of claim 4 wherein

said resonant load is a lamp ballast.

7. The device of claim 1 wherein the wvoltage
at said input terminals changes to produce a frequency of
oscillation of said resonant load which is proportional
to the inverse of V. plus a constant.

8. The device of claim 2 wherein the voltage
at said input terminals changes to produce a fregquency of
oscillation of said resonant load which is proportional

to the inverse of V., plus a constant.

9. The device of claim 5 wherein the wvoltage
at said input terminals changes to produce a frequency of
oscillation of said resonant load which is proportional

to the inverse of V, plus a constant.

10. The device of claim 6 wherein the voltage
at said input terminals changes to produce a frequency of
oscillation of said resonant load which is proportional

to the inverse of V_ plus a constant.

11. The device of claim 1 wherein said circuit
means having input and output terminals is in the family
of IR215X integrated circuit chips.

12. The device of claim 11 wherein said input
terminals comprise the R; and C; terminals of said chip.
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WHAT IS CLAIMED TS, 1.7~ A control circuit for a resonant load to inpart
soft sta ,m\ _ iIEiRS to the resonant |oad; said control circuit
conpri si “‘I mllﬂnm,mmr MOSFETs connected as a half bridge connected to
said resofiant 5- " Isoad to drive said |load at a frequency determ ned by
the frequency at which said power MOSFETs are alternately turned on and
of f; a source of voltage V[err] connected to said pair of power MOSFETs;
said control circuit including circuit reans having input termnals
connected 10 to said source of voltage V[err] and output termnals
whereby gate turn-on signals are produced at said output termnals and are

connected to the gate ternmnals of said pair of power MOSFETs; the
frequency of operation of said output termi nals being controlled by the

input to said 15 i npufl3ter Mhgadeviged ofosdmam leomhere iredie ciit@deed
to sal di nput ta_&%aahs i‘h@!hts Rt-ra Glai kY chaneast agt p‘f@:bh%:‘ée af rﬁ@é‘d&ld&oléﬁge
applied to said input termn Is,,thereb%ﬁto ﬁ&u%? %gfékstart of said
circuit as the 98Fﬁ&&@tVP8rP% BRdPe XEESTETNar- @25 ¥N3FEr A RF P onal

to the inverse of V, plus a constant.

14. The control circuit of claim 13 wherein
said resonant load is a lamp ballast.

_ 15. The control circuit of claim 14 wherein
said resonant load is a lamp ballast.

16. The control circuit of claim 15 wherein
said resonant load is a lamp ballast.
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2. The control circuit of claim1 wherein said resonant load is a | anp
batl ast. 3. The control circuit of claim1 wherein said constant voltage
means conprises a zener diode. 4. The control circuit of claim1l wherein
said constant voltage nmeans conprises at |east two strings of diodes in
anti-parallel connection with one another. -6- 5. The control circuit
of claim3 wherein said resonant load is a |lanp ballast. 6. The control
circuit of claim4 wherein said resonant load is a | anp bd@41la38 7. The
device of claim1l wherein the voltage at said input term nals changes to
produce a frequency of oscillation of said resonant |oad which is
proportional to the inverse of V[err] plus a constant.

SOFT START CIRCUIT FOR SELF-OSCILLATING DRIVERS

ABSTRACT OF THE DISCLOSURE

A half bridge driver chip for driving a
resonant load, such as a ballast, has first and second
pairs to which an oscillation frequency timing circuit,
matched to the resonant frequency of the'ioad. A
constant voltage drop circuit is connected to these input
pins to vary the voltage at the pins as a linear function
of the input voltage V,. Consequently, when V., is
increasing during the start-up of the circuit, the
resonant frequency is initially high but decreases to its
operation value as V, increases. This produces a soft
start characteristic and a timed.preheat cycle of the
resonant load. In one embodiment, the constant voltage
drop circuit is a zener diode; in another embodiment, it
is strings of anti-parallel connected diodes.

Figwa >
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8. The device of claim2 wherein the voltage at said input termnals
changes to produce a frequency of oscillation of said resonant | oad which
is proportional to the inverse of V[err] plus a constant. 9. The devi ce
of claimb5 wherein the voltage at said input term nals changes to produce a
frequency of oscillation of said resonant |oad which is proportional to the
I nverse of V[err] plus a constant. 10. The device of claim®6 wherein the
voltage at said input term nals changg ;Eb produce a frequency of

oscillation of said resonant |oad whi I's proportional to the inverse of
Verr] plus a constant. 11. The device of claim1l wherein said circuit
means havi ng i nput and output te S® s i he fam |y of | R215X
integrated circuit chips. 12. Thq d &f cljaim 11 wherein said input

termnals conprise the RT and CT enninal;NﬁFtsaid chi p.
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-7- 13. The device of claim 12 wherein the voltage at said input termnals
changes to produce a frequency of oscillation of said resonant | oad which
is proportional to the inverse of V[err] plus a constant. 14. The control
circuit of claim13 wherein said resonant load is a |lanmp ballast. -15. The
control circuit of claim 14 wherein said resonant load is a | anp ball ast.
16. The control circuit of claim1l5 wherein said resonant load is a |lanp

bal | ast. :z//:z
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