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10,000 to 1. These displays nced a backlighting system to make information visible to
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sunlight on the display. Since it is also desired that the backlighting color not change :

20 over the dimming range, fluorescent lights are preferred since their color is not altered
by dimming but rather by the selection of the appropriate composition of phosphorous
coating within the lamp. Accordingly, the brightness of the fluorescent lamp needs to
vary by large amount in order for the pilot to be able to view the display under all
ambient lighting conditions. The system should be free of swirls, flicker, and

25 . discontinuities and be capable of withstanding temperatures from -55° C. to +85° C.
with a smooth response to the pilot's dimming command and be able to provide a large
number of cold starts and hours of operation while maintaining a high efficiency circuit.

One scheme for dimming a fluorescent lamp is a system in which the alternating
- signal supplying power to the lamp is cut with a notch of variable width so as to reduce

30 - the power applied to the lamp and thereby provide the desired dimming. The smaller
the widths provided to the lamp, the lower power at which the lamp operates. A
common device for providing the ability to vary the width of the pulses are
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20  Atthe point where the capacitor begins to charge for the ramping voltage, the initial .
charging may not be linear. There may be a small curve on the end of this ramp. If this .
happens, the pulse width may be either too wide or too narrow. Because this noise may .
fluctuate over time, the ountput pulses will also vary in width over time. These variations
in width will cause flicker which will appear on the display screen.

25 Therefore, an object of the present invention is to provide an appa.retus which
eliminates inconsistent pulse widths when the pulse width modulator is operating at a

very loW duty cycle.

SUMMARY OF THE INVENTION
30 The apparatus described herein provides consistent pulse widths for a pulse
width modulator when operating at a very low duty cycle. The apparatus is comprised

of a pulse width modulating apparatus which outputs pulses on a periodic basis where
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BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A and 1B show the output of prior art pulse width modulators. |
20 . Figure 2 shows the lighting system for a liquid crystal display fluorescent
backlight. _
Figure 3 shows the preferred embodiment of the present invention.

Figure 4 shows graphs of the output of the preferred embodiment.

25 DESCRIPTION OF THE PREFERRED EMBODIMENT
One embodiment for an aircraft lighting system is disclosed in Figure 2. In this
system, the pilot makes adjustments to the lighting of the display through the manual
lighting adjustment 20. Manual lighting adjustment 20 outputs a voltage to pulse width
_ modulator system 22 which is proportional to the desired amount of lighting. The pulse
- 30 width modulater system 22 periodically outputs pulses to inverter 24, where the width
| of the pulses is a function of the manual adjustment voltage. The inverter 24 translates
the pulses into an AC signal which is used to power the fluorescent backlight 26.
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o Disclosed in Figure 3 is a.detailed system diagram for the pulse width modulator -

system 12. Pulse width modulator circuit 30 in the preferred embodiment is a model
10 - SG1526 of Linfinity, Inc. of 11861 Western Avenue, Garden Grove, California 92641.
Most commercial and custom pulse Iwidth modulators operate in a manner similar to the
SG1526, and .the enhancement circuit described herein can be used with most of these
pulse width modulators. The pulse width modulator circuit 30 receives an input voltage
32 on pin 1 which is the signal output from the manual lighting adjustment 20. Power
15 for the circuit is provided by power supply 37 on pin 17. The pulses output by the pulse
width modulator are alternately transmitted over lines 33 and 35 to OR gate 34. So that
the user may control the operating chéracteristics of the pulse width modulator circuit
30, two external exponents, the timing resistor 38 on pin 9 and timing capacitor 36 on
pin 10 are provided. '
20 In pulse width modulator circuit 30, output pulses can be varied in width
| accordiﬁg to the input voltage. The pulses which are output at regular intervals, can fill
- a whole period or be a small fraction of it. In order to generate a pulse, a comparison is .
made between the charge that is built up on the timing capacitor 36 and the input -
_ voltage 32. Timing capacitor 36 is provided with a constant current so that the charge
25 builds in a linear manner. In the present configuration, the amount of time that the pulse
width is at a high level is a function of the period of time in which the charge on the
timing capacitor 36 is less than input voltage 32. This comparison can be seen very
clearly in Figures 1A and 1B. The slope of the ramping voltage is constant and the
width of the pulse is dependent on the magnitude of the voltage which is input to the
30 pulse width modulator. The higher the voltage, the larger the width of the pulse.
The rate at which a capacitor is charged can be controlled by the user of the

pulse width modulator circuit 30. This is done with timing resistor 38. A voltage is
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20 clock frequency of the pulse width modulator. The additional components, resistor 56,
resistor 58, capacitors 40 and 44, and comparators 52 and 54,.are used to shape the ramp
wave form created by the pulse width modulator on pin 10. The pulse width modulatf)r .
sync signal which is output over line 46 pulses at the operating frequency of the.interr'lal
clock of the pulse width modulator circuit 30. At the beginning of the sync pulse, a

