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[57] ABSTRACT 

The present invention discloses a method and an appa• 
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ratus for power demand load leveling of a power supply 
driving a plurality of LED's through the use of pulse 
width modulation. A first modulating signal provided 
from a pulse width modulator is applied to a delay 
means for generating second, third and fourth modulat­
ing signals each delayed from the previous modulating 
signal by a predetermined time. The modulating signals 
are used to modulate control signals corresponding to 
four groups of associated LED's in order to permit only 
one group of LED's to be turned on at any one time, 
although more than twenty five percent of the LED's 
may be active at any one time. Each of the first, second, 
third and fourth modulating signals are applied to a 
different group of four groups of activation switches 
along with their respective control signals to enable the 
switches and activate an associated group of LED's. 
The predetermined time, representing a time delay be­
tween each of the modulating signals, is chosen to cor• 
respond to twenty five percent of the period of the first 
modulating signal. Due to the time delay between the 
inputs of the different modulating signals, only one 
group of LED's will change state from off to on at any 
one time even though each group of LED's may be 
activated during a period and more than twenty five 
percent of the LED's may be active at any one time. 
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METHOD FOR PULSE WIDTH MODULATION OF 
LEDS WITH POWER DEMAND LOAD LEVELING 

2 
power supply responds to a sudden change in the cur­
rent demand the output voltage will change in the in­
verse direction of the current demand, especially with 
· switching power supplies. 

BACKGROUND OF THE INVENTION 5 Accordingly, it is an object of the present invention 
(1) Field of the Invention to provide a method and apparatus for pulse width 
The present invention relates to the field of power modulation of LED's that reduces the magnitude of the 

demand load leveling, particularly in the field of pulse instantaneous change in the current demand on the 
width modulation of LED's for controlling the intensity power supply such that a more stable output voltage 
of the LED's without overloading the power supply. lO can be maintained. 

(2) Prior Art It is another object of the present invention to pro-
On the front of many supercomputers, panels are vide a method and apparatus for pulse width modula-

provided with an array of LED's for indicating the tion of an array of LED's in which only twenty five 
processes which the computer is performing at any one percent of the maximum current demand is switched at 
time. To light the LED's in the array, control lines from 15 any one time. 
different processing sections of the computer are car­
ried via a system bus to the LED panel and are con- SUMMARY OF THE INVENTION 

nected to the LED's through transistor switches used The present invention discloses a method and an 
for enabling the ~ED's. ~hen a specific ~ontrol l~e in apparatus for power demand load leveling of a power 
th~ sys!em bus is sent high, the respective t:ansistor 20 supply driving a plurality of LED's through the use of 
switch 1s e~abled s_o as to turn on t~e and activate the pulse width modulation. A first modulating signal pro-
LED associated wi~h tha_t control lme. , . . vided from a pulse width modulator is applied to a delay 

To control ~he mtensity _of the LED s withi~ the means for generating second, third and fourth modulat-
array, pulse width modulat~on of the control signals ing signals, each delayed from the previous modulating 
transmltte? by the _contr?I !~es has been used to pr?- 25 signal by a predetermined time. The delayed modulat-
du~e ~ senes of rapid activat~o~s of the enabl:d L~D s. ing signals are generated from, the output of a twelve bit 
Thi~ is perf?rmed by prov~dmg a modul~tmg signal shift register in which its fourth, eighth and twelfth cells 
ha".mg a sene~ of pulses as !~put to the g~tmg cont:01 are tapped to output the second third and fourth modu-
log1c. The gatmg control logic enables their respective I f • 1 f 1 ' 
LED's when the gating control logic simultaneously 30 a mg signa s, r:spec_ ive Y• 
receive a high input from the control lines and a high The ID:odulatmg signals. are then used to modulat_e 
input from the modulating signal. The input from the control si~~ls correspondm~ to four groups of assoc1-
modulating signal consists of a series of digital pulses ated LED ~ m order to permit only twent~ five percent 
having high and low states, with at least one change of of th~ maximum current demand to be s~itched at any 
state occurring within each period of the modulating 35 one t1m:. Ea~h of the first,. second, t~1rd and fourth 
signal. The width of a given pulse in the period of the mo?ul~tmg s~gnals are appl~ed to a ~1fferent sets _of 
modulating signal determines the length of time that the activation switches al?ng with res~ect1ve control_ s1g-
enabled LED's will be activated during the period. The nals to enable ,the sw1tch~s a~d act~vat7 an ass~c1ated 
period is in the order of microseconds so that the series gr~up of LED s. ~ch act1v~t~on switch 1~ compns_ed of 
of activations of the LED's produce an appearance that 40 gat~ng control logic for dnvmg a transistor havmg . a 
the LED's are being dimmed rather than being turned dram connected to ground and a source connected via 
on and off. an associated LED to a power supply. Each gating 

The gating control logic for each LED in the array control logic receives as input one of the modulating 
receives the same modulating signal so that each en- signals and a corresponding control signal for enabling 
abled LED is turned on and off at the same time and at 45 the gating control logic when both inputs are high. 
the same rate as the other enabled LED's as determined When the gating control logic is enabled, it turns the 
by the pulse within the period of the modulating signal. associated transistor on and activates the associated 
The rapid succession of activations produced by the LED. 
modulating signal thereby causes each of the enabled The predetermined time, representing a time delay 
LED's to have the same intensity output. For a small 50 between each of the modulating signals, is chosen to 
number of LED's in the array, this type of pulse width correspond to twenty five percent of the period of the 
modulation switching presents no problem for the first modulating signal. In this respect, each of the mod-
power source since the current demand on the power ulating signals will generate a high input to its corre-
supply is usually in the order of several amps. sponding set of activation switches during each period 

However, for larger arrays of LED's, the total 55 so that each associated group of LED's will be enabled 
amount of current required to activate all of the LED's within every period of the first modulating signal. Due 
can be in the order of 50 to 100 amps. Because the con- to the time delay between the generation of the different 
ventional method of pulse width modulation switching modulating signals, only twenty five percent of the 
of LED's activates all enabled LED's at once upon the maximum current demand will be switched at any one 
rising edge of a pulse in the modulating signal, an enor- 60 time from the perspective of the power supply. 
mous current demand is produced when a significant 
percentage of the LED's is enabled. Each time this 
occurs, the sudden change in current demand may over­
load the power supply and trigger the power supply 
over current detection which shuts down the power 65 
supply. In addition, the power supply may have severe 
difficulty in maintaining a regulated voltage during 
these high current switching transitions. When the 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present 
invention will become apparent from the following 
detailed description of the preferred embodiment in 
which: 

FIG. 1 is a block diagram of the present invention 
showing groups of LED's having their control signals 
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modulated with the modulating signals output from the 
delay means. 

FIG. 2 is a partial circuit diagram of the present in­
vention showing one group of four LED's with their 
respective control lines and control devices. 

FIG. 3 is a timing diagram showing the digital pulses 
of the first, second, third and fourth modulating signals 
in reference to the period of the first modulating signal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

of present invention, the delay means (16) may take the 
form of either a predetermined number of delay ele­
ments (13-1S) with each outputting a different delayed 
modulating signal or, referring to FIG. 2, a shift register 

5 (31) having taps as will be described below. Referring to 
FIG. 1, in the case of a predetermined number of delay 
elements (13-15), the first modulating signal (E) is fed to 
a first delay element (13) having as output a second 
modulating signal (F) delayed from the first modulating 

10 signal (E) by a predetermined time which is fed to a 
second delay element (14) to generate a third modulat-

With reference to FIG. 1, a method and device for ing signal (G) delayed by twice the predetermined time 
power demand load leveling of a power supply (4) and so on. In this manner, each of the delayed modulat-
driving a plurality of LED's (9-12) through the use of ing signals (F, G, H) are shifted in time by the predeter-
pulse width modulation is described. In the following 15 mined time with respect to the previous modulating 
description, numerous specific details are set forth such signal. 
as circuit elements, device types, etc., in order to pro- In the preferred embodiment of the present invention, 
vide a thorough understanding of the present invention. as shown in FIG. 2 for only one group of LED's (9) 
It will be obvious, however, to one skilled in the art that with a corresponding set of switches (S), a twelve bit 
these details are not required to practice the present 20 shift register (31) is used to generate the delayed modu-
invention. In other instances, well-known circuits, lating signals (F, G, H) by sequentially storing twelve 
methods and the like are not set forth in detail in order binary values corresponding to the pulses or lack of 
to avoid unnecessarily obscuring the present invention. pulses in the first modulating signal (E). The second, 