25 switch inside the pulse width modulator closes and capacitor 36 discharges to the
minimum voltage of the waveform When the sync pulse changes to the to the high
state, the timing capacitor charges to the maximum voltage of the ramp waveform

- through a current source that is internal to the pulse width modulator. The amplitude of
the current source that drives capacitor 36 is controlled by the value of resistor 38. A
- 30 large value of resistor 38 yields a low amplitude current source and a slow charge rate

for capacitor 36.
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transition from the steep slope to the normal slope in the ramp waveform. .

20 The performance of the modified pulse width modulator is shown in Figure 4.
In this graph, the charge on the timing capacitor is shown with reference to the input
voltage. In this graph, it is obvious that the slope of the charging voltage is very steep, at.
the beginning of the period and then flattens out for the remainder. This steep slope
occurs at the beginning of each period for a known period of time after the sync pulse is

25  transmitted over line 46 to comparator 52. As can be seen in Figure 4, the pulses which
are output from the pulse width modulator are of a consistent width at a very low duty
cycle. If this circuit is used in a display, this will eliminate any flicker at low dimming
ranges for the displays. Using this technique, the output pulse is consistent at widths
less than one microsecond.

30 The invention has been described herein in considerable detail in orderto
comply with the Patent Statutes and to provide those skilled in the art with the

information needed to apply the novel principles and to construct and use such
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controll ed by the RC tine constant created by resistor 58 and
capaci t'or 44: After approxi mately 100 - - m cr oseconds, the voltage
across capacitor 44 reaches 2 volts and the output of 15 conpar at or 54

goes to the high inpedance state, disconnecting resistor 56 from ground.
Wth the parallel connection between resistor 56 and timng resistor 38

br oken, - t he sl ope of the ranp waveformis controlled again by
timng resistor 38 and timng capacitor 46 for the renainder of the
period. Capacitor 40 is used to snooth the transition fromthe
steep slope to the nornmal slope in the ranp waveform 20 The

performance of the nodified pulse width nodulator is shown in Figure 4.

In this graph, the charge on the timng capacitor is shown with reference
to the input voltage. In this graph, it is obvious that the slope
of the charging voltage is very steep at t he begi nning of the
period and then flattens out for the remainder. This steep sl ope

occurs at the beginning of each period for a known period of tinme after the

sync pulse-is 25 transmtted over line 46 to conparator 52. As can be
seen in Figure 4, the pul ses which . are output fromthe pulse width
nodul at or are of a consistent width at a very |ow duty cycle. If
this circuit is used in a display, this will elimnate any flicker at |ow
di nm ng ranges for the displays. Using this technique, the out put

pul se is consistent at widths



I ess than one micfosecond. 30 ' The invent_i—on has been descri bed
herein in consi der affieshest Has Been Repicaler t 0 conmply with the Patent

Statutes _and to provil| iiflfled in the art with the - '
i nf or mat WEh98RT64fed t ) el principles and to coPCEESNISIASd use
such WO 98/ 276 -8- | -

PCT/ US97/ 18395 _ -7-

sgeci alhi zed conponents as are required. ClABMSr, it is to be understood
that the-- i nvention can be carried out specifically different _
equi pment and devi kes, 'éﬁ&PP‘Fﬁ‘PSf°rge“°ra9%$V%3XW|S‘g‘N‘FYé’ PUSES COBBRISInGs (o

-the equipment det 34 #@?n@ﬁ?dtﬂi}?ddﬁiaﬂﬁﬁg aﬁ&%ﬂwh%%tpﬁ?ﬁlgezsﬂn a %eﬁod?&%{ERWhéltéed

| W t hqpt departing e Scope o e i nventl

- V%at' i's “cl ai riaélwidth of the pulses is controlled by the magnitude-of an input voltage, said pulse

- 8- . _ T CLAIMB 1. An

appar at us f orwigthmodulating meays fusthexiepmprisiag:e pul ses conpri si ng: a

bul se wi dth modul at i g Ieans ( 22)-phlo S, RUbRN 5 RUIGESR RlSkbot © basis.

a timing resistor connected between a voltage source and ground where a
reference current is drawn through the ﬁming resistor; and
a timing capacitor which receives a charging current, where said charging
10 current is a fanction of the reference current, said.timing capacitor provides a
ramping voltage which is compared with the input voltaée; and
means which receives the sync pulse from the pulse width modulating means
and increases the current through the timing resistor which in turn increases the rate in
- which the timing capacitor charges for a period of time which is a function of an

15 adjustable time constant.