In the present invention shown in FIG. 1, a system third and fourth modulating signals (F, G, H) are then 
bus (1) is used to carry a plurality of control lines 25 generated by tapping the values stored within the 
(20-23) from the processing sections of the computer to fourth, eighth and twelfth cells of the shift register (31) 
a front panel having the LED's (9-12) arranged thereon as the values are sequentially shifted through the twelve 
in an array. A plurality of control signals (X,W,Y,Z) cells of the shift register (31). However, as will be obvi-
having either a high or low state are generated by the ous to one skilled in the art, other well-known circuit 
processing sections and are transmitted by the control 30 elements and time delay means may be used to produce 
lines (20-23) to the LED's (9-12) through respective the second, third and fourth modulating signals each 
sets of activation switches (S-8). With reference to FIG. delayed by an additional predetermined time. 
2, one set of activation switches (S) is comprised of In determining the time delay between a predeter-
gating control logic (32) forming AND gates and tran- mined number of modulating signals (E,F,G,H), the 
sistors (33) for activating one group of LED's (9). The 35 predetermined time is chosen with respect to the dura-
transistors have a base terminal coupled to a respective tion of the positive pulses in the first modulating signal 
AND gate, a collector terminal coupled in series to a (E), as shown in FIG. 3, so that the input of each modu-
power supply via a respective LED element and an lating signal (E,F,G,H) to its respective set of switches 
emitter terminal coupled to ground. When the gating (S-8) goes high during each period (40). This will per-
control logic (32) is enabled by receiving a high control 40 mit each set of a predetermined number of sets of 
signal, they generate output to their respective transis- switches (2) to be turned on at least once during each 
tors (33) for driving the transistors (33) on and off. Once period (40), however, no two sets of switches will be 
turned on, the transistors (33) provide current from the turned on at exactly the same time. This can be accom-
power supply (4) for activating the associated LED's plished by equally dividing the period (40) by the prede-
(34-37) in the group of LED's (9). 45 termined number of modulating signals (E,F,G,H), al-

A pulse width modulator (17) is provided for generat- though it will be obvious to one skilled in the art that 
ing a modulating signal having digital pulses. The pre- other time delays will achieve the same result. 
cise wave form of the modulating signal output from the Hence, in the preferred embodiment, four modulating 
modulator may be determined by the use of an algo- signals (E,F,G,H) are utilized having a predetermined 
rithm (18) implemented in either software or hardware 50 time corresponding to one fourth of the period (40) of 
as is well-known in the art. When a modulating signal is the first modulating signal (E). As shown in FIG. 3, the 
supplied along with a control signal to the gating con- first modulating signal (E) has a period (40) spanning 
trol logic (32), the logic (32) generates either a high from time Al to time Al. In this regard, the predeter-
control signal or a low control signal as output to its mined time is denoted by the time periods Al-Bl, 
respective transistor (33). A high control signal for 55 Bl-Cl, Cl-Dl, etc. Thus, the first, second, third and 
turning the transistor (33) on is output from logic (32) fourth modulating signals (E, F, G, H) each have the 
when a high control signal from the processing section rising edge of a positive pulse occurring within the 
is received by the logic (32) along with a high pulse period (40) of the first modulating signal (E) at the times 
from a modulating signal. A low control signal for turn- Al, Bl, Cl and DI, respectively. Although the rising 
ing the transistor (33) off is output from the logic (32) 60 edge of the positive pulses within the modulating signals 
when logic (32) receives either a low control signal (E,F,G,H) are fixed to occur at the designated times, 
from the processing section or a low pulse of a modulat- the falling edge can occur at any subsequent time. In 
ing signal. other words, if a particular modulating signal goes high 

With reference to FIG. 1, in order to reduce the within the period (40), it can stay high for either a frac-
current demand on the power supply (4), the present 65 tion of or for the entirety of the period (40). 
invention supplies a first modulating signal E to a delay The predetermined number of modulating signals (E, 
means (16), to generate a predetermined number of F, G, H) are then applied to the predetermined number 
delayed modulating signals (F, G, H). In the operation of sets of switches (2), shown in FIG. 1, in order to 
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modulate the control signals (W,X,Y,Z) corresponding supplying said first signal and said delayed signals as 
to the predetermined number of groups of LED's (3). a second input to said AND gates of separate gat-
Each group of control lines (20, 21, 22, 23) is connected ing control logic elements, respectively, to modu-
to its respective group of LED's (9, 10, 11, 12) through late said control signals of said groups of LED's 
a set of activation switches (5, 6, 7, 8) in which the 5 with a different signal to activate no more than one 
individual switches are turned on and off according to of said groups of LED's at any one time within said 
the input of the respective control signal and modulat- period of said first modulating signal. 
ing signal as described above. Once a switch is turned 2. The method of claim 1, wherein said step of gener-
on, it supplies power to its respective LED to activate ating a predetermined number of delayed modulating 
that LED. 10 signals is performed by applying said first modulating 

In the preferred embodiment of the present invention, signal to a shift register and selecting said delayed mod-
each group of LED's (9-12) consists of twenty five ulating signals as output from preselected cells of said 
percent of the total LED's in the array. Because the shift register, said selection of said delayed modulating 
modulating signals (E, F, G, H) vary in phase with signals as output from preselected cells of said shift 
respect to each- other, each set of activation switches 15 register corresponding to a time of activation of respec-
(5-8) is sequentially turned on by their respective modu- tive groups of LED's such that said time of activation of 
Jating signals (E, F, G, H) so that no more than one said respective groups of LED'is selectively variable 
group of LED's, comprising twenty five percent of the within said period of said first modulating signal. 
total LED's, is activated (or switched on) at any one 3. The method of claim 2, wherein said shift register 
time. That is, no more than twenty five percent of the 20 comprises twelve cells and said predetermined number 
total LED's will change their state from off to on at a of delayed modulating signals comprise second, third 
given time, although more than twenty five percent of and fourth modulating signals selected from the output 
the total LED's may be lit at one time. As will be obvi- of a fourth, eighth and twelfth cell of said shift register, 

respectively. 
ous to one skilled in the art, the number of delays ap- 25 4. The method of claim 3, wherein said second, third 
plied to the first modulating signal (E), and hence, the and fourth modulating signals are delayed from said 
number of modulating signals (E, F, G, H), sets of acti- first modulating signal by once, twice and three times a 
vation switches (5-8) and groups of LED's (9- 12) used predetermined time, respectively, with said predeter-
in the present invention may be varied so as to activate mined time corresponding to twenty five percent of the 
a different number of LED's at any one time. Similarly, 30 period of said first modulating signal. 
it would also be obvious to vary the predetermined time 5. The method of claim 4, wherein said predeter-
and/or the period (40) of the first modulating signal (E) mined number of groups of LED's comprises four 
to activate the groups of LED's (9-12) at different times groups of said LED's with each of said groups having 
or to produce different delays between the activations. twenty five percent of a total number of said LED's, 

While the invention has been described in conjunc- 35 with control signals of each of said groups of LED's 
tion with the preferred embodiment, it is evident that modulated with a different modulating signal of said 
numerous alternatives, depictions, variations and uses first, second, third and fourth modulating signals. 
will be apparent to those skilled in the art in light of the 6. The method of claim 1, wherein said step of gener-
foregoing description. Specifically, many different cir- ating a predetermined number of delayed modulating 
cuits, sub-circuits and elements therein may be used so 40 signals is performed by applying said first modulating 
as to obtain the corresponding relationships described in signal to a first delay element of a predetermined num-
the methods and apparatus herein claimed. ber of serially connected delay elements, with each of 

I claim: said delayed modulating signals output from a respec-
t. A method for pulse width modulation switching of tive delay element and delayed from a previous modu-