2. The apparatus of claim 1 wherein the means to increase the current
through the timing resistor comprises _
" a first comparator which receives the sync signal from the pulse width
20 modulating means and compares the sync signal to a reference voltage, where said first
comparator outputs a low signal in response to the sync signal being less than the first
reference voltage and said first comparator outputs a high impedance in response to the -
sync signal being greater than the first reference voltage; ’
a voltage source in contact with the output of the first comparator which charges
25 a first capacitor through a resistor when the output of the first cbmi)arator is high
impedance and discharges said capacitor when the sync pulse is low; and
a second comparator which compares the ch.arge on the first capacitor with a
second reference voltage and outputs a low signal in response to the charge on the
capacitor being less than the second reference voltage, and outputs a high impedance
30 when the charge on the capacitor is greater than the second reference voltage where the

output of the second comparator is in contact with a second resistor.
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wi dth-of the pulses is controlled by t he magni t ude of an i-nput vol t age
.sai-d pul se wi dfrhis ShegithidsiBeen cebans (22) further conprising:

(32)., Il se
means (3Q): for gener atji ﬂ“ﬂmmt se (46) at predeterm ned intervals:
re

a timng YefRIGE (38) “ ween a yol tage.sour ce ESTTUYYAEIE
ground where a erence current is drawn through the timng~
resistor (38): and a timng capacitor (36_2 whi ch receives a
charging current, &her e Thaiapparats gf algim 1 wherein asgeqnepapacitos bas ag anede iBf t he

reference current, said tinng.gapacitor v .-@gm O Sith |

vol tage whi ch®f! agt I, a&’&?“ﬁuf ﬁfﬁﬁe‘eﬁgﬁ“t"“&?ﬁz‘%ﬁ{e‘@*E%‘??“?H‘é rarrp:\l)r‘llléh ?&“P%’ge
bei ng . characterized by a waveform having at |east two slopes (Fig.
4): and . means whi ch receives the sync pul se (46) fromthe pul se

S width m)dul( gg i n\?\h rdans (Tb2appardtus forgeperating vexydowealvty eyplopulses ofeclainnd ng
capaci tor, ich int h .th te.i ' th fmiong. . o
capaci t oP (36}'beriR g@?PPB‘?%-{“S fé’ég‘?%%é Vlgfyr w:gﬁtgcfagﬁﬁssﬁfs&s% }T’ear.lalgf“ﬂ’r“gnce
cgrr.ent througMipﬁratﬂWtq@lﬁtor (38). . _

5. Th_é apparatus of clalm 4 wherein the fluorescent light is used as a liquid
crystal display backlight. "
10 |
6. A backlight apparatus for a liquid crystal display comprising:
means for emitting light;
power supply for providing power to the means for emitting light;
means to control the brightness of the means for emitting light, said means
15 comprising: | '

' a pulse width modulating means which outputs a pulses on a periodic
basis, where the width of the pulses is controlled by the magnitude of an input
voltage, said pulse width modulating means further comprising:

means for generating a sync pulse at predetermined intervals; '
20 a timing resistor connected between a voltage source and g_round
" where a reference current is drawn through the timing resistor; and
.a timing capacitor which receives a charging current, where said '
charging currentis a function of the reference current, said timing ,
capacitor provides a ramping voltage which is compared with the input
25 ' - - voltage; and
means which receives the sync pulse from the pulse width modulating
means and increases the current through the timing resistor which in turn
increases the rate in which the timing capacitor charges for a period of time
which is a function of an adjustable time constant.
- 30
7. - The apparatus of claim 6 wherein the means to increase the current

through the timing resistor comprises

EYETRE] : [T

REPLACED .