LED's to produce power demand load leveling of a 45 Iating signal by a predetermined time. 
power source for said LED's, said method comprising 7. A method for pulse width modulation switching of 
the steps of: LED's to produce power demand load leveling of a 

arranging said LED's into a predetermined number power source for said LED's, said method comprising 
of groups; the steps of: 

supplying control signals via control lines to a prede- 50 arranging said LED's into a predetermined number 
termined n1;1mber of gating control logic elements of groups; 
corresponding to said groups of LED's for control- supplying control signals via control lines to a prede-
ling activation of said LED's, each of said gating termined number of gating control logic elements 
control logic elements comprising a plurality of corresponding to said groups of LED's for control-
AND gates each having as a first input said control 55 ling activation of said LED's, each of said gating 
signal of a respective control line and an output control logic elements comprising a plurality of 
coupled in series to an individual LED via a tran- AND gates each having as a first input said control 
sistor, said transistor having a base terminal cou- signal of a respective control line and an output 
pied to said AND gate, a collector terminal cou- coupled in series to an individual LED via a tran-
pled in series to a power supply via a respective 60 sistor, said transistor having a base terminal cou-
LED and an emitter terminal coupled to ground; pied to said AND gate, a collector terminal cou-

providing a first modulating signal having a preset pied in series to a power supply via a respective 
period as output from a pulse width modulator, LED and an emitter terminal coupled to ground; 
said modulator being driven by a waveform algo- providing a first modulating signal having a preset 
rithm capable of varying said period of said first 65 period as output from a pulse width modulator, 
modulating signal; said modulator being driven by a waveform algo-

generating a predetermined number of delayed mod- rithm capable of varying said period of said first 
ulating signals from said first signal; and modulating signal; 
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supplying said first modulating signal to a shift regis­
ter and selecting a predetermined number of de­
layed modulating signals as output from prese­
lected cells of said shift register, said selection of 
said delayed modulating signals as output from 5 
preselected cells of said shift register correspond­
ing to a time of activation of respective groups of 
LED's such that said time of activation of said 
respective groups of LED's is selectively variable 
within said period of said first modulating signal; IO 
and 

supplying said first signal and said delayed signals as 
a second input to said AND gates of separate gat­
ing control logic elements, respectively, to modu­
late said control signals of said groups of LED's 15 
with a different signal to activate no more than one 
of said groups of LED's at any one time within said 
period of said first modulating signal. 

8. A method for pulse width modulation switching of 
groups of LED's in an LED array of a computer to 20 
produce power demand load leveling of a power source 
for said LED's, said LED array comprising first, sec­
ond, third and fourth groups of LED's, said method 
comprising the steps of: 

supplying control signals via control lines from pro- 25 
cessing sections of said computer to first, second, 
third and fourth gating control logic elements cor­
responding to said groups of LED's, each of said 
gating control logic elements comprising a plural-
ity of AND gates each having as a first input said 30 
control signal of a respective control line and an 

35 

40 

45 

so 

ss 

60 

65 

ou.tput coupled in series to an individual LED via a 
transistor, said transistor having a base terminal 
coupled to said AND gate, a collector terminal 
coupled in series to a power supply via a respective 
LED and an emitter terminal coupled to ground; 

providing a first modulating signal having a preset 
period as output from a pulse width modulator, 
said modulator being driven by a waveform algo­
rithm capable of varying said period of said first 
modulating signal; 

supplying said first signal as input to a shift register 
comprising twelve cells; 

selecting as output from a fourth, eighth and twelfth 
cell of said shift register second, third .and fourth 
signals delayed from said first signal by once, twice 
and three times a predetermined time, respectively, 
said predetermined time corresponding to twenty 
five percent of said period of said first modulating 
signal; 

modulating control signals of said first, second, third 
and fourth groups of LED's by applying said first, 
second, third and fourth signals as a second input to 
said AND gates of said first, second, third and 
fourth gating control logic elements, respectively, 
to activate no more than one of said groups of 
LED's at any one time, said period of said first 
modulating signal being selected such that said 
predetermined time is sufficiently long to permit an 
output current of said power supply to stabilize 
between consecutive activations. 

• • • • • 
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