2. The apparatus of Claim1, wherein the neans to change the reference
current through the ThlstShastH@Heaﬂl l@d (38) conprises: a first
conpar at or- (52) whi ch nc pul se (46) fromthe pulse width"’
modul at i YO 983¢@B s (22 Emlmuﬁzt he sync pul se (46) twca'mssflm‘seﬂce
vol tage (96), where sal aratorl Ul) outputs a | ow signal -
response to the sync pulse (46) being less than the first ref erence
vottage (96) and saifitsf ¢onfaratonwhich reveived Me syut pighsl feorhitlhpulsegwiith i n

- response.to the sync pul se_(46) being greater than the first reference
vol t age (96); modulating megan§ and gerapases the sypaisignal fo a sefergaee wltalsembereamélﬁrstof

Tesistor (58 CRRERAROUH A1 HERR I fedpSse & HieSivaf BRAHIH 14 s B
‘the first conpgfeshes véleg: aﬁagﬁhﬁrg%mﬁra@orfd its & BipAGhipe am{céﬁreéﬁ&eewﬁxe

sync pulse (46) is |low, and second conparator (54) wh
"conpar es 5 he Mg@dhemgmatmmt&pmgfermdyomgeh a second reference-

vol tage (50) and ou s a low si res se.to.the charge on,t
2t Syrredogoffaatmieh ehliG P e ol e h
sl ooy U (ol eV il
%Qﬂb gﬁkhrp{i@gahfk?re \Gﬁ‘en 6 &1 the Firdt 3863 ghlta&frfléﬂ%)l

greater. than the se nce voltag ere t he out put

second conpar ahpede@ﬁd}md &schmg&srsaﬂwapmﬂnh Whlen theodyhagalse mlbweaxjcbl n 9)

t hrough a second resistor. (56). The appar at us ?f Claim 2, wherein
a second capacitor a(sﬁmndrfé’S“P&Fﬁt%‘E@éhPﬂm%‘ﬁF the:chaygetpn;the first capacitor with a

10 second reference voltage and outputs a low signal in response to the charge on the

capacitor being less than the second reference voltage, and outputs a high impedance
when the charge on the first capacitor is greater than the second reference voltage where

the output of the second comparator is in contact with a second resistor.

15 8. The apparatus of claim 7 wherein a second capacitor has an anode in

contact with the output of the second comparator and a cathode in contact with ground.

9. The apparatus of claim 6 wherein the light emitting means is a
fluorescent backlight.
20 .
10.  An apparatus for adapting a pulse width modulator to output very low
duty cycle pulses, wherein the pulse width modulator has external connections to a
.timing capacitor and a timing resister, and the pulse width modulator receives an control
voltage external voltage, apparatus comprising: |
25 ; ~ a first comparator which receives the sync signal from the pulse width
modulating means and compares the sync signal to a reference voltage, where said first
comparator outputs a low signal in response to the sync signal being less than the first
reference voltage and said first comparator outputs a high impedance in response to the
sync signal being greater than the first reference voltage;
30 a voltage source in contact, through a first resistor, with the output of the first
comparator which charges a first capacitor when the output of the first comparator is

high impedance and discharges said capacitor when the sync pL_ilse is lew; and
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out put of the second conparator (54) and a cathode in contact with ground.

-10-. .. 4., _The apparatus of Claim1l, wherein the apparatus for

generat i ﬁb\é ow duty cycle pulses is used in a dinmmn ra
light em ans (26). 5. The appplr_at us of Caim gll’&#lfdsswﬁﬁs '
conpri si ng rreans for em tt| ng |ight (26) and a power
supply (37) for providin vver to e rreans em' tt] ng,l i ht ..(26).;
wherein the pul se vﬂ%ﬁcﬁn P%{'Pﬁoﬁ&’ h'F H‘{’ﬁg’l@

the means (26)g..4 re?éfbﬁée'\%ﬁﬁ% ?{H%utp\ftsalow-g aﬁﬁﬁ@s‘pﬁh&bsto%e@x Férbﬁ'theﬁrs%

wherein the rreans or -emtti (26) is a fluorescent back

The appar at us dapaditoribeing. lessttharcths sedmdrmfarmcé woltzge; aridi ougputs gﬂngl(mﬁ)edamea

fl uorescent backlight for a |iquid crystal S
' when the charge on the 9apac1tor 1%1 greater axan%e g/econd reference voltage where the

5  output of the second comparator is in con_tact 'with a second resistor.

1. The apparatus of claim 10 wherein the pulse width modulator is used as
d1mmer for a light emlttmg means.

10 12.  The apparatus of claim 11 wherein the light emitting means is a
fluorescent backlight for a liquid crystal display.

13.  The apparatus of clalm 10 wherein a second capacitor has an anode in

contact with the output of the second comparator and a cathode in contact with ground.
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